
 

 

 

Naval Construction and Engineering 

Ship Design and Technology Symposium 
 

Tuesday, April 27, 2010 
 

MIT Faculty Club, 50 Memorial Drive, Building E52-Sixth Floor 

 

 
0800 – 0900 Registration and continental breakfast 

  

0900 – 0915 Welcome and Opening Remarks 

 CAPT Mark Welsh, MIT Naval Construction and Engineering Program Director 

 Professor Mary Boyce, Head of Department of Mechanical Engineering, MIT 

 Professor Michael Triantafyllou, Associate Head and Director of Center for Ocean 

Engineering, Department of Mechanical Engineering, MIT 

 

0915 – 1000 Research Briefs 

 Professor John Leonard, MIT – Center for Ocean Engineering Research 

 Professor Chrys Chryssostomidis, MIT – Electric Ship R&D 

 Dr. Tim McCoy, NAVSEA Electric Ship Office – Electric Ship Program 

 

1000 – 1030 Break and Poster Sessions (featuring student theses and projects) 

 

1030 – 1100 Naval Postgraduate School Total Ship System Engineering Project Brief 

 TESLA Class Destroyer (Total Electric Ship – Long-range Armament) – LCDR 

Fahlenkamp, LT Hlavin, LT Vandenberg 

 

1100 – 1200 Year-long Design Project Briefs 

 All-Electric Surface Combatant – LT Hanthorn, LT Netemeyer, LTjg Laskos 

 All-Electric Expeditionary Ship – LT Kroll, LT Tepper, LT Tidd 

 

1200 – 1230 Break and Poster Sessions (featuring student theses and projects) 

 

1230 – 1400 Lunch Buffet and Keynote Address 

 Rear Admiral Thomas J. Eccles, NAVSEA 05 

 Rear Admiral David C. Johnson, NAVSEA 073 

  

1400 – 1500 Year-long Design Project Briefs 

 Littoral Submarine – LT Frye, LT Sewell  

 Persistent Intelligence Surveillance and Reconnaissance Submarine – LCDR 

Ketcham, LT Gibbs 

 

1500 – 1530 Break and Poster Sessions (featuring student theses and projects) 

 

1530 – 1630 Conversion Design Project Briefs 

 DDG-51 Future Flight with Integrated Power System – LCDR Gray, LT Barber, LT 

Page 

 Very Large Modular Payload Submarine – LT Fiedel, LT Hill 

 

1630 – 1645 Closing Remarks 

 CAPT Mark Welsh, MIT Naval Construction and Engineering Program Director 
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History 

 
In August 1897, the Chief Naval Constructor, Commodore Hichborn requested Massachusetts Institute of 

Technology to develop and offer a three-year course of study for the professional training of naval 

constructors.  MIT cordially responded to this request and a course of study was agreed upon.  The three 

years of work were designated as the Junior, Senior, and Graduate years. Successful completion of the 

course led to the Master of Science degree.  In 1901, three graduates of the U.S. Naval Academy, Ensigns 

Ferguson, McEntee, and Spilman, began the course of study under the direction of Professor William 

Hovgaard. 

 

A 1877 graduate of the Danish Naval Academy in Copenhagen, Hovgaard served in the Danish Royal 

Navy until 1883 when he was sent to the Royal Naval College in Greenwich, England, to study warship 

construction.  He graduated from its three-year course in 1886 and the next year published his first naval 

book, “Submarine Boats.”  In 1901, as a Commander in the Danish Navy, he came to the United States to 

continue his study of the submarine and was induced by the Secretary of the Navy, John D. Long, to take 

charge of the new course for naval constructors at MIT.  Professor Hovgaard resigned from the Danish 

Navy as a Captain in 1905. He was head of the new course, designated XIII-A, until 1933 when he retired 

as a Professor Emeritus.  During his years as head of course XIII-A, Professor Hovgaard taught hundreds of 

Naval officers and authored several widely used textbooks. 

 

The Naval Academy graduates sent to MIT for the course officially were attached to the Navy Yard in 

Charlestown and were registered as regular MIT students.  The faculty maintained close relations with the 

chief constructor in Washington and with the constructors and top civilian staff at the Navy Yard and Fore 

River Ship and Engine Company in Quincy.  This served two purposes: the instruction at MIT was being 

adapted to the needs of the service, and the faculty could use the work under construction at both yards to 

illustrate the classroom instruction.  The course schedule was arranged to permit the students to spend one 

afternoon a week at the Navy Yard . 

 

The course for naval constructors differed from the regular course XIII studies in that it was more 

intensive, more advanced, and was focused on warship design.  A feature of the course, presented from the 

beginning, was that it fully immersed students in the various subjects not only with lectures, but with 

projects and practical assignments designed to provide hands-on experience in drawing, machine tool work, 

and laboratories.   

  

Since 1910, instructors in the XIII-A curriculum have also been commissioned U.S. Navy officers.  The 

first, Professor Henry H. W. Keith, with course XIII-A from 1910-1945, was commissioned a Lieutenant 

Commander in the Corps of Naval Constructors during WWI.  Instructor Harold Larner (1916-1917) also 

held a naval commission and retired as a Captain.  From 1910-1945, course XIII-A relied on long-term 

instructors such as Professors Hovgaard (Captain, Danish Navy, 1901-1933), Keith (Captain, USN, 1910-

1945), and Rossell (Captain, USN, 1931-1946) to lead the naval construction program.  In 1945, the Navy’s 

Bureau of Ships inaugurated the practice of detailing two active duty officers as professors for relatively 

short terms (2-3 years).   At any given time, one officer would be a trained and experienced naval architect 

and the other a naval engineer. 

 

In January of 2005, the Department of Ocean Engineering merged with the Department of Mechanical 

Engineering.  The Naval Construction and Engineering Program, formerly called XIII-A, is now Course 2N 

in the Center for Ocean Engineering, Department of Mechanical Engineering. 
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MIT Naval Construction and Engineering Program 

Description 
 
The graduate program in Naval Construction and Engineering is intended for active duty officers in the 

U.S. Navy, U.S. Coast Guard and foreign navies who have been designated for specialization in the design, 

construction, and repair of naval ships.  The curriculum prepares Navy, Coast Guard and foreign officers 

for careers in ship design and construction and is sponsored by Commander, Naval Sea Systems Command.  

Besides providing the officers a comprehensive education in naval engineering, we emphasize their future 

roles as advocates for innovation in ship design and acquisition.  All officers write a thesis and we endeavor 

to direct them toward research that supports the needs of the Navy or the Coast Guard.  The course of study 

consists of either a two-year program, which leads to a Master of Science degree in Naval Architecture and 

Marine Engineering, or a three-year program, which leads to the degree of Naval Engineer. 

 

The principal objective of both the two and three-year programs is to provide a broad, graduate level 

technical education for a career as a professional Naval Engineer with ship orientation.  In addition to 

concentrating on hydrodynamics, structures, and design, the curricula of both programs provide an 

appreciation for total ship engineering in a manner not covered in mechanical, electrical, structural, nor 

nuclear engineering.  This approach provides an academic background for individuals who will later 

occupy positions of influence and actively participate in the concept formulation, acquisition, 

construction/modernization, design, maintenance, or industrial support of large-scale ship system programs. 

 

The curriculum emphasizes ship design through a sequence of five subjects.  “Projects in New Construction 

Naval Ship Design” is the last in the sequence of subjects in naval ship design at MIT.  This ship design 

project, along with the graduate thesis, represents the culmination of the three-year Naval Construction and 

Engineering Program.  The ship design project provides each student with the opportunity to develop an 

original concept design of a naval ship.  The project begins during their third summer, continues through 

the Fall semester and Independent Activities Period and completes in their final Spring semester.  The 

major objectives of the project include: (a) application of their naval architecture and ship design education 

in a complete concept design process; (b) application of their MIT technical education to at least one area 

of detailed engineering in this project (e. g., structures, hydrodynamics, signatures); (c) contribution to 

existing MIT Center for Ocean Engineering design tools; (d) application of at least one new technology and 

assistance in answering design questions for sponsors.  These objectives are the basis for specifying 

requirements and planning individual projects. 

 

There are two active-duty Engineering Duty Officer faculty for the Naval Construction and Engineering 

program and officers from the U.S., Hellenic, Chilean, Israeli, Turkish and Canadian navies and U.S. Coast 

Guard in the program.  Officer students are admitted, and Navy faculty members are appointed, through 

normal MIT procedures.  The program is a model of voluntary collaboration for the mutual benefit of MIT 

and the Navy. 
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Rear Admiral Thomas J. Eccles 

Chief Engineer and Deputy Commander for Naval Systems Engineering,  

Naval Sea Systems Command 

Rear Admiral Eccles was born on Johnson Air Force base in 

Japan and raised in Wallingford, Ct., where he graduated from 

Mark T. Sheehan High School in 1977. He graduated from the 

Massachusetts Institute of Technology in 1981. 

