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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. 

An 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, 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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Flight IIA DDG to ASW Destroyer (DD(A)) Design Conversion 

LT Christopher Hein, USN; LT Christopher Reynolds, USN 

The Arleigh Burke class guided missile destroyer (DDG) is a highly capable destroyer that was 
originally designed to conduct Anti-Air Warfare (AAW), Anti-Submarine Warfare (ASW), Anti-
Surface Warfare (ASuW), and Strike Warfare (STW) missions. Throughout the life of the class, 
both the expenses of maintaining the ships and the amount of missions undertaken have increased 
in response to the evolution of the battlespace since its introduction to the fleet. Additional stress 
is being placed on the US Navy due to near-peer competitors, such as Russia and China, developing 
and deploying increasingly advanced submarines. This study evaluated creating an ASW focused 
destroyer (DD(A)) design, based on the Flight IIA version of the Arleigh Burke class, that would 
be more capable at ASW and cheaper per hull than a Flight IIA DDG. ASW capability was defined 
as a measure of a ship’s ability to find, track, and destroy an enemy submarine. 

The primary requirements for development of the DD(A) design was a reduction in cost and 
improvement in ASW capability compared to the baseline Flight IIA DDG, as well as use of 
currently existing ASW systems. This last requirement was included to reduce the technical risk 
of the DD(A) design by removing any connection to an unproven system. To reduce cost, combat 
systems related to AAW, ASuW, and STW, such as the Vertical Launch System (VLS), Mk-99 
Fire Control System (FCS), SPY-1D radar, Mk-45 Gun Weapon System (GWS), M242 
Bushmaster, and Close In Weapon System (CIWS), were all considered for reduction or removal. 
Some of these systems would need to remain in the DD(A) design in order to retain some form of 
self-defense for the ship. Additionally, minimal changes to the hull were made in order to keep the 
detailed design of the DD(A) as close as possible to the baseline Flight IIA DDG. As information 
about available ASW systems was collected, it became clear that the baseline Flight IIA DDG 
already had the best available ASW systems onboard. The only way the DD(A) design could have 
improved ASW capability would be through the inclusion of either unmanned vehicles (UXVs) or 
additional air platforms to supplement the two MH-60 ASW helicopters carried onboard baseline 
Flight IIA DDGs. 

Based on the information collected about the baseline Flight IIA DDG and available ASW systems, 
feasible DD(A) design concepts included an unmanned aerial vehicle (UAV), removal of all VLS 
cells in the aft portion of the ship, and AAW self-defense provided by some combination of CIWS, 
Evolved Sea Sparrow Missiles (ESSMs), and SeaRAM (Rolling Airframe Missile). The Mk-45 
GWS and Bushmaster would be retained for ASuW self-defense. Further exploration of the 
tradespace determined that the MQ-8B Fire Scout would be the least technical risky UAV to 
include in the DD(A) design, and that elimination of the ESSM from consideration would enable 
significant cost savings by replacing the SPY-1D radar with the SPQ-9B radar and removing the 
Mk-99 FCS. These decisions further reduced the tradespace to two decisions: how to store the 
UAV and what AAW self-defense system would be used. The study determined that the best place 
to store the UAV was centerline between the existing helicopter hangars. The compartments 
located in that space on the baseline Flight IIA DDG were relocated into the space vacated by the 
removal of the aft VLS cells. The CIWS was selected as the AAW self-defense system over the 
SeaRAM due to the ability of the CIWS to be used for both AAW and ASuW self-defense. 

The final DD(A) design removed the SPY-1D radar, Mk-99 FCS, STW Consoles, and all aft VLS 
cells from the baseline Flight IIA DDG. It added the SQP-9B radar and MQ-8B UAV and support 
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systems, and replaced the loadout of the forward VLS cells from Tomahawk Land Attack Missiles 
(TLAMs) and ESSMs to only Vertically-Launched Anti-Submarine Rockets (VLAs). Figures 1 
and 2 show forward and aft perspective views of the final DD(A) design. 

Figure 1: DD(A) Forward Perspective View 

Figure 2: DD(A) Aft Perspective View featuring MQ-8B Hangar 

Based on the systems removed and added from the baseline Flight IIA DDG, the study determined 
that the DD(A) design would save approximately $389 million per hull in acquisition costs and 
$598 million per hull in total life cycle costs. The study concluded that this proposed solution, 
while successful in reducing the cost per hull and having improved ASW capability over the 
baseline Flight IIA DDG, was not the optimal way to create a dedicated ASW platform. The study 
recommends either using a smaller platform as the basis of conversion, or to allow more substantial 
modifications to the baseline Flight IIA DDG to accommodate more aviation assets or a different 
type of ASW operational profile, such as acting as a command center for a fleet of unmanned 
surface vehicles. 
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Commercial Working Boat to Minelayer Conversion 

LT Nathan E. Maxwell, USN; LT Matthew T. Valcourt, USN; LT Kelli M. Waterman, USN 

A growing threat to U.S. Naval supremacy requires a new emphasis on the role of mine warfare. 
In contrast with the advancement of military technology, mine warfare continues to be a highly 
asymmetric threat with considerable strategic and tactical advantages. In addition to denial of 
access or delaying enemy combatant movements, mines are an effective, low cost and low risk 
means of sinking or damaging enemy vessels and restricting merchant shipping to an enemy state. 
Currently, the U.S. Navy surface fleet has no capability to lay mines, with all minelaying 
conducted by aviation or submarine assets. The objective for this project was to design a 
conversion concept that could quickly and inexpensively convert a commercially available 
working boat into a minelayer for use by the U.S. Navy surface fleet.  

