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Abstract

In 1976, a group of United States Air Force and United States Navy fighter aircraft pilots
told the acquisition professionals of the Armament Development and Test Center at Eglin
Air Force Base in Florida the operational requirements for a new, lightweight air-to-air
missile. They dreamed that the engineers and scientists of the US aerospace community
could put an entire radar system more powerful than most aircraft radar into a 7 inch
diameter, and that the resulting missile would let them launch multiple missiles at multiple
enemy aircraft from beyond visual range. As of March of 1994, the operational forces
have received over 3,000 missiles that surpass all expectations in performance and
reliability.

This thesis is a case study of the acquisition strategy and Government organization that the
Department of Defense used to acquire the AMRAAM system. The AMRAAM program
is explained and analyzed from a managerial perspective from the genesis of the
operational requirements until March of 1994. Positive and negative lessons-learned, as
well as critical programmatic issues, are described for research and development,
introduction of production competition through a leader/follower technique, pre-planned
product improvements to sustain system performance well beyond the year 2010,
management in the joint-service environment, and multi-national participation.

The thesis concludes with alternative acquisition strategies that the Air Force has for the
AMRAAM program. The road to AMRAAM's success as a program was long and
difficult. Current and future Department of Defense programs will be benchmarked
against the AMRAAM accomplishments.

Thesis Supervisor: Dr. Janice Klein
Title: Visiting Professor of Management
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MASSACHUSETTS INSTITUTE OF TECHNOLOGY
SLOAN SCHOOL OF MANAGEMENT
SLOAN FELLOWS PROGRAM

Thesis Title: Critical Examination of a Complex and Critical Major Acquisition for
the Departmert of Defense- The Advanced Medium Range Air-to-Air Missile
(AMRAAM)

1.0 Introduction and Backgreund

The US Department of Defense (DOD) has attempted to employ multi-faceted
acquisition strategies to obtain advanced systems necessary to meet the requirements of
the operational forces world-wide. DOD acquires many such critical systems each year
that amount to billions of dollars of procurement. The strategies to acquire these systems
are built on lessons-learned from previous acquisitions, on the laws and regulations
governing the Federal sector, and on executive policies that are used to shape
implementation of these laws and regulations by acquisition organizations. These
strategies are relatively complex, are long-term in nature, undergo an excruciating review
process before and audit process during/after execution, and are typically impacted during
their execution by external events beyond the control of the acquisition organization.
Even with this complex and sometimes overbearing process, many of these acquisition
strategies have proven to be very effective over time. One such acquisition strategy was
developed for the Advanced Medium Range Air-to-Air Missile system, also known as
AMRAAM. The AMRAAM program is a progressive example for best practices and
success during the late 1970's until today. As with any complex acquisition over a 15 year
period, we can also look back at the challenges that the program faced, the success (or

non-success) with which they were handled, and how the challenges and disruptions to the
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program might have been avoided. This thesis will be a critical case analysis of the

AMRAAM system acquisition strategy and execution.

The AMRAAM program contains many of the most complex acquisition

challenges that DOD and US industry face today. The program has the following

complexities:
e Multi-service use: AMRAAM is being used by the US Air Force and the US Navy.

e Multi-national use: AMRAAM is being acquired for many US allies.

e State-of-the-art design: The AMRAAM is the most versatile and operationally
effective missile ever to be introduced to the US operational forces. Due to its unique
capabilities (including its own active on-board radar system), AMRAAM has produced
a multiplier effect to US fighter aircraft effectiveness.

e Highly competitive acquisitions: Throughout the program, the USAF has stressed
competition. Unique to the AMRAAM program as a major weapon system, two
competitive sources for the missile were developed successfully through a
leader/follower program. Other elements of the system were also competitively
acquired, some successfully and some not as successfully.

e Value engineering: AMRAAM has successfully executed DOD's largest value
engineering program.

e Pre-planned product improvement (P31) program: AMRAAM has a very large and
active P31 program that will sustain its operational effectiveness well beyond 2000.

This thesis will explore the AMRAAM program historically and will examine
current planning. The thesis will investigate the management methods employed over the
program evolution, with particular emphasis on:

¢ Program planning, execution and oversight

e Organizational structures within the Government and US aerospace industry

e AMRAAM's Producibility Enhancement Program

12



e Second source development at the prime and subcontractor levels
e Cooperative (multi-contractor) pre-planned product improvement
e Technology transfer of design and manufacturing processes

The thesis will then review the alternative acquisition strategies available to the
Government for each major element of the program remaining, with special emphasis on
missile production.

Data has been obtained through interviews with Government and contractor
program personnel, review of program documentation and review of periodicals. It is the
intent of this thesis to provide key acquisition personnel from DOD and industry a relevant
weapon system case study that compares the management methods used in a current
complex US acquisition with new international methods used in commercial product
development and acquisition. It is further intended that this thesis will complement the

Lean Aircraft Initiative ongoing at MIT.
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1.1 AMRAAM Program Goal and System Description:

To understand the decision process that has occurred cn the AMRAAM program
and the issues the program continues to face today, it is essential that the program goal
and requirements of the system be understood. Out of context, many elements of the
strategy and the decision process cannot be fully understood.

The goal of the AMRAAM program has been to develop, acquire and support the
world's most effective air-to-air missile system for the United States tactical air forces and
important allies well beyond the year 2000. "Air-to-air" missiles are shot by fighter
aircraft to destroy or disable enemy aircraft in flight. The AMRAAM system is required
to operate in all environments faced by US and Allied operational forces throughout the
world. The AMRAAM system operational performance is required to provide US pilots
the stand-off range to attack enemy aircraft beyond the US pilot's (and his enemy's) visual
capability. Compared to potential enemy weapon systems as well as other US missiles,
AMRAAM has many other superior performance characteristics that are critical to its
operational users such as:

a. A radar system internal to the missile that allows the pilot to launch the missile

nd visual range and then maneuver fety. This feature is called "launch and leave"
and is a significant improvement over previous missiles, such as the AIM-7 Sparrow,
which require the pilot to continue to fly toward the enemy aircraft until missile impact.

b. A system that permits one fighter aircraft to simultaneously attack many enemy
aircraft at one time in a "multi-shot" mode that fires multiple missiles at specific targets.
This feature is known for its "multiplier effect” that allows one aircraft to be effective
against many enemy aircraft at one time.

c. An extremely versatile computer which is sophisti in defeating enem

electronic counter measures (ECM). In addition, the software used within the computer

may be updated to include new ECM defeat mechanisms developed by the enemy.
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d. Factory delivered as an "all-up-round"”, meaning that it is shipped fully

assembled (less control fins) and is immediately ready to be loaded onto the aircraft for
combat out of its shipping container. Previous missiles required assembly and testing
before being combat ready. This all-up-round feature frees ground personnel to perform
other critical tasks and lowers the required level of technical expertise in the field to
successfully employ the system.

e. Much improved system reliability, which translates not only to operational
effectiveness in combat, but also to improved maintainability, availability and logistics
supportability.

The AMRAAM system consists of the basic missile (military nomenclature AIM-
120), the missile rail launcher, and associated training and support equipment. The AIM-
120 is a follow-on to the AIM-7 missile. The AIM-120 is faster, smaller, lighter and has
the many increased performance features described above.

The missile rail launcher (MRL) is the complex electromechanical device that
physically attaches the missile to the aircraft before launch. The MRL has the requirement
to be compatible with two basic types of missiles: both the AMRAAM (AIM-120) missile
and the Sidewinder (AIM-9) missile. The MRL is also required to be compatible with
many aircraft types such as the Air Force F-15's and F-16's, as well as the Navy F-14's and
F/A-18's. To accommodate these aircraft varieties, three versions (configurations) of the
missile rail launcher are required.

There is other important equipment related to the AMRAAM system. For
example, the support equipment includes the missile "built-in test" set which allows for the
majority of the missile's functions to be safely checked out in the field with ease and with
minimal technical expertise. Load/training missiles simulate the missile in physical
characteristics and interfaces to allow load crews the opportunity to train and remain
proficient without exposing the actual missiles to accidents. Examples of other handling

and loading equipment include the missile containers which house up to 4 missiles each,
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and the one-step loading equipment used by the Air Force to remove the missile from the

container and load it on the aircraft in one operation.

The AMRAAM Missile
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j j [ rocket motor ]\
f
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Figure 1.1
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1.2 Overall AMRAAM Program Approach

The AMRAAM development strategy was the first Air Force program structured
in compliance with Office of Management and Budget (OMB) Circular A-109. This
strategy consisted of three development phases, with the number of competing contractors
being reduced for each successive phase. Phase I, the Concept Definition Phase, consisted
of preliminary development efforts by five competing contractors. These contractors were
Hughes Aircraft Company, Ford Aercspace company, Northrop Corporation, General

Dynamics Corporation, and Raytheon Company.

AMRAAM Competitive Acquisition Strategy
Followed GMB Circular A-109

Concept Validation Full-Scale Production
Definition Development

Hughes \

Ford Aerospace Hughes nd Py

Hughes
Northrop Hughes g\
Raytheon Raytheon

Dynamics y
Raytheon / Follower

Figure 1.2
Two of the five contractors, Hughes and Raytheon, were selected to conduct the
33-month Validation Phase, Phase II, which included the fabrication and test of prototype
missile and launchers!. On December 11, 1981, Hughes Aircraft Company was selected

to accomplish Phase III, Full Scale Development (FSD). Raytheon was later selected (as

I'Validation Phase contracts were awarded to Hughes in the amount of $45,432,503 (Contract F08635-79-
C-0044) and to Raytheon Company in the amount of $39,094,140 (Contract F08635-79-C-0043) on 2
February 1979.
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will be described later within this thesis) to become the second source competitive
producer of AMRAAM.

In accordance with OMB Circular A-109, there were specific objectives of each
phase of development. These objectives were tailored to each program's distinct needs.
In AMRAAM's case, the Concept Definition Phase allowed each of the five AMRAAM
competitive comntractors to:

e Develop critical technologies peculiar to its concept

e Assess technological risks

e Explore the performance and cost sensitivity to requirements

e Conduct design performance specification iterations on conceptual designs

e Assess the commonality potential of its design with other anti-air requirements

e Solidify the design to be proposed for Validation Phase prototype flight
demonstrations

¢ Conduct Electronic Countermeasure (ECM), clutter, and multiple target/multiple
engagement analyses.

Each of the five Conceptual Phase contractors pursued these objectives with rigor. The

Validation Phase source selection reviewed the results of the Conceptual Phase studies,

tests and analysis, and down-selected to two competitors.

The Validation Phase program consisted of the preliminary development and test
of missiles, launchers, aircraft interfaces, carrier aircraft equipment, and support
equipment. The primary objectives of this phase were to:
¢ "Fly Before Buy" philosophy which meant that the Government would not make large,

protracted investments in systems during Full-Scale Development (FSD) and
production without reducing risk through prototype flight testing
e Prototype fabrication and testing of other critical system elements such as the missile

rail and eject launchers that attached the missiles to the various aircraft
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¢ Documentation of requirements to be used during FSD in system specifications, test
aircraft modifications, interface control drawings, and interface specifications.

Hughes and Raytheon competed head-to-head during the Validation Phase to propose and

demonstrate prototypes of the optimal design to carry forth into the next phase (FSD).

Hughes Aircraft Company's Missile Systems Group out of Canoga Park, California was

the winner of the FSD competition.

The Full Scale Development program had many objectives that were needed to
make AMRAAM a reality tc the users in the field. The program objectives were to:

e Fully develop a producible, supportable and affordable tactical missile that met all Air
Force, Navy and allied requirements

e Perform very extensive environmental and flight test qualification

s Conduct a comprehensive, combined Developmental and Operational Test and
Evaluation (DT&E/IOT&E) that would assure the operational community they were
receiving an effective and reliable design solution

e Total development of all system elements except for Class V modifications? to aircraft
and modifications to related aircraft armament system test equipment.

e Generation of a procurement data package with sufficient design disclosure to allow
competitive reprocurement of the missile, missile rail launcher and other system
elements through open competition

e Technology transfer of the missile design and unique manufacturing processes to an
eventual second source producer through a leader/follower program (to be described

Section 4.3.4)

2Class V modifications are changes such as wiring, avionics and software which are made to operational
aircraft to accommodate new systems such as AMRAAM. Since each aircraft represents a complex
weapon system, the actual Class V aircraft modifications to allow integration of AMRAAM were and are
the responsibility of the appropriate Air Force and Navy aircraft program offices. These modifications
were to be consistent with the interface specifications developed during the AMRAAM Validation Phase,
and updated during the FSD Program. The AMRA AM-generated carrier aircraft equipment
specifications were also used by the aircraft program office.
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The Production Phase of AMRAAM has consisted of an initial production phase
that began concurrently with the completion of development followed by the full-rate
production that came after competition was solidly in place. The degree of concurrency
between development and initial production, and between initial production and full-rate
production, was a major acquisition strategy issue that was debated throughout the
program and was driven by several factors. The first factor was that the production
contracting of weapon systems within DOD is normally done on an yearly basis. The
second factor that drove concurrency was that the production lead-time3 for AMRAAM
and other missiles was approximately 21 months during early production. A third factor
considered was that a break in the manufacturing line routine typically causes a program
to suffer production shut-down and start-up costs, as well as loss of reliability growth.
Thus, to prevent a break in the manufacturing line, the Government is required to order a
future lot of missiles before initiation of acceptance of the current lot. The AMRAAM
transition-to-production strategy was to provide a minimum break between FSD missile
deliveries and initiation of production deliveries through FSD/production concurrency.
Therefore, the Government planned for ordering long-lead components for Lot I missiles
(warheads, rocket motors, radomes and many more items) in November/December 1986,
concurrent with the completion of selected FSD tasks. The phrase most often used in the
program’s documentation was "The AMRAAM production strategy includes a manageable
degree of concurrency".*

The AMRAAM program employed a "leader/follower" strategy to develop a
competitive second source. Hughes was required to function as a "leader"” to transfer
technology through documentation and technical assistance to Raytheon as the "follower"

during FSD, a Qualification Lot, Lot 1 and Lot 2. The leader/follower initiative was

3The "lead-time" for production is defined as the length of time between a contract being awarded and the
first production unit of the lot being delivered.

4AMRAAM Milestone I Defense System Acquisition Review Council (DSARC) Decision Coordinating
Paper and Integrated Program Summary
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intended to provide full competition between Hughes and Raytheon for the missile
production program by the Lot 3/4 time frame.

A pre-planned "block" approach to missile hardware and software configuration
releases for production was structured to provide a means to continuously upgrade
performance capability. As an example, these updates provided Tape 3A software
configuration missiles for Lot 1 and Tape 4 missiles for Lot 2 and beyond. In addition,
implementation of producibility enhancement changes in FY86 were planned to allow cost
savings to be realized beginning with the Lot 2 missiles.

Missile production Lots 1 and 2 were directed splits between Hughes (as the
leader) and Raytheon (as the follower). These directed splits were designed to allow the
follower sufficient opportunity to qualify and be established as a true competitor prior to

attempting competition.

Hughes/Raytheon Split of Lot 1 Missiles

Raytheon=75
42%

Hughes= 105

Figure 1.3
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Hughes/Raytheon Split of Lot 2 Missiles

o 3o,

Hughes= 223

Figure 1.4
Lot 3 was acquired under competition but with limited success.

Hughes/Raytheon Split of Lot 3 Missiles

Raytheon=372

4%

0%

Hughes= 534

Figure 1.5
The JSPO determined that adequate price competition did not yet exist between the two
prime contractors based on the proposals received for Lot 3, which significantly exceeded
Government price projections. As a result, the Government requested certified cost and
pricing data, which was audited and negotiated to allow the Government to obtain a fair

and reasonable price.
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Subsequent to this Lot 3 source selection, technical problems on the program
arose concerning the reliability of the missile when being captively carried on the F-15.
Because relatively few missiles were to be acquired during Lot 4, effective competition
was not anticipated. As a result, the Secretary of the Air's Acquisition Executive
approved a determination that Lot 4 would be a directed split between Hughes and
Raytheon. The equally important reason for a directed split was to assure that the two
contractors would as cooperative as possible in joint efforts to identify, qualify and
incorporate necessary changes into each contractor's production line without interruption

or delay.

Hughes Raytheon Split of Lot 4 Missiles

Hughes= 450

Figure 1.6

Full competition occurred in Lot 5. The Acquisition Strategy Panel (ASP) on
May 9th, 1990, approved a Lot 5 competitive acquisition strategy with an option for Lot
6. The FY91 Appropriations Conference Markup approved the requested 900 missiles,
but appropriated only $815 million, which was $50 million less than the President's Budget
Request. This first competition resulted in Hughes being awarded 540 missiles and
Raytheon being awarded 270 missiles for a total of 810 out of the 900 authorized by the
US Congress.
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Hughes/Raytheon Competitive Split of Lot § Missiles

" Hughes= 540

Figure 1.7
The Lot 6 options were exercised on March 23rd, 1992, in which Raytheon was
awarded 490 missiles and Hughes 401 missiles for a total of 891. In addition, to take
advantage of the excellent prices that were available, another 90 missiles from the FY91
appropriation were added to Lot 6 in the same percentage as the basic option (50 to

Raytheon and 40 to Hughes). The final total awarded for Lot 6 was 981 missiles.

Hughes/Raytheon Competitive Split of Lot 6 Missiles

45%

Figure 1.8
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In Lot 7, a strategy similar to the Lot 5/6 competitive strategy was used to obtain
an option for Lot 8. A configuration change will occur in the deliveries of Lot 7 missiles to
an APREP Block II design, which will include extensive producibility changes. The new
configuration is known as the AIM-120B (versus the original AIM-120A) and will be
introduced in the later part of Lot 6. The FY93 Appropriations Act anticipated that Lot 7
quantities would be 1040 missiles (900 Air Force and 140 Navy). However, the language
of the act allowed the JSPO to acquire additional missiles if funding allowed. Due to the
success of the competition combined with producibility changes, a 25% cost
reduction occurred between Lot 6 and 7 and allowed the JSPO to purchase an
additional 100 Air Force and 25 Navy missiles. These added to 298 Foreign Military
Sales (FMS) missiles for a total of 1463 missiles in Lot 7.

Hughes/Raytheon Compelilive Split of Lot 7 Missiles

Raytheon= 614

42%

Hughes= 849

Figure 1.9

The Lot 7/8 solicitation requested the procurement of the AIM-120B version,
however the JSPO planned to modify the Lot 8 Call For Improvements (CFI) to
implement the AIM-120C Pre-planned Product Improvement (P3I) into production to
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facilitate the acquisition of the AIM-120C (P3I) version into Lot 9. The CFI provision
allowed the JSPO to sustain competitive pressures by allowing the contractors to make a
downward only adjustment to the Lot 8 option prices that were included in the Lot 7
contracts. Further, the contractors were given the opportunity to propose the number of
AIM-120C configuration missiles they would be willing to produce as part of Lot 8, and
to present a production implementation plan that would demonstrate their ability to
achieve the AIM-120C deliveries. (FMS would continue to be the AIM-120B
configuration.) The final mix of the US deliveries in Lot 8 was determined by an
evaluation of the risk associated with their ability to meet delivery schedule of the AIM-
120C's proposed, coupled with other more traditional selection factors such as cost,
performance and management. The Government anticipated that competing both
recurring and non-recurring costs would provide significant monetary and man-hour
savings compared to costs that would have been received through individual negotiations
with each contractor. The Call For Improvement (CFI) solicitation was issued on
September 1st, 1993, and was answered by contractor proposals on October 15th.

Lot 8 quantities were planned to be approximately 793 missiles (725 Air Force
operational missiles, 24 Air Force Seek Eagle program for aircraft integration testing, and
44 Navy) in the FY94 President's Budget. In addition, signed FMS cases for the UK,
Norway, and Turkey brought the Lot 8 anticipated quantity to 1023.

The Lot 8 competition was even more effective than anticipated. Lot 8's
missile price reduction was an average of 23%, which was again very impressive after the
Lot 7 25% reduction the preceding year. The average unit price declined $87,000 per
missile, down to 299,000 in the Lot 8 1994 buy from the $386,000 unit price in Lot 7's
1993 buy. Much of this success was due to Raytheon being awarded 769 missiles (60% of
the total buy) at a unit price of $254,546 for operationally configured US missiles. Of
these 769 Raytheon missiles, 120 are for Foreign Military Sales: 12 are destined for
Turkey, 66 for the United Kingdom, and 42 are for Norway. For the US, 604 missiles are
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for Air Force consumption, and 45 missiles are for the Navy. Hughes was awarded 40%
of the buy which amounted to 513 missiles at an average air vehicle recurring cost of
$367,153. Both contractors also provided a 10 year warranty, virtually unheard of in

weapon system procurement until recent successes on the AMRAAM program.

Hughes/Raytheon Competitive Split of Lot 8 Missiles

Raytheon= 769

Hughes= 513

Figure 1.10

The outstanding resulis of AMRAAM's recent competition were summarized by
Lieutenant General Richard E. Hawley who is the Principal Deputy Assistant Secretary of
the Air Force for Acquisition, "The AMRAAM program is a shining example of an
intelligently managed competition. Any time you can increase the quality, reduce price,
and provide additional world class weapons for our war fighters, you are doing something
right." The results were also praised by Mr. Harry E. Schulte who is the Air Force
Program Executive Officer for Conventional Strike at the Pentagon who pointed out the
benefits to be gained by the Lot 8 competition. Mr. Schulte stated "Not only will our war
fighters get extra missiles, but they get an improved version and higher reliability.” His
remarks were praise for two important facts. First, Hughes and Raytheon had both
proposed to bring on the more capable AIM-120C version onr earlier than planned.

Second, each of the contractors had also raised the level of reliability performance to be
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required of the missiles during the rigorous, Government -conducted, production
reliability acceptance testing.

Colonel Richard L. Dickson, Director of the AMRAAM JSPO, stated "I was
pleasantly surprised with this year's results. With the savings from our AMRAAM
Producibilty Enhancement Program already taken in last year's unprecedented reduction
for Lot 7 and a reduced missile quantity for Lot 8, we expected competition only to
maintain existing (last year's) prices." He noted that others had thought that competition
had already played itself out, perhaps underestimating the impact defense cutbacks have
had on industry's desire to maintain their business base. Colonel Dickson believes that as
long as quantities can be maintained high enough to sustain two sources, "further benefits
can still be gained" from the competitive dual source strategy.

Another important part of the Lot 8 contract awards was the influence of the
foreign military sales, also known as the security assistance program. In Lot 8, 1007
missiles were bought for the Air Force, 75 for the Navy, and 200 for our allies through the
security assistance program. The security assistance sales allowed the US Government to
reduce the price of US missiles by $20,000 per copy due to economies of scale based on
analysis by the joint-service source selection team. With the dramatic reduction in
quantities of AMRAAM's expecied to be submitted to Congress for the FY95 budget,
allied purchases are expected to be even more important in the future to maintain effective
competition.’

