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Background 
This is the first issue of Foreign Military Sales (FMS) NEWS CLIPS.  The NEWS CLIPS focus  is to keep FMS customers  informed  on issues related to US Navy’s HM&E systems. This NEWS CLIPS will provide articles that are reprinted from Carderock Division Wavelengths. The  FMS NEWS CLIPS will be published quarterly via mail or e-mail.   

Our Capabilities

The Carderock Division has a very comprehensive set of technical capabilities to support its mission. These capabilities cover all aspects of surface ship and submarine hull mechanical and electrical systems (HM&E) and cross all life cycles. In essence, the Division supports ships from keel to masthead and from cradle to grave.
The Division's technical capabilities were developed to support Navy and military requirements. However, because the mission of the Division is oriented to platform systems and not weapon systems, many of these capabilities are equally applicable to commercial ships. In fact, the legislation establishing the Division 

specifically requires the Division to "provide support to the Maritime Administration and maritime industry." 
Core Competencies

The work effort of the Division is divided into seven core business areas related to ships and ship systems. Those areas include:

· Signature and Silencing Systems 

· Vulnerability and Survivability Systems 

· Machinery Systems and Components 

· Hull Forms and Propulsors 

· Structures and Materials 

· Environmental Quality Systems 

· Ship Integration and Design 

Customers & Partners

Although the Navy is the Division's primary customer, we have customers and strategic partners nationwide and around the world with industry, shipyards, academia, government agencies and foreign navies. 

Foreign Military Sale - Division POC

Phone: 215-897-7621

Fax: 215-897-7597
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Transient Voltage Surge Suppressors Prove a Good Return on Investment
By Edward Markey
PHILADELPHIA—Transient Voltage Surge Suppressors (TVSS) significantly reduce life-cycle maintenance costs for sensitive electrical and electronics equipment in the surface Fleet.

In FY 95-96, TVSS was introduced to surface Navy electrical power distribution systems as part of a technology demonstration onboard USS Kitty Hawk (CV-63) and USS Constellation (CV 64). Benefitting from the initial technology demonstration were the electronics for the Nato Sea Sparrow Missile System (NSSMS) and the URT24 communication system. 

Since that time TVSS has become commonplace onboard ship. The 3-M-based metrics reports continue to show a significant return on investment (ROI) after TVSS alterations have been accomplished across all surface ship classes. The average ROI ratio has been approximately 26:1 with a payback period of 1.09 years and estimated annual cost avoidance of over 2.5 million dollars.

Why such a dramatic reduction in life cycle maintenance costs of electronics? The answer lies somewhere between MIL-STD-1399 Section 300A (Interface Standard for Shipboard Systems, Section 300A, Electric Power, Alternating Current) and the increased usage of solid state electronics and switch mode power supplies onboard ship. Often times the new electronics gear onboard ship has been designed to tolerate the electric power environment allowable via the 1399 standard; however, the allowable transient levels (2500V for 450V systems and 1000V for 120V; for up to two microseconds) are not always applied to the electronics as part of first article testing. The TVSS devices are designed to withstand thousands of voltage spikes, and by installing the TVSS in parallel to the power distribution panel, both equipment level and system level spike activity is mitigated by the clamping action of the TVSS protective device.

Since the Fleet introduction of TVSS, there have been thousands of individual suppressors installed on virtually every surface ship class. The following ship classes are all candidates for TVSS and have had installation vehicles and TVSS application matrices developed and approved: CG4 7, DDG 51, FFG 7, DD 963, CV 63, CVN 65, CV 67, CVN 68, LPD 4, LSD 36, LSD 41/49, LHD 1, LHA 1, MHC 51, and LPD 4/7.
Based on the positive ROI reports on the initial TVSS technology demonstrations, NAVSEA 05N had the forethought to apply TVSS as a tool towards achieving the goals of the Engineering for Reduced Maintenance (ERM) Process. As part of ERM, the TVSS technology was addressed at Top Management Attention/Top Management Issues (TMA/TMI) meetings, and a standardized installation method was developed by the electric power systems in-service engineering agent (ISEA), NSWCCD-SSES Code 934. To foster competition and achieve economy of scale for the Fleetwide application of TVSS, a procurement specification was prepared and advertised for competitive procurement of TVSS. The end result of the competitive procurement process was a significant initial hardware cost savings when procuring TVSS via the NSWCCD Code 934 contract (N65540-01-D-0003).

TVSS updates for NSTM Chapter 320 (Electric Power Distribution Systems) have been developed to reflect proper TVSS application and installation methods. TVSS devices have also been provisioned via the national supply system, and the following information is provided to assist end users in identifying and procuring the proper model of TVSS for shipboard power protection: 
National Stock Numbers (NSNs) for TVSS devices without remote relays:
1. (3) phase delta connected 120V unit NSN 5920-01-497-1802 for part number ITD80-120NN-USN-F.
2. (3) phase delta connected 480V unit NSN 5920-01-497-1796 for part number ITD80-480NN-USN-F.
3. (3) phase (four wire), wye connected 208V unit NSN 5920-01-497-1798 for part number ITD80-3Y-120/208-USN-F.
4. (1) phase delta connected 120V unit NSN 5920-01-497-1800 for part number ITD80-1S120-USN-F.
NSNs for TVSS devices with remote relays:
1. (3) phase delta connected 120V unit with remote relay NSN 5920-01-458-1197 for part numbers ITD80-120NN-USN-FR, LORN-120NNC-NM.

2. (3) phase delta connected 480V with remote relay NSN 5920-01-458-1196 for part numbers ITD80-480NN-USN-FR, LORN-480NNC-NM.
3. (3)phase (four wire), wye connected 208V unit with remote relay NSN 5920-01-473-6194 for part numbers ITD80-3Y-120/208-USN-FR, LORN-3Y-120/208AC-NM.
4. (1) phase delta connected 120V unit with remote relay NSN 5920-01-476-5120 for part 
numbers ITD80-1S120-USN-FR, LORN-1S-120AC-NM.
The next step in the evolution of TVSS is to ensure that the critical performance characteristics of the TVSS are reflected in the performance specification currently being developed. Once the performance specification is complete, Fleet acquisition managers can invoke the requirements for new systems being procured to ensure that the maintenance-reducing effects of TVSS are realized for future Fleet critical electronic systems.
Unique Air Conditioning and 
Refrigeration RDT&E Facility Expands Capabilities 

By Matthew Frank, in conjunction with the NAVSEA 05/983/921 Climate Control Team
PHILADELPHIA—The capabilities of the Air Conditioning and Refrigeration (AC&R) Research, Development, Test and Evaluation (RDT&E) Facility in Building 1000 were recently expanded by the addition of a second test cell. This addition is part of a longer-range plan between Code 983 and 921 to activate five test cells with the most representative Fleet equipment. This test cell will accommodate a Navy AC plant with capacity ranging between 200 to 250 tons. The 200-ton DDG 51 HFC-236fa AC plant was installed in this second test cell. The DDG 51 Class comprises the largest population of centrifugal AC plants in the Fleet. 

