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CHAPTER I

INTRODUCTION

In the years since World War II, the sophistication
and cost of new weapon systems have steadily increased. The
relatively inexpensive machine guns and gravity bombs of the
World War II era have largely been replaced by infrared,

electro-optical, and laser guided munitions, which in many

cases cost over $1 million a copy. In this same period, the ‘

T N AN S e o

American people have demanded a better accounting of their
tax dollars to ensure that these dollars are spent as effec-
tively and efficiently as possible,

It is increasingly important for the Air Force to buy
weapon systems that are cost effective. The Air Force must
continue to cut costs while maintaining a high degree of
technical’ sophistication and reliability. The Aeronautical
Systems Division (ASD), Wright-Patterson AFB, Ohio, which buys

Air Force aeronautical weapon systems and subsystems, is a

leader in cutting costs. Lt. Gen. Lawrence A. Skantze, ASD
} Commander, states:

We are at the forefront of the Air Force's effort
to mold new and existing technologies into superior
weapon systems for our operational forces. We must
meet this challenge in our era of tremendous budget
pressures, where inflation and shrinking real dollar
value limit us to fewer systems and smaller quanti-
ties.... Our goal is to produce both mission effec-
tive and cost effective aeronautical systems [13:37].

‘..,»._r.;,m.e‘.t-m“‘.-;
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The costs of major weapon systems are driven, in
part, by the following factors: attempts to deploy systems
with new technology and high performance; low rates of pro-
duction due to budget constraints and desires to maintain
active production bases as long as possible; absence of price
competition between contractors; lack of real motivation on
the part of contractors to reduce costs; the impact of socio-

economic programs, Government controls, and red tape; and a

nationwide problem of reduced research and development expen-
ditures and lessening of productivity (18:i).
Each of these factors could be subdivided into poten-

tial research topics. One aspect of the factor entitled

"lack of real motivation on the part of contractors to reduce

costs" is the barrier to innovation and creativity often caused

by the specifications which are incorporated into the contracts
for the weapon systems. These specifications, which define

the performance and design characteristics of the weapon
system, e.g. how fast and how far an aircraft must.fly, are a
major cost driver and, therefore, an important topic for
research.

The specifications, along with the work statement,
drawings, and item description, formulate the very heart of
any request for proposal (RFP) and subsequent contract.
Whether or not a contract will be successfully performed is
quite often determined not at the time the contract is negoti-
ated or the award made, but rather at the time the purchase

or performance description is written (6:65). This thesis
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describes both the traditional process by which the U.S. Air
Force specifies the requirements for its new aeronautical
weapon systems and subsystems, and a new specification-writing
process entitled '"Mil-Prime,"” and then compares the two pro-
cesses,

There are approximately 45,500 military specifica-
tions and standards in the Department of Defense (DoD) 1library,
each of which specifies numerous requirements with which
defense contractors must comply. Of the 45,500 traditional
specifications and staﬁdards, approximately 40,000 were written
primarily for reprocurement purposes, and only approximately
500 specifications are considered to be key documents to be
used in the acquisition of aeronautical weapon systems. These
500 documents, which, in turn, reference other documents, are
very important because ASD has been using these specifications
as the basis for its technical requirements, spending over
$1.3 billion in research and development funds and approxi-
mately $4.8 billion in producticn funds each year to buy aero-
nautical systems and subsystems (21).

The 45,500 traditional specifications and standards
are generalized documents, i.e. they are not specifications
for specific weapon systems. These 45,500 documents fall into
three categories: reprocurement, development, and general
design. The reprocurement category is by far the largest in
terms of numbers of documents. The development category in-
cludes the system specifications and subsystem specifications.

The development categorv also includes the MIL-STD-490 Part I
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and Part II configuration item specifications for specific
weapon systems, but this latter set of specifications is in
addition to and separate from the 45,500 traditional specifi-
cations. The general design category includes those standards,
e.g. reliability, maintainability, and quality assurance,
sections of which are lifted out of and incorporated by
reference into development specifications. The focus of this

thesis is on development specifications.

Definitions

1. Development specifications: the documents used

by the research, development, and acquisition community within
the DoD to specify how new products are to function and/or be
built.

Development specifications state the requirements for
the design or engineering development of a product during
the development period. Each development specification
shall be in sufficient detail to describe effectively the
performance characteristics that each configuration item
is to achieve when a developed item is to evolve into a
detail design for production [17:3].

2. Reprocurement: the process of contracting for
items which have already been developed by requiring compli-
ance with "build-to" specifications (see Type Il specifications
below).

3. Subsystem Requirements Document: a document pre-

pared by the Government, and incorporated into the request for
proposal, which establishes the performance requirements for

an aircraft's subsystems. The selected contractor will later

transform this document into an air vehicle specification (11).




4. Technical Requirement: the link in contract

specifications between high order conceptual program goals

and specific design detail (2:28).

5. Type I (Part I) specification: a development

specification which states the complete performance require-
ments of the product for the intended use; also called a
"functional specification,” a "design-to specification,'" and
a "performance specification" (16:45).

6. Type II (Part II) specification: a specification

which describes, in detail, t@e complete requirements for an
item, including the materials to be used, their sizes and
shapes, and how the item is to be fabricated and built. It
provides a completely defined item, capable of manufacture by
a competent manufacturer in the industry (6:66)}; also called

a "build-to specification."

Problem Statement

Traditional military development specifications inhi-
bit the flexibility of the process that is used to design new
aeronautical systems. The mixture of performance and design
characteristics in Type I and other published military system
and subsystem specifications constrict the design flexibility

of defense contractors (see Background for elaboration).

Background

Mr. Joseph Weingarten is the program manager in ASD

for the development of a new approach to aeronautical speci-

fications. According to Mr. Weingarten, the gradual development

]
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of the 45,500 generalized specifications currently in the DoD
system has caused numerous implementation problems. Some of
the problems, as reported by users of these specifications, in-
volve facets of design flexibility and are as follows (21):

1. One specification often requires by reference the incor-
poration of other specifications. Referencing to a limited
extent is certainly more desirable than repeating verbatim the
words from another specification, but this tiering of specifi-
cations has in many cases become excessive. For example, one
specification requires in its sécond tier the incorporation

by reference of 3,111 other specifications.

2. The specifications are difficult to tailor to specific
weapon systems being acquired. The Government engineer tends
to require the potential contractors to accept a specification
in its entirety, even if the mission that the aircraft is to
support does not require the incorporation of the complete
specification.

