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D I G E S T 
For many sophisticated weapon systems, the period after they begin production has proven to be as difficult as developing the weapon.  Cost growth and late deliveries stemming from problems on the production floor have consistently impeded attempts to field new equipment.  The additional time and money needed to produce the desired quantities of weapons routinely frustrate the budgeting and planning process.  (See p. 1.)

The General Accounting Office (GAO) reviewed six weapon systems in depth to illuminate some causes of early production problems and to outline actions which could help minimize their occurrence in future programs.  The programs reviewed were the Army's Copperhead projectile and Black Hawk helicopter, the Navy's High Speed Anti-Radiation Missile (HARM) and Tomahawk cruise missile, and the Air Force's F-16 fighter and Air-Launched Cruise Missile (ALCM).  Development and procurement costs for these weapons shortly before the review began totaled over $70 billion.  GAO's detailed work was conducted between January 1983 and January 1984.  (See pp. 5 to 8.)

WEAK PREPARATIONS DURING DEVELOPMENT

LED TO PROBLEMS IN PRODUCTION
The Department of Defense's (DOD) policy regarding production management states that production risks should be identified as early as possible, beginning with the first stages of development, and that these risks shall be reduced to acceptable levels before a production decision.  The policy also states that production engineering and production planning should be done throughout full-scale development; voids in production technologies should be identified and addressed; and before proceeding into production, contractors should demonstrate the capabilities to produce within cost and schedule.  Systems are prepared for production through a myriad of actions, which build continuously from the initial design until full production rates are obtained.  (See pp. 2 to 5.)

In varying degrees, production preparations for the Copperhead, the Black Hawk, the Tomahawk, and the HARM programs were sporadic and underfunded and were largely compressed into the late stages of development and early production.  As a result, these weapons encountered significant difficulties when production was attempted, which resulted in increased costs; delayed deliveries; and slower attainment of higher, more efficient production rates.  On the other hand, production preparations for the F-16 and the ALCM were thorough and timely.  Consequently, these two weapon systems entered production without delay and major cost increases.  (See pp. 9 to 16 and 20 to 27.)
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CONDITIONS OF THE DEVELOPMENT PHASE

STRONGLY INFLUENCED PRODUCTION PREPARATIONS
Several conditions of these weapons' development phases directly affected the manner and thoroughness of their production preparations.  These were:

--
whether pressures to achieve technical performance requirements dominated the development phase,

--
whether sufficient program management attention and staff resources were devoted to production concerns, and

--
whether funding and quantity stability permitted early and serious consideration of production matters during the development phases.  (See page 16 and pp. 30 to 41.)

THE COPPERHEAD AS AN EXAMPLE
The Copperhead illustrates the relationships between production experiences, production preparations, and factors influencing the preparations.

Production planning was started nearly two years after full scale development (EMD) began.  By that time, the basic projectile design had already been established, leaving little room to introduce changes in the interest of producibility.  Several untried production processes were not studied to see if they could produce components meeting specifications.  Efforts to demonstrate production capabilities took place primarily after the production decision.  Only one manufacturing technology project was completed by the time production began.  Rather than phasing in production tooling and equipment gradually, all the tooling and equipment required for the full production rate of 700 projectiles per month were purchased up front.  (See pp. 24 to 27.)

The Copperhead experienced significant production difficulties as a result of having to demonstrate most of its production capabilities in the production phase.  For example, the process used to strengthen the projectile's steel control housing did not work as planned and required an additional machining process, among other measures, to produce the housing correctly.  This was a new process which was not tried before production.

As a result of these and other production difficulties, actual manufacturing labor hours exceeded estimates by 50 percent.  The contractor was able to deliver only about half of the 2,100 projectiles required under the first production contract.  Unit procurement costs during the first years of production grew from $21,700 to $33,300 per projectile in constant fiscal year 1983 dollars.  (See pp. 10 to 11.)

Key conditions during the Copperhead's development prevented production preparations from being more effective.

First, the Copperhead was a technical challenge--its sophisticated electronics and optics had to withstand the tremendous pressures of cannon launching.  Technical concerns associated with this complexity and related technical problems, combined with the fact that the program's success depended on the projectile's technical performance, drew attention away from longer term production concerns.

Second, total planned production quantities dropped, which led to a significant drop in peak production rates.  Although 700 units per month had been planned throughout most of development, rates did not exceed 233 units per month through the end of 1984.  This lower rate has proven inefficient for the sophisticated tooling purchased for much higher rates.  Also, cost growth due to technical problems and funding delays reduced the number of projectiles built for testing and contributed to the low level of funding available for production preparations.

Third, according to representatives from the Army and contractor program offices, there were not enough production engineers during the development phase to properly prepare for production.  (See pp. 33 to 38.)

MORE FAVORABLE CONDITIONS ENABLED A SMOOTHER

TRANSITION TO PRODUCTION IN THE F-16 AND ALCM
While neither the F-16 nor the ALCM program has been free of problems in production, both programs met delivery schedules and built up to peak production rates as planned.  (See pp. 15 and 16.)

Features of the F-16's and ALCM's development enabled a more balanced treatment of near-term technical concerns and long-term production concerns.  These gave rise to strong production preparations by DOD and the contractors which reduced major production risks in development and met DOD's requirements for timeliness and thoroughness.  Both programs experience fewer technical difficulties than the other systems and had stable funding and production quantities, as well as production-oriented program offices at the service and contractor levels.  Each program had sufficient resources to provide for substantial demonstration of production capabilities during the development phase.