In 2001, the first test cell was completed, along with the facility infrastructure, to support up to a total of five test cells. A 363-ton CVN HFC-236fa AC plant was installed in the first cell. The major infrastructure support systems include two 250-ton variable speed-drive cooling towers, a 200-ton auxiliary AC plant, an electrical distribution system, and water distribution piping. Further details are provided in the November 2001 Wavelengths article titled “SSES Dedicates New Lab for Air Conditioning and Refrigeration Systems.”

Each Test Cell is referred to as a cooling system dynamometer (CSD). The purpose of the CSD is to independently control the cooling load and condensing conditions of the AC plant to simulate a wide range of shipboard conditions. Waste heat is rejected through one of the cooling tower circuits. To simulate cold seawater conditions during the summer months, the auxiliary AC plant can be aligned to the CSD to further reduce the temperature of the heat rejection water loop. 

Design of the second test cell began in October 2001. Fabrication of the piping systems started in late January 2002, while the electrical and instrumentation systems proceeded along parallel paths. Construction of the site continued through the end of May, followed by sub-system testing and final calibration of the instrumentation. The cell was instrumented to utilize the latest Labview software to monitor and record all operating data. The second test cell received Mission Readiness Panel approval on June 14, 2002, and the 200-ton DDG 51 HFC-236fa AC plant was started that afternoon.

NAVSEA 05MR (Carl Adema) in conjunction with NAVSEA 05Z9 (Richard Helmick) funded the AC plant installations in the first two test cells. The AC plants installed in these two test cells represent units with high Fleet populations and encompass a wide-range of capacity. In addition, the HFC-134a 200-ton AC plant developed for new construction applications was chosen for use as the auxiliary AC plant. This new 200-ton plant will eventually have the largest population of newly designed AC plants in the Fleet. 

According to Greg Toms, NAVSEA Program Manager for ozone-friendly refrigerant conversions (SEA 05M42), “The addition of this second test cell will enhance the Navy’s AC&R RDT&E capability and ensure that NAVSEA and NSWC can continue to support the Fleet for years to come. In addition, by combining the RDT&E capability with LCM/ISEA testing capability, the Navy gets the biggest bang for the buck while creating more synergy between the two communities.”

The new test cell allows NSWC to continue to support the Navy’s refrigerant conversion program, winner of numerous Environmental Protection Agency awards for protection of the global environment.

The Facility in Building 1000 is the Navy’s only comprehensive capability for research, development, testing and evaluation of air conditioning and refrigeration machinery. This facility is designed to accommodate emergent Fleet needs and future ship design development and is shared by Code 983 (RDT&E) and Code 921 (LCM/ISEA) to support total Navy needs of this machinery through its life cycle. 
An Overview of Structures and 
Materials Work at the Division 

By Jeffrey Beach and Joseph Cavallaro (Reprinted from Carderock Division Technical Digest)
The U.S. Navy historically has been in the forefront of introducing innovative ship concepts to meet ever-changing mission requirements. The Division has been at the leading edge of technological advances in structures and materials technologies, which have enabled the new ship concepts to become a reality. Navy ships must be designed to provide a robust stable platform for the operation of its combat systems, sustain the rigors of combat, maintain the ability to fight hurt, and interact with support ships while forward deployed. Ships must have relatively lightweight hulls made of tough materials that have an adequate tolerance for flaws and can resist the dynamic loading effects of combat air explosions (AIREX) and underwater explosions (UNDEX).

Structures make up the largest weight group of the ship, typically contributing 35% to 45% of the overall vehicle weight. Thus, ship structures have a major effect on the overall vehicle characteristics such as displacement, payload, signatures, combat system effectiveness, survivability, safety, producibility, readiness, maintainability, reconfigurability, and acquisition and life-cycle cost. Future ship design requirements will include platform flexibility and rapid reconfigurability, which ultimately lead to increased force affordability. A new ship must be able to perform multi-missions in a multi-theater environment. Flexibility in design, construction, and configuration/reconfiguration is essential if mission capability at an affordable cost is to be achieved. Innovative ideas in structures and materials will be required from the Navy, the shipbuilder, industry, and academia to achieve this goal. 

The ship structure is the skeleton and the skin of the vehicle, which is made up of various materials and configured in a manner to optimally meet the vessel’s requirements. Those requirements include predictable and reliable responses to seaway loads, other environmental conditions, and combat forces. Traditionally, the most important metrics for a marine structure have been its structural integrity, weight, and cost. While these are still principal parameters, today multi-functional requirements dictate the final design of naval platforms. Multi-functionality of the structure must contribute to signature control, combat system performance, ship monitoring, etc. and must meet all the basic structural requirements. Structural design requirements for future naval combatants are becoming very demanding because of these new multi-functional requirements.

When effectively integrated with structures, survivability, machinery, hydrodynamics, and signature control technologies, materials technology can enable timely identification and insertion of advanced concepts that are essential to meet ship systems goals. Materials and materials processing are pervasive throughout all ship systems and are an enabling foundation technology, which permit performance and/or affordability goals to be met. Materials developments support common requirements for ships and submarines and the unique requirements of each platform.

Surface Ship Structures and Materials

The structure of a surface ship is a geometrically complex shape that provides the platform to integrate all ship systems. The fundamental requirement of the ship structure is to ensure integrity of the ship under normal and severe operating conditions. Thus, structural technologies are needed to ensure safe and reliable performance of current and future ship structures. The scope of RDT&E activities at the Division includes analytical, numerical, and experimental support to develop structural design guidance and analysis methods; conduct large- and small-scale fatigue/fracture and instability tests and analyses; analyze seaway loadings and conduct sea trials to verify prediction methods and validate actual performance; develop new ship concepts and evaluate them with respect to structural integrity, affordability, reliability, survivability, and increased combat effectiveness; develop reliability/risk assessment methods; and conduct Fleet inspections.