5. The specifications inhibit innovation. The specifications
are conceived to be cast in concrete, even if the concepts
incorporated in them have to be superseded by new technology.
4. The requirements inh the specifications are often not prac-
tically verifiable. Two examples of this problem are as
follows: a) MIL-B-8584 requires that an aircraft parking brake
hold an aircraft on an 18° slope, but there is not any verifi-
cation section for this requirements, which means that a con-

tractor would not be obligated to test his design to see if

it meets this requirement; b) MIL-A-8865 limits the pounds per
6




square inch of allowable pressure on the bottom of a fuselage
that is ditched in the water, but there is not any correspond-
ing verification section, and furthermore, there is not any
requirement for the aircraft to remain afloat long enough for
the crew and passengers to evacuate once the aircraft is in
the water.

S. Specifications are sometimes gold-plated. Less expensive
methods to build a part with the same function are prohibited
by rigid adherence to the specifications. Gold-plating can
also refer to a requirement that is impossible to meet. For
example, MIL-L-38207 requires that the material covering the
clock mainspring in an aircraft cockpit be made of an '"un-
breakable'" alloy.

6. Specifications are often not understood by the user. A
requirement that may have been a necessity in the past is now
no longer necessary because of advanced technology, but still
may be specified as a requirement. For example, MIL-L-58207
requires cockpit clocks to have 15 jewels, and hands for the
seconds, minutes, and hours, rather than specifying what the
accuracy of the clocks should be. This means that a contractor
who proposes an old style clock which would not keep accurate
time would be considered responsive, whereas a contractor who
proposed a highly accurate solid state digital clock would be
considered unresponsive, unless the latter contractor somehow
incorporated hands and 15 jewels into his dig.z:al clock.

7. The rationale for the requirement in a specification may

be lacking, which makes people reticent to change the
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specification because they do not understand the intent of
the original writer.

These examples of implementation problems highlight
the need to improve the traditional system for writing speci-

fications.,.

OMB Circular A-109

Impetus towards the development of an improved system
for writing development specifications was provided in April
1976 with the issuance of Circular A-109 by the Office of
Management and Budget (OMB). This circular requires the agen-
cies of the Federal Government, including the DoD, to think
more in terms of specifying mission requirements that need to
be satisfied rather than in terms of equipment needed to
satisfy a mission. The equipment needed is defined by techni-
cal specifications. The A-109 requirement to specify develop-
ment requirements in terms of mission needs should alleviate
many of the specification problems noted earlier since many
of the problems were caused by ;pecifying requirements in
terms of hardware needs.

The implementation of A-109 in the DoD has led to
a new approach to the traditional application of standards and
specifications into military contracts. Prior to the issuance
of A-109, a Deputy Secretary of Defense Clements memorandum
dated 8 August 1975 entitled, "Specification/Standards
Application,'" charged the Defense Science Board Task Force

with the review of military standards and specifications. The




Defense Science Board Task Force issued a report in April 1977
which recommended an immediate program throughout DoD to im-
prove specifications to satisfy the A-109 needs (21). This
recommendation echoed an earlier Office of Federal Procure-
ment Policy recommendation to tailor specifications and
standards to avoid nonessential constraints on contractors--
specification tailoring is a forerunner of Mil-Prime (20:11).

A-109, in fact, requires the tailoring of specifica-
tions and standards, i.e. the selective application of parts
of specifications and standards, during certain phases of the
major system acquisition cycle in which the Government inter-
acts with contractors. The major system acquisition cycle,
according to the Office of Federal Procurement Policy, con-
sists of the following seven phases: mission analysis; eval-
uation and reconciliation of needs; exploration of alternative
systems; competitive demonstrations; full-scale development,
test and evaluation; production; and deployment and operation
(19:4). These seven phases, which are described in Appendix
A, are collapsed into four phases by the Department of Defense
as follows: conceptual, validation, full-scale development,
and production; but the concept of a multi-phased acquisition
cycle does not change (2:55-56).

During the '"exploration of alternative systems'" phase,
which is the conceptual stage of the major weapon system acqui-
sition cycle, the program manager's acquisition strategy must
consider the tailoring of the specifications and standards

(19:11); and the Government solicitation requesting alternative

9




systems must not restrict the contractors by specifying or
referencing Government specifications and standards (19:14).
During the '"competitive demonstration' phase, which is the
demonstration/validation stage of the weapon system acquisi-
tion cycle:
Contractors should not be restricted by imposing arbi-
trary compliance with Government specifications and
standards. Such may be referenced, but alternatives

which might lead to a better system should be encour-
aged [19:18].

Literature Review

The U.S. Government has been aware of the problems
caused by the vast number of specifications and their rigid
application. In July 1969, James H. Flanagan, Office of the
Scientific Director, U.S. Army Natick Laboratories, wrote an
article criticizing the number of specifications that the
Government uses.

. « . That the real problem with specifications today
is that there are far too many and that there is an
insufficient number of technically qualified personnel
to properly service the inventory [4:13].

In 1973, General Brown, while Commander of Air Force
Systems Command, convened a high-level workshop called Project
ACE (Acquisition Cost Evaluation), which identified many prob-
lems in the acquisition of weapon systems. Among these prob-
lems was the excessive application of military specifications.
The cause of the excessive application, per the Project ACE
conclusions, was the inexperience of the engineers who were
required to apply the specifications (1:2).

By 1977 the concern over specifications shifted from

10




trying to educate the engineers to the '"tailoring" of speci-
fications. The Defense Science Board (DSB), established by
Deputy Secretary of Defense Clement in 1974 to study how to
improve the origination, generation, maintenance, and appli-
cation of specifications, concluded in April 1977 that speci-
fications were still being misinterpreted and misapplied.
The Board was composed of representatives from the Office of
the Secretary of Defense, the three military services, the
Defense Logistics Agency, and civilian industry. The Board
found that:

In general, the documents (specifications) contain much

more flexibility than appears to be used in practice.

Most of the instances of "excessive cost' examined by

the Task Force resulted from a failure to utilize this

flexibility in a reasonable way, rather than a funda-

mental problem with the specification itself [12:vii].

The Board recommended that both industry and govern-

ment ''stop treating the specifications as sacred [12:17],"
and tailor the required specifications to the particular
needs of a given program.

The Government program manager and the functional

organizations which support him must be educated and

motivated to realize that strict, parochial applica-

tion of specifications and standards is neither re-

quired nor desired [12:vii].
The Board also agreed that many specifications required re-
writing or elimination because of obsolescence, inflexibility,
and difficulty of interpretation. As an example, the Board
cited the 15-page specification for chewing gum (12:I15-17).