Eccles served at sea aboard USS Richard B. Russell (SSN 687) 

and USS Gurnard (SSN 662). As an engineering duty officer, 

he served at Mare Island Naval Shipyard, and as project officer 

for USS Parche (SSN 683) and assistant program manager for 

deep ocean engineering in the Navy’s Deep Submergence 

Systems Program. He served twice in the Virginia Class 

Submarine Program, directing design and construction. He was 

executive assistant to the Commander, Naval Sea Systems 

Command.  Eccles was Seawolf program manager through the 

delivery of USS Jimmy Carter (SSN 23), where his team was 

awarded the Meritorious Unit Commendation, then program manager for Advanced Undersea 

Systems, responsible for research and development submarines, submarine escape and rescue 

systems, and atmospheric diving systems. He was also program manager for the design and 

construction of the unmanned autonomous submarine Cutthroat (LSV 2). 

Eccles’ previous flag officer assignments included deputy commander for Undersea Warfare and 

Undersea Technology in NAVSEA, and commander of the Naval Undersea Warfare Center.  

 

Eccles’ education includes degrees from MIT in Electrical and Mechanical Engineering, the 

Naval Engineer degree and a master’s in Management from MIT’s Sloan School. He is a 

distinguished graduate of the Naval War College, the Defense Systems Management College, 

and the foreign policy program Seminar XXI, and was elected to the Society of Sigma Xi. He is 

qualified in submarines, and as a deep sea diver and salvage officer. His decorations include the 

Legion of Merit (2), the Meritorious Service Medal (4), and other individual and unit awards. 



 

5 

 

Rear Admiral David C. Johnson 

Deputy Commander for Undersea Technology (SEA 073) 

Deputy PEO Submarines for Ohio Class SSBN Replacement (PEO SUB-OR)  

 

Rear Admiral Johnson, the son of a Navy captain and a 

Pensacola native, graduated from the U.S. Naval Academy in 

1982 with a Bachelor of Science degree in Aerospace 

Engineering. 

 

Upon commissioning, Johnson reported to Trident Refit 

Facility, Bangor, where he served as docking officer, qualified 

as ship superintendent at Puget Sound Naval Shipyard and 

earned his Engineering Duty Dolphins. 

Johnson graduated from the Massachusetts Institute of 

Technology in 1989 with a Naval Engineer degree and a 

Master of Science in Mechanical Engineering. He then reported 

to the Supervisor of Shipbuilding Groton, where he was a 

waterfront coordinator for delivery of two Ohio Class submarines and completed his 

Engineering Duty (ED) qualifications. In 1992 Johnson reported to the Naval Sea Systems 

Command, where he became a “plankowner” in the New Attack Submarine Program Office. 

Duties included project officer for ship systems and structures in the propulsion plant and 

primary liaison with naval reactors. Following this tour, he served again at Trident Refit Facility 

Bangor, as the planning officer and the supervisor of Shipbuilding Groton as the Virginia class 

project officer and program managers representative. During his tour, the Virginia Class design 

was completed and construction started on the first four ships. 

Following this assignment, Johnson reported to the Program Executive Officer Submarines for 

duty in the SEAWOLF program office as the assistant program manager for USS Jimmy Carter 

(SSN 23). Following delivery of the Jimmy Carter, Johnson was selected as major program 

manager, Virginia Program Office (PMS 450). Under his guidance, the Virginia Program 

reduced overall cost by $4 billion and delivered four submarines to the fleet. The program was 

awarded the 2007 DoD Value Engineering Award and the 2008 David A. Packard Award for 

Acquisition Excellence. 

Johnson assumed his current duties as, deputy commander for Undersea Technology (SEA 073) 

and deputy PEO Submarines for the Ohio SSBN Replacement Program in September 2008. He 

also served as the commander, Naval Undersea Warfare Center from September 2008 to 

November 2009. 

Johnson’s personal awards include the Legion of Merit and the Meritorious Service Medal with 

three gold stars. 
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Mary C. Boyce 
 

Gail E. Kendall Professor of Mechanical Engineering 

Head of Department 

 

Professor Mary C. Boyce is the Gail E. Kendall (1978) Professor and 

Department Head of Mechanical Engineering at the Massachusetts 

Institute of Technology.  Professor Boyce earned her B.S. degree in 

Engineering Science and Mechanics from Virginia Tech; and her S.M. 

and Ph.D. degrees in Mechanical Engineering from the Massachusetts 

Institute of Technology.  She joined the M.I.T. faculty in 1987.  

Professor Boyce teaches in the areas of mechanics and materials. Her 

research areas focus primarily on the mechanics of elastomers, 

polymers, polymeric-based micro- and nano-composite materials, 

lattice- structured materials, natural materials, and biological 

macromolecular networks, with emphasis on identifying connections 

among microstructure, deformation mechanisms, and mechanical 

properties.  She has published over 100 journal papers in the field of 

mechanics and materials; and has mentored 36 SM Thesis students and 18 PhD students. Professor 

Boyce has been the recipient of several awards and honors recognizing her research and teaching 

efforts, including the MIT MacVicar Faculty Fellow, the Department of Mechanical Engineering 

Keenan Award for Teaching, the Spira Award for Teaching, the NSF Presidential Young 

Investigator Award, the ASME Applied Mechanics Young Investigator Award, Member-at-Large 

of the USNCTAM, Chair of the ASME Applied Mechanics Division,  Fellow of the American 

Academy of Mechanics, Fellow of the ASME, and Fellow of the American Academy of Arts and 

Sciences.   
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                                      Michael S. Triantafyllou 
 

Currently William I. Koch Professor of Marine Technology, 

Associate Head and Director of the Center for Ocean Engineering, 

Department of Mechanical Engineering.  

 

Undergraduate studies (1969-1974) in Naval Architecture & 

Marine Engineering at the National Technical University of 

Athens, graduate studies in Ocean Engineering at MIT (SM Ocean 

Engineering, SM Mechanical Engineering 1977, ScD 1979). 

 

Assistant Professor (1979-83), Associate Professor (1983-90), 

Professor (1990-2004), Department of Ocean Engineering, MIT.  He has published in the areas of 

dynamics and control of marine systems, experimental fluid mechanics, and biomimetics: M.S. 

Triantafyllou & G.S. Triantafyllou, 1995, “An Efficient Swimming Machine”, Scientific 

American, 272, 64-70.  M.S. Triantafyllou, G.S. Triantafyllou, D.K.P. Yue, 2000, 

“Hydrodynamics of Fish Swimming”, Annual Review of Fluid Mechanics, 32, 33-53. J.C. Liao, 

D.N. Beal, G.V. Lauder, & M.S. Triantafyllou, 2003, “Fish exploiting vortices use less muscle”, 

Science, 302 (5650), 1461-1608, November 28, 2003. 

 

Prof. Triantafyllou is a member of the Society of Naval Architects & Marine Engineers, the 

American Physical Society, and the Intern. Society for Offshore & Polar Engineers. Honors and 

Awards include: William I Koch Professorhip in Marine Technology (since 2008), Cover of 

Science (2003), RoboTuna on permanent exhibit at the Museum of Science, London (since 1998); 

prototype RoboTuna in national traveling exhibit on robots, Science Museum of Minnesota (2003-

2004). Visiting Professor, ETH Zurich (1999), NTU Athens (1994, 2000), NTH Norway (1993), 

Kyushu U. (1986). Discover Magazine Awards for Technological Innovation (1998). 

ABS/Linnard Prize for best paper in the Transactions of SNAME (1997). Highlight Paper of 1995  

Scientific American. H. L. Doherty Professorship in Ocean Utilization (1983-1985). 
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John Leonard 

 

 John J. Leonard is Professor of Mechanical and Ocean Engineering 

at MIT and a member of the MIT Computer Science and Artificial 

Intelligence Laboratory (CSAIL).  His research addresses the 

problems of navigation and mapping for autonomous mobile robots.  

He holds the degrees of B.S.E.E. in Electrical Engineering and 

Science from the University of Pennsylvania (1987) and D.Phil. in 

Engineering Science from the University of Oxford (formally 1994).  

He studied at Oxford under a Thouron Fellowship and Research 

Assistantship funded by the ESPRIT program of the European 

Community.  Prof. Leonard joined the MIT faculty in 1996, after 

five years as a Post-Doctoral Fellow and Research Scientist in the 

MIT Sea Grant Autonomous Underwater Vehicle (AUV) 

Laboratory. He has participated in numerous field deployments of 

AUVs, including under-ice operations in the Arctic and several 

major experiments in the Mediterranean.  He has served an associate 

editor of the IEEE Journal of Oceanic Engineering and of the IEEE 

Transactions on Robotics and Automation.  He is the recipient of an NSF Career Award (1998), an 

E.T.S. Walton Visitor Award from Science Foundation Ireland (2004), and the King-Sun Fu 

Memorial Best Transactions on Robotics Paper Award (2006). 

