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It's A Boat, It's A Tank … The Marine Corps EFV is Both
By Matthew V. Veazey
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An Expeditionary Fighting Vehicle enters the water during test exercises off the coast of Marine Corps Base Camp Pendleton, California, in October 2008. Photo by Private Daniel Boothe, U.S. Marine Corps.
In five years the Marine Corps plans to begin fielding its eagerly anticipated Expeditionary Fighting Vehicle (EFV), which stands to have as dramatic an effect on the Corps' expeditionary capabilities as the Harrier Jump Jet and the V-22 Osprey tiltrotor aircraft. 
A self-deploying, high-water speed, armored amphibious vehicle, the EFV will be capable of transporting Marines from ships located more than 20 nautical miles at sea to inland objectives. It will boast more than three times the water speed of the Amphibious Assault Vehicle (AAV7A1) that it will replace. Indeed, the 6- to 8-knot speed of the AAV7A1 limits the rapid mobilization of amphibious combat forces on land. The Corps first procured the AAV7A1 in 1972, and the technology will be more than 40 years old when the EFV is fielded. (See High-Tech Transport: EFV Sports Ceramic-Composite Armor and a Compact Diesel Engine.)
"It will have the speed and maneuvering capabilities to operate with main battle tanks on land. In addition, the vehicles can use bodies of water, such as oceans, lakes, and rivers, as avenues of approach and maneuver," said Emanuel "Manny" Pacheco, public affairs officer with the Marine Corps’ EFV Program Office in Woodbridge, Virginia. Pacheco added that a crew of three Marines will operate the armored, fully tracked infantry combat vehicle, which will have a troop capacity of 17 Marines with their individual combat equipment. 
More Than Seven Decades In the Making
When the first EFVs begin service in 2015, the Marine Corps will have accomplished something that it has sought for more than 70 years: to develop a versatile vehicle that will transfer combat forces from ship to shore quickly. The Battle of Guadalcanal in the Solomon Islands was a key Allied victory during World War II because it marked a turning point—Japan's stronghold in the Pacific Theater had reached its zenith and would now begin to decline. The campaign was also significant on an operational level because the Corps achieved its first-ever amphibious tracked vehicle landing when Marines set foot on the Japanese-held island on August 7, 1942.
"From those early beginnings amphibious operations have continued to define both the Marine Corps and our nation," said Pacheco. "In the past 25 years Marines have conducted more than 100 amphibious operations. Whether it's evacuation of American citizens in hostile environments, humanitarian response such as Haiti, or combat operations such as Desert Storm, the nation needs a ready flexible force to answer the call."
Pacheco explained that the Marine Corps needs to continue to develop and employ a complementary mix of capabilities that can initiate amphibious operations from over the horizon, go where the enemy is not, seamlessly transition from sea to land, collapse enemy anti-access defenses, and close the shore in order to rapidly build up combat or soft power at the objective. "The EFV will be the primary means of tactical mobility for the Marine rifle squad during the conduct of amphibious operations ashore," he added.
Controlling and Preventing Corrosion
The AAV7A1's slow water speed was not its only drawback. The vehicle also was prone to corrosion caused by water entrapment, primarily in the vicinity of its Enhanced Appliqué Armor Kit. Specific problem areas, which have all been remedied over the years, include: 
· The rubber used in the armor kit’s vulcanization process was porous and absorbed water, resulting in corrosion. The Marines corrected this problem by replacing the rubber with a low-moisture absorbent material. 

· The paint process used on exterior surfaces was inadequate for handing the demands of a marine environment. The paint process was modified to use inorganic zinc primer, which provides a salt spray resistance of more than 5,000 hours. 

· The crevices around inserts for mounting bolts and the edges of the laminated armor kit plates trapped moisture, allowing corrosion to form that resulted in severe delamination of the armor and loss of material. The crevices and plate edges have been sealed with polysulfide sealant to eliminate the entrance and trapping of moisture. 
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An Expeditionary Fighting Vehicle moves at high-water speed while undergoing cold-weather testing in Alaska's Prince William Sound. Photo courtesy of EFV Program Office.
Subra Bettadapur, lead engineer for Materials and Corrosion Prevention for the EFV Program, said the new vehicle integrates design changes that will avoid water entrapment. In addition, he noted that the vehicle's "robust production ready-paint system" contains significantly improved corrosion-resistant chemicals, primers, and paint. He added, "Continued effort is being made to prevent dissimilar metals usage, and where not possible, provide adequate protection to prevent corrosion."