In April 1977, DoD issued a new directive, DODD

4120.21, addressing the tailoring of military specifications
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and standards. It directed the services to impose only
essential systems needs, to avoid blanket contractual imposi-
tion, and to solicit recommendations from prospective con-
tractors (9:14).

Tailoring became the pet word of the acquisition
community for a time, but results were often lacking because
there were far too many specifications incorporated in a RFP
that would have to be tailored prior to the RFP's issuance.
Furthermore, it was difficult to determine, in advance, which
specifications would present problems as development pro-
gressed. Even the DSB realized the impossibility of tailoring
all the specifications called for in a RFP, and the increase
in manhours that would be expended attempting to tailor only
the most important ones (9:15).

It was also found that specification tailoring was
time consuming and risky for both buyer and seller. The
government buyer put his career on the line when tailoring
since he would no longer have the safety of falling back upon
the standardized specification if the tailored approach could
not be implemented by the contractor., The contractor would
put the prospect of winning the contract in jeopardy by
appearing non-responsive by not strictly complying with all
specifications in the RFP (7:112). These problems were iden-
tified, articles were written, and solutions were offered,
but to date little has changed since the Defense Science Board
first advanced their recommendations.

Also in 1977, Dani:l E. Strayer and Lyle W. Lockwood
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published a paper entitled "What Are We Buying Here?," which
focused on the technical requirements specified in Air Force
contracts. Strayer and Lockwood maintain that the acquisition
process has been the subject of much research and systematic
attention, but that the real driver to cost growth is the
technical requirements specified in contracts, which has been
relatively ignored by other researchers. Strayer and Lockwood
proposed a taxonomy of terms to define in detail the technical
requirements specified in Air Force weapon systems contracts.
This taxonomy includes the following terms: mission require-
ments, operational characteristics requirements, and design
standards and specifications (14:2).

Ronald G. Blackledge published a Ph.D. dissertation
in 1979 which used the Strayer-Lockwood taxonomy as a basis
to define and measure a contract's technical requirements.
Blackledge modified the Strayer-Lockwood taxonomy both by ex-
panding the definition of operating characteristics require-
ments and by adding interface requirements to the taxonomy
(2:52-53). Blackledge's basic research, which was not as
conclusive as he had hoped, is the latest known research into

the subject of defining technical requirements.

Mil-Prime

OMB Circular A-109, as mentioned earlier, requires a
mission orientation in the weapon system acquisition process
in lieu of the former hardware orientation. ASD initiated an

effort in January 1976, independent of the Defense Science
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Board Task Force, Strayer-Lockwood, and Blackledge efforts,

to correct the numerous implementation problems caused by the
way in which specifications for aeronautical systems have been
written. This effort was ASD's own response to Deputy Secre-

tary of Defense Clements' 8 August 1975 memorandum to review

milizary standards and specifications. Clements' memorandum
called for more attention to the development and maintenance
of specifications before the issuance of requests for propo-
sals, policies to avoid the blanket use of specifications,
and most important, the necessity to force technical activi-
ties to "scrub and tailor'" specifications (21).

ASD's response to the Clements memorandum was a
decision to modify its aeronautical specifications in a format
that would force its engineers to tailor the requirements.
This modification effort is entitled '"Mil-Prime." The Mil-
Prime effort focuses on providing development specifications
associated with aeronautical weapon systems.

The Mil-Prime effort is divided into three types of
development documents: specifications, standards, and hand-
books (20:3). Mil-Prime specifications state operational
needs, general parameters, and interface requirements for a
physical product family. The specific values applicable to
the weapon system to be acquired, e.g. the range, altitude,
frequencies, etc., are filled in by the responsible Government
engineer before the issuance of the request for proposal. i
This "£ill in the blank" concept forces specification tailoring.

The Mil-Prime specification becomes the Government's

14




Type I specification, formerly called a Part I specification.

The Type I specification incorporates only performance require-

ments, as determined by the mission, the operational need, and i
interface requirements. The Type II specification is the

"build-to" design specification, which will be developed using

the Mil-Prime specifications by the winning contractor as part

of the product development process. The end items of a con-

tract would include the hardware, and the Type II specifica-
tion for reprocurement purposes (21).

The Mil-Prime standards provide the criteria and
qualities applicable to a physical product, but are not used |
to acquire any actual product. For example, Mil-Prime stand-
ards will be developed for reliability and maintainability
requirements.

The Mil-Prime handbooks contain technical rationale
for each specification and‘standard, provide guidance for
applying the specifications and standards, and are a deposi-
tory for lessons learned in each technical area. The hand-
books explain where a requirement came from and why the
requirement is still valid. The handbooks will serve as the
logical departure point for arguments about the validity of
imposed requirements because the origin of the requirements
will, for the first time, be readily available. Each handbook
will also identify the Government engineer who is responsible
for monitoring the handbook, which is a radical departure from
the old concept in which a Government engineer could resist

changes by hiding behind a shield of anonymity.
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The relutic:ship among these three Mil-Prime docu-
ments--the specilication, standard, and handbook--may be
clarified by means o< the following example. The Mil-Prime
specification for aircraft "fuel systems," MIL-F-87154 (USAF)
dated 15 August 1980, includes in paragraph number 3, entitled
"Requirements," subpzragraph number 3.1.1.2, as follows:
"Flow performancce. fye]l flow performance of each engine feed
system shall be ."" The blank would be filled in by
the responsible Government engineer as he tailors the Mil-
Prime fuel systems specification to the specific aircraft
system which he is helping to design. Paragraph number 4,
entitled "Quality As,urance Provision," of the same specifi-
cation has a subpurugraph number 4.1.1.2, which reads as
follows: "Flow performance. Fuel flow performance for each
engine feed subsystem shall be verified by " The
blank is again filled in by the responsible Government

engineer.

The Mil-I'rime handbook for aircraft fuel systems

includes the following information:

3.1.1.2 ¥low performance. Fuel flow performance
of each cngine feed system shall be

Fuel floy requirements vary with airspeed, altitude,

8ross weight, aircraft configuration, and other
variables,

GUIDANCE
For single cengine aircraft the feed system should

provide flow for 100 percent of the maximum fuel
consumption of the engine in addition to any fuel

16




flow for cooling purposes and motive flow for fuel
driven pumps. For multiple engine aircraft, a feed
system must provide flow for cross-feed of at least
one additional engine at full power; therefore, the
engine feed system should provide a minimum of 200
percent of the maximum fuel consumption of the
engine plus any fuel flow required for cooling.