To briefly summarize the results of the AMRAAM production awards to date, the
Figure 1.11 is provided. (The lot by lot delivery performance and other production

summary data will be given in Section 3 of this thesis.)

5US Air Force Press Release, 1994 AMRA AM Production Contracts Awarded, January 4, 1994
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SUMMARY OF AMRAAM PRODUCTION CONTRACT AWARD QUANTITIES BY
CONTRACTOR AS OF MARCH 1994

900 ~ Directed splits Compe}lﬂon ——Pa40/614

600 1 \ ‘ 513/769

700 ¢
Z w0l 534/372 540/270
§ | a50/450 401/490 B HUGHES
o
8 oo} [ RAYTHEON
8 3004
g 30 223/200

200 +

100 1285075

0. 4 =
1 2 3 4 5 6 ¢ s
PRODUCTION LOT
Figure 1.11

This brings the program to the acquisition strategy issues of today. The first issue
revolves around the question of how many lots beyond Lot 8 does the Government need
to continue to acquirce AMRAAM. AMRAAM will continue to need pre-planned product
improvements to continue to sustain its performance advantage over enemy systems and
to be compatible with advanced aircraft such as the F-22. Issues, constraints and major
considerations are as follows:

1. Program Stretch-out: The Air Force Chief of Staff has directed the program to
analyze stretching the production schedule beyond the current 16 lots of planned

production. The purpose of this stretch-out is to sustain the production and

technology base of the missile.

: The overall

quantity of required missiles for the US is relatively fixed. Therefore, program stretch-
out would further reduce the yearly quantity to be acquired. As such, a question
enters whether or not the quantity to be produced each year will sustain two

production sources at the prime contractor level.
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3. Future Improvements to AMRAAM: There will continue to be a requirement to

upgrade the missile's performance to counter evolving electronic countermeasures, to
integrate on new aircraft, and to improve producibility for further cost reductions. At
present, Hughes and Raytheon both participate in these activities through direct or
indirect (sub-) contracts with the Government. If there are not sufficient quantities to
economically justify two production sources, there would also be acquisition strategy
ramifications for future improvements to the missile system.

4. Government Program Office Personnel Constraints: A fact-of-life circumstance with
the overail reduction of our military forces is that the acquisition corps is also being
drawn down. Even with its program priority, the AMRAAM Joint System Program
Office (JSPO) has not been immune to reductions. The number of people required to
effectively manage the acquisition of a system is clearly dependent, to some degree on
the complexity of the acquisition strategy. Therefore, organizations that control
staffing resources that are used within the JSPO have the motivation to influence the
acquisition strategy to free personnel resources for reassignment, independent of the
macro-level economics that would justify sustaining two competitive contractor

sources for production and/or improvements.
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1.3 AMRAAM Program Background and History

In October of 1975, the Undersecretary of Defense for Research and Engineering
formed a working group to examine operational requirements for Air Force and Navy air-
to-air missiles for 1985 and beyond. The charter of this group, which consisted of actual
combat experienced aircrews from the Air Force, Navy and Marine Corps, was to develop
a single document that contained the consolidated requirements of all three services. This
group successfully identified and prioritized the major requirements into a draft Joint
Service Operational Requirements (JSOR) document that reasonably predicted the needs
for an advanced tactical air-to-air missile through at least the next 20 years. AMRAAM
was designed to meet these requirements.

The Headquarters of the Air Force (HQUSAF) directed the initiation of a Joint Air
Force and Navy development effort for AMRAAM in October 1976.¢ The draft JSOR
provided the primary technical guidance in the form of prioritized requirements rather than
specifying a design solution. In November of 1976, Headquarters of Air Force Systems
Command (HQAFSC) issued direction’ that the Armament Development and Test Center
(ADTC) at Eglin Air Force Base in Florida would lead the effort and an AMRAAM Joint
System Program Office (JSPO) was established. The "joint" term in the office title referred
to the fact that both Air Force and Navy personnel would make up the program office.

The early acquisition strategy in 1977 was to provide the operational requirements
to industry and solicit their concepts. This phase, called the Concept Definition Phase,
awarded contracts to 5 competing teams to define the optimal design solution to the draft
JSOR. In March of 1978 a new program direction® was issued by HQUSAF to continue
the Concept Definition Phase and to initiate a Validation Phase in the early part of Fiscal

Year 1979. (Government fiscal year 1979 is equivalent to calendar year dates of October

6Headquarters US Air Force Program Management Directive (PMD) No. RQ7002(1)/63316F
THQAFSC Form 56 dated 12 November 1976
SHQUSAF PMD No. RQ 7002(2)/63316F/63370F&N
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1, 1978 through September 30, 1979.) The direction required an expanded Validation
Phase (to include flight testing) that would permit a shorter Full-Scale Development
(FSD) Phase. The first production delivery goal was directed to be mid-1985. This
direction was provided to the JSPO by HQAFSC direction in April of 1978%. The
program office then developed an overall acquisition strategy to openly compete the
Validation Phase contract activity and down-select to two competitive contractors.
Within the Validation Phase solicitation, the Government reserved the right to limit
competition for subsequent Full-Scale Development contracts to the competitors of the
Validation Phase.

The program was provided much oversight during this period, and throughout the
remainder of the program to date. The Government has a management oversight process
that uses a set of acquisition review councils to approve any major system proceeding into
subsequent phases of development and production. In AMRAAM's case, the structure
included formal reviews at the major command level (HQAFSC), at the Headquarters of
the Air Force and Air Force Secretariat level, equivalent reviews in the Navy chain of
command, numerous Office of the Secretary of Defense (OSD) staff reviews, and finally a
Defense Systems Acquisition Review Council (DSARC).

The first Air Force Secretariat level management review for readiness to proceed
into the Validation Phase occurred on October 2, 1978, and was known as an Air Force
Systems Acquisition Review Council (AFSARC). The review was preceded by briefings
to the lead comptroller and financial managers of the Air Force by an independent cost
analysis group during September 1978. In November, the program was briefed to the
DSARC, which resulted in an AMRAAM Decision Coordinating Paper!© being issued in
January, 1979, that approved the program strategy and released the JSPO to award

Validation Phase contracts. Two contractors were selected for the Validation Phase on

9HQAFSC Form 56 dated 5 April 1978
10AMRAAM Decision Coordinating Paper Number 174, dated 12 January 1979
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February 2, 1979- Hughes Aircraft Company of Canoga Park, California, and Raytheon
Company of Bedford, Massachusetts. Validation Phase required design, fabrication and
flight testing of prototype missiles in a 33-month period by each of the two contractors.

In this same time frame, the AMRAAM program became an international effort.
The Federal Republic of Germany and the United Kingdom signed a significant
Memorandum of Understanding (MOU)!! with the United States regarding the
development and production of air-to-air missiles. The government of France was also a
signatory to the MOU with the option to participate at a later date.

The AMRAAM program was on the forefront of acquisition improvement
initiatives during the late 1970's and on into the 1980's. It was the first Air Force program
to implement the improvements in the acquisition process directed by Deputy Secretary of
Defense Cariucci. The strategy emphasized an acquisition approach that would reduce
AMRAAM's schedule risk to achieve the initial operational capability (IOC) for the
missile. The approach included managing the degree of concurrency between
development phases and initial production, pre-planning product improvements, reducing
life cycle costs, improving the operational force's defensive posture, and increasing missile
availability, and overall reduction in risk to efficiently meet operational requirements.

Following the Validation Phase, in the Fall of 1981, an extended series of program
briefings went forward to Air Force and Navy acquisition officials with program results
and more detailed planning for Full Scale Development (FSD) and production. As a
result, the JSPO was released to award the FSD contract and proceed through the
preliminary design review phase.

In December of 1981, Hughes Aircraft Company was awarded the contract for

AMRAAM FSD in an intensive competition with Raytheon Company. This contract was

11The MOU was an agreement that the US would have the prerogative to develop any new medium range
air-to-air missile, and that the European group would develop any new short range missile. The intent
was to minimize or eliminate any redundant development costs. The MOU also facilitated the exchange
and access to data between signatories.
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aggressively paced to provide an early operational capability to the F-16. Without
AMRAAM, the F-16 had a significant operational weakness: no medium range missile
capability due to limitations of the aircraft's radar system and weight/size of existing
medium range missiles. The planned FSD schedule was 50 months long. The program
was to culminate with the delivery of 122 test missile assets and completion of a
comprehensive combined development and operational test program on the F-16 equipped
with AMRAAM. The program included the concurrency beiween the FSD Phase and the
Initial Production Phase that had been established at the DSARC in November of 1978
(Milestone I). The FSD contract included pre-priced production options which had been
obtained in the competitive environment for the first two initial production lots. The plan
was to equip the F-16 with operational Lot 1 missiles as soon as possible and to use the
remaining Lot 1 missiles for testing the F-14, F-15 and F/A-18.

To preclude "gaming" on the part of Hughes and Raytheon during the Validation
Phase, the second sourcing decision for the program was separated from the Full-Scale
Development decision process.!? The FSD contract contained an option for a
leader/follower program in which the FSD contractor (as the leader) would be required to
provide technical data, training and hardware for coassembly to a follower contractor.
Although the Government had reserved the right to award the follower contract to the
unsuccessful offeror from the Validation Phase (Raytheon), this decision process was not
finalized until after the FSD contract was awarded to Hughes. The second sourcing
strategy development and management review cycle occurred during the Winter of 1982
and was extensively reviewed up through the Secretariats of both the Air Force and Navy.

In July of 1982, Raytheon was, in fact, selected as the follower contractor to be eventually

12A concem existed that if the Government were totally committed to select the unsuccessful offeror from
the Validation Phase as the second source producer of AMRAAM, the competitors might actually game
the competiticn to become the second, rather than the prime source. Rationale that went behind this point
was that FSD contractor would take on all of the program risk and would be required to provide complete
design disclosure to the second source. The second source would then be free to compete without the
same degree of commitment and openness. Therefore, the decision process was structured to minimize
the possibility of gaming to become the second versus prime source on the program.
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a competitive producer of AMRAAM. The planned production competition was seen as
the primary means to control program costs. It was very clear that Raytheon was well
qualified to eventually apply competitive pressure on Hughes during production. It was
also important to Air Force management that Raytheon be capable of providing technical
assistance to Hughes and /or the Air Force if required.!3

With the FSD contract and Follower contract both in place, the program once
again successfully went through the nurnerous briefings required in the DSARC cycle in
September 1982. The program presented at DSARC 1I estimated $6.7 billion in Air Force
procurement of AMRAAM production missiles. The DSARC approved the program to
move forward to complete FSD and delegated the production decision to the Air Force if
established program thresholds in cost, schedule and performance were not breached.

The "honeymoon" of FSD between the Government and Hughes was soon over in
December of 1983 when Hughes Aircraft acknowledged that they could not meet schedule
for initial deliveries of FSD missiles as required by the contract. Hughes proposed
extension of the 50 month schedule to 53 months to complete contract requirements.
Hughes also came forth with a software development schedule that only provided the
tactical version of software to be available on late missiles to be delivered on the FSD
program. In May of 1984 the Air Force recognized that further, more significant FSD
schedule slips were going to occur. In addition, congressional funding cuts had occurred
that precluded the ability of the Air Force to award the production options. The Air Force
elected to hold commitment of any production funding until Hughes had demonstrated

sufficient progress to warrant the further contract awards. Because of these schedule

13n the second source decision briefings that went up through Air Force and Navy management, a point
was added by Headquarters Air Force acquisition officials that if Hughes were to withdraw from the
defense business or fail to complete the AMRAAM effort for any reason, Raytheon's participation on the
program was essential to carry out the task. Raytheon had actually been more successful during the
Validation flight test effort than Hughes, though the Hughes design was judged to be a more optimal
tactical solution for FSD and production.
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problems and the Congressional funding issue, the Air Force did not exercise the
competitively obtained, pre-priced production options before their expiration date.!4

A major restructure then occurred to the FSD contract that resulted in a 60 month
FSD program. Following the restructure, an independent cost estimate was performed in
December 1984 that projected the program procurement costs to be $8.4 billion for the
Air Force planned requirement of 17,123 missiles along with $3.3 billion for 7,212 Navy
missiles. This cost projection moved the Office of the Secretary of Defense (OSD) on the
28th of January, 1985, to direct the FSD program be retained in its full scope and that a
"Blue Ribbon Committee” be formed to investigate alternatives that would reduce the
projected cost for the AMRAAM program. OSD also required the Air Force and Navy to
form a high level military requirements group to assess military impact of various cost
reduction alternatives.

To this point, the entire program had been constructed to provide the earliest
possible Initial Operational Capability to the F-16. In February of 1985, the F-15 was
established to be the primary aircraft for FSD flight testing and the first aircraft to be
equipped with AMRAAM for an IOC.

In the three months from February to March of 1985, the Blue Ribbon Committee
(BRC) carefully reviewed the alternatives to reduce the cost of AMRAAM. The BRC
was comprised of premiere, independent technical and acquisition experts from
throughout the Department of Defense. In addition, Hughes and Raytheon were awarded
study contracts to support the BRC cost reduction initiative. Many projects were
identified that in total were estimated would save the Government between $1.1 and $1.4

billion. The JSPO also worked with Hughes to develop a revised FSD schedule that

14A major lesson was learned by the Air Force when the pre-priced, competitively obtained production
options could not be exercised. The options had been tied to calendar dates rather than program
milestones such as FSD testing or qualification completion. Discussions occurred within the Government
debating whether or not Hughes had intentionally delayed FSD progress to abrogate the production option
prices. Since then it has become a Department of Defense policy that options on major programs be tied
to milestones rather than only to calendar dates.
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complied with the OSD direction to complete all elements of the original FSD contract.
The newly baselined FSD contract called for the last FSD missile to be delivered by the
75th month after FSD contract award and to support FSD flight testing up until the 79th
month (4 months after the last FSD missile was delivered). A new HQUSAF Program
Management Directive (PMD)!S was issued in March, 1985.

The AMRAAM rebaseline was completed in June of 1985 when the Secretary of
Defense approved a program that would include a comprehensive set of cost reduction
initiatives. The cost reductions were projected to allow the Air Force to buy 17,000
missiles for $7.5 billion (which was equivalent to $5.2 billion in Fiscal Year 1984 doliars).
Because the pre-priced options for FSD had been lost, the Secretary of Defense also
required the program office to obtain firm and not-to-exceed prices from the prime
contractors for Fiscal Year 1986 and 1987, respectively. He went on to state that a cost
cap would be placed on the entire Air Force and Navy missile procurement once a final,
approved cost baseline was obtained. The effect of the cost cap would be that the
program would come under very close scrutiny (including serious termination
consideration) if the projected cost were to ever exceed the threshold established.

Congressional committees during the 1986 mark-up of the President's budget were
very harsh on the AMRAAM program. The Senate Armed Services Committee (SASC)
wanted to delete $166.5 million from the Air Force procurement and $17.1 from the
Navy's Research, Development, Test and Evaluation (RDT&E) funding. The House
Armed Services Committee (HASC) wanted to delete all program funding and to cancel
the program. The SASC and HASC came to an agreement in conference to continue the
development of AMRAAM, but only provided $5 million RDT&E to the Navy and $101.4
million procurement funding to the Air Force. The conference results went on to restrict
the obligation of the Air Force $54.4 million RDT&E until the Secretary of Defense

certified numerous items:

1SHQUSAF Program Management Directive No. 17, dated 22 March 1985
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e AMRAAM design completion

e AMRAAMS's system performance had not been degraded

e Maximum cost reduction changes would be included in the flight test program

e The restructured FSD contract was negotiated and signed at a fixed price not to
exceed $556.58 million

e The total production price of 17,000 Air Force missiles would not exceed $5.2 billion
(FY84$%)

In addition to the certification, Congress required the Secretary of Defense to report back

the results of a formal production readiness review before any of the $59.4 million

advance procurement funds could be used to buy long-lead parts for initial production.

A new series of reviews were successfully completed up through OSD and, on
August 16, 1985, the DSARC principal members endorsed the Air Force's plan to
complete the FSD program and to reach a favorable 1987 low-rate initial production
decision. The Air Force plan also formally rebaselined the FSD program, began the
qualification of Raytheon as a competitive second source producer, and initiated the
AMRAAM Producibility Enhancement Program (APREP), which would implement the
recommended cost reductions supported by the Blue Ribbon Committee.

In October of 1985, a Secretary of Defense Decision Memorandum (SDDM) was
issued that documented the results of the 16 August 1985 review.!6 The SDDM required
the Air Force to accomplish the following by the end of December 1985:

e Recommend decision criteria to be used by the DSARC for upcoming major reviews
for allowing the program to proceed through initial production and on in to full-rate
production

o Document the APREP initiative in detail in the Decision Coordinating Paper that

would support the mid-1986 DSARC for proceeding into initial production

l6Sec1‘etary of Defense Decision Memorandum dated 25 October 1985, Subject: AMRAAM
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e Add definitive test goals and thresholds to the Test and Evaluation Master Plan
(TEMP)

¢ Report on the feasibility of soliciting from the contractors price limits on several lots
of missiles that included APREP cost reductions

The Secretary of Defense certified to Congress on February 28, 1986, that the AMRAAM

program met all the criteria required by the 1986 Department of Defense Appropriations

Act.1?

In mid-July 1986, the Air Force awarded 24 competitive producibility
enhancement projects to Hughes and Raytheon (8 and 16 projects, respectively) as part of
the APREP initiative. In December 1986, a 9th project was awarded to Hughes, bringing
the total number of projects to 25. By September 1987, two additional projects had been
awarded to Hughes, while two Raytheon projects were discontinued due to technical and
schedule difficulties. Three more projects were added (two to Hughes in August, 1988,
and one to Raytheon in January, 1988) raising the total number of on-going projects to 28.
A final down-selection of the competitive projects and restructure of the APREP contract
relationship between the Government, Hughes and Raytheon was made. The project count
then stood at 25 (10 Raytheon and 15 Hughes with Raytheon as subcontractor to Hughes
on two projects). These projects were scheduled to be implemented into production in
Lots II, ITI, IV and V, and were projected to save approximately $1.96B in FY 84$.

The AMRAAM program successfully completed a Joint Requirements
Management Board (JRMB) Review on 25 July 1986. The resulits of that review!8
provided/required the following:

e Release of FY86 advance procurement funds and FY87/long lead funds for production
start up for Lot I

e Retention of the 90-missile FSD flight firing program

17public Law 99-145, Section 210
18 Undersecretary of Defense for Acquisition Decision Memorandum (USDADM) dated 5 November 1986
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e Direction to establish a third test site and procure a third AMRAAM captive-carry
equipment (ACE) pod

® Requirement to submit a revised test schedule and test and evaluation master plan by
20 December 1986

¢ Direction to accomplish test verification of design changes to correct reliability
deficiencies and the guidance section seal before Milestone IITA

e Plan for an FY88 JRMB Program Review between Milestones ITIA and IIIB to
approve funding release for the Lot II full go-ahead and Lot III advance buy

e Direction to submit recommended decision criteria for the FY88 JRMB Review and
the JRMB IIIA Review.

FY87 congressional language for research and development (R&D) provided relief
to the $556M cap on the Hughes FSD contract with the caveat that requirements and
funding could be added to the existing contract provided they are accomplished at no
overall increase to the total development program of $972.4M. For procurement, the
congressional language supported the start of missile low rate initial production with
FY87 funding. However, Congress reduced the Lot I and Lot II missile quantities by 30
percent (from 260 to 180) and 24 percent (from 833 to 630), respectively. The total
planned procurement quantity remained at 24,320 missiles. The FY87 congressional
language also recognized that the production cost cap ($7.0B, FY84$, 24,000 missiles)
may be adjusted to refl=ct the effects of congressional funding actions.

On November 6, 1986, the Secretary of the Navy approved incorporation of
AMRAAM on the F-14D aircraft, under development by Grumman Aerospace
Corporation. AMRAAM was planned to be incorporated as part of the first engineering
change proposal for the F-14D. The German Air Force entered full scale development of
the F-4F Improved Combat Efficiency program in December 1986. The program
incorporates the integration of AMRAAM, the implementation of APG-65 radar, Laser

Inertial Navigation System, and a new Central Air Data Computer. Logistic Operational
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Capability (LOC) was scheduled for October 1992, while the Initial Operational Capability
(I0C) was scheduled for mid 1993.

In December 1986, the AMRAAM flight test program began expanding operations
to a third simultaneous test site at White Sands Missile Range. The first live missile
launch was conducted at Eglin Air Force Base on the 19th of December. Full three range
test capability was achieved in March 1987. This action was taken to decrease the
schedule risk for completing flight testing in the Developmental Test and Evaluation
(DT&E) and Initial Operational Test and Evaluation (IOT&E) phase of the program. In
addition, a third ACE-2 pod (form-factored AMRAAM captive equipment) was procured.
The pod was not available for FSD testing, but was needed for post-FSD testing and
planned to be available in the fall of 1989.

On 4 June 1987, the Defense Acquisition Board (DAB) conducted a Milestone
IITA review of the AMRAAM program.!® Based on that review, approval was provided
for low rate initial production (release of funds for Lot I and long lead for Lot II) along
with an extension of the top defense acquisition priority rating to 30 June 1988. In
addition, definitive criteria for the Spring 1988 OSD Review were approved with the
stipulation that if the criteria could be satisfactorily accomplished prior to the review, OSD
would consider canceling or abbreviating the review.

In 1988, Congress?° reduced Lot 2 funding from $837M to $673.1M ( including
Initial Spa‘res) and quantities from 630 to 400. This caused a curtailment of the
production ramp-up rate and forced and an additional year of missile production to be
planned to acquire the quantity of operationally required missiles. Another impact of this
Lot II quantity reduction was to drive down the planned quantity for Lot 3 from 1,800 to

1,270 missiles (thus extending the ramp-up of both producers from Lots 4 and 5 to Lots 5

19The DOD acquisition process changed from the DSARC management approval process to the DAB
approval process during the mid-1980's. The level of review was essentially the same up through and
including the senior acquisition executives within OSD.

20The 1988 Appropriations Act for Procurement
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and 6). The congressional language directed that the reduced funding level be allocated to
ensure competitive incentives remain maximized and total acquisition costs be minimized.
Because of the congressional action that stretched the schedule a year, the cost cap was
increased from $7.172B to $7.585B in FY84$.