It is expected that future demands will increase the emphasis on new materials and structural configurations for hull systems, such as the use of non-magnetic stainless steel for advanced double hull designs, as well as the use of composites, particularly in topside structure. The development of future surface ship structures will be driven by increased demand for integrated systems engineering solutions, including affordable ship structure/materials systems. One of the more obvious examples is in signature control. Structural configuration, material properties, and geometric effects of structural details directly influence acoustic, as well as non-acoustic signatures.

Historically, steel has been the primary structural material used for ships and submarines. There has been a steady decline of R&D on naval steels in the private sector. Therefore, the Navy established a world-class R&D team in-house at Carderock Division and the Naval Research Laboratory to address cutting-edge naval steel metallurgy.

Over the last decade, the Division focused on the development of high-strength low-alloy steel (HSLA-65, -80, and -100) for ship construction in the thickness range of 5/16-inch. to 1-5/8 inch. HSLA-80 and HSLA-100 steels provided major increases in shipbuilding productivity and cost reduction in the CG 47, DDG 51, CVN 68, and SSN 774 Class ships and resulted in cost savings in excess of $130 million to date. About 40,000 tons of HSLA-80 steel and 30,000 tons of HSLA-100 will be used in naval ship construction through the year 2001. HSLA-65 and HSLA-100 steels are being considered for immediate application as the primary structure in the DD (X), 

CVN 77, and CVNX 1 for weight reduction and fabrication cost savings. More recently, Division metallurgists have collaborated with researchers from Japan in a cooperative program to develop structurally acceptable methods to use “under-matched” strength weldments for use with high-strength steel alloys (yield strength greater than 150 ksi). This technology has the potential to significantly reduce the costs of high-strength steel in ship construction.

In addition to high-strength steels, possible future structural materials include non-magnetic austenitic stainless steel (AL6XN, Nitronic 50), greater use of composites, amorphous metals, and lightweight, high-stiffness metallic materials/ panels (lattice block materials (LBM), foam metals, LASCOR panels, etc). The Division anticipates that LBM technology will solve the problem of distortion in watertight doors, which has plagued the surface Fleet for many years.

Distortion-free metal fabrication technology for ship structure also is being explored to satisfy projected future signature control requirements (resulting in the elimination of the 
“hungry-horse” effect in ship structure) and includes laser cutting and welding and friction-stir welding. The advanced double hull concept and technologies related to welding automation and robotics will reduce the number of structural pieces needed in combatant design and facilitate the installation of distributive systems without jeopardizing structural integrity.
One of the biggest challenges of the future is the development of simulations and computational models that satisfy designer confidence to permit accelerated insertion of new structural materials in ship design with a minimum of expensive and time-consuming physical testing.

Submarine Structures and Materials

Structural analysis methods and the development of new materials and fabrication methodologies used to design and construct submarines have a significant impact on submarine performance, affordability, and overall mission effectiveness. Throughout the design process, a balance is sought between weight, strength, interior space, and overall size. Since the 1930s, the Division has been involved in the development of complex analysis tools, design procedures, scaled structural model tests, and sea trials. The Division has developed structural failure-mode prediction methods and design procedures for all structural failure-modes for the traditional internally-stiffened right circular cylinder submarine design. This information has been incorporated into design data sheets, which have been used in the design of each new submarine class. Future submarine classes and other undersea vehicles continue to pose unique structural and materials challenges.

The Navy is looking at broad new focus areas for future submarines (information technology connectivity, increased and varied payload, modularity, all-electric systems, and affordability) that will create significant design departures from presently accepted design practices and enable a multi-mission platform capability. Modular design and construction is one of the critical keys to the future and is the most cost-effective and operationally supportable means to provide timely advanced technology insertion into the submarine Fleet. Therefore, modular design will facilitate planned technology insertion over the life of the class and provide for rapid reconfiguration of the platform to support changing tactical mission requirements. Future naval capabilities may range from advanced intelligence, surveillance, and reconnaissance missions to submarine strike warfare.

Structures R&D addresses all required technologies to ensure safe, reliable performance and contributes to the achievement of other functional requirements as well. Structural instability, fatigue, fracture, and impact strength of new materials and fabrication procedures are among the phenomena investigated. The scope of work includes: (1) development of advanced analytical methods to predict the response of submarine structures to various hydrostatic, hydrodynamic, and ice loads; (2) development of validated design procedures for submarine pressure hulls; (3) planning and conducting complex model tests to evaluate new structural concepts and to verify prediction methods; (4) at-sea trials for first-of-class; (5) proof-testing specialized hydrospace vehicles; (6) design and evaluation of advanced hull and propulsor concepts; and (7) conducting highly accurate and precise measurements of complex structures.

The demands for future submarine structures also include multi-functionality with an increased emphasis on structural acoustics. Additionally, electro-magnetic (EM) goals may cause a dramatic change in the structural designs and materials required for the hull-structure system.

Titanium, austenitic stainless steel pressure hulls, and composite external non-pressure outer hulls are options that may be considered in the future. Today’s hulls are fabricated using 2-inch-thick quenched and tempered ferromagnetic HY-80/HY-100 steels and are degaussed to acceptable EM levels. However, an advanced HSLA-100 steel formulation using improved welding consumables is a viable alternative if degaussing alone remains adequate. This provides increased cost reduction for pressure hull and non-pressure hull fabricated structures. HSLA steels are less sensitive to welding cooling rates than HY steels; they lend themselves to alternative higher deposition-rate arc-welding and concentrated energy-beam welding processes, increasing the potential for significant cost reduction.

Materials challenges to support a modular constructed, reconfigurable platform include greater use of higher specific strength materials for pressure hull and non-pressure hull structures. Materials to be considered include titanium, aluminum, HY-130 steel and other high-strength steel alloys, LASCOR panels, metal foams, lattice block material, and possibly amorphous metals (stainless-steel alloy formulations).

Also, there is a need to develop optimized welding fabrication methods with minimum distortion and high-speed cutting procedures for hull break points for the various platform function modules to ensure SUBSAFE structural integrity and enable rapid platform reconfigurability. Physics-based materials modeling and simulation tools to design and analyze materials failure/damage behavior, including the response to UNDEX loading, are being developed.

Once validated, these tools will reduce the extent of physical testing required to certify new structural materials systems and thus reduce overall certification time and cost.