This study focuses on vessel type selection and mine storage, transfer and launching system 
concept development with a focus on affordability, scalability and modularity. The final design 
presents a highly modular “bolt-on” mine storage and launching system. The entire mine storage 
and transfer system is designed to be fabricated inside International Standard Organization (ISO) 
shipping containers, which can be quickly installed on a conversion vessel. In an effort to increase 
modularity, commercially available equipment was used as much as possible, with very few 
components requiring custom fabrication.  

The Platform Supply Vessel (PSV) ship class was chosen as a baseline for this ship conversion 
due to the working deck area and strength, load capacity, range, speed and crew accommodations 
inherent to the class. Additionally, this vessel class is ubiquitous and available for acquisition. In 
cooperation with Jensen Maritime Naval Architecture Firm based out of Seattle, Washington, the 
Jensen 3000 PSV was chosen for the study. An optimized loadout was designed and analyzed 
using this vessel. Although this study was conducted on a specific PSV, the design concept is 
flexible enough to implement on any working boat with sufficient deck space, weight margin, and 
deck strength. Due to this modularity, the design can be implemented with pre-fabricated “plug 
and play” pieces based on the space and weight capacity available or desired payload capabilities.  

The mine storage and launch systems consist of 20’ or 40’ shipping containers. Storage containers 
use warehouse pallet racking systems to store palletized mines which can be used to reload the 
transfer and launch rails within the launching containers. The launch containers are connected in 
rows spanning the length of the deck and transport the mines on powered rollers to ramps at the 
stern of the ship as shown in Fig. 1 and Fig. 2. Ramps, consisting of gravity fed free roller sections, 
are supported by pinned connections to the conveyor roller sections and may be stowed when not 
in use to permit clandestine transit to and from a minefield location. The subsystems of the 
conversion are shown in Fig. 3. Final design parameters are shown in Table 1. 

A key insight gained from this study was the density of payload capacity to cost compared to what 
was expected at the outset of the project. Ultimately, the payload capability in the final design 
exceeded the objective by over 500%, while coming in 69% under budget. Table 2 shows a 
breakdown of modular cost and performance. These are significant margins that grant the sponsor 
ample flexibility to meet strategic minelaying objectives with a surface asset such as the one 
examined in this study. The project team concluded that a conversion of a commercially available 
working vessel to an asset capable of laying mines is cost-effective, feasible and can provide 
significant capability to fill a strategic gap in the current U.S. Navy surface fleet.  
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 Fig 1. Final Conversion Design with Full Loadout    Fig 2. Deck Layout for Final Design 

Fig. 3. Mine Storage, Transport and Launching Systems 

Maximum Speed 17 kts 
Endurance Speed 12 kts 

Range 10,472 nm
Accommodations 20 people

Endurance 36.3 Days

Payload Capacity 
108 Quickstrike Mk 65 OR 

258 Quickstrike Mk 62 
Cost $622,125.41

Minefield Density 100 yds at 15 kts 
Table 1: Final Conversion Design Parameters 

Container Payload 
Launching System  Storage System 

Capacity  
Max Launch 

Rate  
Cost  Capacity Cost  

40’ 
Mk 62  10  7.5 sec  $34,511.40  108  $9,159.26  
Mk 65  6  11 sec  $34,511.40  18  $8,133.18  

20’ 
Mk 62  4  7.5 sec  $17,309.69  48  $4,970.76  
Mk 65  2  11 sec  $17,309.69  N/A  N/A  

Table 2: Per Container Material Cost and Performance 
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Commercial Cruise Ship to Hospital Ship Feasibility Study 

LT Elliot Collins, USN; LT Megan Hagen, USN; LT Joshua Malone, USN 

The Department of Defense has two T-AH class hospital ships in operation, the United States 
Naval Ship (USNS) Mercy (T-AH-19) and USNS Comfort (T-AH-20), which were converted 
from oil tankers in the 1980s and are now scheduled to be decommissioned in the mid-2030s. 
Multiple replacement options have been presented. Cruise ships function similarly to hospital 
ships by constantly receiving large guest populations and supplying the necessary support 
capabilities throughout their stay onboard.  Therefore, a cruise ship would require less 
modification during the conversion process than a comparably sized industrial vessel.  This 
project was also motivated by the COVID-19 pandemic.  New hospital ships could assist with 
pandemic response, and cruise line companies currently have increased motivation to sell their 
ships.  This project aimed to determine if acquiring and converting a cruise ship would be a 
lower cost, less complex alternative to constructing a new hospital ship. 