On 19 May 1988, the Defense Acquisition Board (DAB) met to review the
AMRAAM program. Based on the DAB's recommendation, the Air Force was authorized
to proceed with full go-ahead for Lot 2 production, and funds would be released
accordingly. In addition, the DAB would consider release of long lead funds for Lot 3
after a review of additional flight test data by OSD's Conventional System Committee
(CSO).

On 15 September 1988, the CSC met to consider the release of long lead funds for
Lot 3 production of the AMRAAM. As a result, the AMRAAM program was continued
in low rate production with a maximum of 900 missiles to be procured in FY89. Also, six
(6) additional missiles would be procured for foreign military sale (FMS).

On 29 September 1988, the Congressional Appropriation Conference agreed to
provide $798.7M for the procurement of AMRAAM missiles. However, it required that
the Air Force provide an updated Acquisition Plan for the FY89 AMRAAM program. No
production funds appropriated for the AMRAAM missile could be obligated until the
Committees on Appropriations had received the revised FY89 Acquisition Plan for
AMRAAM. Upon submission of the report to Congress, the Air Force would be
authorized to proceed with long lead procurement for production of Lot 3, and funds
would be released accordingly. Furthermore, the conference directed the Air Force to
take necessary steps to lower the unit cost of AMRAAM miissiles in FY89, and the
outyears.

In early December 1988, the Defense Acquisition Executive submitted the revised

AMRAAM Acquisition Plan to Congress. On 13 December, not-to-exceed (NTE) long
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lead contracts?! were awarded for the production of 906 AMRAAM missiles, 534 missiles
to Hughes, and 372 to Raytheon. The exercise of options for Lot 3 Full Go-Ahead (FGA)
was anticipated for July 15th, 1989.

The comprehensive FSD live-fire test program was compieted on January 30th,
1989. Ninety-five missiles were launched in FSD (76 guided without warheads, 4 guided
with warheads, 6 separation/control test vehicles (S/CTV's), and 9 IRAN (Inspect/Repair
as Necessary) missiles. All IRANs and 3 of the S/CTV's were launched in the F-15 Seek
Eagle program. The other 3 S/CTV's were launched to evaluate missile kinematics. Of
the guided launches, 58 were successful (included 19 direct hits), 2 were no tests, 3 were
not for score (2 for F/A-18C aircraft integration), and 17 were unsuccessful. Additionally,
all of the required FSD captive flight testing was completed.

In early December of 1988, the Defense Acquisition Board (DAB) reviewed the
AMRAAM program and approved Full Go-Ahead (FGA) for Lot Il and Long Lead
Procurement for Lot IV. The DAB also reviewed the cost and schedule breaches and
directed use of low risk estimating assumptions. The FGA Lot III contracts were awarded
29 December 1989 (Hughes) and 22 December 1989 (Raytheon).

Congress?? reduced the Lot 4 funding request from $1.032 billion for 1600 missiles
to $794 million for 900 missiles. The reduction forced curtailment of the planned ramp-up
for another year and extended the program and additional year contributing to a breach of
the Acquisition Program Baseline (APB) cost threshold.

On February 8, 1990, the JSPO suspended acceptance of missiles pending
identification and resolution of reliability problems that were being seen when missiles

were being captively carried on the F-15 aircraft.23

21The NTE contracts allowed the contractors to proceed with financial cap on the amount of funding the
Government would commit to the procurement. This is often used, though not preferred, while the
Government and contractors go through the extended process (solicitation, proposals, audits and
negotiations) for a definitive contract.

22The FY90 Appropriations Bill

23The F-15 reliability problem was the most major technical issue ever to occur on the AMRAAM
program. Even after extensive captive carriage of instrumented missiles during the Validation Phase and

43



In March of 1990, the DAB was briefed on the status of the program, recent
Captive Carry Reliability Program (CCRP) failures, and the "4 missile vs. 4 target" testing
requirement. The DAB directed a formal review be conducted to address the program
breaches, CCRP status, Red Team?* results, and plans to correct identified problems. The
DAB concurred in the necessity for the program, endorsed corrective actions, and
recommended certification to Congress. The Under Secretary of Defense for acquisition
certified the program to Congress on April 13th, 1990. In response to the direction
contained in the resultant Acquisition Decision Memoranduin?5, the JSPO developed the
AMRAAM Corrective Action and Reliability Improvement Plan, which was completed on
April 30th, 1990. This plan described the comprehensive set of activities that were
underway and others that would be initiated to assure the reliability of missiles to be
delivered to operational inventory from Lot IV and beyond. The plan addressed the
incorporation of already identified CCRP fixes into missiles as early as Lot II, which was
very aggressive due to manufacturing lead-times. Other items in the plan were the update
of the technical data package (drawings and specifications) to incorporate design and
process changes, manufacturing and vendor process control reviews, and the
incorporation of the F-15 environmental changes to performance specifications that would
appear in production contracts. All actions within the plan were completed, and the
delivery suspension of missiles was lifted on August 13th, 1990.

In August of 1990, the DAB reconvened to review the program to decide on the
release of additional long-lead funding for Lot 4. CCRP Stage III results, status of
Corrective Action Plans of both Hughes and Raytheon, a new CCRP demonstation plan,

early FSD, a very harsh vibration environment on the fuselage stations of the F-15 went undiscovered
until this late in the program. The vibration levels were many times that to which the missile had
undergone qualification testing. Much missile level and component level requalification, as well as much
closer manufacturing process control, was required to overcome this hurdle.

24A "Red Team" is group of experts typicaily from outside an organization (such as the JSPO) that is
pulled together to assist the normally responsible organization with a critical issue or issues. It is very
common in DOD acquisition to use this technique to solve important problems as rapidly and as
thoroughly as possible.

25Under Secretary of Defense Acquisition Decision Memorandum dated 13 April 1990
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and the funding required were briefed. The DAB concurred in the planned actions and
approved additional Lot 4 long-lead and program operating funds through April, 1991.
The DAB directed 50%/50% split production contract awards be given to Hughes and
Raytheon for Lot 4.

Congress?6 reduced the Lot 5 funding request from $1.3 billion for 1800 missiles
to $815 million for 900 missiles. The final award was for 810 missiles- 540 to Hughes and
270 to Raytheon.

The FY92-97 Air Force and Navy POMs?’ substantially reduced projected annual
quantities from 3000 missiles per year to 1300-1700 missiles per year. The Headquarters
of the Air Force?8 told the JSPO to plan for a total quantity of 15,500 (12,000 Air Force
and 3,500 Navy). The headquarters?*further reduced the total quantity of missiles to
13,038 (9623 Air Force and 3,415 Navy). On April 24th of 1992 the DAB IIIB approved
AMRAAM for full-rate production.

The Lot 6 contract was awarded in 1992, and for the first time Raytheon won the
larger share- 490 missiles as compared to 410 for Hughes. Ninety additional missiles from
the Lot 5 appropriation were also awarded- 50 to Raytheon and 40 to Hughes. In March
1992, the JSPO issued a modification to the Hughes Lot 6 contract for the nonrecurring
and recurring costs to deliver 201 of its Lot 6 total in a configuration tihai incorporated
APREP Block II changes. This configuration reduced the overall production cost for the
lot and introduced EEPROM (Electronically Erasable Programmable Read-Only Memory)
technology into AMRAAM. Due to this significant configuration change, the APREP
Block II missile was officially designated the AIM-120B. A similar modification for non-
recurring costs to build 150 APREP Block II missiles was issued to Raytheon in April

1992. A proposal for recurring costs for production implementation and ramp up of the

26The FY91 Appropriations Bill

27Program Object Memorandum (POM) documents are budget requests by each service that are sent up
through OSD and eventually to Congress.

28February 1990 Program Management Directive (PMD)

29April 3, 1992, PMD
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AIM-120B in Lot 6 was received in August 1992 and finalized in June 1993 after many
months of negotiations.

Lot 7 has been the largest AMRAAM acquisition to date. The JSPO awarded
1463 missiles- 849 to Hughes and 614 to Raytheon. The US total was 125 more than the
FY93 President's Budget Submission, facilitated by the $123,000 drop in missile unit
price, which went below $400,000 for the first time. The contractors also offered
enhancements to missile warranty and reliability. Lot 7 also marked the first sale of
AMRAAM to allied forces. Four FMS cases were awarded: Korea-96 operational
missiles; Turkey- 96 operational missiles; United Kingdom- 100 instrumented missiles;
The NATO European Fighter Management Authority (NEFMA)- 6 instrumented missiles.
All Lot 7 missiles will be of the AIM-120B configuration (APREP Block II).

In March of 1991, the JSPO issued a development contract for the first phase of
the three phase Pre-planned Product Improvement P3n program. The first phase will
provide a compressed carriage AMRAAM configuration for internal carriage in the F-22
(Advanced Tactical Fighter) and an enhanced electronic counter-counter measure
(ECCM) capability. Development of these Phase I enhanced performance capabilities will
conclude in November of 1994 and production incorporation is scheduled to coincide with
the beginning of Lot 8 deliveries.

Quantities decreased to 1282 during Lot 8 as a result of DOD-wide budget cuts.
Even so, the Lot 8 competition was the most effective competition yet conducted on
AMRAAM. It reduced the average missile cost from slightly below $400,000 in Lot 7
down to less than $300,000 in Lot 8 (approximately $255,000 for Raytheon and $346,000
for Hughes) for a reduction of 23%.

Production testing is ongoing. As of the first of June of 1993, AMRAAM had
experienced an overall success rate of 82.4% against targets, which is far better than any
other air-to-air missile has ever achieved despite the much more challenging test scenarios

with which AMRAAM has been challenged. A total of 116 Air Force and Navy
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development and operational test and evaluation launches had been accomplished. Of
these, 610of the 74 scored launches were successful, 57 were aircraft separation tests, and
21 were either invalid tests, software demonstrations, or hardware/software verifications.
The results of nine Navy test shots are pending final review and release by the Navy.
Included in these results are the outcome of the May 4th, 1990, 4-versus-4 launch which
successfully showed that a single F-15 could launch 4 missiles near-simuitaneously against
4 separate targets which were supported by electronic countermeasures. Three of the 4
missiles scored direct hits and the 4th passed within lethal range of its target.3°
Additionally, in November, 1990, a new F-15 radar software was verified that could
provide a dual AMRAAMY/Sparrow (AIM-120/AIM-7) against two separate targets.

In December of 1992, AMRAAM was first used in combat. As part of the US
effort to maintain the UN imposed "no-fly" zone over southern Iraq, the first two
AMRAAMs fired under hostile conditions scored direct hits and destroyed two Iraqi
aircraft. The success of the third AMRAAM which was shot was undetermined. In
February of 1994, the US Air Force was imposing a similar "no Fly" zone for the United
Nations over Bosnia, the second conflict in which AMRAAM has been employed. An Air
Force F-16 fighter shot down a fighter/bomber that had violated the zone and bombed a
village. AMRAAM's operational utility is being felt world-wide.

30For safety and to conserve targets, a live warhead was not used, which would likely have blown up and
destroyed the 4th target also.
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Table 1.1- Timelines for

AMRAAM Major Program Events

PROGRAMPERIOD @ EVENT DATE

Pre-conceptual

Conceptual

Validation

Full-Scale Development

Producibilty
Enhancement

Initial Production

OSD directed working
group examines
operational requirements.
Armament Division
Study (Eglin AFB)
proposes prograin.

5 Conceptual Phase
contracts conducted
Hughes and Raytheon
Competitive contracts to
"Prove the Concept"
FSD contract awarded to
Hughes

Follower contract
awarded to Raytheon
Hughes first discloses
FSD program schedule
problems

FSD flight test program
complete

OSD directs cost
reduction effort for
AMRAAM

Contractor producibility
studies

First AMRAAM
Producibility
Enharnicement Program
contracts awarded
Defense Acquisition
Board approves low-rate
initial production release
Defense Acquisition
Board approves Full Go-
ahead for Lot 2

Defense Acquisition
Board approves long-lead
release for Lot 3

48

1975-1976

1976

November 1977-
November 1978
February 1979-
November 1981
December 1981
July 1982

December 1983

January 1989

January 1985

February 1985-
July 1985
January 1986

June 1987

May 1988

September 1988



Defense Acquisition December 1988
Board approves Full Go-
ahead for Lot 3 and long
lead for Lot 4.
Government suspends February 1990
acceptance of missiles due
to reliability problems
Suspension on delivery of August 1990
missiles lifted
Competitive Production Lot § Contracts Awarded May 1991
Lot 6 Contracts Awarded March 1992
Lot 7 Contracts Awarded February 1993
Lot 8 Contracts Awarded January 1594
Operationai Initial Operational September 1991
Equippage’!
Initial Operational March 1991
Capability- 33rd Tactical
Fighter Wing32
Two aircraft shot down December 1992
over Iraq
One aircraft shot down March 1994
over Bosnia

311nitial Operational Equipage is defined as when the first operational wing organization within the Air
Force is provided sufficient quantities of missiles to operate.

32Initial Operational Capability is defined as when the first operational wing is given not only sufficient
missiles to go to combat, but also all other system elements such as test equipment, technical orders,
training, etc. that are required to sustain operations.
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2.0 AMRAAM's Development Phases

2.1  Pre-Conceptual Phase/Development of the Requirement

AMRAAM began as an outcome of the emergence of the advanced combat fighter
type of aircraft that had demonstrated that high performance aircraft could be produced at
an affordable cost through the use of modern technology. The Armament Division located
at Eglin Air Force Base in Florida conducted advanced planning that indicated that the
same design philosophy could be used in many missile subsystems to provide a reliable,
lightweight radar guided missile that would be compatible with these advanced aircraft.
As aresult of the Armament Division Medium Range Missile Study, a proposed prototype
program was briefed to the Headquarters of the Air Force and was subsequently approved
to begin in Fiscal Year 1977.3* The Government formed a joint-service operational
requirement committee to define the operational needs of the system. The committee
consisted of actual combat experienced air crews from the Air Force, Navy and Marine
Corps who were able to effectively define and prioritize the needs of the Department of
Defense operational community. With this was begun the developmental process of the
most advanced medium range missile the world has ever known to the present time. The
development of the system was broken into distinct phases that followed the Office of
Management and Budget (OMB) Circular A-109 which outlined the program structure to
be used in the acquisition of major weapon systems. A-109 called for four specific phases
and advocated the use of competition. The following figure shows A-109 program

phasing on the AMRAAM program originally planned in 1977:

33A "Fiscal Year" in the Government is the financially based calendar that begins on October 1 of any
year and runs through the following September 20.
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The Life Cycle of Major System Acquisitions
for the Department of Defense
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Figure 2.1
AMRAAM had now entered the acquisition pipeline when the operational community
completed a mission area analysis, the long range technology planners had concluded that
emerging technology was ready to support the concept, and Air Force management had

inserted a funding request for the budget to initiate the program.

2.2  Conceptual Phase

In the Conceptual Phase, a Joint System Program Office (JSPO) manned by Air
Force and Navy military and civilian employees was established at Eglin Air Force Base to
manage the AMRAAM acquisition. The JSPO initiated a design definition effort in the
Conceptual Phase to stimulate US aerospace industry to compete for the design rights to
AMRAAM. Six potential sources were evaluated and all but one participated in the initial
design definition effort. Funded contracts (approximately $800,000 each) were awarded
to Hughes Aircraft Company, Canoga Park, Ca., General Dynamics, Pomona, Ca, and
Northrop Corporation, Los Angeles, Ca. In addition, Raytheon Company of Bedford,

Ma. and Aeronutronic Ford of Newport Beach, Ca. requested and were awarded no cost
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contracts to pursue the next phase of design definition efforts. In November of 1977, all 5

contractors were funded to initiate Phase I of the design definition. The major areas of

effort required in Phase I were:

e Design and analysis of missile guidance systems.

e Preliminary design of missile system concepts.

e Evaluation of operational capabilities of weapon system designs. Definition of weapon
system designs for prototyping.

o Development of unit procurement and life cycle cost estimates for candidate designs.

e Definition of alternative logistics concepts for supporting the missile system.

e Fabrication and test of critical subsystem components.

In July of 1978, a contract modification for the continuation of these design definition

efforts was awarded to each of the 5 contractors for approximately $2.3 Million each.

From June of 1976 to May of 1978, laboratory testing of guidance section
components and limited integration testing occurred at each of the contractors facilities.
Parallel warhead and rocket motor testing was also conducted. After numerous technical
meetings with the Government to demonstrate the potential designs that were available,
the five contractors were requested in August, 1978, to submit competitive proposals to
the Government for the Validation Phase.

Another critical event occurred in 1978. The Air Force had deployed F-16's
throughout Europe without any Beyond Visual Range air-to-air protection. It was
determined by Air Force management that the AMRAAM development schedule must be
shortened from 7.5 years to 6 years and 1 month. This was done by eliminating plans for a
sequential pilot production phase and reducing plans for FSD from 54 months to 40
months. To minimize the risk of such a shortened acquisition cycle, increased emphasis
was supposed to be placed on various Validation Phase contract activities such as:

e Preparation of comprehensive system and development specifications

o Expanded integrated logistics support activities
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e Reliability and maintainability efforts

¢ Producibility, including manufacturing technology investment strategies

e Aircraft integration to include actual flight test with the F14, F-15 and F-16

e As well as the ten guided missile launches from each contractor.

Conceptually, in fact, these steps would have allowed the program to exit the Validation
Phase with tactically representative hardware and software that would have been relatively
straight forward to finish full development. However, as the next section describes, these

plans proved to be overly optimistic.

2.3  Validation Phase

Excellent proposals were submitted from all five contractors, and on February 2,
1979, two contracts were awarded for the Validation Phase, one to Hughes and one to
Raytheon, in the amount of $45,432,504 and $39,094,140, respectively.34 This phase was
scheduled for 33 months and was intended to "prove the concept" for AMRAAM,
including guided weapon launches by each contractor.

The contractors approached the Validation phase with rigor, but it was obvious
early on that certain enabling technologies (such as the solid state transmitter components)
would require significant improvements to support the operational requirements. The two
contractors independently strove to shrink the missile subsystems into the size and weight
envelope that would be compatible with the F-16, the smallest of US fighters.

For a 33 month effort, the Validation Phase was yery aggressive in expectations.
The principal objectives of the Validation Phase testing were:
¢ to assist and reduce risk in the continued development of AMRAAM,
¢ to provide a sound basis for source selection of the final design to be brought forward

into the Full-Scale Development Phase,

¢ to identify and minimize high risk areas of concern in the contractor's designs,

34Contract FO8635-79-C-0044 tc Hughes and Contract FO8635-79-C-0043 to Raytheon.
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* to verify critical performance parameters of components, systems, and integrated
missiles were achievable.

In other words, prove the concept to the Air Force, Navy, Office of the Secretary of

Defense, and the Congress by "Flying before buying."

The program set out to determine the design adequacy with engineering models in
the laboratory and simulation facilities, as well as with instrumented captively-carried pods
on test aircraft. Limited qualification testing was done in environmentai labs around the
US, and wind tunnel testing was completed at an Air Force facility. Missile mock-ups
were "fitted" to actual aircraft and to develop loading and checkout procedures.

All these activities made progress toward having prototype missiles for flight test,
but certain guidance section electronics components were not being so cooperative. The
AMRAAM design was dependent on an internal high-powered transmitter. To insert this
transmitter into the size allowable for a light weight missite, a new technology using
“impat diodes" was necessary. Hughes and Raytheon independently attempted to produce
these diodes with sufficient efficiencies to generate the transmitter amplifier power needed
for AMRAAM's range. Progress was steady at each contractor, but the solid state
amplifier using the diodes did not reach the required level of performance in time to
support the program schedule.

The Validation Phase originally planned that 20 missiles would be fabricated (10
from each contractor). The contractors were not able to design and fabricate this many
missiles within the window of time available for Validation Phase flight testing. Raytheon
was close to meeting the minimum power levels with sufficient diodes to support the
program, and fabricated the majority of their required missiles. Hughes was not quite so
far along with their diode development, and decided on a strategic change. In the last 6
months of the Validation Phase, Hughes announced to the Government that they were
making a fundamental change in their transmitter design to use a proven technology calied

traveling wave tube (TWT) amplification. Although Hughes did not have time to build
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TWT transmitters and insert them into the Validation Phase prototype missile design, they
assured the Government that as consideration they would build and thoroughly ground
test a TWT guidance section in this last 6 months of the Validation Phase. They did build
a laboratory model, but were only able to superficially test the model prior to the Full-
Scale Development source selection and contract award. Analytically, the new Hughes
design looked to be a low risk approach to AMRAAM's requirements.

The program schedule in January of 1981 looked as follows:35

AMRAAM Schedule as of January, 1981

[TFY T1970 19801981 |1982|1983'1984|1985|1986|1987|1988'1989|1990|1991I

[[VALIDATION |44 Misslles

f/
10 Misslles FULL-SCALE DEV

(Each contractor) IFQLLOWER ‘

LEADER PRODUCTION 140 |
FOLLOWER CO-ASSEMBLY

LEADER PRODUCTION
FOLLOWER CO-ASSEMBLY [65] LOT2
FOLLOWER CO-PRODUCTIGN [115]

LEADER PRODUCTION LOT3
FOLLOWER PRODUCTIQN [690] |(DIRECTED SPLIT)

WINNER ____ [1800] LOT 4 AND
LOSER [1200] BEYOND

(COMPETITIVE)
Figure 2.2

I LOT 1

Hardware and software had to be designed and fabricated. Guidance section development
testing was necessary in both airborne and laboratory conditions. Notice the period over
which 10 missiles were to be delivered by each contractor and flight tested during the

Validation Phase. In actuality, only three Raytheon and two Hughes missiles were fired.

35SAMRAAM Acquisition Plan dated January 8, 1981
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During the first part of 1981, the test community from both services joined to
prepare much more detailed plens for what needed to be tested for qualification and
operational evaluation. These plans called for increased FSD requirements from the 44
missiles shown on this January 1981 schedule o over 120 missiles in August 1981
schedules36.

In summary, the backdrop for the FSD contract was this:
¢ The AMRAAM schedule was compressed to meet a critical F-16 operational need.

e The aggressive Validation Phase schedule allowed for only a portion of the missiles to
be delivered and tested.

® Hughes made a strategic last minute change to their missile design dvring the
Validation Phase which brought them in front of Raytheon for the source selection.

¢ Much of the planned risk reduction efforts intended for the Validation Phase had to be

bow-waved forward into FSD.

2.4  Full-Scale Development Phase

In December, 1981, a contract was awarded to Hughes for approximately 122
AMRAAM's to be delivered over a S0 month program3’ which would conclude with
completion of Initial Operaticnal Test and Evaluation IOT&E) on the F-16. During the
period following the contract award, Hughes program manager38 told the Government
that the highest priority and most critical task was: "to get the missile within the missile".
This meant that Hughes was challenged to compress the new traveling wave tube design
with its high voltages into the guidance section space available.3® As schedule milestones
began to s} *e Government requested Hughes to provide schedule estimates for

recovery. .i.ghes was intent on first missile delivery and was not willing or able to

36AMRAAM Acquisition Plan dated August 5, 1981

37The higher headquarters previously-directed 40 month schedule for FSD was not placed on contract due
t0 confractor inputs and Government assessments of excessive schedule risk.