Perhaps the key feature of the F-16 and ALCM programs was that each had unusual characteristics which provided the stimulus and proper environment for good production preparations.  The goal of the F-16 program was to develop a low cost fighter.  The low cost emphasis enabled the prime contractor to avoid risky design features and to develop a design which did not outstrip existing production capabilities.  Further, once established, the design remained unusually stable due to the participation of four European countries in the program, which had to agree on any design changes.

The ALCM enjoyed the top national priority when the B-1 bomber program was first canceled.  Consequently, strong emphasis was placed on meeting the fielding date and

achieving the peak production rate on time.  This was complemented by the competition between two contractors during ALCM's full-scale development, which stressed demonstration of production capabilities as well as technical performance.  (See pp. 31 to 33 and pp. 37 to 40.)

PRODUCTION READINESS REVIEWS CAN BE USED

TO HELP MANAGE PRODUCTION PREPARATIONS
How production readiness reviews--formal examinations required by DOD to assess whether a weapon is ready for production--were employed also distinguished the F-16 and ALCM from the other weapons reviewed.  In these two programs, such reviews were conducted regularly during development; each review marked progress to date and identified areas for more work.  In this manner, the reviews became tools for managing production preparations and facilitated reducing production risks.

In other programs, production readiness reviews were not begun early enough or conducted regularly to help manage production preparations.  (See pp. 27 to 29.)

REVISED DOD POLICIES SHOULD IMPROVE

PRODUCTION PREPARATIONS IN FUTURE PROGRAMS
DOD has taken an important step toward better preparing weapons for production in the form of two directives signed by the Secretary of Defense in January 1984.  Together, they call for the balanced treatment of production preparations with other technical demands during development, increasing the consideration given to production preparations at major milestone decisions, and providing the funding and staffing to carry them out adequately.  If successfully implemented, these initiatives should contribute substantially to ameliorating future production problems in weapon systems.  (See pp. 42 to 43.)

CONCLUSIONS
On the basis of the six programs reviewed, GAO believes that specific actions should be taken by DOD and the services on a program-by-program basis which would help implement DOD's revised policies.

In those six weapons reviewed, the degree to which technical performance concerns could be balanced with production concerns was directly affected by (1) the technical requirements of the weapons, (2) the structure of competition between contractors during development, and (3) the weight given to production concerns at subsequent program decisions.  To maintain balance between technical concerns and production concerns in future weapon system developments, DOD should pay particular attention to these elements which can stimulate or stifle the effectiveness and extent of production preparations.

During the course of development, several factors--in particular the design instabilities arising from a high technology design, changes in technical requirements, and quantity and funding fluctuations--can hamper production preparations.  When the introduction of such factors is being contemplated in future programs, their effect on production preparations should be recognized and the production risks they carry explicitly assessed to enable better informed decisions to be made.  When such factors cannot be avoided, actions should be taken to compensate for the attendant production risks, such as instituting a pilot production phase or building more slack into the production schedule.

In the six weapon programs reviewed, production readiness reviews were more effective when conducted at intervals during development to help manage production preparations.  Although DOD instructions call for these reviews to be time-phased efforts spanning full-scale development, they were not conducted in this manner in all six programs.  In future programs, DOD should ensure that production readiness reviews are employed as a tool for managing production preparations and that they are begun early and conducted regularly during development.  (See pp. 44 to 46.)

RECOMMENDATIONS
On the basis of the six programs reviewed, GAO recommends that the Secretary of Defense take the following actions to help implement DOD's new directives and improve production preparations in future programs:

--When establishing those elements of a new weapon system development program which directly affect the balance between technical concerns and production concerns, such as technical performance requirements and the terms of competition, ensure that at the same time provisions are made to induce an adequate level of production preparations, to be conducted early and continuously throughout the weapon's development.

--Ensure that when contemplating decisions which have known production risks in weapon programs, such as those regarding requirements changes and funding reductions, decisionmakers explicitly assess these risks before making decisions.  Where decisions of this type are necessary, take such compensating actions as are practical to lessen their effects on production.  These actions could include instituting a pilot production phase; building more slack into production schedules to allow for problems; or having a two-staged production decision, both before entering production and again before going to a high rate.

--Employ production readiness reviews as a tool for managing production preparations to progressively reduce production risks, beginning early and repeating them at intervals during full-scale development.

DOD AND CONTRACTOR COMMENTS
DOD concurred in GAO's findings and recommendations.  DOD believes the production initiatives described in the January 1984 directives are important and have received wide dissemination and emphasis through incorporation in the Defense Acquisition Improvement Program, implementation of the President's Private Sector Survey on Cost Control recommendations, and inclusion in the defense guidance on preparation of the annual defense budget.  DOD officials believe they have made progress since the directives were issued.  DOD officials realize that for the most part, the task of implementing the production initiatives through specific actions on future weapon systems, program-by-program, remains ahead.  GAO's recommendations are aimed at such actions, to help implement the policies called for by DOD's directives and instructions.

DOD recommended that it’s two new directives, "Defense Production Management" (4245.6) and "Transition From Development to Production" (4245.7) be included verbatim in the report.  GAO agreed and included them as appendixes IX and X.

DOD suggested that the report highlight the benefit of concurrent development and production in some of the cases GAO studied since it provided more opportunity to attend to producibility matters early in development.  GAO did find that initiating production preparations early and conducting them concurrently with other development activities enables more informed production decisions to be made and is consistent with DOD's requirements for production preparations.  This point has been amplified in the report.  However, this is not an endorsement of starting the production of units before they have been sufficiently and successfully tested.

DOD also suggested that some changes be made in the report in the interests of clarity and accuracy, which GAO has incorporated as appropriate.

Five of the six prime contractors commented on this report.  They generally agreed with the report's overall conclusions and recommendations.  They suggested some changes to the discussions of their respective weapon systems, and these have been incorporated as appropriate.  (See pp. 47 and 48.)