The main design requirement based on fleet feedback was that future hospital ships needed to be 
more expeditionary and designed with increased focus on Humanitarian Aid/Disaster Relief 
(HA/DR) operations.  For the baseline cruise ship, the Vision class cruise ships from the Royal 
Caribbean Group were selected due to their smaller size, optimal speed, range, electrical 
capacity, and guest capacity.  A 3D model was generated to better understand the space 
available, and 2D deck plans were generated to establish the Hospital Ship Conversion (HSC) 
arrangement.  The HSC was equipped with a flight deck based on the LPD-17, and specialty 
patient elevators were added throughout the center of the ship.  A wheelchair-accessible brow 
and converted lifeboat tenders were included to optimize patient access to the ship, and guest 
spaces were converted to flexible patient spaces which allowed a single ward to be used in 
multiple configurations based on mission needs.  With these modifications, the team analyzed 
the ship’s weight changes (which were within 0.5%), and a weight-based cost estimate was 
developed using the MIT cost model.  From this analysis, the HSC would maintain stability, 
maneuvering and seakeeping capabilities comparable to the Vision class, and the total cost for 
the conversion of two ships was estimated around $3.1-$5.2 billion.  Lastly, the team validated 
the proposed deck plans by analyzing patient flow paths for the most anticipated patient 
scenarios to ensure each arrangement minimized both the required distance traveled throughout 
the ship to receive care and was free of obstacles. 

In conclusion, a cruise ship could serve as an effective baseline for a hospital ship conversion. 
Many features of a cruise ship can be repurposed or directly used in a converted hospital ship, 
and with the Vision class specifically, the HSC was able to utilize the existing machinery 
equipment, propulsion system, water production plant, crew living spaces, dry and refrigerated 
storage capacities, food-handling spaces and guest rooms.  Repurposing so much space and 
equipment is uncommon for conversion projects, and using most of the original ship could help 
reduce the required conversion timeline by reducing the project’s complexity.  Therefore, 
converting a cruise ship to a hospital ship could have the added benefit of being less strenuous on 
the constructing shipyard’s schedules compared to acquiring a new hospital ship.  Additional 
areas of study and further recommendations exist, but in short, a cruise ship provided an optimal 
starting point for conversion to a hospital ship. 
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Figure 1: Vision class Cruise Ship 

Figure 2: Hospital Ship Conversion (HSC) 
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Conversion of an Articulated Tug Barge into an  
Unmanned Naval Logistics Platform 

LT Dayne Howard, USN; LT Scott Oberst, USN 

The Marine Corps and Navy are interested in using barges as refueling and rearming stations in 
order to support small, outlying land bases and to extend the reach of small surface and aerial 
vehicles. This project was to study the potential conversion of a 125,000 BBL asphalt articulated 
tug barge (ATB) to serve this purpose. A key objective was to make the converted articulated tug 
barge (CATB) capable of refueling unmanned surface vehicles (USVs) and unmanned aerial 
vehicles (UAVs) while being unmanned itself, which presented technological capability, safety, 
and security challenges. Additionally, the CATB was to preserve the traditional ability to refuel 
manned surface and aerial vehicles.  

The conversion design philosophy stressed the importance of retaining the utmost amount of fuel 
oil storage volume, keeping costs affordable, and designing the magazine to be small but 
versatile. The following design variables were analyzed: size and location of the flight deck, 
pitch and roll control necessary to land aircraft, size of the magazines, number of magazines, 
location of magazines, USV and UAV refueling systems, and security measures. 

The final design for the CATB featured a flight deck for either landing aircraft or hosting a High 
Mobility Artillery Rocket System (HIMARS), two magazines for armament reloading of manned 
helicopters, one of which was large enough to accommodate a HIMARS reload. The CATB 
allocated the space, weight, and power for a UAV refueling system  and a USV refueling 
technology in development.  

The study identified many unmanned challenges that require further study and solutions. Current 
standard practice security measures operationally limit the deployment of the CATB. Ensuring 
that equipment on the CATB can be completely, remotely monitored and controlled is a difficult 
task by itself, but it also comes with the added challenge of doing so securely in the cyber 
domain. Unmanned fueling comes with the danger of fuel spills and fires that will need to be 
addressed without immediate personnel response. Existing flight deck firefighting equipment 
could be utilized but automatic detection and activation systems will need to be developed.  

From a naval architectural standpoint, an unmanned barge as a logistics node is shown to be 
feasible. The particular ATB in the study was larger than necessary and smaller ATBs could hold 
even more promise in cost saving efforts. The team concluded that ATBs are an affordable, 
promising route for serving some of the Navy and Marine Corps’ logistical needs. 
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Barge Characteristics 
Displacement  4730 LT (lightship); 20730 LT (fully loaded) 
Length  455 ft 
Beam  80 ft 
Draft  12 ft (unloaded), 23 ft (fully loaded) 
Endurance Speed 12 knots 
UAV Refueling Stations 2 
USV Refueling Stations 1 
Aircraft capable V-22(unloaded, SH-60, CH-53, AH-1, MQ-8
Full Magazine Loadout 4 torpedoes, 6 Hellfire, and 75 sonobuoys; 

or 1 HIMARS reload 
JP-5 Storage Capacity 5.25 million gallons 
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Yukon	Equipment	Transport	Initiative	(YETI)	