38Mr. Waiter McGuire at the FSD Preliminary Design Review in September, 1982.

3High voltages in a confined area tend to arc. The solid state iransmitter had used lower voltages and
was not as vulnerable to this type of problem.
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provide an updated prediction, despite strong Government pressure. In December of
1983, Hughes acknowledged that they could not meet the SO month schedule and asked
for an extension to 53 months to meet their contractual obligations.
Further, more significant, schedule slips were evident by May of 1984. The AMRAAM
Government program office attempted to renegotiate a more realistic schedule that
Hughes could comply with in December of 1984, as opposed to the current contract
schedule that had become meaningless from a program execution perspective. This
renegotiatied schedule of 60 months also removed certain activities from the contract
scope. This renegotiation was disapproved by the Office of the Secretary of Defense and
the JSPO was directed to retain the full scope of the FSD contract. At all subsequent
reviews with OSD, the 90 missile firing program was used as one of the key criteria to
measure successfully completion of FSD. 40

The comprehensive FSD live-flight test was finally completed on January 30, 1989,
seven years after the FSD program had begun.?! A total of 95 missiles were flight tested
during FSD, including:

76 Guided missiles without warheads

4 Guided missiles with warheads

- 6 Separation/control test vehicles to verify aircraft safe separation, and

- 9 Other reliability test missiles.

Of the 80 guided launches, 58 were successful (including 19 direct hits), Z were "no tests"

due to other than missile problems, 3 were not scored, and 17 were unsuccessful.

2.5 AMRAAM Developmental Lessons Learned
With a developmental program history as full of successes and hurdles as
AMRAAM, there are many lessons learned that will be etched in the minds of both the

40Undersecretary of Defense for Acquisition Decision Memorandum dated November 5, 1986
4IRecall that the original schedule was for 50 months, compared to the actual FSD duration of
approximately 84 months.
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Government and industry for a long time. Looking back over the program, it is much
easier to find things that might have been better had another path been taken. Other things
worked out better than would have been expected. The following are lessons-learned?2:
o The Original 40-Month AMRAAM Full-Scale Development Schedule:
- Forty-month development was unrealistic.
- It was driven by the F-16 operational need date rather than by an in-depth
examination of missile design requirements and design/technology availability.
- The many late changes the contractor (Hughes) made between the Validation
Phase design and the FSD design greatly impacted the ability to meet the schedule.
- Validation Phase tasks were not fully completed, transferring risk to the FSD
program.
o System Integration and Aircraft Integration:
- Neither area received enough emphasis in the developmental program. The
AMRAAM Government and industry teams were toc focused on the "missile”
rather than the "missile as an element of a larger system".
- Overly optimistic technical assessments early in the program that were based on
individual subsystem/component design accomplishments.
- Real technical issues surfaced during the integration of subsystems.
- The Government and contractor teams were not systems oriented.
- The contractor (Hughes) did not have total system performance responsibility
(TSPR). The Government was responsible fer aircraft interface data including
currency/accuracy of that information. Total aircraft/weapon system was not
optimized to the extent it could have been. Also, much of the reliability problems
that disrupted the production program could have been avoided if Hughes had
been given TSPR.

42These lessons-leamed were generated through the help of Mr. Richard C. Calano, AMRAAM Navy
Assistant Deputy, who has carefully studied the AMRAAM acquisition history.
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- Direct subcontracting from the prime weapon contractor to the aircraft
contractors for technical support should have been a requirement. Also, a
comprehensive interface document should have been deliverable and placed under
Government configuration control.
¢ Fixed-Price Contract not Suitable for a Highly Complex Technology Effort:
- Hughes likely underbid the FSD program.
- Hughes was at contract ceiling half way through the FSD program.+3
- Engineering thoroughness declined. Hughes stopped surfacing technical
problems in an effort to minimize engineering expense. Also, Hughes did not
examine technical issues to the level of detail that would have been appropriate due
to Hughes management pressures to keep cost down.
¢ Test Program Schedule Pressures:
- Undue schedule pressures were exerted on the flight test team.
-- Lessons learned not incorporated/validated until late in the FSD program.
-- Test objectives were not efficiently combined.
- "Failure" not permitted.
-- Political influence force a less aggressive test scenario for risk of interference.
-- Missile performance growth was paced by test program.
- Joint developmental/operational test involvement worked extremely well, but

was criticized by OSD's test community. Probably was a "rice bowl" issue.

e  Quality/Reliability:
- Large percentage of missile components/subassemblies are contracted out from
the primes. Subcontractor management by the primes was a priority concern of

the Government during early program stages.

43In a fixed price type contract, the contractor receives no additional funding once he reaches the ceiling
price.
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- Quality emphasis not flowed down to the subcontractors.
- Inadequate monitoring of subcontractor qualification and acceptance testing

early in the program.



3.0 AMRAAM's Production Phase
3.1  Production Options to the Full-Scale Development Contract

The AMRAAM JSPO had included competitively obtained production options in
the FSD contract at the direction of the secretariat of the Air Force to help prevent "buy-
in" by either Hughes or Raytheon into the FSD program. The FSD contract that was
awarded to Hughes had two pre-priced options for the first two lots of production and an
unpriced option for the third lot. The deliverables for these options are summarized
below. Note that the options contained variable quantities that could be unilaterally
exercised by the Government.

311 FSD Option for Lot 1
This option had an initial target price** of $231,489,721 and a ceiling price of
$295,071,641. The original deliverables were as follows:
1. Missiles (variable quantity - 174 to 354)
2. Associated containers and support equipment
3. Rail launchers

- F-16 (variable quantity 130 to 350)

- F-14 (variable quantity 8 to 32)

- F-18 (variable quantity 7 to 28)

4. Leader support to follower co-assembly (40 missiles of the 174 to 354 were to be co-
assembled by the follower)

5. Test and evaluation support

6. Data and special studies

7. Production engineering

44The term "initial target price" is used because the contract type was "fixed price with successive
targets”, normally referred to as an FPI(S) contract. In this contractual arrangement, the target price can
be renegotiated during the course of the contract. On a scale of contract types that would have cost-type
contracts as the least risky to the contractor to the firm-fixed-price contracts in which the contractor bears
the bulk of the risk, the FPI(S) is considered to be in the middle, but does have a larger share of financial
risk on the contractor's side due to the fixed ceiling that is not readjusted.
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8.

Allied support

9. Logistics support

10. Special tooling and test equipment

11. Training and qualification hardware

3.1.2 FSD Option for Lot 2

This option had an initial target price of $394,260,120 and a ceiling price of

$493,546,596. The original deliverables were as follows:

1.
2.
3.

5
6
7.
8
9

Missiles (variable quantity - 250 to 1420)
Associated containers and support equipment
Rail launchers
- F-16 (variable quantity 270 to 750)
- F-14 (variable quantity 35 to 180)
- F-18 (variable quantity 50 to 130)
- F-15 (variable quantity 270 to 740)
Leader support to follower co-assembly (64 missiles of the 250 to 1420 were to be co-
assembled by the follower)

. Test and evaluation support

. Data and special studies

Production engineering

. Allied support

. Logistics support

10. Special tooling and test equipment

11. Training and qualification hardware

12. Storage Reliability Verification Guarantee Program
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313 FSD Option for Lot 3

This option was unpriced.#> The original deliverables were as follows:

1.
2.
3.

was made on the FSD effort to justify expenditure of production funding prior to the

option expiration dates. Even so, several important issues become clear when examining

Y 0 N ok

Missiles (variable quantity - 794 to 3064)
Associated containers and support equipment
Rail launchers

- F-16 (variable quantity 350 to 1700)

- F-14 (variable quantity 125 to 500)

- F-18 (variable quantity 175 to 900)

- F-15 (variable quantity 150 to 800)
Leader/follower assistance and configuration management
Data and special studies
Training hardware
Production engineering and technical services
Logistics support
Allied support
3.14 Discussion of the FSD Options

The FSD contract options were lost on the program when insufficient progress

the FSD options:

Optimistic Projection of Hughes Ability to Ramp-up to Production Option
Rates: The quantities the Air Force and the Navy were intending to buy on the
options reflect the underestimation of the program challenge to bring the missile up to
production rate that was later observed. Note that the sum of the first three lots of

production from Hughes only ranged from a minimum of 1218 to a maximum of

45The reason for not asking the contractor to price the third option was that it was thought to be too far in
the future for the contractor to price at the time of FSD proposals and saurce-selection.
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4838 missiles. The ramp-up to achieve this quantity of missiles is now looked back on
as very unrealistic, based on the experience that was gained on the Hughes design
during FSD and later production.

Leader/Follower Strategy Revision: The leader/follower strategy underwent major
revision after the FSD contract options were lost. Notice that Lot 1's option included
the leader supplying 40 missile kits (at the missile section-level) for follower co-
assembly and Lot 2 envisioned the leader providing 64 missile kits (at the chassis level)
for follower co-assembly. After the FSD contract options expired, Hughes would not
agree to provide Raytheon these kits for co-assembly. The leader/follower plan was
then changed to remove the co-assembly element from the program and to go to a
follower stand-alone qualification lot of only 15 missiles. The Hughes technical
assistance for this effort was funded through two contract vehicles, neither of which
were very cost-effective. The first contract vehicle was limited to the support that the
Government obtained on the negotiated Hughes Lot 1 and Lot 2 contracts; the second
was through the Qualification Lot and Lot 1 contracts with Raytheon through a cost-
reimbursabie line iterr for Hughes subcontract support.

Missile Rail Launchers: An equivalent issue to the loss of missile production
options occurred with the missile rail launcher (MRL). Based on havin g FSD contract
MRL production options, the Air Force anticipated that the cost risk for obtaining
launchers on the Hughes contract was very low. The MRL was developed as an
element of the AMRAAM program, but was actually a new rail launcher to be used for
the numerous AIM-9 Sidewinder aircraft stations also. (The existing launchers would
not have been adequate for launching AMRAAM.) Therefore, the Air Force closed
down the AIM-9 compatible launcher production line to go to the new
AMRAAM/AIM-9 Missile Rail Launchers that were to be provided on the Hughes
FSD contract options. The Hughes MRL program developed significant technical and

manufacturing problems. The Government's assessment of the MRL effort is that
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Hughes management was so occupied with the missile, that they ignored the MRL.
Discussions of the MRL program with either the Government or the Hughes team
revealed that key people were fired (and others moved to other programs) due to the
problems that occurred on the MRL. Although the AMRAAM missile has been
effectively produced now by two contractors (Hughes and Raytheon), the MRL, with
its relative simplicity, continues to have problems with the sufficiency of its data
package for competitive reprocurement. In comparison with the missile, the MRL has
been termed an "anvil”, but its acquisition has proved to be a disaster.

e Fundamental Flaw: Tying Options to Calendar Dates versus Contract
Milestones: It is viewed by some within industry and Government that Hughes was
very much incentivized to break the FSD production options. The prices for
production options were obtained in a competitive environment for FSD and were
known to be one of the determinants for source selection. These options provided a
window of opportunity over which the Hughes proposal had claimed very low risk for
the FSD program. In actuality, it is possible that Hughes never had any intention to
meet the FSD schedule that would have permitted the Government to exercise the
FSD options. Since the options were tied to calendar dates, rather than FSD
milestones such as design review comnletion or flight test completion, slipping the
FSD schedule effectively abrogated the contract options with the Government.
Hughes then was on a sole-source negotiation basis with the Government and was able
to greatly increase the missile and launcher prices for Lots 1 and 2, along with the
supporting elements that are listed above (including the leader/follower effort). This
loss of contract options because of being tied to calendar dates precipitated a policy
action out of OSD and the headquartcss of the services that similar options in the
future must be tied to contract milestones on all major programs.

With the production options out the window, the JSPO and the Contractors went

on to negotiate each contract lot until competitive procurement, as has been described in
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Sections 1.2 and 1.3 of this thesis. The following sections will show the originally
scheduled, modified and actual delivery dates for both Hughes and Raytheon.

3.2 Lot 1 Missile Production
321 Hughes Lot 1 Missile Deliveries

HUGHES LOT 1 CUMULATIVE MISSILE DELIVERIES- CONTRACT VERSUS ACTUAL
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Figure 3.1

Examination of the Figure 3.1 shows three different modifications to the Hughes
Lot 1 contract schedule versus the actual delivery schedule. Note that the October 1987
and the March 1989 schedules show that all 105 missiles were to be delivered by the end
of June, 1989. Compare this with the flat period from March of 1989 until August of
1990. During this period the Government stopped accepting missiles due to a captive
carry reliability problem that appeared on the F-15. The final modification to the contract
after these problems were rectified shows that the Lot 1 missiles deliveries were actually

completed in January of 1990, approximately 6 months behind the original schedule.



3.2.2 Raytheon Lot 1 Missile Deliveries

RAYTHEON CUMULATIVE LOT 1 DELIVERY SCHEDULE- CONTRACT VERSUS
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Figure 3.2

Three major factors effected the Raytheon schedule for Lot 1. The first was the
completion of their Qualification Lot contract which had fallen behind. The next was the
establishment of factory test equipment which also was lagging behind plans. Last, the
same reliability problems that had the Government put a hold on accepting missiles from
Hughes also stopped deliveries from Raytheon.

Although for clarity of presentation only two contract modification schedules are
shown on Figure 3.2, in actuality there were a total of 7 contract modifications that
adjusted Raytheon's contract schedule during the course of the lot. In any event, what had
set out to be an 11 month schedule beginning in September of 1988 and ending in July of
1989 finally had first deliveries in January of 1989 and completed deliveries in January of
1991.

3.2.3 Captive Carry Reliability Problems and Teamwork for Solutions

With all the negatives that come with facing crisis, the AMRAAM program turned
disaster into achievement during Lot 1. When early Lot 1 missiles became available for

captive carriage testing on the F-15 to verify reliability, a critical problem was found. The
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missile had been designed and qualified to environmenta! vibration levels that had been
measured in FSD with instrumented test vehicles. In Lot 1, it was found that these levels
dramatically understated an extreme environment that was to be encountered on the F-15
fuselage. The captive carriage reliability plummeted compared with previous observations
on the F-16 during FSD.46 The AMRAAM Program Director made the decision to halt
deliveries on all production missiles until the cause of the reliability failures could be found
and fixes put into the missile.

In a forced marriage, Hughes, Raytheon, and the Government took off parochial
hats and merged technical talent to identify the causes and the solutions to the problems.
This fundamental environment drove a design and process review to a depth not likely
duplicated in conventional armament development. In the end, the team successfully
quantified the environment, re-qualified critical components, sections and all-up missiles,
and resumed production. As a result, in later lots of production the missile reliability has
exceeded even the most optimistic levels. Contractor confidence has grown tremendously
in the reliability of the missile and unprecedented warranties have been provided by both

Hughes and Raytheon.

46Recall that the original aircraft that was to receive AMRAAM was the F-16. Therefore, captive carriage
reliability program (CCRP) during the FSD program was primarily on the F-16. In retrospect, had the
CCRP been on the F-15, these problems would have been found much earlier. The F-15 vibration
environment is many times more harsh than the F-16.
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3.3 Lot 2 Missile Production
331 Hughes Lot 2 Missile Deliveries

HUGHES LOT 2 CUMULATIVE MISSILE DELIVERIES- CONTRACT VERSUS ACTUAL
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Figure 3.3

In addition to the problems that the program had regarding with captive carry
reliability ihat bow-waved over into Lot 2, Hughes also had difficulties producing selected
advanced guidance system electronics that were required beginning in Lot 2. These same
technologies were to be passed to Raytheon and also caused delays in their production
line. These producibilty problems were finally resolved through changes introduced from

the AMRAAM Producibility Enhancement Program (APREP).
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3.3.2 Raytheon Lot 2 Missile Deliveries

RAYTHEON LOT 2 CUMULATIVE MISSILE DELIVERIES- CONTRACT VERSUS
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Figure 3.4
This Lot 2 schedule in Figure 3.4 shows the effect of the Lot 1 schedule slip due to
reliability as well as other delays. Note that the schedules that were renegotiated in July of
1990 and February of 1991 have unrealistic ramp-up rates. (Which is, of course, much
easier to see now than looking forward back then.) You can also observe that the
contract modifications to synchronize contract requirements and actual deliveries

continued to occur with regularity.
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34 Lot 3 Missile Production
34.1 Hughes Lot 3 Missile Deliveries

HUGHES LOT 3 CUMULATIVE MISSILE DELIVERIES- CONTRACT VERSUS ACTUAL
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Figure 3.5
Lot 3 at both Hughes and Raytheon felt the same impacts as the Lot 2 deliveries.
Notice, however that Hughes was able to sustain between 45 and 50 missiles per month

over a 4 to 5 month period, reflecting that the producibility was improving.
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342 Raytheon Lot 3 Missile Deliveries
Raytheon also was able to sustain a much higher rate during Lot 3 than on
previous lots. After a delayed start due to coming up to production rate on the previous
lots, Raytheon averaged over 30 missiles a month for the last 10 months of Lot 3
deliveries. They, like Hughes, were beginning to have the advantages of enhanced

producibility from the APREP initiative (described in Section 5.0).

RAYTHEON LOT 3 CUMULATIVE MISSILE DELIVERIES- CONTRACT VERSUS
ACTUAL

CUMULATIVE MISSILES

72



3.5 Lot 4 Missile Production
35.1 Hughes Lot 4 Missile Deliveries

HUGHES LOT 4 CUMULATIVE MISSILE DELIVERIES- CONTRACT VERSUS ACTUAL
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Figure 3.7
In Lot 4 a wonderful thing occurred! Hughes was able to meet the negotiated
delivery schedule and delivered 450 missiles in less than 9 months. They were able to

readily demonstrate 60 missiles per month.
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3.5.2 Raytheon Lot 4 Missile Deliveries

Raytheon was equally impressive with actually delivering consistently ahead of the

negotiated schedule.

RAYTHEON LOT 4 CUMULATIVE MISSILE DELIVERIES- CONTRACT VERSUS
ACTUALS
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3.6 Lot 5 Missile Production
3.6.1 Hughes Lot 5 Missile Production

HUGHES LOT 5§ CUMULATIVE MISSILE DELIVERIES- CONTRACT VERSUS ACTUAL
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Hughes won the Lot 5 competition and received an award of 540 missiles. They
have delivered on or before the negotiated schedule for the entire production run.

3.6.2 Raytheon Lot § Missile Deliveries

RAYTHEON LOT 5§ CUMULATIVE MISSILE DELIVERIES- CONTRACT VERSUS
ACTUAL
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Figure 3.10

75



In the first competition since Full-Scale Development, Raytheon received 33% of
the missiles for Lot 5- 270 versus the Hughes quantity of 540 missiles. As of March of
1994, it is evident that both contractors are able to achieve required delivery schedules.
Some adjustments to contract delivery schedules should be caused by production rate
smoothing when a follow-on lot is received. For example, for Lot 6 production option to
Lot 5, Raytheon came back on March 23, 1992 to win the majority of the missiles (490
versus the Hughes award of 401). At that time, it was prudent to examine the Lot 5 and
Lot 6 schedules in combination, and make refinements as necessary. Most production
managers state that there is inefficiency in step-function changes in production rates when
they can be avoided by better planning. Therefore, in Lot 5/6/7 transition, Hughes going
from producing 540 in Lot 5 to 401 in Lot 6 to 849 in Lot 7 would be less expensive if
adjustments were made to each lot's delivery schedule. The same would be true for
Raytheon to a lesser degree because their Lot 5/6/7 rates are 270 to 490 to 614 missiles
per year, which is a sustained production delivery growth rate. See the Figure 3.11 on the
next page to graphically observe the variations in production quantities by lot for each

contractor.
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3.7

MISSILE QUANTITY
SEITILEEE

SUM

Summary of Awards to Date Including Lots 6, 7 and 8 Competition Results

MARY OF AMRAAM PRODUCTION CONTRACT AWARD QUANTITIES BY
CONTRACTOR AS OF MARCH 1994
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This shows that the competition is not one-sided. Notice that since Lot 5, which

was the first competitive production lot, there has been an exchange of the larger quantity

of missiles with each lot. As stated earlier, the competition is intense, and the average unit

price of the missiles dropped 25% between Lot 6 and 7, and 23% between Lots 7 and 8.
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To summarize the production section of this thesis, it is appropriate that the reader
look back at the progress that each contractor has made in producing missiles for the
operational inventory. As shown in Figures 3.12 and 3.13, the production deliveries of
each contractor have now reached a level that the Government can have confidence that
the operational capability will be provided to world-wide forces on or before schedule. In
fact, the last two competitions have resulted in the Government being able to buy more
missiles than planned due to the price improvements demonstrated through competition
and APREP.

Today's challenge in AMP.AAM production is to introduce APREP and Pre-
Planned Product Improvement (P3I) without disrupting the production line momentum
and sustained quality. Until now, at least, excellent planning for configuration changes has

allowed block change to the missile to occur very smoothly.
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4.0 AMRAAM Second Source Development and Technology Transfer
The most successful element of the AMRAAM program is, of course, the technical
achievement to give the US and allied operational users the most effective air-to-air
missile that the world has ever seen. One of the other most successful elements of the
program is the development of a competitive second source and the resultant benefits that
have been achieved by AMRAAM's use of competition to date. This section discusses the
development, implementation and results of the strategy for a second source on
AMRAAM. It provides insight into:
e Why second sources are developed,
e  The processes used to formulate the second-sourcing strategy and to obtain
approval for the strategy within the Department of Defense,
e  Alternative strategies considered,
e  The significant experiences encountered by the Government, the original source, and
the second source,
e  The cost and non-cost results,
e A summary of lessons learned on the second-sourcing effort and,

o  Today's alternatives regarding sustaining a second source on AMRAAM.
4.1  The Purposes of Developing a Second Source

Whether or not a second production source would be appropriate and affordable
on the AMRAAM program was examined closely beginning in June of 1978. The Joint
Systems Program Office (JSPO) faced with this fundamental question as it went forth to
advocate the long-term acquisition strategy to upper levels of management in the Air
Force, the Navy and the Office of the Secretary of Defense (OSD). There were various
reasons to consider a second source:

4.1.1 Potential Benefits in Having a Second Source Producer on AMRAAM
e Cost Savings and Control: The first and principal reason was to use comipetition to

drive down the cost of the missile system and contain cost growth on the program.
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Experience on many other programs within all the US services had shown that high
priority programs in a non-competitive environment typically grew in cost over what
was expected in earlier program cost estimates.

o Expanded Production Base: The second reason to consider multiple sources was to
ensure that a sufficient "production base” was available to supply the large quantity of
missiles needed to meet operational projections. With plans to have AMRAAM be the
single medium-range missile for all US services , the quantity of AMRAAM weapons
was anticipated to be over 20,000 for the operational inventory of the Air Force, Navy
and Marine Corps. There was a significant concern about the ability of any single
missile producer in the US (or the world) to sustain the required rate of production
necessary to deliver the required inventory.

e Avoiding Sole-Source "Lock-In": Related to the issue of whether a single producer
could deliver the entire quantities needed by the services was an issue about DOD
investing so heavily*” in one missile producer that no other aerospace company would
ever be able to penetrate the air-to-air missile market with new technologies. In other
words, the Government would be "locked-in" to a single source, even though other
sources might have ideas that would make the system more effective, affordable and/or
supportable.

o Single Production Line Vulnerability: A similar reason was the vulnerability in
having one source for such a critical system. With one source, any interruption-
whether it be from technical difficulties, acts of war, a natural disaster, or a labor
issue- could stop the flow of missiles to the field. The risk seemed small, but the
impact too drastic to ignore. Also, in the summer of 1978, the AMRAAM program
office witnessed production lines of two of the five competing Conceptual Phase

contractors effectively at a standstill due to labor strikes.