 

 

Dr. Timothy McCoy 

Director, Electric Ship’s Office (PMS-320) 

Program Executive Office for Ships 
 

 

Dr. McCoy serves as Director of the Electric Ship’s Office (PMS-320) within the Program 

Executive Office for Ships in Washington, DC.  There, he is responsible for developing electric 

power and propulsion systems for the US Navy’s fleet.  Prior to entering government service, he 

worked in industry as R&D Director and President of a defense contractor. Previously, he served 

on active duty in the US Navy.  Dr. McCoy’s 26 years of experience includes development of 

integrated electric power and propulsion systems and design and construction for several classes 

of ships.  Dr. McCoy holds a BSME from the University of Illinois, a Naval Engineer’s Degree, 

SMEE and PhD from MIT and has taught ship design and systems engineering while on the MIT 

faculty. He is a registered Professional Engineer, is a member of ASNE, IMarEST, SNAME, a 

senior member of the IEEE and has published over 35 technical papers. 
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                                     Chryssostomos Chryssostomidis 

 
Educated at MIT and at the University of Newcastle-upon-Tyne in 

naval architecture, Professor Chryssostomidis was appointed to the 

MIT faculty in 1970 and became a full professor in the Department 

of Ocean Engineering in 1982. That same year he was appointed 

director of the MIT Sea Grant College Program where in 1989 he 

established the MIT Sea Grant Autonomous Underwater Vehicles 

(AUV) Laboratory to develop technology and systems for 

advanced autonomous surface and underwater vehicles. He served 

as Department Head of the department of Ocean Engineering 

where he established the Ocean Engineering Teaching Laboratory 

from 1994 to 2002. He has been director of the MIT Ocean 

Engineering Department Design Laboratory since its inception in 

the early 1970s. In 2003, with MIT Sea Grant staff, he created the Sea Perch Program, funded by 

the Office of Naval Research.  The Sea Perch program trains educators across the United States 

and around the world to build a simple, remotely operated underwater vehicle, or ROV, made 

from PVC pipe and other inexpensive, easily available materials. 

 

Professor Chryssostomidis has received a number of acknowledgments of outstanding 

contributions to his field. Among them is his appointment as Naval Sea Systems Research 

Professor from l985 through l987. Prior to that in l975 and l976 he served as Von-Humboldt 

Scholar at Ruhr University, Bochum, Germany. Since January 1993 he has held a new 

professorship, the Henry L. and Grace Doherty Professor of Ocean Science and Engineering.  In 

1994 he was elected as Fellow of the Society of Naval Architects and Marine Engineering. In June 

2001 he led the Nisyros, Greece scientific cruise and in August 2001 he was the team leader of the 

MIT AUV Laboratory expedition to Barati, Italy. He led the AUV Laboratory scientific cruises in 

Argentario Italy (2002), and Kythira Greece (2004). 

 

His publications display his wide range of interests including design methodology for ships, 

vortex-induced response of flexible cylinders, underwater vehicle design, design issues in 

advanced shipbuilding including the all electric ship and T-Craft, conceptual study of a ship for 

sub-seabed nuclear waste disposal and abyssal ocean option for waste management. He receives 

research support from the Office of Naval Research, the National Science Foundation, the Naval 

Sea Systems Command, and the National Oceanic and Atmospheric Administration. Professor 

Chryssostomidis has served on several National Research Council advisory committees focusing 

on shipbuilding and marine issues. 
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Captain Mark S. Welsh, USN 
 

Captain Welsh was appointed Professor of the Practice of Naval 

Construction and Engineering at Massachusetts Institute of 

Technology in July 2008.  He is the Director of the Naval 

Construction and Engineering program, commonly called the 2N 

program, within the Mechanical Engineering Department at MIT. 

  

Captain Welsh was born in East St. Louis and raised in Keyesport, 

Illinois. He enlisted in 1978 in the U.S. Navy nuclear power 

program.  As a second-class Electrician's Mate (EM2), he was 

selected for the two-year NROTC program and attended the 

University of Missouri-Columbia.  He received a Bachelor of 

Science in Electrical Engineering and was commissioned an Ensign 

in the Engineering Duty Submarine Option program. 

 

He completed Submarine Officer Basic School and served on USS 

SNOOK (SSN 592).  After completing Submarine Warfare 

qualifications, he transferred to the Engineering Duty community 

and reported to Massachusetts Institute of Technology.  Captain Welsh graduated from MIT earning the 

degrees of Naval Engineer and Master of Science in Electrical Engineering and Computer Science.  

  

Captain Welsh completed his Engineering Duty qualification at Portsmouth Naval Shipyard where he 

served as Ship Superintendent for the overhaul of USS SAND LANCE (SSN 660), Senior Ship 

Superintendent for the refueling overhaul of USS L. MENDEL RIVERS (SSN 686), and Docking Officer.  

 

His subsequent assignments include: Deputy R&D Manager for the VIRGINIA class Submarine Program 

Office; Associate Professor of Naval Construction & Engineering in the Ocean Engineering Department at 

MIT; Deputy Director, Naval Sea Systems Command Submarine Advanced Development Division; 

Program Manager for the Navy’s next generation large-scale research vehicle, CUTTHROAT (LSV 2); 

Ohio Class SSGN Program Technical Director; and Director, Engineering Duty Officer Assignment Branch 

and Engineering Duty Officer Community Manager at the Naval Personnel Command. Prior to his 

appointment at MIT, he served four years as Commander, Naval Surface Warfare Center, Crane Division in 

Crane, Indiana. 

 

Captain Welsh is a member of several professional societies.  His personal awards include the Legion of 

Merit, the Meritorious Service Medal (3 awards), the Navy Commendation Medal (2 awards), and the Navy 

Achievement Medal (4 awards). 

  

Captain Welsh married Katherine Sue Stack of Edwardsville, Illinois in 1978 and they currently reside in 

Clinton, MA.  They have two daughters; Heather, a Registered Nurse and graduate of George Mason 

University and Holly, an Environmental Scientist and graduate of Virginia Tech.  They also have six 

grandchildren. 
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Commander Trent R. Gooding, USN 

 
Commander Gooding was appointed Associate Professor of the Practice 

of Naval Construction and Engineering at the Massachusetts Institute of 

Technology in September 2008.  He serves as the Academic Officer for 

the Naval Construction and Engineering program (Course 2N) within the 

Mechanical Engineering Department at MIT. 

 

Born in Owosso, Michigan, and raised in central Michigan, he entered 

the United States Naval Academy in 1990.  He graduated with 

distinction in 1994, receiving a Bachelor of Science in Ocean 

Engineering, and was commissioned an Ensign in the Special Operations 

community. 

 

Following Surface Warfare Officers School in Newport, Rhode Island, 

he completed the Basic Diving and Salvage Officer courses in Panama 

City, Florida.  Next, he was assigned to USS BEAUFORT (ATS 2), 

homeported in Sasebo, Japan, where he served as Assistant Operations Officer until decommissioning in 

March of 1996.  He transferred to USS PATRIOT (MCM 7), also homeported in Sasebo, and served as 

Combat Information Center Officer, Damage Control Assistant, and Operations Officer from May 1996 to 

May 1998. 

 

After completing Surface Warfare and Special Operations qualifications, he was accepted for lateral 

transfer to the Engineering Duty community and, subsequently, was accepted to the Naval Construction 

and Engineering program at MIT.  He graduated from MIT in January 2001 with degrees in Naval 

Construction and Engineering and Ocean Systems Management.  During his next assignment at Puget 

Sound Naval Shipyard in Bremerton, Washington, he managed nuclear submarine overhauls, served as 

shipyard docking and diving officer, and completed the Engineering Duty Officer Qualification Program to 

become a fully qualified EDO (1440). 

 

From September 2003 to October 2004 he served as 5th Fleet Salvage Officer and AOIC Ship Repair Unit 

Bahrain, gaining experience in ship voyage repair, diving and salvage during OIF, OEF, and the GWOT.  

Beginning in November 2004, he worked as Ship Concept Manager and Deputy Ship Design Manager in 

the Future Concepts and Surface Ship Design Group at the Naval Sea Systems Command (NAVSEA 05D) 

in Washington, D.C., until assuming his current duties at MIT in June 2008. 

 

Commander Gooding is married to Stacey Marie Pennington of Carson City, Michigan.  They have three 

girls, Alyssa, Leah, and Remi, and reside at Hanscom Air Force Base near Bedford, Massachusetts. 
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All-Electric Surface Combatant (AESC) 
 

LT Kris Netemeyer, USN; LT Dave Hanthorn, USN; LTjg Dimitrios Laskos, HN 

 
 

Anticipating increasing electric load requirements for surface combatants, the Navy’s present 

primary challenge is incorporating medium voltage AC (MVAC) power generation with the Zonal 

Electrical Distribution System (ZEDS) distribution system into future surface combatant’s.  The 

need for integrated power systems (IPS) will increase in the coming decades due to the increased 

electric load demand projected by propulsion and ship-service power demands due to the 

anticipation for future combatants to be armed with advanced sensors and future high-energy 

weapons such as rail guns and lasers.   