LT Andy Musselwhite, USN; LT Emily Mellin, USN; LT Brady Hammond, USN 

As sea ice coverage continues to recede in the coming decades, the Arctic region will become 
increasingly important to the National Security Strategy of the United States. However, the Navy 
cannot conduct autonomous intelligence, surveillance, and reconnaissance missions in the Arctic 
without overtasking high value assets. This gap is caused by an insufficient number of intelligence 
collection assets capable of being deployed and operated in the Arctic. The Yukon Equipment 
Transport Initiative (YETI) is the first vessel with the capability to host, launch, operate, recover, 
and maintain unmanned vehicles (UXV) in an Arctic environment. As such, this platform will 
increase the capability of the Navy in a way that no other materiel asset or non-materiel approach 
can accomplish.  
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The conceptual design was evaluated and selected by choosing design parameters based on sponsor 
and derived requirements. A tradespace was saturated with all possible variations of the design 
decisions. An analytical hierarchy process was used to develop an overall measure of effectiveness 
while a weight-based cost model was used to estimate the acquisition cost for each variant. The 
selected final conceptual design was a non-dominated architecture that provided excellent 
capability while minimizing cost. A clean sheet ship design was created for the selected variant and 
numerous feasibility and performance analyses were performed to assure that the design met all 
requirements.  

The YETI is a Polar Class Six UXV Host Vessel capable of continuously supporting UXV 
operations for extended periods of time. The YETI meets all sponsor requirements and provides a 
solution to the capability gap in the Arctic region. With a 30-year estimated lifespan, there is ample 
weight, space and power margin to accommodate advances in future UXV operations. The YETI 
is an affordable, achievable, and practical vessel that supports U.S. Navy operations in the ever-
changing Arctic. The table below summarizes the characteristics of the YETI. 

Parameter Description 
Displacement (Full Load) 11439.9 MT 
Length Between Perpendiculars 150.8 m 
Beam 22.2 m 
Draft (Full Load) 6.82 m 
GM 2.12 m 
Maximum Speed 16.26 kts 
Endurance Speed 14.69 kts 
Range 14,000 NM 
Endurance  180 days 
Propulsion 2 x Caterpillar 3608 IL8 Diesel Engines powering two shafts 

with 3.35 m diameter propellers; Total: 6780 bhp (5056 kW) 
Electrical 2 x Caterpillar 3608 IL8 Generators (2660 ekW each) 
Complement 35 Merchant Mariners (14 Officers, 4 CPOs, 17 Enlisted) 

20 Navy Sailors (2 Officers and 18 Enlisted)  
Armament UUV – 40 Small, 40 Medium, and 6 Large 

USV – 2 Very Small and 2 Small 
UAV – 20 Group 1/2 and 3 Group 3  
Small Arms for Self Defense  

Aviation Facilities 810 m2 Flight Deck (VERTREP Capable) 
425 m2 Hanger   
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Forward Operating, Rapid Deployment Vessel (FORDV):  
The F-150 of the Navy 

LT Alexander Scott, USN; LT Andrew Roley, USN; LT Darien Sears, USN 

The U.S. Navy is currently working with industry to adapt a commercial vessel design into a Light 
Amphibious War-ship (LAW) intended to support Expeditionary Advanced Base Operations 
(EABO). This vessel is intended to carry a reinforced platoon of Marines, plus their equipment 
and rolling stock, between islands in the Pacific while operating from beaches and unimproved 
port facilities. This project explores the advantages that a purpose-built LAW could bring to the 
fleet. Our design seeks to maximize the “beachability” of the LAW without sacrificing cargo 
capacity or range. 

Due to the length of time since the Navy last developed a landing ship, the impact to the overall 
effectiveness of the LAW for a number of design decisions was not fully understood.  Among 
these decisions were the parent hull form, the propulsion system, and the type of landing ramp. 
This made the initial design decisions for the LAW ideally suited for set based design, an 
uncommon tool used in 2.705 capstone projects. 

Our final design achieved the objective cargo capacity for the LAW. That capacity came at the 
cost of speed and draft, exactly meeting the threshold for both requirements. The wide beam 
required to meet the capacity also generated significant seakeeping challenges. Designing to the 
deeper threshold draft also pushed us to integrate a novel, high-risk ramp consisting of articulating 
sections of pontoon docks. Rather than pursuing a maximum-capacity design like ours, we 
recommend using a lower-capacity design such as the Australian-built Stern Landing Vessel 
(SLV). These offer the potential to be far more capable for similar cost. 

