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Core Technology - Summary 

The core technology being proposed is advanced joining and manufacturing methods for 
titanium and light metals fabrication.  The core of the advanced joining technology is friction stir 
welding and other advanced welding methods for titanium and aluminum alloys and the target 
industries are manufacturing marine structures and vessels, marine and DOD subcomponents and 
assemblies, pressure vessels and tanks, Oil & Gas piping and manifolds, and chemical processing 
equipment. 

Titanium, used primarily in aerospace today, is emerging in other industry sectors for its highly 
corrosion-resistant characteristic and for its light density, about one half that of steel.  The Navy 
has high interest in methods to manufacture with titanium for vessels and structures, the oil and 
gas industry is interested for deep-water extraction of highly corrosive fluids and gas, and many 
consumer products utilize titanium for its light weight and high strength such as premium bicycle 
frames, golf clubs, ski equipment, surgical instruments and implants, tennis rackets, and helmets 
to cite examples. 

Friction Stir Welding (FSW) is an emerging high-strength joining technology being pioneered by 
NASA for use in the fabrication of all new space components, including rocket cryogenic tanks, 
rocket structure, crew capsules, and landing modules.  FSW uses a rotating tool forced into the 
joint between two metal plates and through frictional heating, raises the temperature to a point 
where the metal is softened (not melted) alloying the plasticized metal to be stirred together, 
making a high-quality joint, superior than can be achieved with a torch or laser weld. 

Applying friction stir welding technology to titanium and aluminum would be the advanced 
manufacturing technology pilot project focus of the Manufacturing Demonstration Facility 
(MDF).  A specific application to target the marine industry in would be the fabrication of a 
demonstration vessel using titanium and aluminum and incorporating the friction stir welding 
technology to as many welds as possible. Other leading-edge metalworking technologies such as 
metal additive manufacturing with titanium would be a complimentary addition to the advanced 
joining technologies in the Manufacturing Demonstration Facility. 

 

Vision 

For U.S. industry, we envision a low-energy, green metal joining process that increases 
manufacturing productivity and product quality while reducing fabrication costs.  We envision 
technical advancement leading to customer benefit for a range of transportation vehicles, vessels, 
and components constructed of titanium material that will provide greater service life, higher 
performance, and far lower costs of ownership.  For international markets, we envision more 
competitive U.S. products and a return to U.S. dominance in this area of manufacturing 
technology for metal bonding.  

 

1.0  OVERVIEW OF INDUSTRIES SERVED 

The Center is proposing an initiative to expand the use of advanced manufacturing methods 
using titanium and aluminum alloys into marine structures, vessels and products affected by 
weight and/or corrosion. The objective is to create new, high-technology jobs based on a unique 
manufacturing capability that can be centered on the marine industry.   
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Traditionally an aerospace alloy, titanium is a highly corrosion-resistant lightweight alloy that is 
suited for specialty marine structures for both defense and public applications. The emergence of 
this unique manufacturing capability would enable titanium to be used as a marine construction 
material.  With a density approximately one half that of steel, vessels that take advantage of 
titanium’s reduction of weight will reduce fuel consumption by 40% and enable an increase in 
ship’s speed. In addition, because of the high corrosion resistance of titanium, the service life of 
the vessel is over 2x that of a hull built of steel or aluminum, thereby eliminating new build 
replacement requirement and the inflated cost of doing so in 30+ years.  

1.1  Small Commercial Shipyards, Naval Shipyard(s) – New Opportunities for Business 

Development 

• Light metal specialist for smaller naval and commercial vessels  

• Private yachts made from light metals 

• Titanium Gun mounts in lieu of composite to absorb recoil  

• Marine fittings, hatches, watertight doors, propellers, deckhouse/cabin structures 

• Panels, bulkheads, hull and deck sections 

• Robotic Coatings  
o Increasing production efficiency 
o Yachts, cruise ship topside and bottom painting, vessels as large as Aircraft 