Composite Structures and Materials for Surface Ships and Submarines

The development of advanced polymer matrix composite structures and materials technologies are critical to improve the performance, survivability, and reliability of current and future naval ships and submarines. Composite materials for these applications offer significant benefits by providing lightweight and blast-, shock- and fatigue-resistant marine structures and systems with reduced magnetic, acoustic, infrared (IR), and radar signatures. In addition, composites provide reduced maintenance costs due to their inherent marine corrosion resistance. Emerging design requirements have forced the designer to favor a multi-disciplinary/multi-functional approach to topside structure design. In addition to meeting structural requirements, topside structure must provide adequate shielding for electro-magnetic interference (EMI) effects, have a low radar cross section (RCS), and have a low IR signature. The future trend toward increased ship topside integration of sensors/antennas and cleaner external structures (e.g., removal of topside clutter) is readily achievable through the use of composites technologies. Efficient radar-absorbing structure (RAS) can be achieved using composites; but the material also must be suitably engineered/tailored to satisfy EMI and IR requirements. Integrated composite systems are a cost-effective way to satisfy emerging and future stealth requirements and are rapidly becoming the material of choice for topside structure. Current innovative prototype composite structures like the Advanced Enclosed Mast Sensor System (AEMS) and the Low-Observable Multi-function Stack (LMS) are paving the way to revolutionize topside ship structure in the future Fleet.

In addition to topside structure, composites are candidate structural materials for craft and ship hulls less than 300 feet long (minehunter/sweeper, frigate, corvette class, etc.) and steel/composite hybrid ship hulls greater than 300 feet long where composites would be used for the bow and stern, and steel would be used for the ship mid-body.

Composites will also play a key role in future submarines. However, until the fire, smoke and toxicity issues are adequately resolved, composites will be used primarily for external applications. Composites are being pursued for the bow dome, the lightweight wide aperture array, and the advanced sail as technology insertion bundles for the Virginia Class. The Division, under ONR and DARPA sponsorship, has developed a scientific and technical (S&T) knowledge base on thick-section (1-inch and greater) marine composites over the last 35 years for selected submarine applications, including pressure hull and non-pressure hull structure, control surfaces, sail, air flasks, dry deck shelter, shafting, and propulsion and auxiliary machinery components. Composites will be key enablers to achieve future modular submarine concepts, particularly for the envisioned interface module and payload container host structure, and for an outer hull in a double hull or wasp-waist configuration.

The technical risks and cost of composites must be reduced to levels acceptable to the designer before they can be used on a larger scale in naval vehicles. RDT&E efforts are continuing on thick-section marine composites including monolithic, stiffened, and sandwich systems. Unique materials processing and fabrication methods need to be developed so that they are suitable for shipbuilding and produce high-quality, low-cost ship structure and components.

Research is being performed on the flammability and elevated temperature effects of composites by addressing improved resins, advanced core materials, fire barrier materials, and fire-spread modeling. The E-glass/vinyl-ester resin materials system and the vacuum-assisted resin-transfer molding (VARTM) and its variations have emerged as the current base-line composite materials and fabrication methodology for shipbuilding. Research is continuing on advanced fibers, improved resins, and cost-effective processing/manufacturing methods. There are many S&T and RDT&E issues that need to be resolved in addition to flammability and affordable materials and processing before composites can be used to their full potential. Some of these technical issues include developing a greater scientific understanding of deformation and failure mechanics/fracture toughness. Also critical static, dynamic and non-
linear material properties including long-term environmental behavior/durability must be characterized. In addition, structural design/analysis tools must be developed to ensure structural integrity of metal-composites joints and connections and to be able to design advanced multifunctional and smart materials into future structural configurations. Reliable quality assurance methods (non-destructive evaluation techniques) to support structural integrity assessments and material variability also must be developed in a fieldable system.

Other Materials Technologies

In addition to marine structural materials, the Division conducts research on advanced materials and processes for naval vehicle propulsion and auxiliary machinery and functional applications. Machinery materials systems include metal alloys; metal matrix composites; non-metallic materials and corrosion; and wear-resistant and antifouling coatings for propulsors, shafting, seals, piping, and other non-nuclear hull, mechanical, and electrical (HM&E) systems components. Advanced materials are needed to enable future propulsor designs to meet increas-ingly more demanding hydrodynamic and hydroacoustic performance requirements. The current material of choice for propulsors has been Ni-Al bronze, but its mechanical properties will soon become limiting and will require higher strength-to-mass (yield strength greater than 50 ksi) propulsor materials to permit out-of-the-box design flexibility. Future propulsor material system options include higher tensile and fatigue-strength metallic materials, advanced composites, hybrid materials systems, and smart materials to meet reduced weight and acoustic performance requirements. Also, there is a need to develop an interactive design/ build rapid-prototyping manufacturing methodology to reduce the time and costs incurred to develop new submarine-class propulsor designs. Ongoing and planned future propulsion machinery materials efforts include leachable core casting technology, elastomer encapsulated steel propulsor spar, high-speed machining, TiC-bronze metal matrix castings, laser cladding, electroslag surfacing, non-phase and amorphous metal coatings, titanium super plastic forming diffusion bonding (SPFDB), and laser-forming and LBM technologies.

Functional materials satisfy either a single function or can be tailored and optimized to satisfy multiple functions. These materials include signature materials, paints, coatings, smart materials (electrical actuators and sensors), and corrosion control technology. The Division has conducted research on magnetostrictive materials for naval ship applications for many years. The Terfenol-D alloy, which was invented by our materials scientists, has been used in sonar transducers, vibration control actuators, and high-torque motors. Future research is aimed at increased displacement (striction) and lower hysterisis effects. Higher performance magnetostrictive materials will be used in sensors for structural health monitoring, in electrical actuators for active and passive damping, and in integral structural and sensor functions. Lightweight, compact electrical actuators of various types eventually will replace bulky and heavy hydraulic actuation systems while removing hazardous materials (hydraulic fluids) from the ship. Signature materials efforts include enhanced broadband performance in the marine environment, extended life/durability, and affordability (material costs, large-area coverage/ installation and maintenance costs) for acoustic and non-acoustic materials. Non-acoustic materials include appliqués, paints, coatings, and tailored sandwich composite materials for applications above the waterline.