The design process was fundamentally the same as for conventional ship design; however, several 

different techniques were explored due to the added flexibility introduced by using an IPS.  The 

process included indentifying and specifying design requirements and determining the concept of 

operations.  This information was used to size the IPS and determine fuel requirements.  The 

selected IPS was then integrated into a clean sheet ship design using several design tools and 

methods guided by traditional “spiral” design techniques.  The design was put through a series of 

structural and stability analyses along with various sea keeping scenarios to determine the AESC’s 

sea worthiness and mission effectiveness.  A simplified cost analysis based on SWBS ratios was 

performed comparing the costs of the AESC to those of the DDG-1000.     

The outcomes from this study verify that using the AESC as a basis for future integrated power 

system studies is a feasible solution.  The results also demonstrate that the AESC can perform the 

mission of present surface combatants with minimal operational restrictions.   

 

 

Ship Characteristics 

Parameter Value 

LBP 165 meters 

Beam 21.48 meters 

Draft 5.92 meters 

Depth (Station 10) 13.72 meters 

Prismatic Coefficient 0.578 

Lightship Displacement 7,989 metric tons 

Full Load Displacement 10,685 metric tons 

GMt/B 0.141 

Range 4,084 nm 

Maximum Speed 30.5 knots 

Sustained Speed 29.24 knots 

Lead Ship Cost 24% Less than DDG-1000 

Follow Ship Cost 23% less than DDG-1000 

Accommodations 208 
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All-Electric Expeditionary Ship (LSX) 
 

LT Chad Tidd, USN; LT Douglas Kroll, USN; LT Nadia Tepper, USN 
 

 

With LSD-41 approaching 25 years of an expected 40 year hull service life, it is important to look 

at potential design concepts for determining an appropriately sized and configured replacement.  

Additionally, based on the Next Generation Integrated Power System (NGIPS) Technology 

Development Roadmap released by NAVSEA, the Navy is becoming more focused on the 

development and use of an Integrated Power System (IPS). As a result of these two motivations, a 

notional LSD replacement concept (LSX) has been developed. 

 

To examine an all electric amphibious ship, a Medium Volt Alternating Current (MVAC) IPS was 

designed within a 25,000 LT displacement hull.  In addition, this design concept examined the 

benefit to the expeditionary community by prioritizing reduced fuel use while retaining a high 

level of amphibious mission capability.  These goals were accomplished by selecting 6 diesel 

generators as prime movers, inserting a well deck capable of housing 3 LCACs, and allocating 

35,000 ft2 of deck space for vehicle storage.  Two additional options implemented in this design 

were a notional rail gun for providing fire support to marines ashore, as well as a the Laser 

Weapons System (LaWS) for self defense. 

 

The results of this study propose a feasible MVAC IPS ship with appreciable fuel savings under 

peace time operations.  The tradeoff however, is that life cycle costs will be higher than those 

currently experienced on existing Whidbey Island and Harpers Ferry class ships.  This is a result 

of the high risk associated with unproven weapon systems and electrical components driving up 

the cost of procurement.  Removal of the rail gun from the recommended design would reduce 

cost, as well as lower overall risk.  It would also allow the ship to be reconfigured with a smaller 

displacement reducing fuel savings even further. 
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SHIP CHARACTERISTICS 

Displacement, Full Load 25,214 LT 

Length Between Perpendiculars (LBP) 787.4 ft 

Length Overall (LOA) 821.7 ft 

Beam @ DWL 93.5 ft 

Draft @ DWL 24.3 ft 

MISSION CAPABILITIES 

Surface Fire Support 30 MW Rail Gun 

Troop Berthing 450 

Vehicle Storage 35,000 ft2 

Aviation Hangar Bay/2 Spots 

ORGANIC VEHICLES 

Helicopter 1 CH-53 or 2 V-22 

Amphibious Craft 3 LCAC 

COST 

Total Procurement Cost, FY10 $ 1.06% of LPD-17 Cost 
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All Electric Conventional Powered Submarine (SSX) 

 
LT Matthew Frye, USN; LT Eli Sewell, USN 

 

 

Performed in collaboration with the Office of Naval Research (ONR) and the Electric Ship 

Research and Development Consortium (ESRDC), this study developed a reference conventional 

submarine design incorporating the Navy’s Next Generation Integrated Power System (NGIPS).  

The concept had a limited mission profile and is intended to be based close to theatre.  

Constrained by displacement and a host of other factors, exploration in the areas of power, 

propulsion, and payload bay configuration yield a concept utilizing known SSN components while 

selecting electrical components consistent with surface fleet IPS.    

 

Design modeling mixed PARAMARINE software with the MIT Submarine Math Model.  Specific 

features unique to the SSX are the use of external weapons and a reconfigurable payload bay both 

located in the bow.  The reconfigurable payload bay allows for a volume greater than current SSN 

contained lock-in/lock-out trunks or Dry Deck Shelters. The SSX is propelled via a 14 MW 

advanced induction propulsion motor common with the surface fleet.  Taking advantage of legacy 

hardware, ASB-49 lead acid batteries combined with a 2 diesel generators provide power to the 

ship.   
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Displacement:  Surfaced: 3,208 long tons 

  Submerged:3,590 tons full load 

Length:  241 ft (73.7 m) 

Beam: 28 ft (8.5 m) 

Draft:  23.7 ft (7.2 m) 

Installed power: 2 x 2089 kW Diesel generators 

Propulsion:  Diesel-electric propulsion 

  1 x 18766 SHP motor ( 14 MW) 

  1 x fixed-pitch Propeller 

Speed:  Surfaced Max: 18.8 knots 

  Submerged: 25.6 knots 

Range:  Submerged: 336 miles at 4 knots 

  Full run: 71 nm at 15 knots 

Endurance:  30 days 

Complement:  60 crew + 21(SOF/Intelligence) 

Armament:  4 MK-54 Lightweight Torpedoes 

Material: HY-80 

Test depth:  800 ft (244 m) 

Payload Bay: 2545 ft3 (72.1 m3) 

     Length/Diameter 40 ft / 9 ft 
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Persistent Intelligence Surveillance and Reconnaissance (PISR) SSN 

 
LCDR Jerod Ketcham, USN; LT Jonathan Gibbs, USN  

 
 

Increased strategic and operational demand for timely and persistent Intelligence, Surveillance, 

and Reconnaissance (ISR), and the fielding of advanced off hull sensor platforms are challenging 

the U.S. submarine fleet while dominance in ASW, ASuW, land attack, and Special Operations 

mission areas remain core requirements.  In order to maximize ISR capability while improving 

operational flexibility, a new concept nuclear powered submarine design is needed.  

 

The PISR Submarine Concept Design provides critical intelligence preparation of the battlespace 

(IPB) capabilities, greatly surpassing those of current fleet assets.  Through the extensive use of 

offboard sensors and vehicles such as high endurance UUVs and UAVs, she will dramatically 

improve the operational commander’s situational awareness.  With mission endurance of 120 days 

on station and high operational availability, PISR will provide increased sensor time over current 

fleet assets.  PISR will be less susceptible to Maritime Patrol Aircraft (MPA) through an organic 

AAW capacity which increases the ability to stay on station despite harassment from the enemy. 

  

To incorporate payload modularity and to integrate offboard vehicles, the PISR features a double-

hull construction, a battery of sixteen 65” vertical payload tubes, outboard stowage of large 

diameter UUVs, and a vertical UAV launch capability.  To maintain outboard UUVs on station, 

the PISR also features a faired sail that includes a large diameter floodable UUV access tube.  

PISR also features an Integrated Propulsion System (IPS) which enhances and low speed/hovering 

operations and permits enhanced damage control through subdivision of the engineering spaces.  

The PISR Concept also features significant improvements in crew habitability of current U.S. fast 

attack submarines, specifically increased berthing, messing, and recreation/training spaces.  PISR 

has accommodations for a crew complement of 145 sailors with a 20 berth margin to allow for 

mission specialists or the embarkation of Special Warfare teams.  Modularity in the berthing and 

sanitary spaces will also permit a variety of mixed gender crew ratios and will greatly reduce crew 

fatigue over extended missions.  Crew survivability is also enhanced through the incorporation of 

eight 22-person dedicated escape capsules, improving the probability of safe submarine escape 

from design depth. 