LESSONS LEARNED

Potential growth fuel flow should be included in
determining flow performance. Fuel flow growth for
transport type aircraft is a real possibility.

Verification:

4.1.1.2 Fuel flow performance of each engine feed
subsystem shall be verified by

Verification guidance/rationale:

The flow performance of each engine feed system
should be verified by analyses and tests on a simu-
lator and during flight tests.

LESSONS LEARNED

Both fuel temperature and altitude as well as rate
of change of altitude have a great effect on the
ability of the feed system to deliver fuel. These
critical parameters should be clearly stated in the
test procedures. Flow performance tests should be
conducted in association with fuel availability
tests.

A Mil-Prime standard for reliability provides the
reliability requirements for the overall aircraft system.
Paragraph 3.5 of the Mil-Prime fuel systems specification pro-
vides the specific reliability requirements for the fuel
system, and paragraph 4.5 of the same specification provides
the mean by which the specific reliability requirements may
be verified.

The Mil-Prime specifications and standards are part

of the specification tree in weapon systems acquisitions. For
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example, Fig. 1 is a specification tree for a hypothetical
new fighter called the F-X. The engine (F-101), inertial
navigation system (FSINS), and radio (ARC-164) of th: F-X are
imposed requirements on the F-X contractors. These specifi-
cation requiremeints are levied to satisfy the Air Force's
objectives of lower unit costs, better reliability and main-
tainability, and standardization. One significant difference
between the traditional system and Mil-Prime is apparent in
the structures, fuel system, radar, and simulator specifica-
tions. Now the contractor or contractors have great design
l.titude that they did not have before because of the specific
manda‘ ovy requirements imposed by the traditional aeronautical
specifications. Another significant difference is apparent in
the flying qualities and "ilities,'" e.g. reliability, maintain-
ability, quality, etc., standards. The traditional standards,
unlike the Mil-Prime standards, do not incorporate a separate
"lessons learned" section. Engireers using the Mil-Prime
standards are provided with a handbook containing "lessons
learned," including the reasons why certain requirements and
verification techniques are called for in section 3 and 4.

The result of the Mil-Prime effort should be that
the numerous technical requirements of Air Force aeronautical
research and development contracts which drive cost growth
will be brought under control, which in turn should help bring
the cost growth of major weapon systems under control. In the

process, Mil-Prime will provide a specification system that

is responsive to the needs of the using commands; that provides
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opportunities for innovation; that establishes a repository
for lessons learned; that provides feedback to Government
engineers; that reduces over specifying, tiering, and paper-
work; and that accomplishes the DoD objectives as stated by
the 8 August 1975 Clements memorandum.

Currently there are approximately 60 aeronautical
specifications which ASD has decided to rewrite in the Mil-
Prime format. The Mil-Prime effort is targeted for completion
in 1982, As of 29 April 1981, ASD had expended 24,000 manhours
developing the Mil-Prime documents, but had succeeded in com-
pleting only five of the 60 documents; however, twelve addi-
tional documents were in completed draft and over 40 others
were underway (21).

The first request for proposal (RFP) using any Mil-
Prime document was issued in October 1980. This RFP, for the
C-X aircraft, incorporates a specification that was written
by some of the engineers who were currently drafting the
60 Mil-Prime documents, with the result that the specifications
for certain subsystems of the C-X aircraft have been written
using the Mil-Prime format as a guide. The results of the

C-X specification writing effort are available for evaluation.

Research Objective

The research objective of this thesis is to document
and describe the potential flexibility and simplicity of the

proposed new Mil-Prime system by comparing one set of Mil-Prime

documents with a similar set of traditional specifications.
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Research Questions

1. How are the characteristics of the Mil-Prime

system implemented into actual Type I performance specifica-
. o ,
tions? 1

2. What are some relevant differences between the T

new specification and the traditional Type I specifications? L
3. What is the flexibility and simplicity impact of

the Mil-Prime documents resulting from these differences?




CHAPTER II

METHODOLOGY

The Mil-Prime effort consists of specifications,
standards, and handbooks. The specifications state the oper-
ational needs, general parameters, and interface requirements

for a physical product family. The Mil-Prime specification,

which becomes the Government's Type I specification, incorpor-
ates specific performance requirements applicable to the weapon
system to be acquired. These requirements are determined by
the responsible Government engineer, and are incorporated into
the request for proposal (RFP). This Mil-Prime process forces
specification tailoring.

The RFP presents to a contractor the performance cri-
teria that is desired by the requesting DoD agency. Included
in the RFP is the general specification, which is a compilation
of all of the individual subsystem specifications.

The Mil-Prime standards provide the criteria and
qualities applicable to a physical product, but are not used
to acquire any actual product. The Mil-Prime handbooks con-
tain the technical rationale, the origins, and reasons for
both the specifications and standards. It also identifies
the Government engineer responsible for overseeing the hand-

book, and is a repository for lessons learned in each technical

area.
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There are approximately 60 aeronautical specifica-
tions, e.g. the landing gear specification, the environmental
control system specification, the fuel systems specification,
etc., which ASD has decided to rewrite in the Mil-Prime for-
mat. A thorough evaluation of Mil-Prime in comparison with
the traditional specification writing system starts with a
rigorous comparative evaluation of one or more of the 60 aero-
nautical specifications that are being rewritten. The research
questions in Chapter I propose this comparative evaluation in
high level conceptual terms.

To better answer these questions, the research ques-
tions are broken down into their most elemental parts, from
which a broad conceptual model and a more specific operational

model of each research question are formulated.

Research Questions

The first research question is: ''How are the char-
acteristics of the Mil-Prime system implemented into actual
Type 1 performance specifications?'" The Air Force develop-
mental engineers for the specific subsystems which make up a
weapon system, e.g. the landing gear, environmental control
system, the fuel system, etc., are responsible for writing
the Mil-Prime specification for their specific subsystem.

The engineers develop the specifications required for the RFP
that is sent to individual contractors. The first five of
the 60 planned Mil-Prime specifications have been written,

and one of these specifications is investigated.
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Answering the first research question requires inter-
viewing a staff engineer who is responsible for all Mil-Prime
specifications to ascertain whether or not the Mil-Prime
specification for the functional area in question is represen-
tative of all Mil-Prime specifications. Assuming this cri-
terion is met, the format and individual items of the Mil-
Prime specification are evaluated according to a predetermined
set of procedures described later.