Corrosion control technology is a high priority interest area for the Navy because corrosion affects all seaborne vehicles. Marine corrosion degrades metallic materials, reduces the availability of equipment and machinery, and results in costly maintenance. Corrosion is believed to be the single largest cost driver to Fleet maintenance, amounting to about 25% of the maintenance budget with an overall total cost to the Navy estimated in the range of $2 billion per year. Effort is required to develop new corrosion-resistant materials, new coating application techniques, materials resistant to environmental cracking, advanced preservation coatings, and improved cathodic protection systems. Greater scientific knowledge is required to understand the controlling mechanism(s) and to develop a means to detect, describe, predict, and prevent corrosion, environmental cracking, and oxidation in shipboard systems. The development of predictive methodologies coupled with in-place sensor technology is imperative to meet these demands. In addition, efforts are underway to develop extended life-preservation and antifouling coatings, sensors to monitor coating degradation in remote limited-access areas (e.g., tanks and voids), antifouling coatings for high velocity flow areas (bow stems, rudder, struts, sea-chest grating, propulsor components, etc.), and underwater application methods. Other current efforts include metal-sprayed 50Ni-50Cr alloys for incinerators, advanced high-strength fasteners (yield strength greater than 150 ksi), and low-volatile organic compound coatings.

The Division’s accomplishments in structures and materials have led to a myriad of increased naval capabilities in the past and will continue to contribute to revolutionary changes in naval platform systems in the future. Ultimately, structures and materials provide a sound foundation to enable enhanced technologies for the fully capable ship of the future.
Resolving Oil Pollution Abatement
Problems in the U.S. Fleet
By Leslie Spaulding
PHILADELPHIA-For the past five years, high capacity oil/water separators (OWS) have been installed on the Fleet’s larger platform ships, such as LHAs, LHDs, and CV/CVNs. These systems were integrated with pre-existing oil pollution abatement (OPA) systems using guidelines from previously installed surface combatant OPA installations. However, tank and piping configurations onboard large hull classes can differ significantly and present unique integration problems. 

Numerous design, integration, operational, reliability, and maintenance issues associated with this higher capacity OWS have been identified and documented by the Environmental Quality Systems In-Service Engineering Branch (631). These systems, known as the C-50 and C50/RF01 OWS, have also shown that many OPA system and subsystem designs that appear viable on paper actually become problematic when installed and operated on ships.

Complicating the situation was the Navy acquisition of a commercial-off-the-shelf oil content monitor (OCM), that was being installed on large platform ships at the same time of the OWS installations. This monitor also presented very significant reliability problems.

“The Navy was using an oil content monitor and an oil water separator that were essentially commercial-off-the-shelf equipment with little at-sea time,” said Code 631 branch head, Rick Ruediger. “The ships started to immediately have significant certification problems, and ultimately operational reliability problems. The separator had a number of components that didn’t hold up in the marine environment.”

Ruediger continued, “While we continued to go onboard the ships to certify the installations to ensure the ship could operate the systems within the NAVSEA certification requirements, we continued to discover problems associated not only with the separators and the monitors but with the integration of those equipments with the rest of the system, including oily waste holding tanks (OWHTs) and tank level indicators, receivers, and switches. The alteration put the equipment on the ship and piped it up to those systems. It didn’t really integrate it with the rest of the system.”

Complicating the matter further was the fact that these separators use vacuum- pumps that draw the fluid through the separator. The plates in the separators also require cleaning approximately every six months, which poses a problem for the Fleet Sailor. Once the cleaning process was complete, the Sailor would have to reseal the separators properly for the vacuum to work. In many cases, the OWS system gaskets were failing before the OWS was ever taken down for routine maintenance. 

The aircraft carrier community (COMNAVAIRLANT/PAC) nominated the system for top management attention/top management issues (TMA/TMI). This brought significantly more attention to the problem and enabled resources to be made available to address the problems more rapidly. In response to the Fleet problems, SEA 05M4 direction and the TMA/TMI working group, Code 63 proposed changes to the system to make it much more reliable without impacting the overall performance of the system. Although the changes to the systems in the Fleet were originally programmed for installation in POM 04, NAVSEA requested Code 631 to build a test site to prove the changes would work. Planned installations of these modifications would not be formally programmed until successful demonstrations of these changes were completed.

“We were tasked to build a test site and conduct tests in the laboratory to determine if our proposals would work,” said Ruediger. “Additionally, SEA 05M4 and 05MR tasked Code 63 to execute three shipboard demonstrations on the LHD 1, CG 47, and DDG 51 Classes.” These shipboard demonstrations will follow the land-based laboratory T&E of the system improvements in FY 03.

Oil Pollution Abatement Test Site

The Oil Pollution Abatement Test Site, located in Bldg. 1000, was designed as an integrated oil pollution abatement system rather than simply an oil/water separator installation. It integrates the oil/water separator and the oil content monitor, all the control valves, and the self-cleaning strainer—all designed to reduce overall system maintenance and interface from the Fleet Sailor to reduce the manning requirement. It also incorporates alternative tank level switch technology. The entire system is being controlled by a programmable logic controller (PLC). The PLC will essentially handle the full operation of not only the separator, but the flows from the oily waste holding tanks to the separator, direct transfer of bulk oil from the oily waste holding tank to the waste oil tank and all associated valves and even the OCM to a certain degree.

“We have also designed in a bypass, so we no longer process bulk oil through the separator,” said Ruediger. “There’s no reason to process oil that’s already separated. This has never been done before. Usually everything just flows through the system.”

Ruediger explained the separation process: “Essentially, the separator is a series of parallel plates typically with 1/4-inch gaps between them. In water, the oil droplet only has to rise a fraction of an inch for it to be separated out. In normal operation, we process from the oily waste holding tank, which has fluid that is being generated across the ship in bilge pockets and transferred by pumps to the oily waste holding tank. In the oily waste holding tank, you get some natural separation. An oil level is on top, and an emulsion layer is in the middle. At the bottom is a water layer with small oil droplets in it. This is the layer we want to try and process through this technology.”

The test site is versatile. “The beauty of the test site is that we can take this oil/water separator out and replace it with any other one,” said Ruediger. “The site really enables us to do the same kind of evaluation with any primary treatment technology that we want to employ.”