FORDV Characteristics 

Parameter Value

LOA (ft) 400 

Beam (ft) 83.66 

Draft (ft) 12 

Depth (ft) 7.65 

Displacement (LT) 8048 

Max Speed (kts) 15 

Range (nm) 6500 

Officer Complement  6 

Chief Complement 6 

Crew Complement 49 

Max Marine Complement 75 
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Figure 1: FORDV perspective view 

Figure 2: FORDV deck layout 

Figure 3: Notional ramp section with Logistics Vehicle System, Replacement 

16



Non‐Nuclear,	Air‐Independent	Propulsion	Supported	Coastal‐Defense	
Submarine	

LT Matthew Hait, USN; LT Georgios Fardelas, HN; LT Timothy Fountain, USN 

The United States Navy is racing to realize the 355-ship Navy first made policy in the National 
Defense Authorization Act for Fiscal Year 2018 under a constrained budget. A key asset in 
several facets of warfighting strategy, the current fleet of 68 submarines will undoubtedly grow 
to support achieving that goal. At the time of this writing, the Navy’s submarine inventory 
operates exclusively under nuclear power, a fact which makes acquiring new submarines both 
time consuming and expensive. Reintroduction of highly capable, conventionally-powered 
submarines could augment fleet size by fulfilling roles which do not require the virtually 
unlimited endurance of nuclear power. Such applications include coastal defense, choke-point 
blockade, littoral operations, and gatekeeper patrols while maintaining sufficient flexibility to 
perform in forward deployed power projection roles as needed. As navies of other nations have 
and continue to effectively employ conventionally-powered submarines, the benefit these 
platforms could provide to the United States Navy is intriguing and warrants further exploration. 

Software was developed using mathematical models based on historical data to saturate a design 
tradespace with potential concept submarines that were each individually evaluated using the 
analytical hierarchy process. An overall measure of effectiveness (OMOE) of each variant was 
determined using utility functions developed for seven pertinent performance categories. 
Infeasible designs that did not meet performance or stability requirements were eliminated prior 
to introduction into the tradespace. The OMOEs of all remaining feasible designs were plotted 
against an estimated cost obtained from a weight-based cost model developed for the MIT 2N 
Program to identify a Pareto frontier. The non-dominated variant identified as the best value 
became the preferred variant and was further developed into a final design. 

Each possible variant was evaluated on the following performance categories listed in order of 
precedence: combat effectiveness, survivability, mobility, readiness, C3 and navigation, human 
support, and change flexibility. Additional design work on the preferred variant included a 
structural analysis, selection of propulsion and auxiliary machinery, arrangements, and an 
evaluation of the hydrodynamic performance of different hullforms.  
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The final design proposed in this project is a heavily armed, slow platform with a diesel-electric 
system as its primary source of energy generation supplemented by an ethanol fuel cell air-
independent propulsion (AIP) plant. As a result of its AIP capability, the submarine will be 
designated SSI(X). Initial cost estimates from this study place the price of each SSI(X) at 
approximately 1/4th the price of a single Virginia-class submarine. 

Ship Characteristic Value (Units) 
Armament 6 Torpedo Tubes 

22 Multi-Use Torpedo Racks 
12 Missile Tubes 

Crew Complement 52  
Diameter 33 ft
LOA 220.6 ft
L/D Ratio 6.69 
Surfaced Displacement 3716.86 LT 
Submerged Displacement 4379.10 LT 
Flank Speed (Submerged) 15.35 kts 
Sonar Systems Conformal, External Hull-Mounted 
Endurance 60 days
Propulsion Motor 1 x Siemens Permasyn 214 

(2.85 MW) 
Diesel Generator 2 x MTU MG16V 4000M34S 

(1920 ekW/generator) 
AIP Plant 3 x Ethanol Fuel Cell power plants (120 KW/unit) 

Conceptually based on Siemens PEM FCM 120 
Battery EnergyCell 290FLA with 3 series 6VDC package 
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Ship design through Axiomatic Design approach, sustainable engineering 
principles and artificial intelligence methods 

LT Georgios Fardelas, HN 

Prof. Sang-Gook Kim 

Thesis Supervisor 

Environmental sustainability, as well as social and economic well-being, must be considered in 
every stage of a product lifecycle, from conceptual design to its retirement. Even though this 
sustainability-centric approach represents a critical driver for innovation, it also increases the 
design complexity. Nowadays, the maritime transport accounts for a large share of transport 
demand, and the importance of sustainable ship design is increasingly growing, not only for 
ethical and legislative but also for competitive reasons. The design of a sustainable ship 
considering all those aspects is a complex problem in this regard. One way to manage the 
complexity is to identify and address the functional couplings of the system at the early stage of 
the ship design. The Axiomatic Design methodology has been used for accommodating such a 
challenge in engineering systems design, and therefore, this thesis investigates the conceptual 
design of a merchant ship's conventional propulsion system with a view to the Axiomatic Design 
framework and known sustainable engineering principles. The Bayesian machine learning 
technique is proposed as a data-driven method for calculating the probability of achieving 
specific sustainability-related functional requirements, selecting the best design parameters 
among the proposed alternatives, and identifying hidden design couplings that the designers 
could not identify in the conceptual design stage. The case presented in this thesis can provide a 
scalable source for the total ship design following sustainable engineering principles in two 
aspects: 1) Axiomatic Design as a methodology to control the complexity of sustainable ship 
design and 2) Bayesian machine learning technique as a supportive tool for improving system's 
architecture and assessing system's sustainability impact. 