47[n special facilities, tooling and test equipment
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e Expanded Technology and Engineering Talent Base: Another important
consideration was that the program was pushing the state of the art in several
technologies such as: high-power radar confined in a very small space; the use of
digital computers for guidance functions and electronic countermeasures; and the
simultaneous integration of the missile on several aircraft that would require two
modes of launcher operation. These technical issucs were very challenging. Two
contractors would address these issues in the Validation Phase program ar.d would
derive potential solutions. Therefore it was determined that the another competent
weapon system producer could provide a broader technical base upon which the
program might draw if issues developed on the program. In other words, the Air
Force expected a second source could bring more to the program than only being a
"build -to-print” contractor. Without a second source, "all eggs would be in one
basket" to attack the hurdles the program would likely face.

e Improvements in System Performance, Quality, and Reliability: A very positive
motivation to have a second source was that on selected programs it had been
observed that improvements in product performance (including quality and reliability)
had been realized through competition.

4.1.2 Concerns with Introducing a Competitive Second Source Producer
On the negative side, there were also reasons the AMRAAM program office
considered pot introducing another source on the program:

e Dilution of Focus on the Basic AMRAAM System Development: The technical
challenge of the AMRAAM undertaking was tremendous. A genuine concern existed
as to whether or not dilution of focus on the primary development would occur by
attempting to manage a second source development effort.

o Affordability Issues: A large issue developed over the affordability of having two
sources. It was recognized that front-end costs to establish a second source would be

very significant. The Government knew that the second source would require an
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"education” to be able to effectively produce. It would also require a substantial
amount of special tooling and test equipment, as well as facilities, to make an
"equivalent” missile to the original source. A more comprehensive data package
without proprietary restrictions would be required from the original developer to
support open competition. Any second source producer would require a formal
qualification effort and testing by the operational community. These would be
redundant efforts to those required for a single source. Configuration management of
two sources would be more complex and expensive. These are examples of the
additional burdens the Air Force recognized it would face. All of these burdens
increased upfront program costs.8

Fear of Diverging Designs: The AMRAAM support concept required that all
missiles have the same configuration to the lowest depot repairable level. This
requirement was driven by previous experiences on the AIM-9 missile program in
which the operational forces obtained missiles from two competing contractors with
obvious differences in performance and reliability. The Navy also found that parts
were not interchangeable on the two contractors' missiles. In other words, the missile
designs had diverged in the pursuit of competitive production. Missile systems
previous to AMRAAM required a significant amount of assembly and test within the
field prior to being ready for load onto an aircraft. Most of the AMRAAM
requirement for field-level assembly and test was driven by problems with designs and
reliability of earlier missile systems. AMRAAM was required to be easily supportable
and require virtually no field level (flight line or shop) maintenance. AMRAAM was
further required to be an all-up-round ready for operational use directly out of the

48Numerous cost studies by the program office and independent sources did determine over the course of
the program that it would be very cost effective for AMRAAM to introduce two sources, especially
considering the large projected quantity required by the operational forces. The results of these analyses
are included in a later section.
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shipping container. However at weapon servicing depots*?, it was anticipated that
AMRAAM would be disassembled, and upgraded/repaired as necessary. A
fundamental requirement was placed on the program that missiles acquired from either
a prime or a second source must be identical to the lowest depot-repairable level.
Although this was seen to increase initial acquisition costs, it was alsc seen likely to
significantly reduce life cycle costs driven by depot upgrades and repairs. It also gave
the logistics community a secondary benefit of strong competition for spares to be
used as depot replacement sections.
4.1.3 Strong Policy Emphasis for Competition
On tcp of all the programmatic reasons for carefully planning for competition on
the AMRAAM program in 1978 was the strong and growing advocacy for competition
throughout the Government. The President, Office of Management and Budget, Congress
and service executives were in strong agreement. In the 1960's and 70's there had been
many experiences of cost over-runs that were attributed to a single (sole) source
environment. Much emphasis was being placed on sustaining competition throughout the
production phase of a program, because after a contractor competed and won a full-scale
development contract, there was ineffective cost control available to the Government.
Many developmental competitions had been early "buy-ins" by contractors.5® Contractors
who successfully bought-in and established a position of sole-source would attempt and
usually be successful in recouping early losses either later in development or in production.
In 1984, the Defense Systems Management College (DSMC) produced a manual
for program managers to use when establishing a second source which stated:
"The program manager should note the emphasis that DOD and the Congress

place on the effective use of competition. Competition is not advocated

49Depots are large maintenarce facilities typically at Air Force Air Logistics Centers or a Naval Weapons
Stations around the US.

50A "Buy-in" is an intentional under-pricing of a proposal to develop a system to become the sole
producer.
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merely for the sake of competition but rather as a means to enhance the

overall value of weapon systems procurement to the Government,

considering the economic, technical, schedule, and logistics effects. Thus,

when considering the use of competition, the program manager must assess

all relevant factors to ensure that competition is effectively employed."5!

To overcome perceptions that might exist regarding the degree of
discretion a program manager or service acquisition executives have regarding supporting
competition, it should be understood that competition in weapon systems acquisition (and
most defense goods and services) is legally mandated. DOD and Congress have been in
almost total agreement in concept in the need for competition to control cost and ensure
that procurements are fair. There has been emphasis in legislation, Federal Acquisition
Regulations, and DOD and Service regulations that clearly advocate the use of
competition.

A premiere example of legal preference for competition was enacted in 1947.52 A
congressional act mandated that the acquisition of weapon systems, as well as all contracts
for goods and services, be formally advertised. Only by specific exception can
negotiations with only one contractor be used to establish a contract. Negotiations are
required to be competitive whenever practicable. This act has been amended and refined
periodically since 1947 to apply additicnial emphasis to competition.

In 1984, for example, the Congress specifically emphasized competition in the
production phase of programs. Public Law 98-212 stated:

"None of the funds made available by this Act shall be used to initiate full-

scale engineering development of any major defense acquisition program

until the Secretary of Defense has provided to the Committees on

Appropriations of the House and Senate:

S1Establishing Competitive Production Sourcss, A Hzndbool: for Frogea:: & 4anagers, August 1984,
Defense Systems Management Coilege
52The Armed Services Procurement Act of 1947



(a) a certification that the system or subsystem being developed will be

procured in quantities that are not sufficient to warrant development of two

or more production sources, or

(b) a plan for the development of two or more sources for the production of

the system or subsystem being developed."s?

Note that this law now requires that a cost analysis be performed on a program to make a
determination whether or not a second source is cost effective. Cost analyses were done
on the AMRAAM program at each major OSD decision peint in which the acquisition
strategy was reviewed.

Requirements for program offices to respond to legisiation generally comes to
Government system program offices through Department of Defense
regulations/instructions and the Federal Acquisition Regulations that provide expanded
guidance. For example, the Office of Management and Budget (OMB) directed that
competition be incorporated throughout the entire acquisition process- meaning
development, production, and sustainment.>4

The "Bible" for contracting within the DOD is the Federal Acquisition Regulation
(FAR). The FAR mandates the use of competition. The FAR states:

"Contracts shall be awarded in accordance with formal advertising

procedures whenever feasible and practicable. Except where negotiation is

specifically required by this regulation {e.g., foreign purchases by overseas

activities), this rule shall be followed even though existing conditions would
satisfy one or more of the circumstances permitting negotiation."s
Later in the FAR it is required that negotiations be conducted competitively whenever

practicable:

53Section 797 of the Department of Defense Appropriations Act of 1984
540OMB Circular A-109
55FAR Subpart 14.103-1(a)

85



"Negotiated contracts shall be awarded on a competitive basis to the
maximum practical extent. To this end:
(a) Offers shall be solicited from the maximum number of qualified
sources consistent with the nature of and the need for the supplies or
services being acquired. Acquisition information shali be publicized in
accordance with 5.101.
(b) Before negotiating a contract on a noncompetitive basis, the
contracting officer is responsible not only for ensuring that
competition is not feasible and practicable under the existing
conditions and circumstances but also for acting whenever possible to
avoid the need for subsequent contracts. This process shall include --
(1) Examination of the reasons precluding competition for the
current requirements; and
(2) Taking steps to foster competition in the future, particularly
with respect to the availability of complete and accurate data,
reasonableness of the delivery requirements, ind possible
breakout of components for competitive contracting."56
The emphasis also has come from other agencies and offices such as the Office of
Federal Procurement Policy (OFPP). In 1984 this office set very strict limits on the use of
sole source contracts and required that competitive awards be used except in the case of
seven specific circumstances.57
The Department of Defense publishes additional guidance to acquisition personnel
in directives and instructions. A hallmark is DOD Directive 5000.1 which highlights the

use of competition:

56FAR Subparts 15.105(a) and (b)
STOFPP Policy Letter 84-2. This policy letter was later implemented into the FAR on 29 June 1984,
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"Effective design and price competition for defense systems shall be obtained to
the maximum extent practicable to ensure that defense systems are cost effective
and are responsive to mission needs."58

There were other influences on AMRAAM's acquisition strategy regarding
competition. For example, in 1981, the Defense Acquisition Improvement Program
(DAITP) included an initiative to increase the competition. The DAIP team interviewed
many key AMRAAM personnel at length and were provided details of AMRAAM's
acquisition strategy. The DAIP team later used AMRAAM as an example to be followed
for creating competition throughout the acquisition life cycle of major programs.

The Under Secretary of Defense for Research and Engineering also formed a
group to investigate methods to promote the effective use of competition. Once again
AMRAAM was selected as a model program. One example of an idea that AMRAAM
had used to emphasize competition was the designation of a senior program manager
within the program office to serve as an advocate for competition in 1981. This was long
before it was suggested or required within all DOD acquisition organizations. In 1984, all
services were required to appoint Competition Advocates to encourage use of competition
and to challenge the use of non-competitive procurements at all levels of contracting
actions.

In the mid-1980's, Congress became even more active in promoting the use of
competition. The AMRAAM program was on center stage within the acquisition
community to demonstrate feasibility of the Government constructing and implementing a
long-term strategy that would supply two competitive sources throughout the
developmental phases and through the majority of the production phases of the program.
By this time Hughes was significantly through the Full-Scale Development Phase, and
Raytheon had been "following" FSD activities closely.

58Department of Defense Directive 5000.1, "Major System Acquisitions,” USDR&E, 29 March 1982
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4.14 Summary of the Political Environment

The AMRAAM JSPO was attuned to the mood of the Congress as well as
acquisition executives within the Office of the Secretary of Defense and the Air Force and
Navy Secretariats. Whereas competition had been strongly recommended by most
acquisition officials and had been integrated into the AMRAAM acquisition strategy from
the beginning, other people thought the establishment of a second source was too
expensive, and that the costs would never be recovered. These people had to be
convinced by sound analysis. In addition, although Hughes had proposed bringing on a
second source during the FSD phase as part of their competitive FSD proposal, Hughes
exerted considerable influence (ineffectively) to advocate the termination or delay of the
second-source developmental activities, once they had won the FSD competition.

4.1.5 Strong Endorsement/Direction by Senior DOD Executives

In 1981, The Undersecretary of Defense for Research and Engineering told the
Senate Appropriations Committee:

"My recommendation is that we select both competitors (Raytheon and
Hughes) and fund both in production and let them compete for the life of the
program. A dollar worth of investment in developing a second source will
return over $20 in a program's life. The F-18 is a problem now because
we're down to one competitor." 39

The atmosphere in Congress continued to be very pro-competition during this
period and three pieces of legislation passed that further cemented that the
AMRAAM acquisition strategy reflected the will of the Congress:
® The Competition in Contracting Act of 198460
¢ The Small Business and Federal Procurement Competition Act of 198451

® The Defense Procurement Reform Act of 198562

39 Aviation Week and Space Technology, 27 July 1981, "Pentagon Urges Competition on Missile"
60Public Law 98-369
61pyblic Law 98-577
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In 1981, after considering all the positive and negative programmatic points, and
examining the political environment, the JSPO Program Director elected to stay the
course with the second sourcing strategy that had been planned in 1978. Higher
acquisition authorities in DOD approved continuing the concept of having more than one
source on the AMRAAM program.

In the late 1970's and early 1980's, there were many subordinate issues that had to
be addressed in detail to implement the AMRA AM second-sourcing acquisition strategy
such as:

o How to bring on the second source
e The timing of bringing on the second source, and
e The selection of the second source.

Each of these issues is discussed later in some detail.

62public Law 98-525
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4.2  Formation of the Strategy and the Strategy Review Cycle

The process that the AMRAAM JSPO used to formulate the acquisition strategy
was interactive with all levels within the services and OSD, and included continuous input
from industry. First, a small team of JSPO personnel "brainstormed " the many
alternatives that were available. (These alternatives will be discussed in the next section.)
The team consisted of a program manager/team leader, a procurement contracting officer,
an engineer, a logistics specialist, and a program cost estimator/budgetary specialist. This
team served as the right hand of the Program Director and the basic JSPO unit to generate
alternatives, to develop pro's and con's, to obtain consensus, to document plans and
analyses, to staff formal coordination, to react to acquisition panel inputs, and to translate

the plans into solicitations to industry.

OVERALL SECOND SOURCE STRATEGY DEVELOPMENT

FORMED STRATEGY IDENTIRED AMPLIREDAND |
DEVELOPMENT TEAM COND-SOURCING EXAMINED ALTERNATIVES
ALTERNATIVES
L DEVELOPEDA | REVIEWED STRATEGY L[ UppATED STRA
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PROCESSED STRATEGY IMPLEMENTED MANAGED AND |
THROUGH REVIEW CYCLE SECOND-SOURCING

A NITORED STRATEGY.I
I-E UPDATED STRATEGY
Figure 4.1

The team environment was very much akin to the current Integrated Product Team
(IPT) movement now in 1994 ongoing within Air Force Material Command. Although
team members came from different functional backgrounds, there were no barriers to

prevent any person from acti- .1y providing input < any subject. Engineers were deeply
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engaged side by side with cost estimators and program managers to evaluate program
alternatives. This team relationship is discussed in the organizational section of this thesis
(Section 10).

The first task of the team was to research the various methods that were available
to develop second sources. They employed a multiple-pronged approach which included
simultaneously discussions with, and review of program office documentation from, other
DOD personnel within program offices and within the acquisition policy community, with
the leaders of aerospace industry, and with the academic community such as the Defense

Systems Management College.
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Figure 4.2
The team provided the second-sourcing alternatives and recommendations to the
AMRAAM Program Director, along with his JSPO division chiefs from each of the
functional areas®3, and a legal representative. This group acted as a sounding board to

probe issues and expand alternatives. The group made suggestions such as that the JSPO

63The JSPO had divisions for Program Management, Engineering, Test, Contracting , Logistics,
Configuration Management, and Program Control (for primarily budget issues).
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have an independent group examine the cost-effectiveness of competition in previous
DOD programs.

From this interaction, a preliminary acquisition strategy was developed that would
go forward external to the program office and the process would be repeated at the next
level. The entire JSPO management structure then went forth to present the second
sourcing strategy to relevant counterparts on other programs and to the next level of
functional management to get reactions and suggestions informally. The strategy worked
its way through the staff at the Air Force Development and Test Center (AFDTC) at Eglin
Air Force Base in Florida, on through the Headquarters of the Air Force Systems
Command, through the Headquarters and Secretariat of the Air Force and Navy and to the
Office of the Secretary of Defense. The results were that in every instance in which the
second sourcing strategy needed to be approved, issues® were explored and resolved with
appropriate staffs informally prior to final reviews and requests for approval. This same
strategy development and coordination approach was taken on every important element of
the AMRAAM acquisition strategy.

Several documents were prepared that described the strategy. The AMRAAM
program was designated as a "Major System Acquisition" under the criteria of DODI
5000.1 and therefore was subject to the Defense System Acquisition Review Council
(DSARC) process that was discussed earlier. This process required that the program
prepare certain specific documents that discussed the program alternatives and acquisition
strategy such as the Decision Coordinating Paper and the Integrated Program Summary.
In addition, the program office was required to be responsive to the Federal Acquisition

RegulationS requirements to prepare an acquisition plan that included areas such as:

64Typical issues were:

e At what level to bring on another source- system versus subsystem,

¢  When to bring on the source(s),

e  What method to use to bring on the second source (Technical Data Package, Leader/follower, etc.)
s and Who the second source should be.

65Federal Acquisition Regulation (FAR) Part 7, Acquisition Planning
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Program Requirements

Acquisition Background and Program Direction

Type of Contract(s) Envisioned

Funding Requirements and Availability

Program Schedules

Procurement Method

Macximization of Competition

Contract Incentives

Lead-times for Deliveries

The Method for Source Selection and Criteria to be Used

The Performance of Contract Administrative Duties

The significance of preparing this comprehensive procurement planning was that it

focused the attention of the entire program office into integrating consideration of second-

sourcing into virtually every major program trade-off.
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4.3  Alternative Second-Sourcing Strategies

Perhaps the most constructive part of AMRAAM's acquisition strategy
development, especially in the area of second-sourcing, came from the lengths to which
alternative strategies were evaluated. One advantage the AMRAAM program had in
developing alternative strategies was the breadth of experience and networking that the
members of the Joint-Service Program Office had acquired prior to being assigned to the
program. Not only were the personnel experienced on a broad spectrum of weapon
system acquisitions (many of which had been competitive), they also represen‘ 1 the
experience base of both the Air Force and The Navy, and had strong contacts within the
Army. The alternative strategies considered were as follows:
e No Second Source
e Form, Fit and Function Competition
e Technical Data Package Competition
¢ Leader/Follower Second Source Development
e Licensing
e Contractor Teaming
e Subsystem (Sub-Tier) Second Source Competition
Each of these strategies and their advantages and disadvantages will be discussed below.

4.3.1 No Second Source Requirement

The intent of the Federal Acquisition Regulation and the Congress has not been to
insert competition into a program if it were not appropriate. For example, if quantities
were too small, it would not have been appropriate due to the up front expenses that are
necessary to establish a second source. Butin AMRAAM's case quantities that were
projected for operational use were originally over 20,000. Break-even analyses varied,
but all indicated that if 10,000 to 13,000 missiles were to be acquired that the savings from
competition would more than account for the costs to establish a second source.

Therefore it was determined that it would be cost effective.



Many other reasons than cost reduction existed for establishing a second source, as
previously mentioned. The Navy Competition Handbook5¢ which was published in 1989
cites AMRAAM as an example several times and lists some of the reasons a second source
might be needed:
¢ Improving quality and reliability
¢ Encouraging industry to invest in innovative techniques to improve their competitive

position
e Improving program manager control and leverage over contractor activity
¢ Enhancing the industrial base for mobilization and surge capacity
e Improving delivery schedules to the operational forces
e Motivating contractors to suggest design changes which result in price reductions,
rather than cost growths
These reasons were all briefed in 1981 to the Secretariats of the Air force and Navy. The
decision was made that a second source was appropriate for AMRAAM and the
alternative not pursue a competitive second source was eliminated.
4.3.2 Form, Fit and Function (F3) Competition

The next form of competition that was considered for use on AMRAAM was to
have two contractors deliver missile systems that had the same external characteristics
(form), would interface (fit) identically on the various required aircraft, and were
functionally identical (or at least interchangeable) in all aspects of performance. The
advantage of the F3 approach was that through allowing designs and manufacturing
processes to be flexible, contractors could be more creative in reducing costs. An
additional advantage would have been that the developer would not have been required to
develop a full open-competition type technical data package. Another important
consideration was that the Government would not have been liable for the quality of the

technical data package.

66Navy Competition Handbook, Second Edition, Dated April, 1989
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However, this F3 alternative in essence would have required a totally redundant
Full-Scale Development (FSD) Phase for the second source, which was cost prohibitive.
Of greater issue were the supportability considerations of having two configurations to
maintain and provide spares throughout the program life cycle. The logistics community
had a strong voice in establishing that this was not a viable alternative for AMRAAM.
One last nail in the coffin of the F3 approach was that there had been experiences on a
previous Navy program in which the operational forces had found one contractor's
product had been significantly inferior from a quality and reliability perspective from a
second contractor's product. Therefore, the recommendation was that identical
acceptance test equipment must be used for all sources of the missiie, which virtually
eliminated a purely F3 approach.

Although the F3 technique had been proven to be acceptable on more simple
systems®, it was determined not to be appropriate on AMRAAM.

4.3.3 Technical Data Package Competition

The Technical Data Package (TDP) method of establishing a second source is by
far the most common. In this technique, a TDP is developed during the Full-Scale
Development Phase of a program, usually, or even after a program has entered into
production, and is provided to potential second sources as the basis for contracting. The
TDP is a stand-alone document (actually, collection of documents such as specifications
and drawings) to which all sources will be required to produce. The Government is
generally the owner of and responsible for the maintenance of the TDP.68

The TDP process has several steps that are shown in the following figure:

7Darreil R. Hoppe , "Dual Awards and Competition--You Can Have Both," Seventh Annual Acquisition
Conference, Hershey, Pa, 1978. Mr. Hoppe uses the successful example of the GAU-8/A 30-millimeter
ammunition which was developed at Eglin Air Force Base in Florida in support of the A-10 aircraft
program. In this case the prime gun contractor (General Electric) was required to develop a second source
for ammunition to lower acquisition cost and to ensure an adequate supplier base for ammunition.