Carrier 
o Automated epoxy acoustic coatings on submarines  
o Fairing & painting of submarines before application of acoustic tiles 

 

1.2  Petroleum Tank Farms – Robotic versus manual cleaning & coating of tank interiors 

• Robot fits easily in tank access doors 

• 24/7 operation 

• No environmental issues 

• No health related issues 

• Huge commercial coatings opportunity 

• DoD has tank farms throughout the world 

 

1.3  Oil and Gas Industry – Offshore Platform Construction  Structures critical to corrosion 
(housing, helo deck, etc.) 

• Steel riser pipes are heavy and overload offshore oil platforms 

• Riser pipe Ti versus Steel (1/2 wt, coatings for buoyancy) 

• CNG and LNG Storage Tanks 

• Pipe fittings, valves, manifolds, couplers 

• Heat Exchangers 

1.4  Aerospace Structures 

• Aircraft frames, bulkheads, and components 

• Space vehicle cryogenic tanks, pressure vessels, vehicle components 

• Aircraft floors, decks, ramps 
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1.5  Transportation Industry 

• Truck bodies and frames 

• Tank trailers 

• Rail car frames and floor decks 

• Panels, bulkheads, frames 

 

FSW is in nine (9) industries and eighty (80) end-use products.  In the government sector, these 
industries include NASA and the Department of Defense, including the Navy Branch.  The 
commercial sector pulls on applications in such industries as factory automation, chemicals, 
mining, energy, consumer electronics, medical instruments, and transportation.   

End-use products, fabricated with FSW, cover far more than shipbuilding products such as 
panels, structural components, and bulkheads.  Other end-use products under development in the 
aircraft and automotive industries can migrate to the shipbuilding industry.  The FSW process is 
used to fabricate engine blades, fuel tanks, rods, alloy wheels, and many more.  When energy, 
mining, factory automation, and the remaining industries are considered, the number of end-use 
products expands to fabrication of piping, castings, and cutting tools.   

Future products are expected to evolve from current R&D investments in Thermal Stir Welding 
(TSW) and Titanium alloys.  Government and industriy are active sponsors in these technology 
areas.  Leadership is offered from NASA, Naval Research Lab, Air Force Research Lab, Boeing, 
Lockheed, and Ford.   

Customer Base for Advanced Marine Vessels and Structures 

• Department of Homeland Security / USCG 

• Department of Defense / US Navy/ Officer of Naval Research / NavSea 

• Port Security Firms 

• Offshore Gas and Oil   

• Foreign Military Sales 

• Private Industry  

• Naval Security Firms 

• Private Individuals  
• Yachts 
• Yacht Tenders/Support Vessels 

 

1.6  The “Keystone” Technology 

The Center is proposing deployment of advanced metal joining technologies, specifically 
Friction Stir Welding (FSW) and its next generation derivative Thermal Stir Welding (TSW), as 
one the primary high-productivity fabrication method for shipbuilding, the focus of the industrial 
pilot project.  This proposed pilot project will expand FSW to transportation, oil & gas, and 
industrial products markets.  

Among its advantages, FSW will reduce fabrication time by 40% and associated costs.  It’s 
homogeneous joining characteristic permits use of advanced titanium alloys with their material 
strength, lighter weight, and reduction in fuel consumption.  Other FSW advantages eliminate 
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harmful flash and fumes associated with fusion welding that lead to a cleaner, healthier, and 
safer work environment with a smaller carbon footprint for companies. 

Friction Stir Welding (FSW) is an invention of The Welding Institute in the U.K. and has been 
deployed primarily for aluminum fabrication in the aerospace industry.  European and Asian 
shipbuilding enterprises rapidly embraced FSW technology, gaining a 15-plus lead on U.S. 
shipbuilding  With NASA support and R&D initiatives from small companies and certain aircraft 
and automotive companies, U.S. industry has something of a toehold.  NASA, for example, holds 
nine patents in this area of technology. As a solution to the industrial problem defined above, 
FSW prevents noxious chemicals, corrosion, and structural cracks by producing a homogenous 
bonding-seam. This high-strength, low maintenance seam is the product of a cutting edge 
technique, resulting from innovative equipment capable of effecting a controlled “mixing” of 
plate and bonding metals from a frictionally-heated manufacturing process.  This advanced 
bonding technique is in contrast to decades-old traditional higher temperature torch/fusion 
process with its inherent pollution, corrosion, and crack failure environmental/maintenance/cost 
problems.   