The test site was designed by Mary Lee, Karen Shull, Kevin Neaves, John Maloney, T.J. Nesbitt, and project engineers Stephen Hopko and Steve Lehman, who deserve a lot of credit, (all Code 631). Code 63’s contractor, GeoCenters, particularly Brian Trees, provided significant help in developing installation drawings and assisting in the C-50 test site design. GeoCenters also assisted in the development of the PLC, which has been turned over to the PLC designer/programmer, Bob Morsa (9556). The C-50 test site was built by Code 914 shop members: Irving Lamb, Walter Reed, Andrew Law, Michael Mallory, Gerard O’Keefe, Edward Berchik, Paul Jones, Richard Amaral, Craig Ercolani, Michael Sweeney (supervisor), William Citino (planner/ estimator), David Freshcoln (supervisor) Nazzarenvo Tomasetti (electrical engineer) and Larry Simons (631). Special thanks go to Ben Pigg (914), who participated throughout the construction evolution. “The shop got us through heavy mission readiness panel requirements,” said Ruediger. “They deserve a lot of credit. It was a tight schedule. Robert Schepis (631) and the Philadelphia Public Works Center (PWC) were also key in getting the site through the mission readiness panel.”

Testing

Under the guidance of team leader Tony Morales (631), Hopko, Maloney, and Lehman began testing at the Oil Pollution Abatement Test Site in May, shortly after passing the mission readiness panel. During the month of July, Code 631 engineers tested three pumps in a total of four configurations for their ability to transfer fluids from the OWHT to the OWS under variable tank and flow rate conditions (variable flow rate is a beneficial new design feature for these OWS systems). This testing was part of the pump selection phase of the overall system testing. Additionally, as part of the pump selection test phase, they quantified the impact of using a particular pump upstream of the OWS by measuring and comparing the OWS performance response (OWS effluent quality or oil content) when injecting different oil concentrations and oil droplet size distributions upstream of the pump. Based on these tests, Code 631 determined that the OWS could definitely be made into a pressurized system, eliminating the need for a vacuum and the maintenance problems associated with it.

During August, a Division-developed in-situ cleaning process is being tested. This method, developed by Codes 632, injects air and a bioaugmentation product, allowing the Sailor to clean the unit without taking it apart. Key to installing this process in the C-50 units are Steve Verosto and Mario DiValentin (both in 632), under the guidance of Mary Jo Bieberich (632), and Larry Murphy and Toby Cole (both in 634), under the guidance of Peter McGraw (634).

“We hope to extend the life of the unit substantially through this cleaning method,” said Ruediger. “This cleaning method requires that we modify the internals of the separator slightly. We’re testing that design this month, and hopefully we will be able to integrate it in future system designs. That will be a major reduction in maintenance costs.”

In September, Code 631 will be conducting PLC testing, as well as all the interface testing with various tank level indicator technology. The tests will include proofing-in the controller design and programming—all the “what if” scenarios. Once the PLC portion of the testing is complete, Code 631 will be operating all the other components to do the reliability and meantime between failure testing, cycling for thousands of cycles to ensure that the meantime between failure exceeds a typical deployment schedule.

Finally, an installation on USS Wasp (LHD 1) is currently planned for November. Following her availability, she will deploy, and the system will get its first true at-sea test.

“During the availability, we’ll be assisting the Norfolk Naval Shipyard in the design and installation of the system,” said Ruediger. “Before she leaves, we’ll do a final debugging of the PLC-any kind of interface problems we have with signals on the ship that might not have been detected in the lab.”
Coatings and Corrosion Facility
By Steve Murray and Jeffrey Duckworth
PHILADELPHIA—The Marine Coatings and Corrosion Engineering Branch (Code 624), Paints and Processes Branch (641), and Marine Corrosion Branch (613) comprise the Carderock Division team that provides comprehensive coatings and corrosion research, testing, analysis, and engineering support to the Navy. This article is the first of a series of three that highlights the facilities and programs conducted by these groups. 

Code 624 maintains and operates a state-of-the-art paints and coatings laboratory, which is located on the third floor of Bldg. 1000. The facility is comprised of a variety of static and cyclic corrosion testing apparatus and other equipment used for the analysis of coatings, materials, and corrosion preventative products that are used or being considered for military applications aboard Naval ships, submarines, or military ground vehicles. This facility is also the principle government site for quality assurance of all materials used for the submarine Special Hull Treatment (SHT) system. 

Full-spectrum services and analyses are performed for topside, interior, and underwater hull coating systems for naval vessels, HM&E component corrosion failure analyses, and for specialty military technologies such as Chemical Agent Resistant Coatings (CARC) for military ground vehicles.

In addition to a wide variety of smaller portable physical property test equipment, this facility houses the resources needed to test and simulate shipyard processes and technologies and in-service conditions. Major laboratory equipment includes:
· Environmental Chamber: For controlled atmospheres, a walk-in Thermotron Environmental Chamber with interior dimensions of 10' x 10' x 8' is available. This unit can operate at temperature ranges between -40°F to 160°F and a relative humidity range of 20% to 95%. The unit is fully programmable to allow temperature and humidity to be changed independently, as analysis conditions require. Short- or long-term exposures can be performed, and cyclic test programs can be implemented as required. This unit is ideal for conditioning materials prior to testing as well as simulating specific conditions for coating application (e.g., evaluating the effects of high humidity on coating performance).
· Corrosion Cabinets: Recently acquired, two Singleton CCT 10 Cyclic Corrosion Test Cabinets are used to provide fully programmable exposure to spray, fog, humidity, and temperature as required to meet analysis needs. Typical industry standard specifications implemented with these units include: ASTM B 117 for standard salt spray exposure, ASTM G 85 for modified salt spray that incorporates cyclic operation with variations in salt spray characteristics such as pH, and the General Motors Accelerated Corrosion test standard, GM-9540P which provides for a combination of cyclic conditions such as salt spray, temperature variations, humidity, and ambient environment. Code 624 engineers use these units to assess the relative corrosion susceptibility of both coated and uncoated materials—anything from coated panels to entire assemblies can be exposed—as well as evaluating corrosion preventative procedures (e.g., effectiveness of advanced lubricants on corrosion resistance).
· Ultraviolet Cabinets: Two QUV weathering units are used to expose coatings or materials to alternating conditions of condensing moisture (to simulate rain or dew) and ultraviolet light. Because the unit can be considerably more aggressive than sunlight, it is extremely useful for performing accelerated evaluation of the degradation of coatings and materials that may be moisture and/or light sensitive. While testing performed in this equipment is not generally able to predict the real-world life expectancy of a coating, it does provide effective screening to determine which coatings will be more susceptible to UV-induced failure in the field.
· Rheological, Thermal/Gravimetric, and Dynamic Mechanical Analysis and Equipment: This trio of equipment is used to probe the basic properties of coatings. Rheological analysis characterizes the flow properties of liquids when exposed to stress. Typical use includes the creation of flow curves that provide flow characteristics at different levels of shear. Thermal analysis is performed in tandem with gravimetric analysis—heat flow into or out of a sample is monitored while suspended from an extremely sensitive balance. This equipment is typically used to determine glass transition temperature, and pigment and volatile organic content of coating samples. Similar to rheological analysis, dynamic mechanical analysis characterizes the response of a solid material to stress. This equipment is often used to track the changes in physical properties (e.g., glass transition, modulus) of coatings after exposure outdoors or in weathering cabinets.
· Coating Application: Code 624 has the capability of applying coatings with a wide variety of processes—conventional spray, airless spray, high volume low pressure (HVLP), and powder coatings. Sprayed coatings are applied in a large, forced-draft spray booth with the same equipment that is used commercially to apply the coatings being evaluated. Powder coatings can be applied via electrostatic spray or fluidized bed. Conventional coatings are air cured or force cured in ovens as required. Parts for powder coating are preheated and cured in an infrared oven designed for this purpose. The capability allows Code 624 to maintain high standards for the application of coatings that are being evaluated. 