68The Government is responsible for the maintenance of the TDP, but may contract out this responsibility
to one of the suppliers or an independent third party.
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Establishing a Second Source
Using a Technical Data Package

package by the system developer

N

Validation of the technical data package
by the Joint System Program Office

N

[Aoceptance and translation of the technical datﬂ

[ Preparation of the technical data ]

package by the second source

Second source qualificaticn efiorts including
fabrication and testing to the TDP

Figure 4.3

Obviously, the quality of the TDP is crucial to the success of the TDP approach to

establishing competition. Specific characteristics® that are necessary are:

® Specific requirements of the missile and all subsystems/components in terms of
detailed physical and performance characteristics within the operational environment in
which the system is required to operate.

¢ Quality assurance provisions which include sampling plans and acceptance criteria,
acceptance test equipment, and acceptance test plans and procedures.

¢ Packaging requirements that ensure adequate and supportable preparation for dclivery,
storage and use from production to use in the field. Th.s would include repackaging
instructions also.

¢ Unique manufacturing process plans and instructions that are needed to ensure that all

sources are producing equivalent missiles.

69"Technical Data Package Development and Management,” Army Management Course, US Army
Management Engineering Training Activity, October 1982
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The establishment of a second source on AMRAAM by the TDP method weuld
have had several strong points. First, if the TDP were allowed to mature (to be
completely proven out and baselined) prior to introduction of a second source, several
other aerospace contractors could have been competed to determine the second source.
Second, if the quality of the TDP was very good, technology transfer could occur without
the need for technical assistance from the original developer, and that expense could have
been avoided. An additional strong point would have been that the TDP method is
“cleaner” from a contracting perspective. Competing contractors simply bid to supply
missiles to the technical data package and special provisions of the contract, and the basis
of award is straightforward.

On the negative side, TDP competition is only as good as the TDP. A large risk
existed that the Government would not be able to "prove-out" the data package without a
second source actually attempting to build to it. This was especially true with a system as
complex as AMRAAM?T0. This was confirmed in meetings between the program office
and industry prior to the FSD Phase of the program. Contractors unanimously stated that
the AMRAAM system was too complex for a second source to be brought on board to
build an identical missile to the lowest depot repairable level without technical discussions
between the two sources.

Another issue stymied the TDP approach. It was highly desirable to introduce a
second source as early as possible in the program. The TDP approach allows the original

developer to produce to the data package and complete a physical configuration audit

70 There had been reasonable success at the TDP method on at least one previous missile program (the
AIM-7F) in which the Navy established an in-house team supplemented by a support contractor to review
Raytheon (the developer's) drawings. In doing so, the Navy assumed the responsibility for the adequacy of
the data package. Significant delays occurred in establishing the second source that were attributed to
testing problems and funding shortfalls. However in the end, the fruits of competition have shown to be
reduced cost and improved quality on the AIM-7F program. The AIM-7F technology was approximately
10 to 15 years oider than AMRAAM's.
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(PCA) prior to baselining”! the technical data package. PCA therefore does not occur
until approximately 18 to 20 months after the first production contract award. Usually
corrections are required to the TDP as a result of the PCA process. If these were to take
4 to 8 months, it would be well over 2 years after the first production contract were
awarded before a solicitation for the second source could be released. When the length of
time to bring up a second source from contract award to being ready to compete is added
to this TDP development period, true competition on the program would be at least 5
years inio production. The Air Force was hopeful that competition would be introduced
earlier.

For these reasons, especially the fact that technology was thought to be most
effectively transferred through a combination of both a technical data package and
technical assistance, the TDP method was not selected by the program office.

4.3.4 Leader/Follower Second Source Development

The leader/follower (L/F) method of developing a second source differs from the
TDP method in one significant way. In the L/F method, the original developer is
contractually responsible to bring on the second source through a combination of
methods of technology transfer such as technical data package and technical assistance. In
addition, the L/F contract requirements might call for training, as well as learning "kits" of
missile hardware and software, and special tooling and test equipment.

The Federal Acquisition Regulation’? provides conditions under which the
leader/follower concept can appropriately be used. It is considered an extraordinary
procurement technique and restricts its use to the following circumstances:

e The leader has the necessary know-how and is able to furnish required assistance to

the follower.

71"Baselining” occurs when the Government takes control of the drawings and specifications to which a
contractor builds. Beyond this point, a contractor has to submit engineering change proposais to make
changes to the TDP.

T2Federal Acquisition Regulation (FAR) Subpart 17.4
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® No other source of supply can meet the Government's requirements without the
assistance of the leader company.

¢ The assistance required of the leader company is limited to that which is essential to
enable the follower company to produce the items.

o Its use is authorized in accordance with agency procedures.

There are several contractual arrangements in which the leader may be
contractually obligated to provide the necessary technology to the follower. These are
also identified in the FAR:

e Alternative 1- A prime contract can be awarded directly to the leader that requires the
contractor to subcontract a portion of the production contract to a follower, and to
assist the follower in the production of the end item deliverables.

e Alternative 2- A prime contract can be awarded directly to the leader that requires the
contractor to provide technical assistance to a follower who also has a prime contract
with the Government.

e Alternative 3- A prime contract can be awarded directly to the follower that requires
the contractor to provide a subcontract to a leader to obtain necessary technical
transfer.

These alternatives were all reviewed with the S contractors who were competing for the

Validation Phase on AMRAAM in acquisition strategy discussions with the Government.

Without exception, the contractors stated that if they were the leader, they would prefer to

use Alternative 1 and select the follower themselves. If they were allowed to select the

follower, it was very likely that they would be able to select a marginal eventual
competitor, and would be able to control the pace of learning. As such, each of the
contractors agreed that it was in the Government's best interest for the Government to
select the follower. All 5 contractors further agreed that it would be much more effective
to have prime contracts between the Government and both the leader and the follower-

Alternative 2. This was especially true because the Government had the leverage to
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include the leader task as an element of the Full-Scale Development Phase competitive

solicitation. Alternative 3 was deemed to be the weakest of the three because the

Government would have no leverage in ensuring that the leader would provide an

effective technology transfer to the follower. Therefore, Alternative 2 was selected by the

program office and approved by the higher headquarters.

The advantages of the leader/follower technique to the Government were as

follows:

The Government was able to define a precise method and contractual obligation on the
original developer's (Hughes) part to provide a comprehensive technology transfer
program to bring on a second source. The Government strategy was very open. The
Government asked both of the FSD competitors (Hughes and Raytheon) to provide a
technology transfer plan as part of their FSD proposal that would be considered in the
source selection. This technology transfer plan would be placed on the contract as an
optional line item that could be exercised by the Government during the FSD program
to begin the technology transfer process. This strategy was effective in acquiring
leader support for the L/F program in the competitive environment, and allowed the
Government to obtain all necessary data rights and technical assistance at a very
reasonable price.

The second advantage of the alternative selected was that it limited the Government's
responsibility for the quality of the technical data package. The prime contractor for
development was required to deliver and provide technical assistance on a complete
data package to the follower sufficient to ensure missiles were identical to the lowest
depot repairable level. The follower was obligated to review the data package in the
process of its formulation and to provide comments to both the leader and the
Government. The follower also was to receive hardware kits and special tooling and

test equipment that could be used to verify the data package.
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¢ The next advantage was that the leader follower program was designed to
surface/resolve problems early, and to bring on the second source through a series of
increasing responsibilities beginning in FSD and continuing into initial production.
The net result was intended to accelerate when the developer would be required to
price and perform under the pressures of competition.

The single disadvantage to the leader/follower technique was how to motivate the
leader to complete his contractual obligations for technology transfer once the FSD
contract were awarded. However, this disadvantage was actually inherent with all
alternatives, and was thus not a significant discriminator. The selected alternative, in fact,
was considered the strongest contractual method for assuring that the leader lived up to
his competitively proposed promises for technology transfer, because the Government had
direct access to monitor the follower's progress, and because the Government had the
leverage of the mainstream FSD contract with which to control the leader.

4.3.5 Licensing as a Technique to Bring on Competitive Second Source

In early acquisition strategy discussions a technique known as licensing’3 was
briefly considered. In this technique, the Government would have paid royalties and fees
to the developer who would be required o assist a licensee to manufacture missiles. Two
significant issues eliminated this alternative. First, the Government had obtained complete
rights to data on AMRAAM. Therefore there was no basis to pay such royalties. Second,
it was assessed as unlikely that the developer would ever be motivated through this
method to bring a second source up to the level of manufacturing proficiency and
effectiveness that they would provide sufficient competitive pressure.

4.3.6 Contractor Teaming to Introduce Competition
Contractor teaming was strongly considered within the program office during the

Validation Phase. The strategy basically would have had the two Validation Phase

73Gregory Carter, "Directed Licensing: An Evaluation of a Proposed Technique for Reducing the
Procurement Cost of Aircraft,” Rand Corporation, December 1974
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contractors (Hughes and Raytheon) form a team to develop the missile during FSD. It
was quite apparent that each of the two competitors had strengths that would have
benefited the other in deriving the optimal design form the Government's perspective. In
discussions with the contractors, it was apparent that there was no desire on their part to
wcrk together as a team. Each considered themselves as having the clear advantage to
win the FSD contract on their own. Also, had the program office pursued the teaming
concept, there were other prime contractors who indicated that they wanted to be back in
the running, and the strategy become overly complex. In addition, the baseline strategy
had been to sustain competition throughout the program, if possible. The program office
viewed teaming as making the FSD program a sole-source negotiating effort with both
Validation Phase contractors, and likely to be unaffordable’4. In retrospect, some
members of the program office stated within interviews that if this approach had been
affordable, and had Hughes and Raytheon management provided sufficient support, there
would have been technological advantages to such teaming. Also, each contractor would
have been dependent on the other for program progress and the technology transfusion
effort both ways might have been preferable to the "one way street" in leader/follower. In
any case, in the heat of the Validation Phase flight testing and competition for FSD, the
atmosphere between the two contractors was not conducive to a teaming option.

On October 8, 1985, the Assistant Secretary of the Navy (Research, Engineering
and Systems)’’ stated a policy that he thought would improve and strengthen the Navy's

acquisition process. He wanted greater use of competition, increased contractor

74The affordability issue of a teaming arrangement is certainly debatable, looking back over the program.
The affordability logic at the time was that the Government would not be able to award an affordable
contract that was negotiated in a sole-source environment, whereas a contract that was awarded
competitively was much more likely to be affordable. The Air Force, Navy and OSD had all been
"burned” by sole-source negotiations on other programs, and the baseline strategy was to mainiain the
pressures of competition through all phases of the program. In the end, Raytheon came up to speed as a
design agent on the AMRAAM Producibility Enhancement Program (APREP) for some of the most
sophisticated subsystems being produced at both contractors. However, once again, APREP was awarded
competitively.

75Melvin R. Paisley was then the Assistant Secretary.
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investment, and earlier use of fixed price contracts in the research and development cycle.
He established that it would be Navy policy that there would be competition with a
minimum of two contractors up until FSD, and that in FSD there would be a teaming
arrangement throughout FSD. At the end of FSD, the two contractors would have the
validated technical data package necessary to enter into a yearly competitive buy.
Whereas this is directly the opposite direction from the Air Force policy on contract
type’S, the teaming arrangement is very similar to the concept considered (and dismissed )
for AMRAAM several years earlier.
4.3.7 Subsystem (Sub-tier) Competition

There were advocates for an option that would have looked to force competition
at the sub-tier level as opposed to the prime contractor level. In the early 1980's, it was
recognized that a large portion of the cost for a complex system came from the lower tier
suppliers. Many people were concerned that, to have effective competition, you would
have to force prime contractors to increase competition of the major subcontractors. In
the early 1960's, the proportion of subcontracted effort that was reported to exist was
approximately 50%77, whereas by the early 1980's this proportion had grown to 60 to
75%78. The Office of the Secretary of Defense reacted to this trend by issuing a
memorandum’® in 1984 that outlined circumstances when competition at the subcontract
level should be used. However, this guidance came after the implementation of the
AMRAAM acquisition strategy, and was not a major influenice on the program.

The memorandum listed circumstances when subcontract competition could be

effectively emploved:

e  When a system contained high-price components. AMRAAM did.

76The Air Force policy now strictly prohibits the use of fixed-price contracts in development.

77" Analysis of Extent of Competitive Procurement by DOD Prime Contractors,” Logistics Management
Institute, January 1964.

78" The Economics of Second Sourcing in the Aerospace Industry,” Trainor Associates, Inc., April 1983.
79Deputy Secretary Defense Memorandum, "Increasing Subcontract Competition,” 5 April 1984
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¢ When quantities to be obtained would be sizable. AMRAAM was projected to require
over 20,000.

of time. AMRAAM's acquisition was anticipated to extend beyond 10 lots of

production at the time. Now, a minimum of 16 lots are projected, and it is likely that

the production will actually be continued for at least 20 lots.

manufacturing techniques require ICti he item and no proprietary right
for the component being considered. The Government had acquired complete design
disclosure and rights to data on the Hughes FSD contract. (However, Hughes had
some difficulty in providing this contractual obligation. They contracted to provide
these data with unlimited rights without soliciting prices from their subcontractors, or

obtaining subcontractor agreement to sell the rights. This later became a significant

issue in FSD.)

were obvious signs during the FSD program that selected subsystems were a

bottleneck to the production rate on AMRAAM.

the problem.) The AMRAAM development effort identified multiple subsystems that

had marginal performance in the intense environment in which AMRAAM was

required to operate. Also, certain subsystem contractors were found to be excellent

developers, but had limited capabilities as producers on AMRAAM's required scale.
From this brief analysis, it should be clear that the characteristics of a program

underwhich the 1984 OSD guidance advocated sub-tier competition existed on
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AMRAAM. By this time the AMRAAM program was well into FSD and had the
leader/follower strategy well underway. As such, the guidance was not viewed as an
alternative to leader/follower, but as a complementary strategy that could be selectively
employed. The AMRAAM Producibilty Enhancement Program, which is discussed in
Section 8 of this thesis, fully exploited the expansion of vendor base competition as a
means to reduce program costs and satisfy other objectives within the OSD guidance.

There also became extremists in advocating the sub-tier second sourcing strategy.
Such groups as the DOD Inspector General organization thought that AMRAAM should
breakout components of AMRAAM and provide them to the prime contractors as
Government Furnished Equipment (GFE). AMRAAM formed a component breakout
committee that looked seriously into this option in several areas. However, it was
apparent that the value added from the system contractor management of these
subcontractors far outweighed the cost advantages (which were very questionable,
especially considering GFE risks and liabilities) that might have occurred with a
component breakout strategy.

There are other programs that have been criticized by the Department of Defense
Inspector General (DODIG) much more strongly for not using component breakout
procedures. It happens that one program, the Phoenix missile system, is also being
produced by Hughes, and Raytheon has been developed as the competitive second source.
The DODIG released a report?0 that strongly criticized the Navy's plans to award a $483
million contract for 560 Phoenix missiles before Raytheon's missiles completed testing.
Hughes had produced Phoenix on a sole-source basis since 1971. The Navy had wanted
to introduce competiticn for some time, but yearly quantities had never warranted it. In
any case, it appears that the DODIG is much more in favor of component breakout than

all-up-round competition.

80Defense News, "Audit Agency Blasts Navy Plans for 2nd Phoenix Contractor”, dated 29 August 1988.
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4.4  The Full-Scale Development (FSD) Solicitation and Source Selection

To preserve its options to allow for the leader/follower strategy, the Government
informed industry that it reserved the right to award the second-source effort on the
AMRAAM program to the unsuccessful Validation Phase contractor. The Government
rationale was that a large investment would have been made by both the Government and
the Validation Phase contractors to prove the concept and that this investment would have
significant residual value during FSD and production. The Government did not commit to
the Validation Phase contractors, however, that they were locked into be either the prime
or second source by being selected as the Validation Phase contractors.8! There was a
concern that one or both of the contractors might "compete to be the follower" if the
Government had made such a commitment?2,

44.1 Requirement for a Technology Transfer Plan

The FSD solicitation contained a section that required the contractors to propose
how they would perform as a leader in the event they were selected as the FSD contractor.
The solicitation was very specific in its requirement for a technology transfer plan (TTP)
to be included in the contractor's proposal that would be made part of the contract and
exercized at the Government's option. (This TTP requirement will be described later in

this section.)

4.4.2 Requirement for an Associate Contractor Agreement
The AMRAAM leader/follower effort required that Hughes and Raytheon

establish an associate contractor agreement that would establish the necessary

81When issuing the Validation Phase solicitation, the Government reserved certain rights regarding the
development of a second source producer of AMRAAM:

A. To compete the second source, "follower" role, or

B. To retain the unsuccessful offeror for FSD as the follower, or

C. To abandon the leader/follower concept.

82By "competing to be the follower", conservatives thought that either of the contractors might pursue a
strategy that being in the follower role would provide direct insight into their major competitor's design
and manufacturing process, and that the developer would bear all the risk of the program, while the
follower would have limited to no risk.
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understandings to transfer technical data and technologies between themselves and

subcontractors to allow dual-source production of an identical end item to the lowest

depot repairable level. Contractor-to-contractor relationships, activities, and
communication were essential for leader/follower to be effective. This agreement was
formalized on August 9, 1982, when both contractors signed the document. The
agreement specified terms, conditions, period of applicability, and other critical
understandings which were agreed to by Hughes, Raytheon, subcontractors, vendors and
other necessary parties.

4.4.3 Rationale for Separation of the FSD Contractor and the Follower

Selection Decisions

As previously discussed very briefly, the AMRAAM Joint System Program Office

(JSPO) and the higher acquisition authorities had some degree of concern that the

Validation Phase contractors, Hughes Aircraft Company and Raytheon Corporation,

might find it to be an appropriate strategy to be the follcwer rather than the leader during

the Full-Scale Development Phase. Although both companies had been very aggressive in
both the Conceptual Phase and the Validation Phase, the argument that they might be less
aggressive for the FSD phase took the following shape:

e The FSD solicitation required the contractor tc fully develop and document the
tactical design for AMRAAM on a very optimistic schedule that had been directed to
the JSPO by higher headquarters. The technical risk for either contractor to develop
the required missile system, without these schedule constraints, was assessed as low-
to-moderate based on the Validation Phase results. However, the technical risk that
either contractor could complete the required task within the dictated schedule was
moderate-to-high. Therefore, there existed a cost risk to the FSD contractor that was
driven primarily by this schedule risk. On the other hand, the follower had virtually no
risk during the FSD phase because the follower's responsibility was limited to

reviewing the leader's design and planning for production. Also, the follower contract

108



would be negotiated in a noncompetitive environment. In contrast, the competition for
the FSD contract was likely to be very tough because the winner was assured the
inside track for at least a piece of future Air Force and Navy air-to-air missile
contracts.

e The FSD solicitation required the Validation contractors to pre-price two lots of initial
production, which further extended the risk of the FSD contractor. From the
Government's perspective, this was to help preclude a "buy-in" on the FSD contract by
either offeror, and to ensure that realistic production cost estimates were provided in
the FSD proposals. Although price escalation clauses were available that could
remove some uncertainty of inflation rates, the pre-priced production options extended
the contractor's liabilities 5 to 6 years from the date of contract award. This was
further exacerbated by the use of a fixed-price type contract83 for FSD.

e There were also Government discussions regarding the desire that either contractor
might have to obtain insight into the design and manufacturing technologies that the
other contractor would use on AMRAAM. The Government included the requirement
for a complete reprocurement data package for an identical item to be delivered during
the FSD contract and would be provided to the follower. Also, the follower would be

allowed to participate in the design review prccess during FSD. These technologies

83A dilemima existed in determining the appropriate contract type. Contract type is usually driven by
Government and contractor risk to perform contract requirements. Low risk efforts are generally "fixed
price" contracts which bound the Government's liability; moderate to high risk efforts are generally "cost
reimbursable” contracts which limit the contractor's exposure and unbound the Government's risk. Both
Validation Contractors indicated to the Government that there was very little technical, cost or schedule
risk to take their Validation Phase missile designs and complete Full-Scale Development. This might
have been due to over-confidence, or simply aggressive marketing to ensurz the Government would have
confidence in their designs during source selection for FSD. At the higher levels of DOD acquisition
authority, there had been experience that many aerospace contractors proposed lower than realistic costs
during development, and had recovered costs through contract change orders later in the program. In any
case, although the Government thought the risk was moderate, a fixed price contract vehicle was selected
during the Government's acquisition strategy panel, consistent with the general mood within DOD during
the late 1970's and early to mid-1980's. The DOD-wide practice of using fixed price-type contracts during
development has since been halted by policy.
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would be valuable not only on AMRAAM to the follcwer, but also on other programs
that used similar technologies.

Because of this concern about the motivation either contractor might have to be
the follower, the Government separated the decision process for selecting the second
source from the FSD decision. Hughes was selected to be the FSD contractor based on a
superior proposal for the AMRAAM system, as well as a strong commitment to bring on a
second source as a follower. The Government placed the requirement for the FSD
contractor to perform the role as leader as an option to the FSD contract.8* This option
allowed the FSD contract to be awarded in December 1981 prior to any commitment on
the Government's part as to who would be the follower. This follower selection/decision
process® occurred during April through June of 1982, allowing the follower to be brought
on board in July 1982 prior to the Preliminary Design Review in the September/October
1982 timeframe.

The decision to select Raytheon as the follower aftei Hughes was selected as the
FSD contractor was a carefully thought-through effort. This unilateral Government
option had been established prior to the Validation Phase contracts, and thus was at the
Government's discretion in a sole-source action without an open, industry-wide re-
competition. The major reasons that Raytheon was selected to become the follower were

as follows:

84A fundamental issue with the leader/follower strategy was how to incentivize the leader. Obviously, the
small fee that the leader would receive for transferring technology to the follower would never be
equivalent to the loss in profits that a competitive second source would cause to the developer. The only
incentives that were put into place were: 1) that the FSD contract proposals that were to be competitively
evaluated were to include the contractor's plan for educating the second source; and 2) a recurring award
fee criteria that was to be evaluated and communicated back to Hughes management directly. However,
neither of these incentives were actually sufficient to modify the Hughes behavior toward performing as a
more effective leader.