The first of the 60 Mil-Prime specifications that
has been completed is the landing gear specification. Because
the Mil-Prime landing gear specification was completed before
the Subsystem Requirements Document for the C-X was drafted,
the Mil-Prime landing gear specification was used as a guide
to prepare the landing gear specification for the C-X. The
Mil-Prime landing gear specification was used as a guide
rather than a requirement because Mil-Prime, which is still
under development, has not been officially implemented. The
C-X is the only aeronautical system, as of December 1980, that
has had access to Mil-Prime documents that could be used as a
guide in the preparation of its specification.

The "1il-Prime landing gear specification has been
chosen as the aeronautical specification to be subject to
rigorous comparative evaluation because: 1) it is the first
Mil-Prime specification completed; 2) it has been used to
describe an Air Force need to private industry; 3) it has been
used as a sample by ASD engineers who are responsible for re-

writing other Mil-Prime specifications; and 4) it has near-term
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potential for inter-service use (11). Regarding this last
point, precedent has already been set for the joint service,
i.e. Army/Navy/Air Force, use of a Mil-Prime specification
because a joint service Mil-Prime specification for parachutes
has been approved (15).

A structured interview approach is used to test
whether 1) the Mil-Prime specification for the C-X landing
gear is representative of all Mil-Prime specifications, and
2) the C-X landing gear Mil-Prime specification follows the
general outline for the Mil-Prime landing gear specification.
The C-X landing gear engineers are asked to discuss the pro-
cedures that were used to develop the landing gear specifica-
tion, and to describe how the specification was implemented
into the C-X RFP (see Appendix B).

The second rcsearch question is: "What are some
relevant differences between the new specification and the
traditional Type I specification?" Once a representative
Mil-Prime specification is found and its implementation des-
cribed, a comparative evaluation between the representative
Mil-Prime specification and its traditional counterpart is
undertaken to answer the second research question.

The problems that have been encountered in the past
with the traditional system counterparts of the Mil-Prime
specifications have been described in Chapter I of this thesis,
and the problems that ASD engineers expect to encounter with
the application of the Mil-Prime concept are described in

Chapter III. This latter set of expected problems are
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documented as a result of a structured interview process.

The comparison of the Mil-Prime and traditional
specifications addressed the following issues: 1) the poten-
tial flexibility and the simplicity of the Mil-Prime speci-
fication in comparison with the more traditional documents;
and 2) the relationship between the performance requirements
in section 3 of the military specifications versus the veri-
fication requirements in cection 4,

Flexibility and simplicity canm not be measured directly
but indicants of these two properties are counted. These
indicants include the number of pages, requirements, and
reference documents in both the Mil-Prime and traditional
specifications. These issues are described in greater detail
in the succeeding paragraphs.

Interviewing and objective measures, each taken inde-
pendently, do not confirm external validity, but using both
methods together and checking for convergence of results cer-
tainly improves external validity considerations. The struc-
tured interviews allow the engineers to explain the differences,
reél and perceived, between the Mil-Prime and traditional
specifications. The engineers who deal with the specific
subsystem being evaluated are chosen because of their intimate
knowledge of both types of specifications. Individual judgments
and criticisms that result from the structured interviews are
compared to data derived from counting the number of pages,

requirements, and references to enable the researchers to make

objective conclusions.
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The flexibility of the Mil-Prime documents is indi-
cated by counting and comparing the number of requirements
in the Mil-Prime and traditional specifications. Flexibility
is particularly important since it gives the competing con-
tractors technically acceptable options that may result in
lower costs., Dr. Puryear, who has written a guidebook for
the development and preparation of specifications and stand-
ards for the Defense Materials Specifications and Standards
Office, states that one of the main characteristics of a
specification is that it becomes a requirements document (10:
13). The degree of detailed requirements stated in the speci-
fication impacts the contractor's flexibility of design,
fabrication, and internal structure.

An example of the inflexibility of a requirement in
a specification is the specification for clocks in aircraft.
The increased technology of the digital clock has made time
pieces less ¢ stly, smaller, and more accurate than their
traditional counterparts, but the Air Force has been unable
to acquire these digital clocks for its aircraft since MIL-
L-38207 requires that all clocks contain 15 jewels and three
hands, one each for hours, minutes, and seconds.

The number of requirements to be counted does not
explicitly demonstrate the flexibility or inflexibility of
the Mil-Prime documents, but it provides an indicant of their
flexibility; i.e. fewer requirements mean fewer constraints.

The simplicity of the Mil-Prime documents is indi-
cated by counting both the number and the pages of the
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referenced documents that levy requirements in both the Mil-

Prime and the traditional specifications. This counting of
documents, like the counting associated with the flexibility
issue, does not explicitly support or refute the simplicity
of the Mil-Prime documents, but it provides an indicant of
their simplicity, i.e. clear understanding abhors referencing.
The assessment of relationships between the perform-
ance requirements in section 3 and the verification require-
ments in section 4 of the military specification places these
relationships into three categories, as follows: absolute/
direct, generally applicable, and vague/no correlation. The
absolute/direct category is characterized by a close, logical,
or consequential relationship. The vague/no correlation cate-
gory is characterized by a relationship that is either not
clearly defined or is not defined at all. The generally
applicable category is characterized by a relationship that
falls between the absolute/direct and vague correlation ex-
tremes. This thesis counts all the relationships in each
category for each military specification. The requirements
in each category for the Mil-Prime and traditional specifica-
tions are compared to determine if the Mil-Prime system pro-
vides the verifiable requirements that the traditional
specifications system allegedly sometimes lacked. A key issue
to bear in mind when assessing the relationship between section
3 and section 4 is that if section 4 does not specify verifica-

tion for a section 3 requirement, then the contractor may not be

contractually obligated to fulfill the section 3 requirement.
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The engineers for the C-X landing gear are asked to
compare the traditional and Mil-Prime landing gear specifica-
tions. The discussion of the traditional landing gear speci-

fications is limited to the C-5 since this aircraft's landing

gear shares commonality with the C-X aircraft, except for the
kneeling system requirements in the C-5 which are not speci-
fied in the C-X (8). This commonality is based upon perform-
ance specifications, e.g. aircraft mission, landing speeds,
etc.