 

The PISR Concept was created through a spiral of area and volume balance against parametric 

models, electrical power and propulsion requirements, weight estimation, stability analysis, 

detailed arrangements, maneuvering analysis, and cost analysis.  PISR cost estimates show that 

this concept is economically feasible and provides the unique required capability to the submarine 

fleet.  
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SHIP CHARACTERISTICS 
Length, Overall 428 ft 130.45 m 

Max Beam 50 ft 15.24 m 

Hullform Depth 37 ft 11.28 m 

Pressure Hull Length 328 ft 99.97 m 

Pressure Hull Beam 35 ft 10.67 m 

Surfaced Draft 30.7 ft 9.36 m 

Surfaced Trim 5.0 ft 9.36 m 

Design Depth 1200 ft 365.76 m 

Surfaced Displacement 8,978 LT 9,122 MT 

Submerged Displacement 10,637 LT 10,808 MT 

Margin Lead 446 LT 453 MT 

Submerged Speed 29+ kts 

Surfaced Speed > 17 kts 

Service Life 33 years 

Accommodations (Margin) 165 (20) 

Provisions (Stores/Repair Parts) 135 Days / 135 Days 

MISSION PAYLOADS 
Primary Combat Sys Bow Array: 786 ft2 / 73.0 m2; 32 ft / 9.75 m Beam 

Thin Line Towed Array 

Fat Line Towed Array 

Wide Aperture Array 5,754 ft2 / 534.6 m2; 77.3 ft / 23.6 m 

Spacing (Center to Center)  

12 4-ft Diameter UUVs (or 8 6-ft Diameter UUVs) 

28 10-in Diameter x 7.8 ft UAVs  

Secondary Combat Sys 26 Mk-54 Light Weight Torpedoes 

20 Common Very Ligtht Weight Torpedoes 

16 65”-Diameter x 22.5’ Long Payload Tubes 

Up to 64 TLAM 

Up to 48 AIM-9X Subsurface-to-Air Mis. 

 

COST 
Lead Ship Acquisition Cost $2.78 B (yr-2005) 
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DDG-51 Future Flight with Integrated Power System (DDG-IPS) 
 (Modified Repeat) 

 

LCDR Weston Gray, USN; LT Darrin Barber, USN; LT Jonathan Page, USN 
 

 

In today's DDG-51 Class Destroyer propulsion systems, power is generated by gas turbines which 

power the propeller shafts through a reduction gear. Ship's service turbine generators convert 

mechanical energy into electrical power for combat systems and other loads.  With the advent of 

integrated power on DDG-1000 and T-AKE, there is interest in providing the flexibility of an 

integrated power generation schema to the DDG-51 class.  In an Integrated Power System (IPS), 

the propulsion and auxiliary gas turbines are replaced with a system of gas turbine generators 

supplying electrical power.  All of the power generated by the turbine generators is then sent to a 

common electrical bus for allocation.  Through flexible distribution and switching architecture, the 

common electrical bus can supply power to both non-propulsion and propulsion electrical loads 

and optimize gas turbine loading for efficiency.  Thus, the power previously reserved exclusively 

to propel the ship at high speeds is now available for other uses when maximum speed is not 

required. 

Using current technology, a minimally redesigned DDG-51 Flight IIA IPS ship appears feasible.  

This IPS design reduces the number of gas turbines from 7 to 4.  With lighter, high frequency 

(high pole count) water-cooled generators and permanent magnet propulsion motors, the overall 

weight increase is minimized to preserve as much as 70-80% of the full service life allowance.  

Although less power is available exclusively for propulsion, the speed requirement of 30 knots 

appears achievable.  IPS increases mission capabilities, specifically electrical power which allows 

future weapons and sensors to be powered and provides 20% service life allowance (SLA).  Future 

technologies will also likely allow further weight and volume savings making the IPS ship much 

more flexible in future design iterations. 

 

The table below summarizes the characteristics of the modified ship.  
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DDG-51 Flight IIA Characteristics 

 PRE-IPS POST-IPS 

Displacement, Full Load  9200 MT 9652.6 MT 

Length Overall (LOA) 155 m 155.3 m 

Beam (max) 18 m 18 m 

Draft @ DWL 9.3 m 9.45 m 

Crew Compliment 

Officer 23 18 

Chief 24 22 

Enlisted 293 212 

Total 340 252 
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Ohio Class SSGN Very Large Modular  

Payload Submarine (VLMPS) Conversion 
 

LT Richard Hill, USN; LT Ethan Fiedel, USN 

 

 

Delivery of Special Operations Forces (SOF) and their equipment, employment of covert 

intelligence gathering sensors, and the release of anti-surface, anti-submarine, and strike weapons 

have been the traditional missions conducted by attack submarines; their covert operating nature 

makes them the perfect base platform.  The tools and payloads for conducting these missions have 

been limited to the dimensions of the hull penetrations or significant reconfigurations of topside 

layouts resulting in significant speed reductions.  For the newest Virginia SSN’s, the hull 

penetration limit is a 21 inch torpedo tube or a 30 inch diameter hatch; for the Ohio SSGN’s, the 

limit increases to the D-5 missile tube diameter of 87 inches.  Due to the dimension limitations, 

neither of these platforms is capable of carrying the modern CONEX box sized mission modules 

around which ships like LCS were designed.  To ensure the submarine force can compete in the 

increasingly modularized Navy, the VLMPS is proposed.   

 

This conversion study examines the concept of inserting a large payload facility into an SSBN 

undergoing conversion to an SSGN class submarine.  The study focused on using current SSGN 

data, arrangements, weights, and drawings as a starting point. From there, several design variants 

were analyzed and the unique and most cost effective model that maintained the inherent attack 

submarine capabilities while opening new opportunities for modular payload transportation was 

chosen. Modifications were made as necessary to the arrangements, structure, and weights of the 

original SSGN to transform her into the top-load, horizontally oriented payload variant capable of 

transporting up to two 40 ft CONEX boxes.   This affordable design reuses many of the SSBN 

components such as missile tubes, hinges, and hydraulics. 

 

While the modifications remained feasible during this study, additional research is recommended, 

particularly in the areas of watertight integrity, shock, and structural reinforcement of a modular 

payload bay located within the hull envelope. 
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T-AKE to T-BMD Ballistic Missile Support Vessel  

(Modified Repeat)  
 

CDR(S) Greg Fennell, USN; LT Brian Heberley, USN; LT Eric Brege, USN 

 

 

The U.S. Navy continues to develop its Theater Ballistic Missile Defense system, centered on the 

SM-3 missile, which can be carried by numerous platforms. With the recent cancellation of the 

CG(X) in the 2010 Quadrennial Defense Review, the Navy may need additional sensor platforms 

for cuing, tracking, and passing target information to current CG-47 and DDG-51 class BMD-

capable ships.  A primary mission of the new CG(X) cruisers would have been to track and engage 

ballistic missiles to provide an “umbrella” of protection for national assets.  This mission will 

remain vital as there are ballistic missile threats in various theatres around the globe.  The 

presence of a Ballistic Missile Defense Support Vessel (T-BMD) could provide support to this 

mission and support other national assets by providing early detection and tracking of ballistic 

missiles in flight to allow for quicker prosecution times in the detect to engage kill chain.  

The purpose of this project is to determine the feasibility of using the ongoing Dry 

Cargo/Ammunition Vessel (T-AKE 1) Class production line as the basis for a modified repeat or 

minimum-modification/minimum cost ship configured as a Ballistic Missile Defense Support 

Vessel (T-BMD).  The T-AKE was selected as the baseline due to its versatile propulsion/power 

system, large payload, and existing cooling capacity. The T-BMD can accommodate X-Band and 

S-Band radars to monitor and collect data on ballistic missile threats.  The study focused on using 

current T-AKE data, arrangements, weights, and drawings as a starting point.  From there several 

design variants were analyzed and the most capable and cost effective model was chosen.  Using 

this data, modifications were made as necessary to the arrangements, structure, and weights of the 

original T-AKE to transform her into the chosen T-BMD variant.  The variant was put through a 

series of structural and stability analyses along with various seakeeping scenarios to determine the 

T-BMD’s sea worthiness and mission effectiveness. The outcomes from this study verify that 

using the T-AKE as a basis for a new Ballistic Missile Support Vessel is a feasible solution from a 

capability perspective.  The results demonstrate that the T-AKE can perform the mission of a 

Ballistic Missile Support Vessel with minimal modifications and design alterations.  
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DIMENSIONS T-BMD 

LOA, m 210 

LBP, m 199.5 

Beam, m 32.2 

Draft, m 8.34  

PERFORMANCE   

Installed Power, MW 34.6  

Sustained Speed, knots 20 

Range, nm  16880  

Endurance, days  90 

WEIGHTS (MT)   

Lightship with Margins 22649.0 

Loads 12866.0 

Design Full Load 35515.0 

MISC   

Crew 88 

Service Life, years  40  
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DDG-51 Flight IIA to Area Air Defence  

Destroyer (AADD)  

(Modified Repeat) 
 

LT j.g. Iason Dimou, Hellenic Navy; LCDR Louis-Phillippe Menard, Canadian Navy; 

LT j.g. Emmanouil Sarris, Hellenic Navy; LCDR Roberto Urrutia, Chilean Navy 

 

 

 

 

 

 

A changing world economic situation requires navies to search for the most cost-effective means 

to continue to support their nation’s foreign policy.  Often, by developing a modified-repeat 

design of an existing ship, considerable research and development savings can be capitalized on 

and carried over into additional savings over the original design.  For this reason, the study 

investigates converting the DDG-51 Flight IIA into an Area Air Defence Destroyer that meets the 

specific needs of a foreign navy. 

 

The DDG-51 Flight IIA has enough combat mission system flexibility to permit reasonably simple 

modifications to suit the combat systems needs of any foreign navy.  The topside payload 

modifications are completed with little impact to the existing configuration.  The biggest change is 

due to the removal of the aft VLS system to accommodate hangar modifications to suit a single 

helicopter with larger dimensions than the SH-60 currently used in the DDG-51. 