In conjunction with laboratory analysis, outdoor exposure is also utilized to provide a complete picture of coating performance and corrosion resistance. 

Historically, the coatings laboratory has been used to positively impact the corrosion resistance of military platforms. Projects completed include: 
· A cutting-edge study of the degradation mechanisms that lead to failure of military coating systems: As part of a tri-service team (Army, Air Force, and Marine Corps) funded through the Strategic Environmental Research and Development Program (SERDP), this project is aimed at understanding the origin and mechanisms of coating degradation as a key element to enhancing the development of novel coating systems aimed at reducing the frequency of costly and often hazardous stripping and repainting operations. The ultimate effect of the research will be reduced hazardous waste generation, increased asset readiness, and total ownership cost reduction. 
· A performance evaluation of shipboard label plate materials and attachment methods: Lost label plates and illegibility over time have become a major concern since label plates are used to designate compartment/passageway locations, equipment descriptions and operating instructions, etc. throughout a ship—quick identification of spaces is critical for shipboard damage control efforts. Label plate materials and adhesives were applied to steel plates coated with currently used bulkhead coating systems and subjected to environmental testing, which included cyclic salt fog, ultraviolet (UV)/weathering exposure, and temperature/humidity extremes to determine a viable combination of material and adhesive for improved performance.
· Evaluation of direct-to-metal primers for USMC tactical ground vehicles: The USMC desired a single coating which could replace four different coatings currently utilized to coat assets. A large number of candidate materials were screened using laboratory analysis coupled with Analytical Hierarchy Process (AHP) ranking to select the top performers for further testing. When testing is complete, a performance specification will be provided to USMC for a single coating that will eliminate hazardous waste generation and procurement costs, while providing baseline performance data for comparison to future testing results.
· Development of a low-volatile organic content (VOC) chemical agent resistant coating: As part of a tri-service SERDP team, Code 624 participated with the development of the topcoat used by the Army and USMC to allow decontamination of vehicles after exposure to chemical agents. This effort included the development of the coating, application, and subsequent removal. The final product is a low-VOC, extremely durable coating system that is being employed throughout the country. Awarded SERDP program of the year in 2000, the coating will greatly reduce the VOCs released by military coating operations, reduce the need for repainting, and allow effective decontamination of assets after exposure. 


The Marine Coatings and Corrosion Engineering Branch is available to conduct short- or long-term materials testing. The branch is experienced at developing specific test plans or non-specific analysis methods to suit evaluation criteria. 
2002 Technical Accomplishments
Last year was a banner year for technical support to our Fleet. Here are some highlights of the technical work performed by Carderock Division over the past year.

Signatures and Silencing

Carderock Division utilized the modeling capabilities of the Target Strength Predictive Model (TSPM) to provide signature estimates for new future payload concepts for the SSGN. This physics-based simulation software has proved to be a useful analysis tool for investigating a wide variety of active sonar problems for the Navy. Existing models for Los Angeles, Seawolf, and Virginia Class submarines were used in FY 02 to investigate ship design changes, life-cycle issues, and tactical signature scenarios for numerous sponsors.

We conducted verification trials of performance for a follow-on design of the Virginia lead-ship propulsor on the Large Scale Vehicle Kokanee (OSV 1) during 2002. The trial results showed the lead-ship propulsor to be the quietest submarine propulsor to date.

In 2002, our personnel executed a temporary installation of a Forward Area Combined Degaussing and Acoustic Range (FACDAR) in Bahrain’s Manama Harbor. The range was then activated and used to measure the acoustic, magnetic, and pressure signatures of the MCM 12, MCM 13, MHC 60, and a Pegasus Class Mark V special operations craft. The ships’ signatures were then used to determine their susceptibility to some common influence mines. Following some other tests, the FACDAR was recovered, repacked, and placed in storage to await the next activation.

Another project involved Closed Loop Degaussing (CLDG), which is a feedback control system that compensates for the changes in the MCM’s permanent magnetization based upon onboard magnetic measurements. Production systems have been installed on USS Gladiator (MCM 11) and USS Warrior (MCM 10) in FY 02, and two additional computer controlled systems will be installed on the forward-deployed MCMs in Japan in FY 03. The current plan is for performance of these two CLDG systems to be assessed, and additional systems may be procured and installed. The systems will enable the MCMs to maintain the minimal magnetic signatures that minimize the MCMs’ susceptibility to mines.

Hull Forms and Propulsors

The Division completed hydrodynamic performance trials onboard USS Greeneville (SSN 722) in September 2002, which was tested as a host ship for the Advanced Seal Delivery System (ASDS). The trials were conducted to validate model experiments and computer simulations used to predict maneuvering characteristics and the submerged operating envelope for a Los Angeles Class submarine configured with the ASDS onboard. The trial demonstrated that the host ship could maneuver safely with the ASDS onboard to delivery the special operations vehicle. These results will serve as an aid for designing and operating future submarines as host ships for delivering the ASDS.

Machinery Systems and Components

We completed temporary installation of a Newport News-developed 688 brine overboard water pressure exchanger aboard USS Oklahoma City (SSN 723). The Division’s contribution to this quiet, cost-effective potential replacement for existing Virginia Class overboard brine discharge systems was the development of an acoustic filter that would enable the pressure exchanger to meet the required noise goals.