Since metal fabrication and welding is the largest single cost component of metal ship 
fabrication, significant gains in productivity can be realized with a transformation in 
manufacturing methods.  Friction Stir Welding, robotic panel welding, and advanced forming 
technologies are a few technology enablers to transforming the small shipyard environment to 
generate game-changing improvements in shipyard efficiency and productivity to retain and add 
new, high-tech  jobs in the United States. 

Next generation Thermal Stir Welding (TSW) is a NASA invention under development with 
Keystone Synergistic Enterprises. This  company is conducting research to enhance the FSW 
process and expand its applicability to higher strength alloys, such as titanium and aluminum 
marine and aircraft structures, and expand product applications. 

Additive manufacturing technology for titanium, aluminum, and steel alloys is another 
complimentary technology to the friction stir welding.  Additive manufacturing can be used in all 
of the industry sectors identified for low-volume parts fabrication as well as for reconstructive 
repair of marine, aerospace, or ground vehicle applications.  Bringing this emerging technology 
to  industry would be another  “high-tech” job creator for advanced green manufacturing. 

 

Proposed MDF Project Summary 

The Center is proposing a Manufacturing Demonstration Facility project to design and install a 
panel friction stir welding machine, establish production welding processes and tooling, obtain 
ABS certification of friction stir welding, and initiate pilot panel fabrication operations in the 
work cell.  The project is structured into three logical tasks spanning a 36 month technical period 
of performance.  The Tasks are as follows: 

Task 1 – Equipment Specifications, Procurement, and Installation.  This task recommends 
working with three equipment suppliers to obtain final specifications and quotations, select the 
best supplier, and procure a panel friction stir welding machine and a small gantry friction stir 
welding machine as the core equipment for the MDF.  The equipment will be installed in the  
Advanced Manufacturing Demonstration Facility floor space. 
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Task 2 – FSW Process and Tooling Development for Titanium and Aluminum Structure 

Fabrication.  This task will obtain titanium plate and 5000 series aluminum plate representative 
of marine panel welding requirements for superstructure, deck, and bulkhead structure and 
establish production friction stir welding process parameters and associated tooling for low-cost 
panel fabrication.  This activity will be conducted on the new FSW equipment in the MDF using 
process parameters and methods established by Keystone Synergistic Enterprises, Inc., on prior 
development programs.  Demonstration components and articles will be made in the MDF to 
represent the interests of marine fabricators and other industries such as LNG/CNG tanks and 
aerospace.  A friction stir welding machine made by Nova-Tech Engineering is shown in the 
figure below. 

 

Task 3 – Pilot Lot Panel Welding and ABS Certification.  This task will transition the 
established tooling and process parameters to the installed FSW Panel Welding machine and 
conduct a series of start-up and validation stir welds to confirm equipment performance.  A 
number of panel joint samples will be produced in coordination with ABS representatives for 
testing and analysis to obtain ABS certification for the friction stir welding process for the span 
of project panel applications for marine structure.  This ABS certification will be a critical step in 
the commercialization of FSW technology and the deployment into marine fabrication shops in . 

 

Task 4 – Fabrication of Pilot Vessel 

The 60m Trimaran concept vessel (Ti OPV) is based upon the development work by ONR. The 
vessel would have a Ti hull and Aluminum superstructure. This combination would utilize Ti use 
where contact with seawater eliminates corrosion. Lower cost 5000 series aluminum can be used 
above the waterline and for superstructure elements.  