850n 27 March 1982, the Commander of the Air Force Systems Command endorsed the program office
recommendation that Raytheon be selected as the foliower. The Undersecretary of the Air Force for
Acquisition and Logistics (SAF/AL) directed that the program office select Raytheon to be the follower in
April 1982, concurrent with awarding the Leader option to the Hughes FSD contract.
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Raytheon had outstanding results during the Validation Phase. They had delivered
more missiles and had provided significantly more flight test results to prove the
AMRAAM concept than had Hughes during the Validation Phase. Their proposed
FSD design was basically less risky than the Hughes design, but was deemed, in the
aggregate, to have less longer term potential than the Hughes design. Raytheon also
committed to the Government that if selected as the follower, they would give the
Government complete rights to their Validation Phase design. In the Government's
opinion, these Raytheon designs and technologies were very valuable in reducing the
overall risk to the AMRAAM program36,

There was a desire on the Government's part to apply continuous pressure on Hughes
to make the missile as producible as possible. The Navy brought up concerns over
experiences they had previous encountered in which Hughes was unable to effectively
transfer designs from the engineering team to the production floor.87 Senior
acquisition advisors suggested that a strong "production house" be selected as the
second-source/follower to provide Hughes with motivation to become more effective
as a producer. Raytheon had such a reputation as a strong producer.

Raytheon work on other missile systems such as the Sidewinder and Sparrow was
thought to be very related to the AMRAAM program. Hughes was not involved with

either of these efforts.

86 Although the Government program office was very optimistic that the Raytheon technologies might
reduce some of the technical risks contained within the Hughes-proposed FSD design, Hughes
management told the Government that they were not interested in the Raytheon-generated designs. After
many months and at the insistence of the Government, Hughes did receive a cursory overview briefing of
the Raytheon designs, but stated that it was too late and too complicated to include any of these design
features in their FSD efforts. As one Government program office person described, "If it was not invented

at Hughes, it wasn't good enough.”

87This concern was described as the "Cactus Curtain” between Hughes design operation in Conoga Park,
California, and their production operation in Tucson, Arizona. The Navy's reference was probably related
to the Phoenix missile program.
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444 Follower FSD Tasks
The Government developed a clear set of expectations for Raytheon as the
follower during FSD. They were as follows:

e To participate in the leader's design process as an observer, and to provide
constructive input. This was to have the follower to become as familiar as possible
with the design as well as the manufacturing processes related to the program. The
follower was to monitor the qualification activities of the leader as well.38 Raytheon
had been selected as follower because of the excellent technical foundation they had
established during the Validation Phase. It was thought that they could contribute this
experience to the Government and Hughes during FSD and provide a broader
engineering base to the technical challenges.??

e Warranty preparition: It was felt that the second source and the original source
should compete on an equivalent, or nearly equivalent as possible, basis. The
Government informed Raytheon that it would be required to sign up to the same level
of warranty requirements as Hughes during competition. In fairness, the Government
thought that Raytheon should be a close observer in the FSD program to enable the
second source to accept performance responsibility and warranty requirements to be

forthcoming in production.

88Raytheon was expected to attend Hughes design reviews, selected production readiness reviews,
interface control/configuration management meetings, test planning and test debriefing meetings, etc.
Raytheon also received selected data items that the Government had identified as required in the Hughes
FSD contract. Expectedly, despite clear intentions on the Government's part and Hughes promises within
the FSD proposal, Raytheon's access to information was constrained to a great degree by Hughes. On
occasion, Raytheon personnel would arrive at a Hughes hosted meeting and find that their security
clearances had not been processed at Hughes, and were denied or delayed access. In other areas, Hughes
would either not send Raytheon contractually required documents, or would mark documentation with
restrictions that would not allow Raytheon to use the documents as intended. These efforts were
deliberate actions on Hughes' part to impede the Government's plans to bring on the Follower.

89 There was another motive on the Government's part. There were thoughts in the Secretariats of the Air
Force and Navy that Hughes might attempt to walk away from the FSD program if they were not able to
technically or financially complete the program that they had competitively proposed, and the
Government were to enforce the fixed-price contract provisions. In this unlikely but possible scenario, the
Government desired a second contractor that could "pick up the pieces" at whatever stage this were to
occur and carry the program further with minimized delay.
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e Raytheon was to be used to validate the technical data package during its incremental
delivery during FSD.

e Raytheon was to prepare for production by extensive planning, and would submit this
planning to the Government for approval.

e Raytheon was required to become as familiar with AMRA AM hardware, software, and
factory test equipment as possible. Hughes provided two guided test vehicles to
Raytheon for disassembly, analysis, reassembly and test. Hughes also provided Final
Assembly and Checkout test equipment for Raytheon to learn how to operate.

e Raytheon was also to attend training sessions on missile manufacture provided by
Hughes.

In summary, Raytheon was to learn the AMRAAM design and to prepare to produce the

missile almost simultaneously with Hughes during initial production.

445 Leader Full-Scale Development (FSD) tasks

Leader FSD tasks were generally outlined in the solicitation for FSD and included
providing the technical data, technical assistance/training, hardware, software, and access
to program reviews and planning that was necessary for the seccnd source to come up to
speed quickly. Hughes and Raytheon were each requested to describe in their competitive
proposal how they would transfer the necessary technology to allow a follower to
manufacture a missile that was identical to the lowest depot repairable level. The
competitors for FSD were also informed in the FSD solicitation that the Preliminary

Technology Transfer Plan? they submitted as part of their proposal would be placed on

contract as an optional line item that the Government could exercize after a follower were

selected. The technology transfer plan (TTP) was termed "preliminary" until it could be
jointly updated by Hughes and the follower contractor. This was to occur after the leader

option was exercized and the follower contract were awarded. Both the leader and the

9OPerhaps one of the most comprehensive descriptors of the necessary activities to execute an effective
leader/follower program is the unique Data Item Description UP-374-YM that was attached to the FSD
solicitation and later the Hughes FSD contract FO8635-81-C-0001.
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follower contractors were required to sign the TTP. The major elements of the TTP were

as follows:

Purpose: An introduction into the purpose of the technology transfer. It was thought
to be very important that all parties agree to the reasons for which the technologies
were being transferred from one prime contractor to another.

Overview: An overview of all the related contractual relationships that were effected
by the TTP.

Missile System Description: A system description of the missile and its subsystems
being second-sourced.

Leader Make or Buy Plan: A detailed, time-phased Leader Make or Buy Plan for
development, initial production and full production.

Follower Make or Buy Plan: A detailed, time-phased Follower Make or Buy Plan for
development, initial production, and full production. ( This section was added afier
the second source was selected and contract awarded.)

Schedules: Detailed schedule information on the leader's FSD program including
contract award dates, design reviews, functional and physical configuration audits,
production readiness reviews, long lead releases, test schedules, data item delivery
dates, etc. After the follower was selected, the equivalent schedule information was
required on the follower activities.

Leader/Follower Organization; Leader organization including required areas of
expertise and relationship to the basic design team necessary to support the
leader/follower activities. Also, the corresponding follower organization necessary to
perform required tasks to prepare for production and to provide the leader
constructive feedback on the design and producibility of the missile.

Leader Tasks: A listing and description of all leader tasks necessary to teach the
follower manufacturing, test, failure analysis, support, and other required expertise.

This section also described a leader conducted training program for the follower,
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where and when facilities, hardware and test equipment would be provided to the
follower, etc. This section described, for example, that the leader would give the
follower 2 guided test vehicles for the follower to study, a final assembly and check-
out station for test completed missiles, and other hardware and technical data.
Follower Tasks: Descripticn of all the tasks the follower would need to perform to
become qualified to compete on and contribute to the missile production effort:
Learning activities, verification of data, producibility, production planning, and cost
reduction planning.

Configuration Management responsibilities of the leader and the fcllower.

Logistics Planning: Logistics impact of two sources, levels of interchangeability,
depot repair requirements, identification, etc.

Data List: All data to be delivered to the Government and /or the follower to
efficiently develop and assess the readiness of the follower. Also a list of any data not
releasable to the follower.

Associate Contractor Agreement: Terms, conditions, periods of applicability, etc.

between the leader and the follower.

115



4.5 Planned Follower Qualification Schedule

The following schedule shows how the Government in 1985 envisioned the
follower to be qualified. Notice that the effort was concurrent with the completion of
Hughes FSD program to allow Raytheon to participate in initial production on a schedule
roughly equivalent to Hughes. Also, you can observe the fact that the special test
equipment efforts were contracted for separately from the qualification lot.

THE 1985 PLANNED FOLLOWER QUALIFICATION
PROGRAM

| 1985 | 1986 | 1987 | 1988 | 1989 |
[ COMPLETION OF HUGHES FULL-SCALE DEV. |
| CONTINUED HUGHES TRAINING, DATA, ETC |

| SPECIAL TEST EQUIPMENT |

STE DATA FROM HUGHES TO RAYTHEON

AWARD CERAMIC CIRCUIT CARD TESTERS
HYBRID TESTERS

MODULE TESTERS
A suBASSEMBLY TESTERS

A SUBSYSTEM TESTERS
A SECTION-LEVEL TESTERS
| FOLLOWER QUALIFICATION CONTRACT |

A awarp DELIVERIES [
A AWARD LOT1  DELIVERIE
A awarD LoT2

Figure 4.4
The actual execution of the special test equipment and qualification lot contracts
are discussed in Sections 4.6 and 4.7, respectively. The efforts were completed, but
behind this schedule. (Remember that Hughes did not finish flight testing the last FSD
missile until January 1989. Therefore, the entire program schedule was translated to the
right.) Raytheon's qualification effort completion was likewise delayed until the end of

1989.
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4.6  Special Tooling and Special Test Equipment (ST and STE)

Acquisition of the ST and STE?! required by Raytheon as the follower and
eventual competitive second source was broken into four segments:
¢ Final assembly and check-out (FACO) test equipment
e Chassis-level and above ST/STE,
¢ Below-chassis level ST/STE, and
e Data/verification hardware to ensure appropriate commonality of Hughes and

Raytheon test capabilities.
The first two categories, FACQO test stations as well as the chassis-level and above
ST/STE, were required to be identical at both the Leader and Follower production
facilities to provide confidence that the performance standards of each contractor's missile
subsystems were equivalent. In contrast, the below-chassis level STE was designed and
manufactured by Raytheon from Hughes developed Acceptance Requirements
Documents. This allowed Raytheon to tailor the below-chassis level testing to Hughes-
provided verification hardware that was used to verify the proper operation of Raytheon
manufactured STE.

The chassis level and above STE was originally to have been provided to the
Follower through a prepriced option on Hughes FSD contract for approximately $19M.
When the Government failed to exercise the option within the time provided for in the
contract’2, Hughes submitted a new estimate ($42M) that more than doubled their
prepriced option. The Government requested and Raytheon provided an informal estimate
to the Government for $20M for the chassis level and above test equipment, which was

closely in line with previous Hughes prepriced option. The Government secured

91For definitions of what constitutes special tooling and special test equipment, refer to the Federal
Acquisition Regulation (FAR) Sections 52.245-17 and 52.245-18.

92The Government did not exercize the STE option on the contract because Hughes was significantly
behind schedule and had not performed many critical verifications of the ST/STE designs when the
calendar date of the option expired.

117



accelerated delivery of STE drawings?? from Hughes to provide to Raytheon to determine
the feasibility of competing the identical chassis level and above STE between the Leader
and Follower. Raytheon responded positively as to their ability to build the STE and
willingness to compete. The decision was made tc compete the identical chassis level and
above STE. This competition took place and resulted in an award to Raytheon of
approximately $11.5 million, compared with the Hughes sole-source estimate of $42
million®4. This was the first verification on the AMRAAM program that competition
would be worthwhile.

Contractor-unique below chassis level STE for the follower was a sole source
acquisition to Raytheon for $45.6 million. By requiring Raytheon to design and
manufacture their own below chassis level STE, the Government was able to obtain
optimum use of the existing Raytheon facilities, test equipment, and unique manufacturing
processes.

The hardware to be used for the verification of STE operation was provided by
Hughes under the FSD contract 95. This FSD contract also required Hughes, per their
technology transfer plan, to respond to Raytheon interface memoranda, to transfer STE
drawings, to provide FACO test stations (and upgrade kits as appropriate) to support the
competitive (chassis level and above) and sole-source (Raytheon unique below chassis)

STE acquisitions.

93This "acceleration" of data was relative to Hughes existing plans at the time. Per the basic FSD
contract, the drawings were already deliverable.

94The Hughes competitive bid was significantly lower than the $42 million sole-source estimate, but was
continued to be much higher than the Raytheon bid.

95F08635-82-C-0001
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Providing the Follower with
Special Tooling and Test Equipment

Final Assembly . Huahes F
and Check-Out ughes FSD Contract
c:::s‘:t;:‘e’el « Competitive (Award to
Raytheon)
Below . I " R o
Chassis-Level Sole Source to Raytheo
Verification .
Hardware Hughes FSD Contract
Figure 4.5

A typical issue that the program faced when trying to establish a second source on
AMRAAM is exemplified by inconsistencies/discontinuities of funding policies with other
acquisition initiatives. Whereas there existed clear guidance and direction to establish
competitive sources when effective, funding of the development of second sources was
not as straight-forward. As part of the FSD and suhsequent production contracts, the Air
Force had funded all special tooling and test equipment that Hughes had needed through
the third lot of production. Raytheon's factory was continuing to be equipped. In
February, 1988, the AMRAAM JSPO received a letter from the Assistant Secretary of the
Air Force for Acquisition regarding funding policies for peculiar special tooling and test
equipment. The Fiscal Year 1988 law on PST/PSTE was modified from the FY87 law?%,
A complex funding arrangement was required because Hughes, as the leader, had acquired
their PS/PSTE under the prior law (FY87) which permitted (actually called for) full
Government funding for such tooling and test equipment. Raytheon's PST/PSTE was
being acquired a year or so behind Hughes and fell under the new law (FY88) and could
be funded only to the 50% level. Obviously the playing field was not going to be level for

9Referring to FY87 and FY88 Appropriations Acts. For solicitations being released after April 2, 1988,
the FY88 law applied.
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the two competitors, and the Assistant Secretary interceded to authorize equivalent

funding arrangements for both contractors. This issue is described to show a couple of

points:

¢ High level management with the Air Force had to become involved (and did) to
resolve potential conflicts in policy conflicts.

e Much attention on the Government's part was directed to pushing through "unplowed
policy territory" in the development of second sources.

The funding required for follower ST/STE is shown in Table 4.1:

Table 4.1
Funding for Follower
Special Tooling and Special Test Equipment
Type of ST/STE Source and Cost

Final Assembly and Check-Out Station Within Hughes FSD Contract Price
Chassis-Level and Above ST/STE $11.5 Million (FPIF)%7

Below Chassis Level ST/STE $45.6 Million (FPIF)

Verification Hardware and Data Within Hughes FSD Contract Price

4.7  Raytheon Qualification Lot

To provide Raytheon the opportunity to build actual missiles and to allow the
Government the opportunity to verify Raytheon's capability to build AMRAAM, a
qualification lot was awarded to Raytheon in November, 1985. In this effort, Raytheon
went on to produce and test fifteen qualification missiles that were delivered between July
1988 and January 1989. The major goal of this effort was to qualify Raytheon as a
second-source producer prior to Lot 3. During the Qualification Lot, Raytheon was

directed to use the vendor base established by Hughes for critical items. The

97Fixed Price Incentive Firm (FPIF) is a fixed price contract with a target and a ceiling price. Target
prices are shown. For any amount the contract exceeds the target price, the contractors fee is reduced by a
share ratio with the Government. When the contract value reaches ceiling, the Government has fully
funded its responsibility and the contractor is required to pay for further overruns.
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Qualification Lot allowed the Government to accomplish severai key steps toward

establishing a second source:

It qualified Raytheon as a producer of AMRAAM. Missiles manufactured by
Raytheon were subjected to both ground environmental and flight testing.

It provided an atmosphere of pending competition to Hughes, and a second basis of
actual factory assembly experience with which the Government could develop
appropriate cost estimates for negotiations and budgetary purposes.

It identified and corrected many areas of the technical data package that needed
improvement.

It provided confidence to the program office and the higher headquarters that the
missile was producible by other than a Hughes engineering-strong organization. (This
became a significant item of interest to the Defense Systems Acquisition Review
Council in approving the program for further phases of production.)

It provided another vantage point to suggest producibility improvements to the missile
design.

It established an effective 3-party (Government/Hughes/Raytheon) configuration
management and control system on the missile.

The Raytheon Qualification Lot was not without significant hurdles. First, it

became very clear that Hughes was not providing the same technical data to Raytheon

from which they were manufacturing missiles. There were probably multiple reasons.

First, Hughes was having continuing problems delivering missiles to the Government that

could have been considered of the required tactical fidelity. Selected subsystems took

much longer to develop than Hughes had planned. Second, it was obvious that Hughes

was protecting its competitive advantage as long as possible. Hughes established a

Leader/Follower management organization to carefully control and delay as long as

possible the release of information to Raytheon.
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This tactic was successful to a large extent. The Government understocd the need
for Hughes to concentrate on the FSD problems, and therefore kept the leader/follower
task as a second-level issue. Many elements of the Hughes FSD proposal went by the way
side that would have facilitated bringing on a follower. For example, Hughes committed
to investigate the use of electronic media to transfer drawings. Hughes performed a
cursory study that said it was not feasible, and paced transfer of paper copies to Raytheon
over many years?®. Hughes also refused to provide selected data that was generated under
the FSD contract that would have made bringing on the second source much less
expensive. This effort had to be reaccomplished by Raytheon at the Government's
expense. In any case, Raytheon probably became a stronger competitor by Hughes

forcing the Government to underwrite reaccomplishment of many of these tasks.

98Finally, Hughes now (in 1994) has a contract obligation to transfer engineering data electronically. It is
ironic to note that Raytheon is now being obstinate in providing equivalent data to Hughes.
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4.8 The Theoretical Basis for Production Competition

Many studies have been accomplished to analyze the cost effectiveness and
theoretical basis for using competitive strategies in the acquisition of weapon systems. As
part of the Joint System Program Office's (JSPO's) attempt to select the optimal strategy,
they examined programs from all 3 major services and previous efforts to model what
might be expected in the competitive versus the sole-source environment. This section
provides insight into the theory and special considerations the AMRAAM JSPO used to
select and obtain approval of their leader/follower concept. The following discussion will
start with the very basics of competition and will discuss predictions and results of
AMRAAM and other programs.

4.8.1 Basic Cost Improvement Curve Theory

The most effective and rigorous studies of competition have been based on the
theories of cost improvement curves, or learning curves.? The concept is quite simple. A
cost improvement curve describes the relationship between the unit cost of any production
product and the cumulative quantity that has been produced. The curves are usually
described by the percentage an item will cost when the cumulative quantities have
doubled. For example, an "80% learning curve" would describe a product whose price
would be reduced by 20% every time the quantities of the item were doubled.
Mathematically, the cost of the 2Nth unit is 20% less than the cost of the Nth unit.

There is a standard method for displaying a cost improvement curve. A graph

typically plots unit cost on the vertical axis and quantity on the horizontal as follows:

9Throughout this discussion, the terms "cost improvement curve” and "learning curve” will be used
interchangeably as is the most common practice in cost analysis. However, a few sources differentiate
between the two curves. Most simply stated, the phrase "learning curve" came from an original theory
that the amount of recurring labor hours that were needed to produce an item on a manufacturing line
would decrease over time as assemblers became more adept in the operations. Learning curve theory
originally held constant, or did not address, other elements of the factory environment such as production
tooling and the degree of automation. The "cost improvement curve" theory is a more current expansion
of the original "learning curve" theory and takes these and other factors as inputs to cost improvement in
addition to labor.
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An Example of an 80% Learning Cuive
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Figure 4.6
This curve shows the recurring cost of each unit of production as a function of the
cumulative quantity produced up to that unit. The area underneath the curve traced by the
dots is the total recurring production cost of the production. Typically, you see this curve
displayed on logarithmic scales because the curve will then become a straight line.