Naval Engineer 
Master of Science in Engineering and Management 
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The Effect of Co on the Deformation Response of Fe-Mn Alloys 

LT Timothy Fountain, USN 

Prof. Cemal Tesan Prof. Tomasz Wierzbicki 

Thesis Supervisor Thesis Reader 

The global push to create larger, more technologically advanced navies accentuates the need for 
sophisticated yet cost-effective shipbuilding materials. Advanced materials offer the possibility 
for superior survivability while also reducing the weight of similarly sized structures. A class of 
metals known as high entropy alloys (HEAs) exhibit exciting possibilities in a virtually unlimited 
tradespace and are highly tunable to achieve desired material properties. Carefully developed 
alloy design procedures can be used to explore these tradespaces and generate large amounts of 
data quickly and with minimal material usage. A family of alloys in the FeMnCoCr and 
associated higher order systems have shown several intriguing metallurgical phenomena 
including twinning induced plasticity (TWIP), transformation induced plasticity (TRIP), and a 
multi-stage sequential TRIP phenomenon. Such responses result in materials with good strength-
ductility synergy, enhanced work hardening effects, and improved fatigue resistance. It is 
suspected that Co plays a key role in determining the deformation response in these alloys and 
this study aimed to systematically determine those effects when added to the FeMn system. First, 
a thermodynamic model was used to calculate stacking fault energies (SFEs) over a wide range 
of material composition to predict which alloys may yield the deformation response mechanisms 
of interest. These results were used to select four alloys for study. Those alloys were then 
produced in an electric arc furnace and all data was collected using only approximately 240 
grams of raw material. Samples were evaluated in the as-cast and homogenized conditions. 
Chemical homogeneity and overall chemical composition were evaluated using energy 
dispersive spectroscopy (EDS). Microhardness indentations were made in each material 
condition and the deformation response next to the indentations was observed under the scanning 
electron microscope (SEM). Scattered electron (SE), backscattered electron (BSE), and electron 
backscattered diffraction (EBSD) methods were utilized to observe local deformation responses 
with high resolution. Samples were also subjected to cold rolling to 20% and 40% reduction in 
thickness and the change in bulk phase composition was measured using X-ray diffraction 
(XRD). Microhardness measurements were taken in all conditions to evaluate the mechanical 
performance. All observed results are compared with the initial thermodynamic predictions. 

Naval Engineer 
Master of Science in Materials Science and Engineering 
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A Hydrodynamic Analysis and Conceptual Design Study for an External 
Storage Enclosure System for Unmanned Underwater Vehicles 

LT Matthew Warren Hait, USN 

Prof. Wim van Rees 

Thesis Supervisor 

Medium sized Unmanned Underwater Vehicles (UUV) are limited in their scope of operations, 
range, and endurance by the relatively small energy storage capacity contained within the UUVs 
structure. The majority of commercially available medium sized UUVs are incapable of mission 
operations at a reduced cruise speed for durations longer than 30 hours, many being unable to 
achieve mission durations of even 24 hours. The complex integration of control and 
instrumentation equipment internal to the UUVs hull has an overall detrimental impact on the 
location, type and number of sensors capable of being installed within UUVs of this size, and are 
often done so at the cost of additional energy storage capabilities. This research investigates the 
hydrodynamic resistance and powering requirements needed to support a conceptually designed 
rigid multi-bodied UUV enclosure system build around DARPA’s SUBOFF hullfrom. The goal 
of this project is to develop new and innovative low-cost methods of modifying commercially 
available off the shelf UUVs to enhance UUV range, payload capabilities and sensory performance 
through the use of a novel external enclosure systems designed within. Additionally, this project 
investigates the impact on the UUV’s drag by attempting to optimize the location and size of the 
elliptically shaped external mounted podded equipment bays such that the podded UUV’s 
resistance is minimized. Storage bays are envisioned to be capable of extending the UUVs sensor 
and payload capacity and increasing the onboard energy storage by providing dedicated detachable 
store pods. Energy storage method, total energy capacity, and the impact of the overall system on 
UUV range are investigated utilizing the constrained weight and volume of a 3000-meter-deep 
capable pressure hull designed within. The impact of the design changes are predicted via 
Computational Fluid Dynamics (CFD) modeling and are validated via Experimental Fluid 
Dynamics (EFD) utilizing towing resistance measurements conducted in the Large Tow Tank at 
MIT. Structural strength of the storage enclosure was conducted utilizing Finite Element Analysis 
(FEM). CFD was conducted using the Open Source computational package OpenFOAM. 

Naval Engineer 
Master of Science in Mechanical Engineering 
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Hydrodynamic Interactions of an Unmanned Underwater Vehicle Operating 
in Close Proximity to a Moving Submarine 

LT Brady Hammond, USN 

Prof. Themistoklis P. Sapsis 

Thesis Supervisor 

While the United States Navy has developed a strong arsenal of tools to model the hydrodynamic 
forces and moments of different vehicles in different conditions, they do not have a model that 
enables them to understand the forces and moments that an Unmanned Underwater Vehicle (UUV) 
experiences when operating in close proximity to a moving submarine as a result of the interactions 
between their potential fields and wakes. The launch and recovery of UUVs from submarines is 
very challenging because these hydrodynamic interactions make UUVs hard to control near 
submarines and my even cause collisions between the two vehicles. The mapping of these forces 
and moments is vital to simulate the motion of the vehicles and enable developers to create UUV 
control and autonomy systems that are adaptive to these hydrodynamic interactions to further 
enable UUV launch and recovery. Due to the complex nature of the hydrodynamic interactions, 
this study used computational fluid dynamics to expand the current understanding of the forces 
and moments between these two vehicles. A Gaussian process regression model was used to 
perform an optimal experimental design and map the resulting hydrodynamic interactions based 
on the UUVs longitudinal position, lateral position, speed, heading angle, UUV diameter, and 
UUV length. The model was validated using an out of sampling method and was shown to be 
capable of accurately predicting the hydrodynamic interactions between a submarine and UUV.  