 

Figure 3.  Example of a Panel Friction Stir Welding Machine offered by Nova-

Tech Engineering LLC.  A Machine Similar to this is Recommended for the MDF. 
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2.0  SPECIFIC TARGET INDUSTRY AND APPLICATION 

The problem being addressed is that US shipyards have lost their competitive capability and are 
unwilling and/or incapable of self-investment in transformational technologies that will enable 
them to be economically competitive in the global market. Most shipyards are not going to 
accomplish this transformation in today’s unprecedented economic downturn.  

Traditional shipbuilding methods require intensive labor content for welders and fabricators that 
hinder America’s competition with the world’s low-wage region.  The primary approach for 
leveling the competitive field in most manufacturing industries is to incorporate greater 
automation in manufacturing, transforming the workforce from craft-based force to machine 
operator based with significantly higher productivity and reduced labor content in the delivered 
product.  These “Lean Manufacturing” trends in industry are difficult to apply to traditional 
shipbuilding where the craft-based manufacturing methods remain.   

Offshore Patrol Vessels (OPVs) are the fastest growing segment of the Naval Vessels Market. At 
least 23 countries are known to have a total of 76 OPVs on order or planned at a value of over 
$10 Billion. OPVs can be broadly classified into 2 types; 1) High-end war-fighting vessels with 
expensive weapon systems and C4I suites and 2) More basic patrol vessels, designed for 
sustained low intensity missions and equipped with basic gun armaments, standard navigation 
sensors and built to commercial standards. The majority of OPV programs are of the cheaper 
multi-role variety. These are being used in an increasing number of roles, including fishery 
protection, pollution control, fire-fighting, salvage or search and rescue (SAR), counter-
narcotics, humanitarian operations and exclusive economic zone (EEZ) patrol. 

The Center is proposing to deploy an advanced metal joining technology (FSW) as a primary 
high-productivity, green, fabrication method for materials currently joined in a conventional 
manner.  In shipbuilding and titanium (Ti) industries, these include: 

• Ship hull, deck, and superstructure panels (1 pass joining), reducing fabrication time by 
40%, fabrication cost by 35%, and eliminating a majority of the harmful flash and fumes 
associated with fusion welding. 

• Ti piping with lifetime (40+ yrs.) service versus CuNi currently used and replaced about 
every 8 years 

• Ti plate over 1" thick, using FSW enhancements (Thermal Stir Welding ) that facilitate 
"fine grain" joining of high strength and high temperature alloys 

• Tanks (cryogenic, liquid natural gas (LNG) and compressed natural gas (CNG) tankage, 
etc.)  

 

3.0  COMMERCIALIZATION PATH AND ROLES 

The Office of Navy Research has provided a $5 million Grant to the University of New Orleans 
to study titanium as a preferred material for shipbuilding.  The Grant authorized the study to 
examine the cost and properties of various ship grade titanium (and alloys) and quantities needed 
for a representative military ship of 1,000 tons. Examined were material component processing 
and what joining techniques may be most amenable to automation and/or may be replaced by 
development of new capabilities to form structures as a unit rather than joining components and 
to estimate the overall degree of difficulty. The study listed the principal concerns in training 
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shipyard constructors to transition from steel and aluminum fabrication to titanium and will 
provide the  team with the tools for implementing titanium fabrication for the marine industry. 

A Titanium Offshore Patrol Vessel (OPV) will be an ideal common platform as a demonstration 
vessel to be produced in cooperation with the Advanced Manufacturing Demonstration Facility.  
Interest from the US Coast Guard and US Navy is in the 60m design or a larger version.  
Security companies interested in shipping lane patrol and policing would be interested in this 
smaller vessel.  Private yacht owners are interested in a titanium vessel and this demonstration 
vessel would serve to gain the interest of this returning industry.  Homeland and port security are 
interested in smaller high-performance vessels for command and control platform for homeland 
security missions, search and rescue and disaster response, and port security.    