 

Most interestingly, however, the study finds that by sacrificing less than two knots of maximum 

sustained speed, and decreasing the endurance speed from 20 to 18 knots, the installed power 

requirements offer exceptional opportunity to deliver fuel consumption savings approaching 40%.  

The study recommends adoption of a CODOG propulsion plant arrangement such that the 

maximum fuel consumption benefit is derived from ship speeds at or below endurance. 

 

Lastly, the study leverages modern advances in automation technology to bring ship manning 

levels to an acceptable and sustainable level. 
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The AADD modified repeat is a feasible concept that may not necessarily be the ideal platform for 

a foreign navy, given the development of specific, smaller, and more modern destroyers; however, 

this modified repeat does give the United States Navy some food-for-thought to consider 

regarding the development of still highly-capable, yet more economically-sound platforms. 

 

 

 

 
 DDG-51 Flight IIA AADD 

LBP (m) 142 142 

LOA (m) 154 154 

Beam (m) 17 17 

Displacement (Full Load) (mtons) 9191.6 8828.2 

Displacement (Light Ship) (mtons) 7072.6 6872.0 

GMt (m) 1.64 1.66 

GMt/B 0.096 0.098 

VCG (m) 7.7 7.52 

Maximum Sustained Speed (knots) 30+ 28.4 

Range (nm) 4500 7520 

Manning (pers) 380 240 

Installed Power (kW) 78300 52198 

Fuel Usage Reduction (%)  38% 
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Impacts of Reducing Shipboard NOx and SOx Emissions  

on Vessel Performance 
 

LT Ronald J. Caputo, USCG 

 

 

Prof. Wai Cheng Prof. Trent Gooding 

Thesis Supervisor Thesis Reader 

 

 

The international maritime community has been experiencing tremendous pressures from 

environmental organizations to reduce the emissions footprint of their vessels.  In the last decade, 

air emissions, including nitrogen oxides (NOx), sulfur oxides (SOx), volatile organic compounds, 

and particulate matter, have become the focus.  In an effort to regulate and gain control of vessel 

air pollution, in 1997, the International Maritime Organization created Annex VI, Regulations for 

the Prevention of Air Pollution from Ships, to the International Convention for the Prevention of 

Pollution from Ships (MARPOL Annex VI).  Recently, in 2008, MARPOL Annex VI was 

amended to impose more stringent air emission regulations that will be enforced based on a tiered 

system that grows tighter with time.   

 

New technologies are under development to ensure new vessels can meet the stricter standards 

while maintaining propulsion plant performance.  With the bulk of the international commercial 

fleet approaching its mid-service life, this thesis completes an analysis of retro-fitting these new 

technologies to the existing power plants of vessels built in the 1990s, focusing on performance 

impacts in the way of specific fuel consumption, transit times and brake engine power output. 

 

Three types of commercial vessels are explored: bulk carriers, containerships and tank vessels.  

Maxsurf, an integrated naval architecture & ship construction software program, is utilized to 

parametrically develop 30 computer based hull models.  The Hullspeed module of Maxsurf is then 

used to estimate speed-power curves for the hull models based on the Fung and Holtrop hull 

resistance and power estimations.  The models’ dimensions and power plants are taken from 

existing vessels constructed in the 1990s and obtained from the American Bureau of Shipping 

database (ABS Eagle). This thesis focuses on reducing NOx and SOx emissions from these vessels.  

Six air emission reducing technologies are explored including two after-treatment systems, 

selective catalytic reduction (SCR) and exhaust gas scrubbers, and four pre-combustion systems, 

direct water injection (DWI), fuel-water emulsification, exhaust gas recycle (EGR) and scavenge 

air moistening (SAM).  The published performance impacts are applied to the vessels traveling on 

a hypothetical route comparing new transit times and increased fuel consumption.   

 

Master of Science in Naval Architecture and Marine Engineering 

Master of Science in Mechanical Engineering 
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A Frequency Domain Strip Theory  

Applied to the Seakeeping of the Zumwalt-class Destroyer 

 
Lt.J.G. Ilkay Ozer Erselcan, Turkish Navy 

 

 

Prof. Michael Triantafyllou 

Thesis Supervisor 

 

 

The performance of a ship in a seaway is the ultimate criterion for the hull design. The prediction 

of ship motions and sea loads is a complex process; however, determining them is crucial for the 

naval architect. The ultimate objective of this thesis is to develop a computational tool to carry out 

seakeeping analysis of a given ship. First, the problem was formulated and solved analytically. 

Second, a MATLAB® code called Ship Motions Analyzer (SMA) was written to calculate the 

added mass and damping coefficients of ship sections using Frank’s close-fit source distribution 

method. Finally, seakeeping analysis of the Zumwalt-class destroyer was carried out in the 

framework of linear strip theory and potential flow. The amplitudes of excitation forces and 

moments in sway, heave, roll, pitch and yaw modes of motion and Response Amplitude Operators 

(ROA’s) in the same modes of motion were calculated in the framework of linear strip theory. In 

addition, the calculation of steady drift forces and slowly varying forces using Newman’s 

approximation were added to SMA. 

  

 The added mass and damping coefficients of a fully submerged heaving circle and a semi-circle in 

heave, sway, roll, coupled sway into roll and coupled roll into sway were calculated by SMA. 

These results were compared to experimental and theoretical results of Vugst and Frank to validate 

them. They match each other exactly. The excitation forces and moments and ROA’s for head seas 

in regular waves are also in good agreement with the available theoretical and experimental 

results.  

 

Master of Science in Naval Architecture and Marine Engineering   
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Applying Set Based Methodology in Submarine Concept Design 
 

LT Matthew C. Frye, USN 

 

 

Prof. Dan Frey Prof. Mark Welsh Mr. Pat Hale 

Thesis Supervisor Thesis Reader Thesis Reader 

 

 

Early stage ship design decisions and assessment continue to be a challenge for naval architects 

and engineers.  The complex and multifaceted interactions between the different elements of the 

ship and the broad spectrum of disciplines required in ship design make it difficult to fully realize 

the effects of any one change on the entire system or the artificial limitations early design 

decisions place on the overall design.  

 

Naval ship design has primarily focused on using point based design methods that do not 

necessarily produce the most cost effective, innovative, and high quality designs.  Recognizing 

these shortcomings, U.S Navy design is exploring the use of Set Based Design (SBD) principles 

and methodology in designing the fleet for the 21st century.  Existing research has shown the 

merits of SBD in other industries; however, research on the use of SBD in naval design does not 

exist.   

 

The thesis explores how to execute SBD in light of the recent restructuring of the U.S. Navy 

acquisition process calling for the use of SBD in pre-preliminary design.  This is undertaken using 

the knowledge gained from exploration of the Ship-to-Shore Connector (SSC) program, the first 

use of SBD in a new start acquisition program.      

 

The thesis also undertook an early stage submarine concept design using SBD practices and 

principles. Design attribute selections using SBD are contrasted to those using point based design 

methods.  The results show that although both methods result in a feasible design, the SBD effort 

provided a thorough canvass of the design space and identified design parameters with the greatest 

impact on the design. 

 

Naval Engineer 

Master of Science in Engineering and Management  
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Feasibility of Lateral Emplacement in 

Very Deep Borehole Disposal of High Level Nuclear Waste 

 
LT Jonathan Gibbs, USN 

 

Prof. Michael Driscoll Prof. Jacopo Buongiorno Prof. Mark Welsh 

Thesis Supervisor Thesis Supervisor Thesis Reader 

 

 

The U.S. Department of Energy recently filed a motion to withdraw the Nuclear Regulatory 

Commission license application for the High Level Waste repository at Yucca Mountain in 

Nevada.  As the U.S. has focused exclusively on traditional geologic disposal in shallow mined 

repositories for the past two decades, an examination of disposal alternatives will be necessary 

should the Yucca Mountain Project be terminated.  This provides a remarkable opportunity to 

study other promising waste disposal technologies.  One such technology is the use of very deep 

boreholes in monolithic granite to permanently segregate high level wastes from the biosphere.  

While research in this field has focused on vertical emplacement techniques, horizontal 

emplacement offers the significant advantages of allowing increased emplacement lengths without 

crushing of the waste package and the use of a single vertical shaft for drilling multiple horizontal 

shafts.  This project examines the application of currently deployed oil and natural gas lateral 

drilling techniques to borehole design.  A large tradespace of potential borehole configurations is 

evaluated and a final design selected using a Monte-Carlo simulation based cost model for 

borehole construction and waste package emplacement.  Waste repackaging and reconstitution is 

evaluated to permit deployment of waste in borehole diameters too small for intact fuel 

assemblies.  The total cost of a national borehole repository is developed.  An acceptable waste 

package is designed to meet strength and thermal loading requirements.  Radionuclide transport 

through the host rock is modeled to demonstrate satisfactory performance of the repository in 

isolating high level waste. 