This thesis traces and documents all references to
the landing gear in the C-X specification, e.g. the subsystems
requirements document, the general systems specifications, the
structural specification, the hydraulic specification, the
environmental systems specification, etc., and compares these
references to the landing gear references in specifications
for a similar military aircraft, the C-5.

The third research question is: '"What is the flexi-
bility and simplicity impact of the Mil-Prime documents
resulting from these differences?" If the Mil-Prime specifi-
cation is shown to offer more flexibility and simplicity, the
advantages and disadvantages which impact the RFP are
evaluated.

Mil-Prime specifications are written to avoid the
detailed requirements of processes and material found in
traditional specifications. Dimensions are only supplied
where necessary to ensure placement and fit with related

apparatus. There are certain claimed advantages and
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disadvantages, as described below, in using specifications
with a great amount of flexibility and simplicity.
The principle advantage claimed to the Government is

that it is compatible with the '"'buy commercial' policy, so

the manufacturer is not bound by arbitrary military standards
with which he may be unacquainted. This curtails the expense
of designing, acquiring, and specifying new machine tools,
testing equipment and accompanying procedures. Another advan-
tage is that potentially fewer changes must be made to a
flexible specification than to a detailed specification when
working in areas of rapid technological changes, such as the
avionics industry. The third advantage is the possible greater
number of contractors who will be financially eligible to com-
pete if specifications are not restricted to any particular

method or process. The fourth potential advantage is the

Government's ability to benefit from a contractor's unique
engineering efforts (10:46). With a great deal of latitude
available for product design and manufacture, a contractor
may find radically different ways to meet the performance re-
quirements at substantial savings in cost while still providing
a superior product. While little direct research has been done
to verify these claims, their appeal is highly logical and they
enjoy general support in the development community.

There are also disadvantages associated with more
flexible specifications. One is the tremendous cost associ-
ated with developmental engineering. The Government may be

required to help finance the research and development of the
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subsystem if a contractor is to design an advanced technologi-
cal product. A second disadvantage is the evaluation of dif-
ferent design types that competing contractors submit. This
requires skillful and imaginative engineers and managers to
evaluate the advantages and disadvantages of different designs.
Along with this problem is the added time required to deter-
mine whether or not a contractor has complied with the speci-
fications (10:47-48).

These advantages and disadvantages are evaluated
through structured interviews with the engineers responsible
for the specific subsystems in question. The engineers are
given the opportunity to discuss and explain other advantages
and disadvantages they fee1~are important, and the impact that
these advantages and disadvantages have on the specifications
of the aeronautical systems. The engineers responsible for
the C-X landing gear specification and the staff engineers
responsible for overall development of the Mil-Prime specifi-
cations are interviewed to explore the possible impacts that
the previously mentioned advantages and disadvantages will

have on future weapon system acquisitions.

Data Collection Plan

The first research question is: 'How are the charac-
teristics of the Mil-Prime system implemented into actual
Type I performance specifications?'" To answer this question,
the Mil-Prime landing gear is acquired from the engineering

staff of the Aeronautical Systems Division (ASD) at Wright-




Patterson AFB. Furthermore, actual Type I performance speci-

fications which have used the Mil-Prime system are collected.

Since the Mil-Prime landing gear specification for the C-X

was available before the C-X specification was written, the

C-X Systems Program Office (SPO) at Wright-Patterson AFB is
the source of data for the actual Type I performance specifi-
cation. The specific data collected from the C-X SPO is the
landing gear specification for the C-X,

The second research question is: '"What are some
relevant differences between the new specification and the
traditional Type I specification?" To answer this question
requires not only the same Mil-Prime landing gear specifica-
tion obtained for the first research question, but also a
traditional landing gear specification from an aircraft
system similar to the C-X, e.g. the C-5. The C-5 SPO at
ASD is the source of the C-5 documents.

Furthermore, an answer with high validity to this
second research question requires more than a comparison of
the specification data in the Mil-Prime and traditional speci-
fications. There also exists a need to interview the engin-
eers who are responsible for writing the technical specifica-
tions in order to supplement the objective evidence with the
judgment of the working-level experts. The engineers are located
in ASD at Wright-Patterson AFB. The means by which these inter-
views are conducted is a structured interview procedure, using

questions from the list in Appendix B entitled "Structured

Interview Questions."




The third research question is: "What is the flexi-
bility and simplicity impact of the Mil-Prime documents
resulting from these differences?" To answer this question,
the data collected to answer the second question is once again
used. Specifically, measures of flexibility and simplicity
result from both the counting and the interview processes.

To accomplish this task, Appendix B includes questions rele-
vant to all the research questions.

The kinds of data collected for this thesis and the
research methods used for the evaluation of the data reflect
the "pilot study' nature of this thesis. Mil-Prime is a new
and untested system to which tens of thousands of manhours
have already been dedicated. This thesis is the first known
effort by independent observers to objectively evaluate
Mil-Prime.

Data Analysis and Interpretation
Plan

An analysis of the data available to answer the first
research question requires a comparative evaluation of the
Mil-Prime landing gear specification and the C-X landing gear
specification. 1If the Mil-Prime guidance was followed, then
each paragraph and subparagraph number in the C-X specifica-
tion should be directly traceable to the same paragraph and
subparagraph number in the Mil-Prime specification. 1If the
C-X landing gear specification does not follow the Mil-Prime
format either in whole or in part, then the engineer respon-

sible for the C-X landing gear specification is interviewed
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to determine why he did not follow the prescribed format, and

his reasons are explored in detail.

An analysis of the data to answer the second research

question requires, in part, a counting of requirements in both

the Mil-Prime and traditional specifications. The counting |
procedure is as follows: 1) both researchers agree upon a
consistent methodology to count requirements; 2) both re-
searchers then independently count the requirements; 3) both

researchers attempt to resolve their differences; and 4) if

there are unresolved differences, the final count is an arith-
metic average of both counts.

The consistent counting methodology used by both re-
searchers attempts to differentiate between technical require-
ments and conditions. "Technical requirements'" are defined
in the definitions section of this thesis. Heuristically,
requirements may be identified, in general, by the words
"shall"” or "will,' except where "shall" or '"will' clearly
refer to a condition. '"Conditions" are restriction of modi-
fying factors on the technical requirements. For example,
the first sentence in the following subparagraph is a condi- ]
tion, and the second and third sentences are separate
requirements:

3.2.1.1.4 Pressure Release, The pressurization system
shall have both normal and emergency provisions for
release of pressure. The normal pressure release pro-
visions shall be capable of dumping pressure without

shutting off the pressurizing air source. The emer-

gency pressure release provisions shall be capable of
dumping pressure from maximum differential to
within seconds with the pressurizing aiTr source
shut off automatically at initiation of dump.
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Furthermore, since the use of "shall" and "will" is a
heuristic, the presence of one or the other does not necessar-
ily imply the existence of a requirement or a condition. Also
the absence of '"shall" or '"will' does not imply that, in that
instance, a requirement is not specified. For example, the
following subparagraph is a requirement:

3.2.4 Engine Bleed Air. The engine bleed air system

consists of the ducting and components that route
bleed air from to .