The perfect mission for the first vessel would be to act as a helicopter flight deck training vessel. 
The small vessel size reduces operating cost, but the large and stable flight deck would provide 
an ideal training environment. This would also allow the Ti OPV to be marketed to the offshore 
industry as a offshore support vessel to act as a transfer point for rig workers, allowing for 
shorter helicopter fights to multiple rigs and platforms.  

The commercialization path for the “keystone technology” of Friction Stir Welding will be 
through acquiring two pieces of stir welding equipment, establishing a cooperative interaction 
with the FSW sources at NASA and developing a daily operational capability so companies can 
see the process in action, observe the types of components that can be fabricated, gain design and 
application assistance, and have demonstration parts made for evaluation and qualification.  
Getting a certification of aluminum and titanium friction stir welding by a globally-recognized 
agency like the American Bureau of Shipping (ABS) will be a critical link in the 
commercialization and use of the technology. 

The MTC would actively participate in the development and use of the equipment and capability 
in the MDF.  If the Center competes for and wins development projects or limited production 
projects, through “use agreements”, this work could be engineered by the Center members and 
the friction stir welding performed by the MDF staff on the MDF equipment. 

Collaborating with the MDF and other federal funding sources to build a demonstration vessel 
from titanium and aluminum would be a goal to help drive this emerging market and to allow 
interested parties to fully appreciate the ability to manufacture with titanium and the benefits a 
titanium vessel and marine structure could offer. 

 

4.0  CONTRIBUTIONS OF CENTER MEMBERS 

The technology of friction stir welding of titanium and aluminum alloys has been under 
development by Center member, Keystone Synergistic Enterprises.  They have had numerous 
SBIR projects to develop the technology, and this technology could be transferred to the  MDF 
under the appropriate agreements for application to emerging component fabrication 
opportunities.  The  MDF would not have to start from scratch in developing the techniques, 
parameters, tooling, and fixtures required to effectively perform FSW technology, so a critical 
first contribution will be the benefit of the extensive learning already accomplished for this 
technology.  The MDF would offer BoldMar and Keystone protection of this IP and know-how, 
however FSW capability would be made available to industry for demonstration of capability 
and feasibility of applying FSW to specific applications. 
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The Center would become a partner and customer with the  MDF.  The Center could purchase 
services from the MDF for the use of the FSW equipment for the fabrication of product and 
components.  The Center would purchase equipment time from the MDF in the support of 
continuing R&D or SBIR contracts for the application and advancement of friction stir welding 
technologies, much like they do now with equipment located at NASA. 

 Center Members, including but not limited to: 

• Jamestown Metal has vast experience as a supplier to DOD and commercial enterprises. Many 
of the US Navy vessels have interiors, designed, manufactured and installed by Jamestown. Their 
knowledge and knowhow will be contributing factor to the vessel meeting DoD and commercial 
expectations, in addition to using the MDF services.  
 

• Visions East and their robotic “VBot” system has establish robotic centers in several continents 
and is working with DOD on robotically applied coating for ship landing decks.  Mainstay VE 
robotic applications will be expanded as vessel production with BMI begins to ramp up this year. 
Currently, major defense shipyards are reviewing the technology to apply robotics in the coating 
of vessel bottoms. VE will support the Center with their knowhow of robotically and manually 
applied coatings.  
 

• Nautical Structures (NS), in support with BoldMar and Keystone has begun quoting Ti 
components for Europe’s largest shipbuilding Center. In addition, NS with support of BoldMar 
and Keystone Synergistic Enterprises is engineering Ti mega yacht cranes and passerells, 
products that are the mainstay of NS  business portfolio. NS will contribute their industrial 
knowhow in forming metal for  ship structures and systems in addition to utilizing MDF services.  
 

• JV – (BoldMar – Keystone Synergistic Enterprises – Braemar WaveSpec – Jamestown 

Marine Metal) 

A JV is being formed by the above companies to address the burgeoning need for large LNG 
tanks that handle LNG tanks for ocean transport. This JV company will also concentrate on 
products for shipbuilding and other industries in addition to utilizing MDF services. 