 

Naval Engineer 

Nuclear Engineer 
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Integrating Seakeeping in the Design of  

Semi-Displacement and Displacement Monohulls  

 
LCDR Andrew Gillespy, USN 

 

 

Prof. Paul Sclavounos Dr. Richard Kimball Prof. Dan Frey Prof. Mark Welsh 

Thesis Supervisor 

Committee Chair 
Committee Member Committee Member Committee Member 

 

 

Early stage ship design and assessment continues to be a challenge for naval architects and ocean 

engineers.  The complex and multifaceted interactions between the different components of the 

ship and the broad spectrum of disciplines required in ship design make it difficult to fully realize 

the effects of any one change on the entire system.  The initial design of smaller patrol craft is 

especially difficult due to the lack of design tools able to deal with ships of small size operating in 

the semidisplacement region.  Furthermore, seakeeping at high speeds cannot be reliably 

calculated by traditional methods such as strip theory due to the hydrodynamic effects that occur 

in the semidisplacement region.  Traditional methods have a vessels’ response in seas calculated 

after most initial design decision have been cemented, making changes in design for improved 

seakeeping difficult at best. This paper puts forth a method for narrowing the design space for 

semidisplacement and displacement patrol craft operating at Froude numbers up to Fn= 1.0 and 

incorporating the vessels’ response in seas into early stage design.  Optimization of the design is 

done through the use of response surface methodology. Using a systems approach, a Patrol Craft 

Assessment Tool (PCAT) was created and tested to aide designers in the initial design and 

assessment of patrol craft of < 90 m.  PCAT is an MATLAB code that interfaces with Surface 

Wave Analysis (SWAN2) to incorporate resistance, engine selection, structures, seakeeping, and 

mission profiles into one design program to aide a designer in optimizing a patrol craft and 

understanding the engineering tradeoffs. 

 

 

Doctorate of Philosophy in Ocean Engineering 
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Survivability Assessment of an All Electric Ship  

 
LT David G. Hanthorn, USN 

 

Prof. Chryssostomos Chryssostomidis 

Thesis Supervisor 

 

The goal is the development of an overall architectural model for an all-electric ship using a 

physics-based simulation environment to perform fully-integrated simulation of electrical, 

hydrodynamic, thermal, and structural components of the ship operating in a seaway.   

Specifically, the purpose of this piece is the development of a tool to compare different designs 

using existing and derived metrics.  The majority of this is modeled in the ship design tool 

Paramarine, version 6.1 created by Graphics Research Corporation.  Current metrics being used 

are weight, volume, efficiency, cost, reliability and survivability.   

The current method for analyzing survivability of a ship is accomplished using the mission set of 

the ship and a series of potential threats.  The ship’s ability to respond to those threats, including 

the ability to defeat or evade the threats before impact, the ability to withstand the impact 

(vulnerability), and the ability to recover from the impact, are combined into a measure of 

survivability involving Design Threat Outcomes that range from completely unaffected to total 

loss of the ship and personnel.  This extensive survivability analysis can take weeks to properly 

calculate; in the early stages of design, the ship may have gone through several iterations in that 

amount of time, rendering the survivability analysis obsolete before its completion.  In addition, 

this metric is a measure of the survivability of the ship as a whole including the effectiveness of a 

multitude of factors such as weapons systems, personnel performance, and ship design. 

Because survivability includes the ability to defeat incoming threats, personnel response and 

recoverability the focus is shifted to vulnerability since this is directly controlled by the ship’s 

design.  By developing a metric to rapidly measure the impact of support system design on the 

overall vulnerability of the vessel, decisions affecting vulnerability outcomes can be made in early 

stages of design.  Thus, when comparing various electrical distribution systems, cooling 

methodologies, or other hull, mechanical and electrical (HM&E) systems, the vulnerability of the 

ship can be accurately compared using the given system.  The vulnerability metric measures the 

relative vulnerability of ship variants when subjected to damage. 

The vulnerability metric derived includes a generated list of prioritized electric loads that may be 

destroyed during an attack.  The first portion of the metric analyzes the loads remaining to 

determine the expected capability of the ship following damage including power generation, 

damage control, basic mobility and self defense as well as various levels of increased capability all 

the way to fully functional.  The second part of the metric is based on which generators are 

operational, which loads are operational, and the connectivity between the generators and loads.  

Then service all possible loads in a manner to achieve the highest weighted score, given the 

priority listing of loads.   

The developed tool was used to perform a trade-off study on two notional variants.  The major 

design change was shifting from four power generation modules to six.   

Naval Engineer 

Master of Science in Engineering and Management 
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A Tool for Evaluating the Early-Stage Design of Corvettes 

LTjg Mustafa Yasin Kara, Turkish Navy 

 

Prof. Mark Welsh 

Thesis Supervisor 

 

 ESCET  
 

Please enter the input values under Customer Requirements 
 

Customer Requirements 

 

Historical Comparison 
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Start Analysis 

 

 

 

Hull Module 

 

 

 

Space Module 
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Machinery Module 

 

Weight Module 

 

Cost Module 

 

 

In naval architectural terminology, the term “corvette” refers to a class of ships that are shorter 

than frigates and longer than patrol boats. Corvettes have always been the centerpiece of the 

navies whose mission requirements are based on littoral combats such as Anti-Submarine Warfare, 

Mine Warfare, and Anti-Surface Warfare. There have been numerous studies that have focused on 

frigates and patrol boats in the history of naval architecture. However, there have been very little 

studies that apply to corvettes.  

 

There is a trend in the ship building industry to design new ships as corvettes  since they can 

operate both independently and in joint missions. However, it is difficult for a naval architect to 

manage all the information flow throughout the corvette design process. When the displacement of 

the ship gets larger, this design process also becomes more complicated. The management of this 

process becomes more efficient by using computer programs.  However, these programs do not 

exist for use in the design of corvettes. This thesis explains how early-stage estimations are made 

for corvettes. In order to cover this future trend in marine transportation, a Matlab™ model for the 

estimation of the main characteristics of corvettes in the early-stage design is also developed.  

 

This Matlab™ model is based on a statistical analysis of the various existing ships that have been 

classified as corvettes. The database used in this study is created by using the public information 

that is available to the author.  For this study, design lanes are created, trend lines are drawn and 

relationships between the desired values are graphed. For the validation of the code, the Kral J 

Petar Kresimir, Eilat (SAAR 5) and Robinson are used as reference ships in this study. The 

customer requirements of these ships are entered into the model. The results show that the data of 

these ships fall within the design lanes. 

 

Master of Science in Naval Architecture and Marine Engineering 
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Design, Build and Test of an Axial Flow, Hydrokinetic Turbine  

with Fatigue Analysis 

 
LCDR Jerod Ketcham, USN 

 

Prof. Ronald Ballinger Dr. Richard Kimball Prof. Mark Welsh 

Thesis Supervisor Thesis Reader Thesis Supervisor 

 

 

OpenProp is an open source propeller and turbine design and analysis code that has been in 

development since 2007 by MIT graduate students under the supervision of Dr. Richard Kimball.  

OpenProp has been validated with other propeller design codes to produce useful designs of open 

propellers.  OpenProp has also been used to produce designs of ducted and banded propellers but 

these designs have not been validated.  OpenProp has never been used to develop a design for a 

hydrokinetic turbine.  The design and analysis capabilities of OpenProp continue to expand, 

particularly with respect to the hydrodynamic portion of the design process.  However, OpenProp 

is defficient in its ability to provide a determination of the structural adequacy of a propeller 

design.  This project seeks to close several of the gaps in the OpenProp propeller blade structural 

analysis capability and provide an experimental apparatus that can be used to validate the 

OpenProp performance predictions.  Improved structural analysis capability is provided through 

the implementation of ABS Steel Vessel Rules for fixed pitch propellers, calculation of blade 

surface stress due to bending and centrifugal forces, and the ability to perform a fatigue analysis 

for a propeller blade turning through a ship wake.  Validation of OpenProp performance 

predictions is accomplished through the construction of a test fixture funded by MIT SeaGrant.  

Results of testing an axial flow hydrokinetic turbine are presented. 
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An increasingly mobile US Navy surface fleet and oil price uncertainty contrast with the Navy’s 

desire to lower the amount of money spent purchasing fuel.  Operational restrictions limiting fuel 

use are temporary and cannot be dependably relied upon. Technical research aimed at improving 

fuel efficiency is ongoing and includes advanced gas turbines and electrically integrated 

propulsion plants, but these will not be implemented fleet wide in the near future. 

 

The focus of this research is to determine if the fuel efficiency benefits of a hybrid fuel cell and 

gas turbine propulsion plant outweigh the ship design disadvantages of physically implementing 

the system.  Based on the potential fuel savings available, the impact on surface ship architecture 

will be determined by modeling the hybrid fuel cell powered ship and conducting a side by side 

comparison to one traditionally powered.  As fuel cells only emit water and electricity, another 

concern that this solution addresses is the trend in the commercial shipping industry toward 

designing more cleanly running propulsion plants. 
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Improvement of the propulsive efficiency of ships has always been one of the main objectives for 

naval architects and marine engineers. Contra-Rotating propellers (CRP) are propulsor 

configurations offering higher efficiency compared to conventional single propellers by recovering 

the rotational energy in the propeller slipstream. The application of this type of propulsive device 

to modern ships becomes even more attractive considering the recent developments in electric 

propulsion and the increased emphasis on fuel economy. Propeller design codes are therefore 

expected to include CRP design capabilities.  