The Division has the capability to conduct modeling and simulation of advanced electrical power systems using distributed heterogeneous computing. This process, developed by researchers at Purdue University, reduces the time to perform system analyses by a factor of 100. It can use a variety of computer simulation languages and maintains the proprietary nature of specific component models. We also teamed with industry to develop and demonstrate a network fragment healing topology for an electrical power distribution system. The same approach was used by the team to install a demonstration ship control system on the ONR YP demonstration craft.

Carderock Division developed a temporary alteration to remove the difficult to maintain high pressure air compressors (HPACs) from USS Miami (SSN 755) and replace them with commercial-off-the-shelf HPACs during an availability. This groundbreaking program was dubbed a “fast track technology insertion” effort. The entire program went from concept to shipboard operational testing in one year. The Navy benefitted from this program in a number of ways. The installation of an alternate design HPAC on a 688 Class submarine provides the Navy with a real-world test platform to demonstrate suitability of a modified COTS HPAC for submarine service. The program also provided valuable lessons that will be applied to future fast-track technology insertion efforts, allowing for integration of new technology solutions to improve the reliability and performance of HM&E equipment efficiently and cost effectively.

The Integrated Condition Assessment System (ICAS) is a rules-based expert system that pro-vides failure detection diagnosis, trending and trouble shooting capabilities. A recent inspection of a DDG provides an example of this process. The ship indicated to FTSCLANT that it did not want any inspection of its gas turbine engines. Because main propulsion and generator turbines have ICAS data available, FTSCLANT representatives were able to review the data prior to the visit and found evidence of a stall condition on one of the main gas turbines. Based on this, the ship agreed to restore the turbines to the agenda and the problem was validated. FTSCLANT’s report stated that review of ICAS full power data revealed higher than normal compressor discharge pressure on the engine in question, which could lead to a compressor stall. This condition will be monitored closely during the ship’s upcoming deployment. If this situation had not been detected, it could have resulted in a catastrophic and costly failure of the turbine while deployed.

Another system, the Integrated Communications and Advanced Network (ICAN) integrates carrier voice and data systems to provide enhanced digital communication and integration of new capabilities and existing analog technologies. ICAN builds upon a passive fiber optic cable plant. During an overhaul on USS Nimitz (CVN 68) completed this year, ICAN replaced voice and navigation distribution and enhanced the ship’s machinery control capabilities. Directorate 90 has been instrumental in the post-overhaul grooming of the system as well as working with PEO Carriers (PMS-312) in identifying the refinement of similar type systems and technologies to be installed on future carriers.

The CG 47 Class Integrated Ship Control (ISC) On-Board Trainer (OBT) program successfully produced a highly automated, realistic software-based training system and delivered it to USS Antietam (CG 54) and Great Lakes Service School Command. The trainer is packaged with the ISC to provide a fully integrated control system training tool. It allows the Navy warfighter to train while in port and underway, greatly increasing the effectiveness of training curriculum. The trainer serves as a key tool in projecting the CNO top priorities with respect to manpower, current readiness, future readiness, and quality of service.

Structures and Materials

A program to develop, evaluate, certify, and implement a new high strength steel grade, HSLA-65, for structural weight reduction in aircraft carrier construction is near completion. The Division, NAVSEA, and Northrop Grumman/Newport News Shipbuilding have been involved in the effort since 1995 to rigorously test HSLA-65 steel plate over a broad range of thicknesses, evaluate and qualify the welding of HSLA-65, and conduct large-scale tests of welded HSLA-65 structure to develop and validate design criteria.

The Division also successfully developed a composite prototype module and performance specifications for the future Improved Navy Lighterage System (INLS). This system is comprised of powered and non-powered floating platforms assembled from interchangeable modular components and will be used to transfer cargo between strategic sealift ships and the shore. A contract for low-rate initial production will be awarded by NAVFAC in the third quarter of FY 03.

Vulnerability and Survivability

The Division managed a multi-organizational, multi-disciplinary team in defining the most cost and schedule effective underwater explosive shock qualification process for the Virginia Class weapons handling module, torpedo tube and lockout trunk. Through these efforts, a multi-million dollar savings to the program over initial budget projections is being realized.

One of the Division’s goals is to improve methods for predicting the effects of weapon attacks. A milestone was reached when Version 1.0 of the Advanced Survivability Assessment Program was issued for use within the Division. It is an analytic model that can be used to predict the damaging effects of weapon attacks both in air and underwater.

Environmental Quality

Carderock Division has developed a semi-automated ship hull painting system. The Automated Paint Application Containment and Treatment System (APACTS) is designed for use on ship hulls in drydock and can apply both epoxy anticorrosive and copper-based antifouling paints. The system automatically follows the surface contour of the hull and is designed to capture up to 95% to 98% of the paint overspray, thus avoiding contaminating the drydock with heavy metal paint residue. It also applies paint more uniformly than human painters and has an improved transfer efficiency of paint to the surface. Full-scale shipyard painting evaluations are planned in FY 03 to continue system development. Shipyard deployment is planned for FY 04.

Carderock Division has teamed with the Tennant Company and the Fleet to apply water jet, vacuum recovery, and water separation/recycling technologies to the cleaning of flight and hangar decks on air- capable ships. With these technologies, the Navy will realize a significant improvement in current cleaning methods resulting in a safer working environment for both the flight deck personnel and the aircraft. This technology will also enable the cleaning of flight decks pierside, thus eliminating potential contamination of local waters by weather deck runoff. An integrated test vehicle will be constructed for shipboard demonstration and evaluation in 
FY 03.

Design and Integration Technology

NAVSEA PMS 325 and Carderock Division teamed to provide rapid procurement, alteration, and sustainment support for a large number of boats and craft. These efforts resulted in more than 90 new boats delivered to the Fleet supporting ashore and afloat anti-terrorism/force protection. These craft are important Navy assets supporting Sea Shield and Sea Basing transformation capabilities protecting the Fleet worldwide.

Based on testing and documentation provided by the Division, the maintenance period for the existing 25-person Mk 6 life raft, the new 25-person Mk 7 life raft, and the new 50-person Mk 8 life raft has been extended from four years to five years. This eliminates the need for one 
maintenance cycle over a 20-year life cycle resulting in a total ownership cost savings of $28M based on an inventory of 8,000 life rafts.
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