Naval Engineer 

Master of Science in Engineering and Management 
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Design of a Trailer Capable, Open Ocean Sailing Yacht 

LT Nathan Maxwell, USN 

Prof. Paul Sclavounos 

Thesis Supervisor 

A design is developed for a small sailing yacht capable of being towed, launched, and recovered 
with a standard-sized truck or sport utility vehicle, while retaining capability for extended, open 
ocean transits of 3 week or greater duration. A review of factors affecting small yacht 
seaworthiness is presented, and relevant design parameters are proposed. Design requirements 
pertaining to trailer capability, seaworthiness, and vessel intended use are developed, and a 
multicriteria decision-making method is employed to down-select to preferred options in key 
functional areas of the design. From there, an iterative point-based design approach is employed 
to converge on a design that satisfied requirements. Major design work encompassed developing 
a suitable hull form; keel and rudder design; selection and validation of appropriate scantlings; 
designing a composite mast and spars; determining a sail plan and rigging schema; engine 
selection, propeller design, and off-design propulsion analysis; arrangements layout; detailed 
weights and stability assessments; and sailing performance predictions.  

A 1:7 scale model of the hull was constructed with a fused deposition modeling 3D printer and 
used to measure upright resistance of the yacht in the MIT towing tank.  

The design exceeds International Standards Organization (ISO) stability and buoyancy 
requirements on Stability Index (S.I.) and Righting Energy for the highest design category 
classification, which pertains to vessels expected to experience significant wave heights up to 7 m 
and up to Force 10 winds.  

Yacht Parameters 
LOA 7.55 m 
LWL 6.83 m 
B 2.44 m
T 1.1 m
SA 33.7 m2

∆  2830 kg 
DWT 450 kg 
GMT 0.69 m 
D/L 263
ISO S.I. 37 

SM Naval Architecture and 
Marine Engineering 
SM Mechanical Engineering 
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Using Biomimetics to Improve the Maneuvering Performance of the 
Expendable Mobile Antisubmarine Warfare Training Target (EMATT) 

LT Emily Mellin, USN 

Prof. Michael Triantafyllou 

Thesis Advisor 

Autonomy in the undersea environment is a rapidly growing area of research as advancements and 
operations of Unmanned Underwater Vehicles (UUV) are constantly improving. MIT Sea Grant 
continues to study the hydrodynamic effects of UUVs and implement biomimetic methods to 
improve their maneuvering characteristics and efficiency. Previous work by Triantafyllou 
examined the effects of adding dorsal fins on the REMUS UUV to quantify this increase in turning 
rate and maneuverability. This thesis uses the results from the previous work on the REMUS and 
applies it to Lockheed Martin's EMATT UUV, now termed Morpheus. The mission of Morpheus 
includes driving on a steady course for periods of time as well as turning quickly and sharply on 
short notice. The biomimetic improvement applied to Morpheus allows the dorsal fins to morph in 
and out of the body as well as deflect in the opposite direction of the rudder.  

This thesis derives the equations of motion and hydrodynamic coefficients of the Morpheus vehicle 
and uses these to investigate the results of adding morphing dorsal fins. Dynamic tow tank 
experiments were run to validate the estimated hydrodynamic coefficients of a 75% Morpheus 
model and verified that the addition of dorsal fins increased the turning rate of the vehicle. The 
thesis uses both field testing and simulations to determine the appropriate size of these dorsal fins 
as well as the optimal location along the body of the vehicle. The results showed an overall increase 
in the turning rate of Morpheus with the addition of a new tail design and morphing dorsal fins 
that are able to deflect in the opposite direction of the rudder compared to the original EMATT 
vehicle. 

Naval Engineer 
Master of Science in Mechanical Engineering 
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Methods to Reduce Backlogged Maintenance 
of Los Angeles Class Submarines 

LT Andy Musselwhite, USN 

Prof. Themis Sapsis 

Thesis Supervisor 

The United States Navy’s submarine fleet operates independently in high-risk situations around 
the globe. These missions are of vital importance to the nation’s national security, requiring the 
vessels to maintain very high standards of material condition and readiness. However, increased 
operational needs, personnel shortages in the civilian workforce, and other factors have resulted 
in a significant backlog in submarine maintenance. Submarines are governed by stricter 
standards than other naval assets, preventing them from deploying until required preventive 
maintenance items and inspections have been completed. This thesis investigates historical 
performance data to build predictive models for component failures that could be used to shift 
periodicities for preventive items and reduce the existing backlog. 