The use of the conjunction "and' poses the problem
of determining whether a subpgragraph constitutes one or more
requirements. In general, the use of "and" implies that there
are two requirements, unless the meaning of the sentence
clearly reflects only one requirement. For example, the

following subparagraph contains two requirements:

3.2.1.8.4 Jack Pad Configuration. All jack pads shall
‘be in accordance with MS33559 and installed in accord-
ance with MIL-STD-809.

"Exceptions'" to a requirement are not counted as a
requirement. For example, the following sentence is counted
as one example:

The landing gear arrangement and component design shall
conform to the requirements of AFSCM 80-1, Volume I,
except that the ground floatation requirements of Part
B, Chapter 3, Section 4 shall not apply and tow lug or
lugs may be in the horizontal or vertical plane.

"To Be Designated" (TBD) requirements items are
counted as single requirements. Not only requirements are
counted, but also numbers of pages, references, and source
documents. A page is counted if there is writing on at least

half the page. This methodology is chosen because it follows

2]
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the pattern of the Blackledge dissertation, and because any
errors counting the traditional and Mil-Prime specifications
will be counted consistently, which will allow the researchers
to assume that these errors will cancel each other out.

The results of the structured interviews are compiled
separately and then integrated with the analysis of the speci-
fication data. Differences of opinion among the engineers
interviewed are reported and evaluated. Resolution of differ-
ences of opinion for the purpose of answering the second
research question is considered unnecessary. The conclusions
of this research effort make note of differences in the opinion
of the experts interviewed (see Appendix C).

The interview questions have been structured, in part,
to enable the researchers to understand the differences ob-
served in the comparative analysis of the specification data.
Conflicts between the conclusions drawn by the interviews are
highlighted in the analysis.

An analysis of the data to answer the third research
question is an extension of the analysis of the data to answer
the second research question. The thrust of the second re-
search question was to identify some differences between the
Mil-Prime and traditional specifications. The thrust of the
third research question is to identify the impact of these
differences. To answer the third question, the researchers
depend upon the expert opinions of the engineers interviewed.
Conflicting opinions are reported. Resolution of differences

of opinion for the purpose of answering the research question,
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in this case, is considered necessary. The opinion of the
experts interviewed are given equal weight. For the purpose
of drawing conclusions, differences of opinion are resolved
by the researchers as follows: the differences of opinion
are clearly identified and placed, if possible, into cate-
gories; each category is defined and explained; the research-
ers then draw'their own conclusions, and thoroughly document
the rationale for these conclusions.

All results of the data analysis effort are categor-
ized, and then summarized in narrative form. Conclusions are
drawn only from the data; the conclusions are used to evaluate
the validity of the Mil-Prime system. The analysis gathers

together all the relevant data, from both the specification

analysis and interview sources, and attempts to substantiate

the answers to the research questions.




CHAPTER III

ANALYSIS AND FINDINGS

The Interviewees

Eight ASD engineers who have had some experience with
Mil-Prime were interviewed. Some of the engineers aciually
wrote Mil-Prime specifications and handbooks; others used or
supervised the use of these Mil-Prime documents to develop
specifications for specific weapon systems, e.g. the C-X,

LRCA (Long Range Combat Aircraft), and the engine for the NGT
(Next Generation Trainer). Those engineers who were respon-
sible for developing specifications for specific weapun
systems used the Mil-Prime documents as a guide, rather than
as a format that had to be rigorously followed. Mil-Prime is
viewed by these engineers not as a rigid format that had to
be followed, but as a concept that requires the specification
of performance requirements in one document as opposed to the
practice of referring the potential contractors to multiple
military specifications. These engineers view Mil-Prime as a
new means of communicating to a contractor the performance
required for a piece of equipment; the specific design of that

equipment, i.e. the Type II specification, is still the res-

ponsibility of the contractor.
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How Mil-Prime Specifications
Are Developed and Applied

The Mil-Prime landing gear specification was the
first Mil-Prime specification completed, and it was distri-
buted to all other Mil-Prime authors as an example to be
followed. The Mil-Prime landing gear specification is con-
sidered by the engineers interviewed to be representative of
other single-system Mil-Prime specifications. Single-system
specifications, e.g. the landing gear, parachute systems, and
fuel systems specifications, are differentiated from the
multiple systems specifications, e.g. the structural integrity
specification, which involve multiple engineering disciplines
covering a wide range of hardware environments and technolo-
gies. Nevertheless, the multiple discipline specifications,
according to the author of one of the multiple systems speci-
fications, are expected to follow the same Mil-Prime format
used in the Mil-Prime landing gear specification (3).

The Mil-Prime specifications were developed by review-
ing all the relevant traditional specifications; deciding what
parts of those specifications should be preserved; combining
similar subsystems together, e.g. wheels, brakes, and tires;
and then "cutting and pasting’ until the Mil-Prime specifica-
tions emerged (15). Essentially, all the traditional speci-
fications and standards were looked at with the intent of

replacing them by 1) updating all the traditional requirements;

2) expressing the traditional requirements in terms of opera-

tional needs; and 3) ensuring that there were means of
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verification to correspond with the specified requirements (3).
The C-X, which is the first weapon system to apply
the Mil-Prime concept, incorporates a landing gear specifica-
tion that was developed, according to the specification's
author, using the Mil-Prime landing gear specification as a
guide. Because many members of the C-X development group also
participated in the cancelled AMST (Advanced Medium Short
Takeoff and Landing Transport) program, the AMST landing gear
specification was also used to develop the C-X landing gear
specification. The AMST specification was developed using

the Mil-Prime philosophy before the details of Mil-Prime were

]
L formulated. The AMST engineers were told to write a specifi-
|

that maximized the emphasis on performance (5). The engineers
in the C-X program not only used the AMST specification as a

