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Since the early 1970's, there has been agreement that the Defense Department's Test and Evaluation (T&E) policies would apply differently to ships. While the principles of "try-before-buy" apply, there are some notable differences between the T&E programs for ships and those for weapons systems acquisition programs. This article describes those differences, particularly with respect to Operational T&E (OT&E) and Live-Fire T&E (LFT&E).

TRY-BEFORE-BUY

The "try-before-buy" policy has been the essence of the Defense Department's acquisition program management. In a systems acquisition program, the development proceeds to the point of building one or several prototypes or engineering development models (EDMs) and then testing them to ensure that the technical and operational requirements have been met. Once system prototype testing is satisfactorily completed, then the item can proceed into production, provided all logistics and programmatic areas are also in order. This approach applies in the same general way whether it's a tank, shipboard desalinator or a missile. But ships are different. Why are they different? If ships were to be procured the way other Navy systems are, then the lead ship of a class would be used as a prototype for the purpose of conducting T&E prior to approving construction of the follow-ships of the class. However, because of the time associated with the design and construction of a ship and the fact that little technical or operational risks are associated with the ship platform itself, it has been agreed that this prototyping approach is not necessary. In a typical Navy ship, it can take about five years between contract award of the lead ship and the time the ship itself would be ready to conduct an at-sea Operational Test. To delay the construction of the follow-ships five years would have a significantly negative impact on the shipbuilding program's costs and schedule. This extended schedule would only provide a negligible further reduction of already low risks that the ship won't meet its operational requirements, once deployed. The schedule extension would lead to substantially increased shipyard costs. The hiring and training of the appropriate numbers of highly skilled personnel is a mammoth undertaking for a shipyard. Significant time lags between production of the lead and follow-ships would result in the shipbuilder being forced to let most of his experienced workers go and rehire and re-train others when construction resumed. Also, the significant cost savings that are realized by quantity procurement of many of the ship's equipments would not be realized if this time lag were imposed. 

SHIP T&E

Shipbuilding is more of a production effort than an R&D effort. The performance risks are in the combat systems and electronics, and not the hull itself. Ship design engineering for almost all ships is well within the state of the art and will produce predictable results with a high degree of confidence. Ship performance (i.e., speed, endurance, size, buoyancy, and stability) is predictable. Also, technological advances in hull and propulsion systems are very gradual in comparison to the combat systems, which must be constantly updated to meet changing threats. While Navy does not prototype most of its ships, it does nevertheless meet the spirit and intent of the "try-before-buy" policy. This is accomplished through Development and Operational Testing of the newer systems aboard surrogate ships and at land based test sites to support the initial ship production decisions. Developmental systems that are planned for installation on the ship have their own acquisition programs, and are tested in factories, land based test sites, and on surrogate ships -- prior to being delivered to the shipyard for installation aboard the lead ship. Department of Defense (DoD) Instruction 5000.2 recognizes that ship acquisition program phases are different than those for systems. Ship design and construction phase terminology continues to be used instead of R&D phase terminology in ship program documentation, including the Test and Evaluation Master Plan (TEMP). Those phases are: Feasibility Studies, Preliminary Design, Contract Design, Lead Ship Detailed Design and Construction, and Follow-ship Construction.

In the 1970's, as shipboard electronic systems were becoming increasingly more digitized and integrated, the Navy started using ship land based test sites. These sites were utilized to reduce shipboard installation and testing problems as well as testing time during the intensive shipyard test period. In a number of cases, these land based test sites were also constructed for the purposes of conducting Operational Testing of the ship's integrated combat system to support the shipbuilding programs' production decisions. This was done in the cases of the OLIVER HAZARD PERRY (FFG 7 Class) Program, the AEGIS Cruiser (CG 47 Class) Program, and the AEGIS Destroyer (DDG 51 Class) Program. Integrated combat systems testing was conducted for the CG 47 Class and DDG 51 Class Programs at the AEGIS Combat System Engineering Development Site (CSEDS) in Moorestown, NJ, with very favorable results. Occasionally, when technical risk and complexity warrant the need, propulsion system land based test sites are constructed at the Naval Surface Warfare Center's Ship Systems Engineering Station, Philadelphia, PA. In addition to providing an excellent vehicle for early Operational Testing for a ship program (prior to testing of lead ship at sea), it identifies propulsion system technical problems to the program manager early. Problems dealing with systems integration, and propulsion control systems software and hardware problems, can then be corrected prior to lead ship installation. Propulsion system land based test sites were used for the FFG 7, DD 963, LSD 41, and DDG 51 Class Ship Programs.

Because there is little technical risk in the ship platform itself, most of the T&E is that associated with the ship construction effort, or Production Acceptance T&E (PAT&E). The two main phases of ship PAT&E consist of all testing conducted on the ship during construction, including Acceptance Trials, and the Post Delivery Tests and Trials (PDT&T). PDT&T are those tests and trials conducted for about a year after ship delivery which cover such items as systems certifications, guarantee corrections, and crew qualifications. The post delivery period is the ship's transition from the industrial period to a "War Ready" ship. When Operational Testing is required to be done, it occurs on the lead ship toward the end of this period, typically about 6 months after ship delivery. That Operational Testing is conducted primarily to confirm earlier test results rather than be an input to a decision to produce and deploy this class of ships. While almost all Navy combatant ship programs require Operational Testing, programs of non-combatants such as fleet oilers, repair tenders, and replenishment ships do not introduce major new systems and therefore, do not require Operational Testing. While these cases do not require Operational Testing, they still undergo extensive PAT&E.

PROTOTYPE SHIP PROGRAMS

There are rare exceptions to the conventional T&E approach to ship programs. When the design of a ship or craft involves a major technological advance in the hull or propulsion system, the lead ship is designed, constructed, and tested as an R&D effort. This was done in the case of the PHM 1 Class Hydrofoil Program. 

The lead ship was built as a prototype and underwent OT&E prior to the decision to procure the follow ships.

LIVE-FIRE TESTING IN SHIP PROGRAMS

Under the Live-Fire legislation, ships are considered "covered systems". In the case of other covered systems such as a battle tank or a Bradley Fighting Vehicle, Live-Fire Testing involves the actual firing of live munitions at these systems. Live-Fire of ships, however, does not include firing of live munitions at a ship configured for combat. There are simply too many variables and unknowns involved (infinite number of shot-lines, burst points, damage scenarios, and combinations of weapons and weapons effects) and limited extra knowledge would be gained at a huge cost. For ships, the intent of the Live-Fire Test policy is met through a combination of survivability and vulnerability modeling and analyses, ship shock trials, equipment/component shock tests, and surrogate tests. Most importantly, ship survivability features to protect against weapons effects expected to be encountered through the 30 to 40 year life of the ship, are designed into the ship from the earliest design stages and continue through the entire program's life. These design features are derived to a large degree from fleet operational experience and data including wartime battle damage reports and peacetime damage incidents from actual explosions/weapons encounters.

CONCLUSIONS

The ship acquisition T&E process does vary in many ways from the approach used in systems T&E. History has shown that the way ships are procured and tested is sound and works well. The Navy's shipbuilding program continues to provide an excellent product to the fleet. Superior ship and combat systems performance consistently shows that the process does work to provide ships that meet the nation's defense requirements. Whether it's in fleet exercises or in actual combat, the Navy's ships have performed their missions well. 