Test components from the Los Angeles class of attack submarines were chosen for this 
investigation. Non-parametric and parametric models are fitted to these components, providing 
quantitative methods to manage the risks associated with periodicity shifts. This process can 
identify components that consistently fail within the existing periodicity as well as those that 
have successfully operated beyond that point due to previous deferrals. This presents an 
opportunity to improve the efficiency of submarine maintenance, although the quality of the 
Navy’s records was identified as a limiting factor. 

Naval Engineer 
Master of Science in Mechanical Engineering 
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Evaluation and Characterization Testing of Liquid Fuel Cell Chemistry for 
Applications in Unmanned Underwater Vehicles 

LT Andrew Roley, USN, P.E. 

Assoc. Prof. Betar Gallant 

Thesis Supervisor 

Previous Unmanned Undersea Vehicles (UUVs) powering has focused primarily on improved 
efficiency and energy density. However, these gains are often offset by the need for additional 
buoyant volume, and drag penalties associated with this larger volume. While fuel cells have been 
proposed and implemented for both manned and unmanned undersea vehicles, they often rely on 
compressed and/or cooled liquid H2 and O2, with bulky containment structures either within or 
outside a pressure hull. This thesis is investigating a liquid-based electrochemical fuel cell (Liquid 
Fuel Cell, or LFC). Literature examples exist which demonstrate LFC viability, although there is 
presently little to be found regarding applications to UUVs. Additionally, LFCs often make use of 
Gas Diffusion Layers (GDLs), despite the lack of gaseous species present on either the oxidation 
side, reduction side, or both. This thesis seeks to investigate potential fuel cell improvements by 
eliminating GDLs from a Membrane Electrode Assembly (MEA), and characterize their operating 
conditions. 

Naval Engineer 
Master of Science in Mechanical Engineering 
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Development of Longitudinal Stability Criteria for Surfaced Submarines 
through Use of Near Real Time Modeling 

 
LT Alexander Scott, USN 

Prof. Wim M. van Rees Robert Dvorak 

Thesis Advisor  Thesis Sponsor 

 
Traditional submarine stability analysis has focused heavily on submerged operations.  Surfaced 
stability analysis is usually limited to transverse stability.  Several recent submarine accidents 
however have drawn attention to the need to better understand surfaced submarine stability when 
damaged, especially longitudinal stability.  This thesis develops a methodology and proposes a 
design standard to ensure a surfaced submarine is able to maintain adequate longitudinal stability 
when surfaced.  It draws inspiration from traditional methods of analyzing submerged equilibrium 
to bound the conditions under which a submarine will be able to achieve a satisfactory static 
equilibrium.  It also uses tested design criteria from U.S. Navy surface warships to identify 
potentially limiting damage scenarios.  The longitudinal stability standard requires the submarine 
to be able to avoid excessive trim angles under five scenarios: intact, routine maintenance, head 
on collision, glancing collision to the bow, and a glancing collision to the stern.  An Excel VBA 
program, Submarine Longitudinal Stability Analysis Program (SuLSA) , was also developed as 
part of this thesis to specifically analyze submarine design using the proposed methodology and 
standard.  It reduced the time required to evaluate surfaced longitudinal stability of a submarine 
from days to hours.  These proposals offer the possibility of making future submarines significantly 
safer. 

Naval Engineer 
Master of Science in Mechanical Engineering 
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Naval Surface Ship Maintenance:  
An Unconventional Approach to Improve Performance 

 
LT Darien Sears, USN 

Prof. John Carroll Prof. Themistoklis Sapsis 
Thesis Supervisor Thesis Supervisor 

 

This thesis presents an alternative approach towards meeting the challenge of delays within 
private shipyard repair of Naval Surface Ships. The quest to create greater efficiency, 
effectiveness, and excellence at the workplace has been a source of discussion and debate for the 
Navy for decades, particularly within the private sector surface ship maintenance enterprise. 
Recently, the Chief of Naval Operations (CNO) emphasized the priority to improve depot-level 
maintenance of our Navy ships, which directly impacts our readiness to control and project 
power against our most lethal adversaries. The CNO presented the delay and under-performance 
of depot-level maintenance as a "challenge [that] is not new” (NAVPLAN, 2021). I propose that 
these maintenance issues most fundamentally implicate questions of underlying assumptions that 
dictate both thinking and subsequent actions of performance.    
 
To explore this concept, this thesis describes the main stakeholders involved in the Navy non-
nuclear surface ship maintenance enterprise; briefly outlines the current maintenance process 
from contract formation to ship delivery; and discusses the known factors contributing toward 
private sector surface ship maintenance delays. I make use of direct reports from the Navy, 
formal analytical reports, other relevant literature, and interviews conducted with 20 respondents 
including Navy Commanding Officers, a Private Shipyard General Manager, and a Regional 
Maintenance Center Waterfront Operations Director, among others. Four themes emerged for 
areas of suggested improvement: a refocused purpose and vision, updated motivation techniques, 
systems thinking, and effective communication and coordination.  I also present a case study of 
two private shipyards at one company which have practiced an alternative approach to 
maintenance challenges in relation to findings within the four themes. An analysis of this case in 
the context of the broader literature, through three lenses (structural design, political, and 
cultural) in connection to the four themes led to further insights, recommendations, and areas for 
future research. 
 
 
Naval Engineer 
System Design & Management 
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