 

5.0  INVESTOR SUPPORT 

Private Sector Investors 

Members are working with private investors on several marine related projects that would 
involve the advanced manufacturing technologies outlined in this paper.  Private investment in 
the MTC/MDF would be via BoldMar and other Center members as a means to facilitate vessel 

and product production and as a means to showcase product development. 

Federal Agencies 

• DOT - Congestion Mitigation and Air Quality Improvement Program (CMAQ) Funding 

• ONR 6.2, 6.3, 7.8 Funding 

• NavSea – Product-Specific Funding 

• DOD - SBIR 

• DOD ManTech 

DARPA Initiatives 
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Project or Institutions Currently Funding Projects 

 

6.0  CONTACT INFORMATION 

Marine Technology Center 

Robert Bolderson, Director 

M: (954)-471-7407 

O: (504) 355-9596 

bbold@maritech.org 

www.marinetechnologycenter.org 

 

7.0  CENTER PARTNERS 

Key industry strategic partners listed below have worked with Center members, Keystone and 
BoldMar for over ten (10) years.  

Key Industry Strategic Partners 

• Timet Corporation  (www.timet.com) 
TIMET is the world's largest supplier of high quality titanium metal products. With its unique 
combination of strength, light weight, corrosion resistance and other metallurgical properties, titanium is 
used in hundreds of diverse aerospace, industrial and emerging applications where no other metal is as 
reliable or economical, especially on a lifecycle costing basis. As a fully-integrated titanium manufacturer 
and distributor, TIMET's activities span every phase of titanium research, manufacturing and sales. 

 

• National Center for Advanced Manufacturing (NCAM- www.ncamlp.org) 

NCAM, also referred to as The Louisiana Partnership, is a Joint Venture between NASA, the University 
of New Orleans and the State of Louisiana. NCAM is headquartered in NASA’s Michoud Assembly 
Facility and serves to address NASA’s needs in advanced manufacturing research by striving to build the 
technology base to support next generation launch vehicle systems. Center , in cooperation with NCAM 
and other strategic partners, will apply robotic manufacturing technologies to shipbuilding, until now used 
exclusively in the aerospace industry.   

• (NUWC) Center of Excellence in Undersea Technology (COEU T- www.coeut.org) 

The University of Rhode Island, Ocean Engineering Department and Graduate School of Oceanography 
have formed a Center of Excellence in Undersea Technology (COEUT). COEUT was officially 

designated as a URI Center of Excellence on February 8, 2006 in conjunction with the Naval Undersea 
Warfare Center (NUWC).  The center performs both basic and applied research focusing on the design, 
development, testing, and implementation of a wide variety of undersea technologies that support both 
military and civilian applications. The center will also foster the education and development of the next 
generation of undersea technology engineers and scientists. The center allows the University to capitalize 
on its world-class intellectual strengths, experience, and unique facilities for marine science and 
engineering.  
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"...Know yourself and adapt yourself to new ways; 
for new also is the ruler among the gods.“ 

 
Oceanus to Prometheus  

Aeschylus, Prometheus Bound. 
 



OUTLINE 
 

• DISRUPTIVE INNOVATION (TECHNOLOGIES)  
 

• NEW  VESSEL DESIGN &  NEW SHIPYARD MODEL  
 

• DRIVERS & SOLUTIONS  
  

 



  

• MANUFACTURING AUTOMATION 
• MATERIALS – TITANIUM FOR SHIPBUILDING   

 
 

  

 
 

DISRUPTIVE  INNOVATIONS (TECHNOLOGIES) 
 

Advances that will transform life, business,  
and the global economy that disruptively impact the 

CONVENTIONAL business model, resulting in a 
significant reduction of waste, energy, materials, 

labor or costs to the user. 



INTEGRATING DISTRUPTIVE TECNOLOGIES  
INTO CONVENTIONAL SHIPYARDS 

 
MIXING OIL & WATER 

OVERPOWERING INERTIA 
SWIMMING UPSTREAM 

 
 
 
 
 
 



ALSO, IT’S ALL ABOUT THE MONEY! 
THE CONVENTIONALISTS, 

DON ’T WANT YOU TO DISRUPT THE PARTY! 
 