 

This thesis describes two methods for designing CRP in the context of lifting-line theory, along 

with a procedure for predicting the cavitation performance of conventional propellers and CRP. 

All of the above methods have been implemented numerically and integrated into a computer 

program developed in MATLAB®. 

 

Comparisons of numerical predictions of efficiency between single and contra-rotating propellers 

which confirm the superiority of the latter are presented. Physical insight into the increased 

efficiency of CRP is also obtained by presenting results for the velocity fields induced by these 

propulsor configurations. In addition, the cavitation patterns observed on conventional and CRP 

operating in uniform and non-uniform wakes show the advantage of CRP with respect to the 

occurrence of cavitation.   
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Being able to accurately model the performance of ships is an integral part of the ship design 

process.  A considerable amount of money is invested into predicting how a ship will maneuver in 

a given sea state.  Furthermore, it is vital to understand the powering requirements and potential 

limitations of the ship design.  Typically, a physical scale model of the ship is constructed and 

experimented on in a tow tank to determine the hydrodynamic characteristics of the ship to be 

built.  This can also be expensive.  Therefore, there is considerable interest in developing a means 

to predict the hydrodynamic performance of a ship using alternative means.  This thesis presents 

an analytical determination of the hydrodynamic coefficients for the DDG-1000 and compares 

them to an existing physical model with the intent to use the physical model as a substitute. 

 

Using analytical methods from several established sources, this thesis develops a simulated model 

for the DDG-1000 that is consistent with expected performance of a ship of this size and class.  In 

addition, this thesis presents a model for the all-electric ship using azimuthing propellers.  The 

analytically determined maneuvering dynamics are applied to the full all-electric ship system 

model, which incorporates the main generating engines through the power electronics to the motor 

and propulsion shafts.  The results of the simulation form a baseline, from which future 

optimization of the model can occur. 
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In response to the transition by the United States Nuclear Regulatory Commission (NRC) to a 

risk-informed, performance-based fire protection rulemaking standard, Fire Probabilistic Risk 

Assessment (PRA) methods have been improved, particularly in the areas of advanced modeling 

and computational methods.  As the methods for the quantification of fire risk are improved, the 

methods for the quantification of the uncertainties must also be improved.   

 

Many of the input parameters to a Fire PRA are uncertain, as are the models being used.  As 

events in a fire scenario develop these uncertainties are propagated, eventually influencing the 

final results.  In order to gain a more meaningful insight into the methods currently in practice, it 

was decided that a scenario that incorporated the following elements of uncertainty specific to a 

fire PRA would be analyzed:  

  

 Fire Ignition Frequency 

 Fire Growth and Propagation  

 Fire Suppression Probability 

 Human Error Following the Fire Event 

 

This case study will investigate uncertainty analysis methods for a Main Control Room (MCR) 

fire scenario involving binary variables and mechanistic codes.  The final result will be an updated 

Core Damage Frequency (CDF) distribution that takes into account the inter-dependencies 

between the factors.  In addition, the input factors having the strongest influence on the final 

results will be identified.  
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Alternative methods for cost estimation are important in the early conceptual stages of a design 

when there is not enough detail to allow for a traditional quantity takeoff estimate to be performed.  

Much of the budgeting process takes place during the early stages of a design and it is important to 

be able to develop a budget quality estimate so a design is allocated the necessary resources to 

meet stakeholder requirements. Accurate project cost estimates early in the planning and design 

processes can also serve as a cost-control measure to assist in managing the design process.  With 

an understanding of the most significant engineering decisions that affect project costs, project 

team members and stakeholders can proactively make cost-effective decisions during the design 

process rather than after construction begins and it is too late to prevent going over budget.    

 

This research examines the potential of Artificial Neural Networks (ANNs) as a tool to support the 

tasks of cost prediction, mapping costs to engineering decisions, and risk management during the 

early stages of a design’s life-cycle.  ANNs are a modeling tool based on the computational 

paradigm of the human brain and have proved to be a robust and reliable method for prediction, 

ranking, classification, and interpretation or processing of data.     
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Could transparency between current disparate methods improve efficiency in early stage 

submarine design?  Does the lack of transparency between current design methods hinder the 

effectiveness of early stage submarine design? 

This thesis proposes that coordinating data and design methods from current disparate sources 

would improve the initial early stage submarine design process.  Improvements to be found 

include: 

 the making available of options in determining key naval architecture values, 

 the ability to compare and contrast said options, both by results and underlying 

principles/assumptions, 

 and an overall process for developing key naval architecture values, to be used in later 

stages of design, that is easily expandable to incorporate further unleveraged design 

processes or newly developed data. 

The designer is encouraged through this approach to critically evaluate the data, customer 

requirements, and design philosophy they are bringing to the design.  Decisions and calculations 

made while stepping through a design are no longer locked into a single frame of reference, but 

allow the appropriateness of each decision to be better understood within the context of the greater 

knowledge of submarine design.  This flexibility in approach allows decision making such that the 

assumptions made during design best reflect the design scenario.  Use of an open architecture to 

map how key naval architecture values are handled in different current methods may also provide 

the designer with insights which would otherwise remain hidden, e.g. – the information available 

to the designer within the customer specifications may not be enough to move forward using 

Method A, but using the assumptions of Method B allows the project to progress.   
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The U.S. Navy designs and operates the most technologically advanced ships in the world.  These 

ships incorporate the latest in weapons technology, phased array antennas, composite structures, 

signature reduction, survivability, modularity, power systems, computing systems, and 

automation.  The modern day warship is an extremely complex system and designing the ship is a 

long and intricate process, spanning several years from feasibility studies to detailed design.  The 

plethora of new technologies being introduced in any single ship design increases the complexity 

of the ship design process and makes it ever more important to clearly define the systems 

architecture.   

 

Systems architecture is important because it provides a way to understand, design, and manage 

complexity.  In the ship design process, there is a significant need to ensure that the architecture is 

not only well-defined, but also addresses the needs of the stakeholders.  This thesis explores the 

use of Model-based Systems Engineering (MBSE) to develop systems architecture with 

application to Navy ship design and acquisition.    
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A hardware model of a shipboard electrical distribution system based on aspects of the DDG 51 

Flight IIA, Arleigh Burke class, 60Hz Alternating Current (AC) and the future direct current (DC), 

zonal electrical distribution system (ZEDS).  These distribution boards were designed and built for 

the purpose of testing electrical system components at the Massachusetts Institute of Technology's 

Laboratory for Electromagnetic and Electronic Systems (LEES). 

 

The combination of existing electrical generators and the newly created electrical distribution 

boards will provide a hereto unattainable level of access for testing and evaluating a number of 

research topics currently being worked on at LEES.  The added level of reality that is inherent in 

this system will enable the user to refine their experimental hardware and software in a safe; 

scaled down and controlled environment.  The user will then benefit from a more rapid 

development process as well as the ability to produce verifiable records to demonstrate the 

effectiveness/applicability of their individual experiments in order to progress down the path of 

full scale production of a shipboard system. 

 

Two five kW generators serve as electrical generation for the emulator. The hardware model 

supports experimentation with zonal electrical distribution and protection. It reflects the zonal 

architecture employed on the DDG-51 destroyer, and can isolate sections of the power system.  

The emulator includes three phase electrical outlet connections to the port and starboard buses, a 

computer interface to control the generators, and electrically controlled contactors and solid state 

relays that are manipulated via a computer interface manually or through the use of automatic 

control. The system is capable of being configured and operated in either a split plant, paralleled 

or single generator plant configuration. 
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Glass fiber / vinyl ester composite laminates represent an important class of modern fiber 

composites being proposed or used in state-of-the-art shipbuilding. This thesis examined the 

effectiveness of chopped strand mat (CSM) plug repairs of glass fiber / vinyl ester woven roving 

laminates subjected to in-plane shear and bending. An advantage of this type of repair scheme is 

its simplicity when compared to more traditional schemes such as scarf or step repairs. 

 

The stress concentrations around circular holes in glass fiber / vinyl ester woven roving laminates 

subjected to in-plane shear and bending were calculated before and after repairs using CSM plugs, 

also of glass fiber / vinyl ester, having varying fiber volume fractions. The laminates were 

orthotropic and ranged from balanced to unidirectional woven roving, and the CSM plug fiber 

volume fractions ranged from 0 to 0.40. 

 

For in-plane shear stress, as the plug fiber volume fraction increased from 0 to 0.40, the maximum 

stress concentration along the circular holes in the laminate was reduced from about 25% to 61%.  

For in-plane bending, as the plug fiber volume fraction increased from 0 to 0.40, the maximum 

stress concentration in the laminate was reduced from about 25% to 45%. 
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