Compared to its precursor, the EFV also will use more titanium and stainless steel for structural components. Other corrosion-resistant materials, including aluminum alloys, also are being used to protect against oxidation, reduce weight, and improve ballistic properties. 
"With regard to the welding process, friction stir welding, which has the potential for providing joint designs with superior strength, fatigue, and ballistic properties, but more significantly improved corrosion mitigation, is being developed specifically for EFV hull structures and is planned to be utilized for future EFV build," said Battadapur. "Also vehicle inspection, maintenance, and corrosion repair plans, and training methods, with repair kits, have been developed, and are being utilized to monitor and control in order to achieve significant corrosion prevention and control capability in the EFV."
Battadapur added that the EFV will boast impressive environmental credentials. It will not use conventional hexavalent pretreatment and paint primers and topcoats, which are carcinogenic. "Extensive testing of the pretreatment chemicals and paint primers and paints was performed, and aerospace-quality chemicals and methods were selected," he recalled. Three of the coatings selected include NAVAIR-developed trivalent chromium pretreatment, the corrosion preventive compound Navguard, and highly corrosion-resistant non-hexavalent primer and topcoat. 
"In addition, titanium inserts were coated with a ceramic coating and used," Battadapur said. "Also, significantly superior Electro Magnetic Interference seals and method of sealing, and conductive paint were used. "Water traps were eliminated through the use of improved seal materials and proper sealing techniques, with double environmental seals and 'enclosed' EMI seal, preventing contact with water. All these changes and improvements helped achieve superior corrosion prevention and control for the EFV."
Easier To Service
From a maintenance and repair standpoint, the EFV should be quite forgiving—an important consideration for a vehicle designed to operate in combat situations. "In the field, the EFV is designed to be much more modular than the AAV, allowing for Line Replaceable Units to be quickly swapped out once the on-board diagnostics systems have helped the maintainer to identify the problem," said Pacheco. He also pointed out that the EFV will take advantage of a Class 5 Interactive Electronic Technical Manual operating from a hardened laptop (portable maintenance device). The electronic manual will interact directly with the vehicle's diagnostic and health monitoring sensors to walk the troubleshooter through the process of quickly isolating and identifying one or more faulty components. 
"The system has a requirement for maintainers to be able to swap out these modular components in an average time of 1.5 hours or less using standard Marine Corps tools, enabling vehicles to get repaired and back into the fight more quickly than their predecessors," Pacheco continued. After every six years or 900 hours of engine operation, the EFV will need to undergo a vehicle depot-level overhaul. A Condition-Based System Sustainment (CBSS) program, which is based on condition-based maintenance concepts, will provide proactive guidance to maintenance and repair personnel during overhaul periods. The AAV, by comparison, uses a reactive Inspect and Repair Only as Necessary depot maintenance program.
"A major advantage of CBSS is significantly reduced depot repair cycle times," said Pacheco. "By continuously collecting maintenance data being captured by vehicle health monitoring hardware/software such as embedded sensors and the Embedded Logistics Administration System, upgrades and repairs can be optimized to the specific condition of each vehicle."
During Tech Refresh/Insertion events conducted between depot periods in the field or in garrison, each EFV will receive a detailed technical inspection that includes removing the armor panels. Such inspections will provide yet another opportunity to observe any corrosion problems that may arise. "During Depot Refurbishment, each vehicle is stripped-down to the space frame where every inch can be inspected," added Pacheco. "Spare space frames will be pulled from inventory to expedite the refurbishment process and worn space frames will be restored off the repair line and returned to inventory."
Building On A Proud Legacy
Since Guadalcanal, the Marine Corps has repeatedly demonstrated its ability to successfully execute amphibious missions. The EFV will significantly enhance this capability by facilitating the delivery of combat power ashore rapidly from over the visible horizon, said Pacheco. He added that the vehicle embodies the Corps' flexibility in responding to new combat challenges.
"In the 21st century threat environment, the capability for the Navy-Marine Corps team to initiate ship-to-objective maneuver from distances far off shore that provide both force protection to the sea base and surprise for the landing force will be central to the EFV's legacy," Pacheco concluded. "Additionally, along with that amphibious mobility, the EFV's day and night lethality, enhanced survivability, and robust communications will all substantially improve joint force capabilities."
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