Displaying a Learning Curve in Log Form Yields
a Straight Line

Log of ’ \
Unit C \
Cost

'Q

Log of Quantity

Figure 4.7
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The theory leads us to a dilemma. It can be seen in Figure 4.6 that if we give one
manufacturer 64 units to produce, we will have a last unit cost of $26.21. If we were to
divide the quantity and give two sources 32 units each to produce, we would have a unit
price from each contractor of $32.77. Thus the dilemma: How can going to two sources
ever be as economical as giving twice the quantities to one source? It appears from basic
learning curve theory that the recurring sole-source price would be 20% less than the
dual-source price.
All that has been discussed to this point has been the recurring missile production
costs. We must also consider the non-recurring costs associated with establishing a
second source such as factory tooling and test equipment, training, etc. These non-
recurring costs would also tend to dissuade us from wanting to have two rather than one
production source.
4.8.2 Effects of Competition on the Learning Curve

What must be done to learning curve theory is tc adjust the model to account for
the effects of competition. That is precisely what the AMRAAM program office
attempted to do. The Analytical Sciences Corporation (TASC) of Arlington, Virginia,
was hired to support the JSPO's efforts to model the phenomena surrounding
competition.!® The JSPO and TASC were able to isolate two distinct effects that the
introduction of competition had on the learning curve. The first of these was a downward
"shift" in the learning curve caused by the contractor being forced by competition to
reduce his cost and profit rate. The other effect was that an increase in the learning rate
(slope of the learning curve) increased with competition. TASC was able to isolate these
two effects on multiple competitive production programs. The average shift was 12.5%

and the average rotation was 11.0%. Looking at this graphically:

109Contract Number FO8635-80-C-0137, Completed October 20, 1980.
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The Effects of Competition on Learning
Curves:
Shift and Rotation

Downward Shift

Logot |Cl —

Unit C2 = l
Cost

Rotation

Q1

Log of Quantity

Figure 4.8
Notice that the shift drops the instantaneous price from C1 to C2 as a one-time reduction
in the contractor's cost and profit. The longer term effect, however, is the rotation of the
learning curve that will continue to reduce costs relative to the sole source curve as long
as competition applies pressure.
Based on the six weapon system cases that were studied by TASC for the
AMRAAM JSPO, this theory was used to explain and model what the JSPO should

expect on AMRAAM with various second-sourcing strategies.
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4.8.3 Original Learning Curve Data- Circa World War I
Frederick Scherer looked at 12 bomber programs in World War II and was able to
see a defined rotation of iearning curves after the introduction of competition.!?! His data
showed 4.4% on the average, which is less than what has been observed with modern
system acquisitions. More than likely, the competitive environment faced by contractors
during World War II was not as intense as today's competitive environment. Mr.
Scherer's results were as follows:
Table 4.2

Improved Learning Curves for World War II Bombers

Aircraft Company Learning Curve %
B-17 Boeing (Seattle) 73.7
B-17 Douglas 73.9
B-17 Lockheed 70.1
B-24 Convair 78.0
B-24 North American 73.2
B-24 Ford 69.8

B-24 E&H Convair 71.5
B-24 E&H Douglas 72.1
B-29 Boeing (Wichita) 66.7
B-29 Boeing (Renton) 78.9
B-29 Martin 71.3
B-29 Bell 74.6
Average for all sources: 77 %

Average for competitive

sources: 73.8%

101Frederick Scherer, The Weapons Acquisition Process: Economic Incentives
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4.84 AMRAAM Program Office Directed Studies
TASC was directed by the AMRAAM program office to review the single source
data from 35 programs to obtain realistic expectations of the learning curve slopes in a
non-competitive environment.
Table 4.3

Single Source Learning Raie for Various Programs

TOW LAUNCHER 93.0% RADAR INDICATOR 72.7%
FAAR RADAR 88.0 USM-181 82.1
TELEPHONE TEST
SET
FAAR TADDS 88.0 FGC-20 TELETYPE 97.0
AN/ARC-131 RADIO 99.0 MD-522 85.9
MODULATOR
UPM-98 TEST SET 85.0 MK-117 750 POUND 90.0
BOMB
PP4763/GRC POWER 95.0 CV-1548 SIGNAL 82.7
SUPPLY CONVERTER
HAWK MOTOR 87.4 SIDEWINDER AIM- 92.0
METAL PARTS 9D/G MISSILE*
TD-204 CABLE 86.6 SIDEWINDER AIM- 83.0
COMBINER 9B MISSILE*
TD-202 RADIO 82.8 SPARROW AIM-7F 87.0
COMBINER MISSILE*
TD-352 95.8 HARPOON MISSILE* 92.0
MULTIPEXER
TD-660 70.8 SHILLELAGH 89.5
MULTIPEXER MISSILE*
60-6402 ELECTRIC 95.7 TALOS MISSILE* 93.3
CONTROL
MK-48 TORPEDO 88.8 BULLPUP 12B 81.0
WARHEAD MISSILE*
MK-48 TORPEDO 80.6 AVERAGE FOR 35 88%
ELECTRICAL PROGRAMS:
ASSEMBLY
SPA-66 RADAR 95.4 AVERAGE FOR 7 88%
INDICATOR MISSILE
PROGRAMS:
ROCKEYE BOMB 82.0
APX-72 AIRBORNE 80.5
TRANSPONDER
AN-ARC-54 924
AN-PRC-77 RADIO 85.6
AN/GRC-106 84.0
AN/GRC-103 90.4

AN/APM-123 96.9
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The average for these 35 programs was 88%, with individual curves ranging from
70.8 to 99 percent. When these programs were necked down to missile systems, the
average was shown to be 88% as shown in Table 4.3. The data in this table provided
excellent insight for the JSPO into the general behavior and level of learning that might be
expected in a sole source environment. The JSPO also obtained data on programs that
had gone into competition, some after many years of sole-source, and asked TASC to
model the cost improvement rate for these programs. Table 4.2 shows the resuits:

Tabie 4.4

Multiple Source Cost Improvement after Competition

MISSILE PROGRAM CONTRACTOR CosT m:f,&" EMENT
TOW HUGHES (DEVELOPER) 87%
SHILLELAGH PHILCO-FORD (LEADER) 85%
McDONNELL DOUGLAS

DRAGON (LEADER) 86%
RAYTHEON (DEVELOPER)

SPARROW AIM-TF 78%
GENERAL DYNAMICS
(2ND SOURCE) 72%
MARTIN MARIETTA

BULLPUP (DEVELOPER) 74%
GENERAL ELECTRIC

SIDEWINDER AIM-9B (CO-DEVELOPER) 69%

AVERAGE: 79 %
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One other important piece of data that was derived from the program set studied was the
savings that were probably accrued by each program based on the required levels of
investment to establish a competitive second source and the observed changes to the cost

improvement curves after competition:
Table 4.5
Calculated Savings from
Competing Previously Single Source Contracts

TOW LAUNCHER 30.2% SPA-25 RADAR 10.7%
INDICATOR
FAAR RADAR 16.6 USM-181 36.3
TELEPHONE TEST
SET
FAAR TADDS 18.2 FGC-20 TELETYPE 39.9
AN/ARC-131 RADIO -16.1 MD-522 519
MODULATOR
UPM-98 TEST SET 11.5 DRAGON TRACKER 123
PP4763/GRC POWER 0.5 CV-1548 SIGNAL 454
SUPPLY CONVERTER
HAWK MOTOR 49.9 SIDEWINDER AIM- N
METAL PARTS 9D/G MISSILE*
TD-204 CABLE 42.0 SIDEWINDER AIM- -5.6
COMBINER 9B MISSILE*
TD-202 RADIO 40.2 DRAGON MISSILE* 28
COMBINER
TD-352 55.6 TOW MISSILE* 123
MULTIPEXER
TD-660 284 SHILLELAGH 94
MULTIPEXER MISSILE*
60-6402 ELECTRIC 52.7 TALOS MISSILE* 39.8
CONTROL
MK-48 TORPEDO 48.6 BULLPUP 12B 81.0
WARHEAD MISSILE*
MK-48 TORPEDO 47.0 STANDARD MISSILE 59.2
ELECTRICAL MR RIM 66A
ASSEMBLY
SPA-66 RADAR -34 STANDARD MISSILE 34.0
INDICATOR ER RIM 67A
ROCKEYE BOMB 4.5 AVERAGE FOR ALL 33%
PROGRAMS:
APX-72 AIRBORNE 233 AVERAGE FOR 20%
TRANSPONDER MISSILE
PROGRAMS*:
AN-ARC-54 63.1
AN-PRC-77 RADIO 419
AN/GRC-106 41.8
AN/GRC-103 60.1
AN/APM-123 0.0
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4.8.4 Decision Tree Analysis of Second Sourcing Alternatives

The preceding data allowed the JSPO and TASC to input different expected

values of cost improvement rates for various alternatives. The alternatives that were

considered were structured into a decision tree that represented several strategy issues.

These issues were:

Single source production versus multiple source production
Optimal second sourcing method

Scope of second source award

Timing of second source award

Selection of the second source

Design management and enhancement

The decision tree was helpful in developing, evaluating, and explaining various

alternative strategies. A simplified breakdown of the thought process is shown in the

following figure:
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Alternative Acquisition Strategies Analyzed by the JSPO

SOLE SOURCE

SECOND SOURCE
TO FSD LOSER

FOLLOWER AT

COMPETE
SECOND SOURCE

—SECOND SOURCE
TO FSD LOSER

COMPETE
SECOND SOURCE

INTRODUCE FOLLO
DURING FSD

NTRODUCE FOLLOWER
DURING PRODUCTIG

SECOND SOURCE
TG FSD LCSER

COMPETE
SECOND SOURCE

) 4 CLASSIC SECOND SOURCE
SECOND SOURCE / TO FSD LOSER
\ COMPETE
SECOND SOURCE

Figure 4.9

Some explanation of where the program was in the 1980 timeframe when these
alternatives were developed is appropriate. Recall that the 5 contractors from the
Conceptual Phase had been down-selected to 2 contractors for the Validation Phase by the
end of 1978. Full-Scale Development was coming up at the end of 1981. Obviously, the
most fundamental decision for the AMRAAM Program Director was whether or not to
have a second source on the program. Next, if the program director were to elect to have
multiple sources, how should the director go about introducing the second source:
leader/follower or a classic second sourcing method? If director went to a
leader/follower approach (described elsewhere in Section 4), should the director develop a
second source for the entire system, or only select the cost driving subsystems for second

sourcing?
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Both single source and multiple source procurement methods had associated costs
and benefits that required significant cost analysis which was conducted to make a relative
judgment on cost effectiveness. The first cost improvement curve assumptions used
during the analysis were very nominal: 89% initial cost improvement rate for a single
source, a leader, or a follower prior to competition. At competition, the leader's and the
follower's curves were shifted 12% and rotated S% (compared to an average observation
of 12.5% and 11%, respectively).192 The analysis then included an extensive variance
analysis of all the critical inputs that drove the relative cost effectiveness such as the slope
and shifts of learning curves, investment costs, timing of competition, etc. These are
some of the results:
¢ Analysis showed that multi-source strategies were preferable over the sole source
strategy with the expected level of investment required to bring on the second source
and the likely impact on the sole-source learning rate that had been observed very
consistently on other missile programs.

e The analysis also showed that a leader /follower approach was superior on systems
as complex as AMRAAM over classical second sourcing methods.

¢ The Foilower should be introduced as early in production as possible to
maximize savings. There were other benefits that were identified such as technical
data package verification that were known to be valuable to the Government with the
early introduction of a second source.

¢ Due to the large investment in the Validation Phase by both the Government and the
contractors, there were technical and cost benefits to be achieved by the direct
award of a second source contract early in FSD to the Validation Phase contractor

not selected for FSD,

102The reasons for selecting low nominal values were twofold. First of all, it was important to be
conservative when predicting cost savings. Secondly, it was uncertain how highly capitalized and
automated the two contractors might have been when competition was introduced.
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4.8.5 Other Second Sourcing Efforts Observed by the AMRAAM JSPO
Other studies that were conducted within the Department of Defense were also
monitored very closely by the AMRAAM program office. For example, the Tomahawk
Cruise Missile Dual Source Technology Agreement provided for approximately 36 months
of exchange of technology between General Dynamics (Convair) and McDonnell Douglas
Astronautics. These two contractors were dependent on each other with General
Dynamics designing the airframe and McDonnell designing the guidance system. In this
way, the two contractors were required to work together to execute the program, and
were more likely to be cooperative than the situation that AMRAAM had to work through
with one design agent and a follower. Rear Admiral Walter Locke was the director of the
Joint Cruise Missile Office and had much previous experience in running competitive
programs. 103
The AIM-7 Sparrow program was extensively studied during the 1981 and 1982

timeframe by many sources. Probably the most extensive was done by Science
Applications, Inc. for the Naval Material Command in which they summarized their
findings related to the procurement of missiles by dual source competition.!%* Their
findings reaffirmed previous AMRAAM efforts in the same area. They also briefly
addressed the effects of production rate ca system cost, which was another important
consideration. SAT's work also confirmed Army Studies into the effect of production
rate.105 There were also refinements studied by the AMRAAM program office regarding
how to effectively conduct a competition once two sources were established. An example
they followed closely was an Army procurement technique on the Night Vision Goggle

program in which careful analysis was used tc maintain an industrial mobilization base

103Major Donald G. Alducin and James S. Hooker, "Industry and Government Can Jointly Restore US
Defense Industrial Base", Military Electromcs/Countermeasures March, 1983
lo“Mlchael N Beltramo and Dav1d Ww. Jordan, A Brief Revie v

stems, August 27, 1982

l°5John C. Bemls, _Exmiugngn_&amanﬂfm:dahumdsm DOD Product Engmeermg Services Office,
Alexandria, Virginia, undated; and, "A Model for Examining the Cost Implications of Production Rate",

Concepts, The Journal of Defense Systems Acquisition Management, Volume 4, Number 2, Spring 1981.
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with two competitive sources.!% This technique had the percentage of total procurement
for award to each manufacturer as a variable depending on the prices proposed.
4.8.6 Continued Maintenance of AMRAAM's Production Model

AMRAAM maintained the cost improvement model they had developed with The

Analytic Sciences Corp. throughout the mid-1980's. The largest change to the model was

the incorporation of the impact of changing the production rate as a major variable that

must be considered in addition to basic cost improvement theory to reasonably evaluate

alternative acquisition strategies.!07

These models have been reviewed and refined by Government cost analysts and have

effectively convinced and satisfied the Office of the Secretary of Defense Comptroller

organization and Congressional staffers that the AMRAAM JSPO has an excellent model

of their acquisition alternatives.
3 Primary Variables Modelied to Evaluate Strategies

These three variables have been combined intc a 3 dimensional model
to evaluate AMRAAM’s acquisition alternatives.

cost A cost A

The
“bathtub”

o
Cumulative quantitive produced Yearly Production rate

- Classic Cost improvement Curve - Production Rate Cost impact Curve

Figure 4.10

106K enneth S. Solinsky, A Procurement Strate Achievi ecti iti ile Preserving
an Industrial Mobilization Base, US Anny Electromcs Research and Developmem Command undated
107Lou Kratz and Larry Cox, The AMR. , rve M
February 5, 1982
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This figure shows the effects on cost with variation in quantities and the effects on cost
with variation in production rates. Low production rates are as not economical, generally,
as operating at a higher, more efficient rates that are consistent with capital equipment
design and available manpower. The efficient range of production rates are at the flatter
area at the bottom of the "bathtub”. At some point, production rate can become too high
and over-stress factory equipment, as well as skilled labor. (For example, working
machinery and test equipment 24 hours a day with no "downtime" for maintenance, or

working people for extended periods without sufficient breaks, vacations etc.)
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4.9 Summary of AMRAAM Second Source Investments and Benefits

Table 4.6

The Investments in and Benefits from AMRAAM's Second Source

Program Phase

Activity

Investment& Benefit

Full-Scale Development Hughes Leader Support

Cost- $6.9 miilion option

Raytheon FSD Foliower Cost- $17.0 million
Contract

Follower Qualification = Raytheon Qual. Contract Cost- $85.8 million
Hughes Technical Cost- included in FSD
Assistance/Support and Lot 1

Follower Special Tooling Final Assembly and Cost- $2.1 million

and Test Equipment Check-Out Station (HAC)
Chassis Level and Above Cost- $15.4 million
Contract (Ray) - also benefit (Sect 4.10)
Below Chassis Level STE Cost- $49.0 million
Contract (Ray)

Initial Production

Hughes Lot 1 Technical
Assistance to Raytheon

Cost- $1.4 million
(Hughes Lot 1 Contract)

Captive Carry Reliability Benefit - See Section 4.10
Program
Hughes Lot 2/3 Technical Cost- $1.3 million

Assistance to Raytheon

(Ray. Lot 2&3 Contracts)

AMRAAM Producibility Raytheon APREP Projects

Enhancement Program

Benefit- See Section 4.10

Hughes APREP Projects

Benefit- See Section 4.10

Competitive Production Lot 5

Cost- Tech. Asst. $0.5 M

Benefit- 7% average unit
cost decrease from Lot 4

Lot 6

Cost- Tech. Asst. $0.4 M

Benefit- 15% ave.unit
cost decrease from Lot 5

Lot 7

Benefit- 25% ave. unit
cost decrease from Lot 6

Lot 8

Benefit- 23% ave. unit
cost decrease from Lot 7

Support Equipment Missile Bit Test Set (Ray) Savings- $10.8 million
Government Resources Government Staffing Cost- Approx. $9 million
(All Phases) Government Testing Cost- Approx. $3 million
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4.10 Discussion of Non-Cost Benefits from AMRAAM's Second Source

When the AMRAAM Joint System Program Office evaluated whether or not to

have a competitive second source, the focus was on the monetary savings that might be

attained, as opposed to the non-cost and non-quantifiable benefits that the program might

realize. Even though the analysis of alternatives always addressed and gave some credit to

the following factors, it is likely that no cne in the Government, nor even at Raytheon,

perceived the key role and the many areas in which the second source might be effective.

The following is a recap of areas that are not captured in most economic analyses:

Procurement Data Package Review- Without a doubt, the value of the data package

review that was provided by the second source was worth the price of the Full-Scale
Development cost of the follower contractor and the related leader support, even if the
second source had never built a missile beyond the Qualification Lot. Even with its
best intentions, Government review of data packages are limited to correcting drafting
errors and format discrepancies, as opposed to a contractor review by a person that is
preparing for competitive production. There are two benefits. The first is back to the
original developer as another set of eyes to look for potential problems. The second is
to the Government as a Ievel of assurance that the procurement data package is truly
sufficient for the Government to openly procure additional missiles from another
source as well as compete for spare parts support.

Acquisition of Special Tooling and Special Test Equipment (ST/STE)- The
Government is typically naive in the procurement and control of special test
equipment. Whereas good estimates are normally available on the recurring costs of
the weapon system, the cost of non-recurring items such as ST/STE have an
insufficient experience base from which the Government can negotiate a fair and
reasonable cost. The insertion of a follower on the AMRAAM program made the
Government become a much more informed buyer. It aiso allowed the Government to

competitively replicate the Chassis Level and Above STE at a large savings over the
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cost that Hughes gave the Government in the non-competitive environment. This
competition netted over a $30 million savings to the Government, and provided the
side benefit that another source was further developed in the understanding of the

missile design and testability.
4.11 Second Source Lessons Learned

The lessons learned from AMRAAM's second sourcing program are many. In
fact, lessons are continuing as the program has matured into a steady-state production
mode. The lessons began as far back as 1978, when the AMRAAM program office
discussed with all the players they perceived to be critical to the decision process: the
AMRAAM government team; other Government organizations with hands on experience
in introducing second sources; higher acquisition authorities within the Government; and
the five competing contractors on the Conceptual Phase. This summary will start with a
few lessons from these early days, both positive and negative, and will continue up to early
1994:

e The pregram office went to extreme measures to review, to understand

theoretically, and to select the optimal solution for second-sourcing.
Many attempts to introduce a second-source were available and were studied early in
the acquisition process to establish the method to be used on AMRAAM. To its
credit, the program office did include all the prime players and stakeholders in the
strategy development process. However, the program office left out a key player,
representative subcontractors/vendors, who might very well have offered innovative
ideas to the program. Later in the program, discontinuities appeared in such areas as
subcontractor special tooling and test equipment that had to be corrected.

e Contractor commitment to the second sourcing strategy was dependent on the
individual contractor's competitive position 2{ any time,
When asked in a competitive environment what the advantages and disadvantages

were of establishing two sources, senior management from each of the five prime
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contractors had consistentlt maintained that two sources were needed and that the
second source should be introduced early. After Hughes won the FSD contract,
Hughes management no longer supporned the second source strategy, and used
impediments to delay the technology transfer process they had proposed in the FSD
source selection. Had the Hughes proposed technology transfer plan not been
incorporated into the Hughes FSD coniract, the AMRAAM leader/follower
effort would not have been successful due to the change in attitude that the
contractor had after contract award.

¢ Much planning was required before FSD to prepare for a second source.
- Investigations of alternatives, cost analyses, discussions and inclusion of many
special contract requirements into the competitive Request for Proposal (RFP) were
all critical. For example, the requirement for a procurement data package sufficient to
support open competition was placed in the FSD RFP, along with the requirement for
rights to use the dara.
- Planning and coordination of the second source strategy required an enormous
amount of time during the a critical periods throughout the program.108
- Without this planning and preparation, the leader/follower program would have
fallen apart.

¢ There was no perfect model for AMRAAM to repiicate to introduce a second
source.
Not surprising looking back, but not obvious at the time was that each previous
program had idiosyncrasies that made its circumstances vary from the AMRAAM

program. These idiosyncrasies were related to such things as the fact that the previous

108The Program Director has two responsibilities. The first is to manage the actual acquisition. The
second is to communicate (and defend) the program strategy, progress and issues to higher headquarters
and audit/oversight activities. The second source strategy development and approval cycle falls into the
second category, and dilutes the Program Director's attention to the mainstream development and
qualification activities. This is also true of other key Government team members. There has been recent
improvement in this area with the introduction of the Program Executive Officer (PEO) structure to
provide management oversight to major system acquisitions as described in Section 10 of this thesis.
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program did not consider competition until vary late in the acquisition cycle and
therefore had poor data or a lack of rights from which to compete. Most programs
were much less complicated technically, therefore did not need technical assistance
during the second source development/qualification period. In any case, the
AMRAAM program office did the correct thing in designing a strategy that was
tailored to the AMRAAM program's circumstances and that incorporated
lessons learned from a collection of other programs rather than copying a particular
strategy that had been used on another program.

It was apparent that the original source, Hughes, would not perform contract
requirements for leader/follower without abnormal Government oversight.

The Government and Hughes had a well delineated FSD contract that clearly and
comprehensively stated the requirements, but the contract was insufficient to motivate
Hughes. In addition, the contract had an award fee provision that was suppose to be
used to reward the contractor in identified areas such as the leader/follower program
when the minimal requirements of the contract were exceeded. Hughes performed so
poorly in the leader/follower area (and certain other areas) that they requested that the
award fee incentive be removed from the FSD contract. The fact that they did not
receive the award was likely not the issue. The award fee also transmitted a written
assessment to Hughes management that was proving embarrassing.

Because the Leader/Follower effort was not supported as planned by the
developer, the Government was required to fund additional efforts at the second
source contractor.

Much of the late and incomplete Hughes data had to be reverse-engineered at
Raytheon to support the program. The inefficiencies of this redundant work were very
frustrating to the Government program otfice.

The second source was willing and able to provide constructive input to the

developer during the leader/follower stage.
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However, it was only after Government insistence (and reminder of the contract
requirements) that Hughes would use the follower's inputs. The AMRAAM
Producibility Enhancement Program (APREP) discussed in Section 5.0 was the first
major breakthrough to take more advantage of both contractors' technical resources.
By the time the Lot 1 captive carry reliability program had significant problems,
Hughes was much more willing to accept another input. However, pockets of
resistance in selected technical areas remained.

e Most of the costs to transfer technology to the follower came from Hughes efforts
to protect their competitive advantage rather than from the actual cost of
reproduction and explanation.

Hughes established a multi-person program office to control the flow of data to
Raytheon rather than including Raytheon on normal data transmission systems.

e The Qualification Lot and directed splits for initial production were
appropriately placed to bring on the second source te a level of competence prior
to competition.

However, original planning was very optimistic by both the Government and the
second source. The main causes for delays in introducing the second source were: (1)
the basic delays that were experienced on the main FSD program and (2) Hughes
delays in providing required data, hardware, software and technical assistance to the
second source. In addition, the missile was more complex to produce than planned,
and production ramp-up rates could not be achieved by Raytheon.

¢ The non-cost benefits of the second-source far exceeded the expectations of the
Government.

As described in Section 4.10.

e The cost benefits from introducing a second source were realistic.
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Even after considering the turbulence that the program went through with the delayed
FSD program, the cost benefits appear to be as advertised as the competitive lots
unfold.

Whether or not the AMRAAM program selected the optimal strategy for
second-sourcing can only be speculated. It is clear, however, that the strategy
employed was beneficial to the program in many areas. It is also arguable that
the AMRAAM program would nrot have survived without the cost and non-cost
benefits that the intreduction of a second competitive source brought to the
program.

An open question would be: In today's environment, were AMRAAM beginning
its FSD program, would a similar strategy continue to be effective?

Discussions with AMRAAM JSPO personnel point out many changes in today's
environment. First of all, with the "peace dividend" from the fall of communism in
Europe, the quantity of missiles required has fallen dramatically. Therefore a break-
even analysis of the required number of missiles to provide economic benefit from
competition, offset against the cost of establishing and maintaining a second source,
would be appropriate if the FSD strategy were to be revisited (or examined for another
program). Secondly, more Government people are required to manage a
leader/follower arrangement than a sole-source arrangement. This increase in
personnel levels to accommodate second-source management is in direct c<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>