DoD SPENDS $25 BILLION/YR.  
ON CORROSION PREVENTION & REPAIR 

Ti - $00,000,000,000 
 



 
 THAT IS WHY NO ONE WANTS TO TANGO! 

 



LOOK AT THE COMPETITION ! 
 



NEW SHIP DESIGN & SHIPBUILDING MODEL 
Ti  OPV – SAME AGE 



 

  
 
 
 
 
 
 
 
 
 

FLOAT LIKE A  BUTTERFLY,  
STING LIKE A BEE  ! 

 

YOU HAVE TO TAKE IT TO THEM! 



 
WHAT THE HULL, ITS ALL ABOUT THE $$, RIGHT! 

    

Ship’s Hull & SS are < 20% of  Total Vessel  Cost 
 

BASELINE - ALL ALUMINUM OR ALL STEEL (Materials & Labor only)   
• All Ti Alloy – Aerospace quality -  7 x premium  
• All CP Ti  -  Rough, low grade quality acceptable – 3 x Premium 
 

• CP Ti – Hull & AL Superstructure – 2x premium 
 

   So What !      
 



 

Replacement  Thinking ! 
Yes Scarlett, The Budget Guys Do Give A Dam! 

 

Base Line for the 300t OPV Ship – 60 yr. Life Cycle 
 

ALL  ALUMINUM OR STEEL 
Rule of 72, costs double every 14 yrs. @ 5%) 

 
Procurement             1st   30 yrs.  ($10.00)                  $ 10*   

       Replacement             2nd  30 yrs. (rule of 72 @ 5%)           $ 40* 
               Total 60 yr. cost     $ 50* 

  
 TITANIUM  HULL  & ALUMINUM SUPERSTRUCTURE 

 Procurement           1-60 yrs                 $ 11.50* 
 
* Not actual price, numbers used for comparison only. 
   

 
 



MARKET DEMAND - OPV 

FASTEST GROWING MARKET FOR NAVAL VESSELS 
90 VESSELS – ($12 B) CURRENTLY ON ORDER 

60m – 80m OPTIMAL SIZE 
 

TWO (2) TYPES 
High End Fighting Vessels 

Low Intensity Vessels (greatest demand) 
 
 



CONCLUSIONS: 
ONR – UNO TI HULL RESEARCH PROGRAM 

• Ti Vessel Is A Reality 
• Lower Ownership Costs, Less Maintenance 
• Higher Performance/ Lower Fuel Consumption 
• Joining Issues Must Be Addressed To Lower $$ 
• Low Cost Ti – A Big Factor! 

 



PRODUCTION SOLUTIONS 
 

CONVENTIONAL WELDING IS WELL ESTABLISHED  
 

NEW & EVOLVING JOINING SOLUTIONS   
High-Speed Friction Stir Welding 

Thermal Friction Stir Welding (TFSW)  
 

NEW, LOWER COST TITANIUM PROCESSES  
 

TITANIUM EXPERTISE REQUIRED 
 
 
 
 
 

 



Friction Stir Welding of Aluminum and Titanium Alloys 
 

Complex Weld Joints for 
Airframe and Marine Structures 



LIGHT MODERN METAL MFG. INSTITUTE  (LM3I) 
 

DoD INITIATIVE TO ADVANCE MFG. CAPABILITIES 
AKIN TO DoD COMMUNICATION INITIATIVE & INTERNET 

DEVELOPMENT 
 

TITANIUM FOR SHIPBUILDING IS THE OBJECTIVE  
DEVELOPMENT OF JOINING TECHNOLOGIES 

KNOWLEDGABLE TITANIUM TEAM 
AEROSPACE ENGINEERING EFFORT 

 



 
THERE YOU HAVE IT! 

 A Little of the Classics 
A Bit of Economics 

and 
A Pretty Woman 

 
THANKS FOR YOUR TIME 
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