- cation that minimized the use of reference specifications and
baseline, but were also directed to use Mil-Prime documents

for those areas of the aircraft where the Mil-Prime documents
were available; where Mil-Prime documents were not available,
i.e. if Mil-Prime documents were not yet developed for an area

of the aircraft, the C-X engineers were directed to use the

Mil-Prime approach (11). The C-X landing gear specification
does not rigorously follow the Mil-Prime format because the
performance-orignted AMST landing gear specification, which
had already undergone rigorous review by both the internal
ASD engineering committees and by defense contractors, was
available and generally applicable for use by the C-X
program (5).
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The use of a Mil-Prime specification as a guide is
not meant to imply that the engineers could choose to ignore
Mil-Prime because it is generally not mandatory to follow a
""guide.'" For example, the Mil-Prime landing gear specifica-
tion, even though it is a guide to be used to develop landing
gear specifications for specific aircraft, must be followed
if the specific aircraft specification is to be approved by
the ASD review committees (8). The major criterion, when
choosing the words, is to tell the potential contractors what
the engineer expects that aspect of the aircraft to do, but
not to tell the potential contractors how to design that
aspect of the aircraft.

The use of a Mil-Prime specification in conjunction
with another aircraft specification, e.g. the AMST specifica-
tion, is by no means unique. The landing gear specification
for the LRCA was developed using the Mil-Prime, C-X, B-1, and
FB-111 landing gear specifications, along with the LRCA state-
ment of work, and information from the 'problems" file of
past landing gear problems. Some of the "problems," inciden-
tally, had alircady been documentéd in the original version of
the Mil-Prime landing gear handbook (8). The LRCA landing
gear specification became available to the researchers late
in the course of this thesis effort, but was not used because
the LRCA landing gear specification was more of a blending of
the actual existing B-1 and FB-111 landing gear specification

than a new specification to which the contractors were expected

to respond. The researchers noted that the LRCA landing gear
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specification does rigorously follow the paragraph and sub-
paragraph numbering system in the Mil-Prime landing gear
specification, and in that respect is probably more represen-
tative of future Mil-Prime landing gear specifications than
the C-X specification, which takes more liberties with the
Mil-Prime format. But the C-X landing gear specification,
because of its performance orientation, and because it is a
complete document that references few other specifications
(see the section of this chapter entitled "Objective Measures
of Mil-Prime), is certainly representative of the other Mil-
Prime specifications that are being developed.

A summary of the specification writing process using

Mil-Prime is depicted in Fig. 2.

Mil-Prime Fill-In-The-Blank Specification

Government Engineer —>

Mil-Prime Specification for the RFP

Centractor Engineer —»

/

MIL-STD-490 Type I Specification

,
MIL-STD-490 Type II Specification

Fig 2. The Specification-Writing Process
Using Mil-Prime
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A Government engineer would use a Mil-Prime "fill-
in-the-blank" specification to develop a Mil-Prime specifica-
tion for a specific system or subsystem of an aircraft. This
latter specification would be incorporated into the request
for proposal (RFP). Potential contractors may respond to
the RFP with their own Type I specification in the MIL-STD-
490 format, or they may accept the Government's specification
that was incorporated into the RFP as the final Type I speci-
fication. The contractor who wins the contract award would
then develop the Type II specification in the MIL-STD-490
format (21).

A Comparison of the Traditional
and Mil-Prime Systems

The engineers interviewed more readily identified
differences between the traditional and Mil-Prime systems
than they identified similarities. Yet the similarities that
they identifi=d are significant. The total approach to speci-
fication requirements is similar. Mil-Prime is essentially
a rewrite of traditional specifications using the same six
section format, and in many cases using the exact wording
from the traditional specifications. The same performance
requirements exist with both systems, except Mil-Prime ex-
presses these requirements more explicitly. The baseline
verification section (section 4) is essentially the same for
the two systems, but Mil-Prime more rigorously ensures that
verification of each requirement is specified. For example,

the MIL-B-8584 problem, cited in Chapter I, in which an
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aircraft parking brake was required to hold an aircraft on an
18° slope, but no means of verifying this requirement was
specified, would not be a problem under Mil-Prime because
Mil-Prime's format ensures that verification of each require-
ment is specified in terms of performance.

A comparative analysis of section 3 (requirements)
and section 4 (verification) in the C-X and C-5 landing gear
specification is summarized in Fig. 3. This comparative
analysis reveals that there is a direct/absolute correlation
between all subparagraphs in iection 3 of the C-X specifica-
tion with all subparagraphs in section 4 of the same specifi-
cation. But the correlation for the C-5 was significantly
different from the C-X. Of the 16 major subparagraphs for
the C-5, numbered 3.3.1.7 to 3.3.1.7.9 in specification No.
CP40002-2B, ten subparagraphs had absolute/direct correlation;
and one subparagraph, number 3.3.1.7.5, had a generally appli-
cable relationship with corresponding paragraphs in section 4.
More significantly, five of the subparagraphs did not have
any corresponding paragraphs in section 4. This indicates
that there was not any contractually specified means of veri-
fying, for example, the testing of the landing gear warning
horn (paragraph 3.3.1.7.1.3), or the operation of the emergency
brake (paragraph 3.3.1.7.4). The verification requirements in
the Mil-Prime landing gear specification incorporate a number-
ing system which corresponds to that used in section 3 so that

the verification requirement relates more directly to its

performance requirement,.




Number of Requirements with a: C-X C-5
direct/absolute correlation 79 10
generally applicable correlation 0 1
vague/no correlation 0 5

Total 79 16

Fig 3. Correlation Between Section 3
and Section 4

The differences identified by the engineers between
the traditional and Mil-Prime systems are more readily identi-
fiable. The traditional specifications incorporate lessons
learned with the specifications themselves by specifying
requirements that address previous problems. The Mil-Prime
specifications are exclusively performance oriented, with
references, procedures, and lessons learned delegated to the
accompanying Mil-Prime handbook.

Several engineers stated that the concept of tailor-
ing specifications highlights a significant difference between
Mil-Prime and the traditional specifications. The traditional
specification could be tailored by deleting aspects of the
specifications that were judged not to be applicable to a
specific weapon system; the Mil-Prime specifications are de-
signed from the outset for a specific weapon system. In the
past, the contractors would, in general, anticipate what the
Government's specification in the RFP was going to say since
the same specifications were referenced over and over again.
With Mil-Prime, the contractors apparently will have to spend

significantly more time with the Government engineers before
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issuance of the request for proposal to have as complete an
understanding of the Air Force requirement; otherwise, the
contractor will have little idea how the Government engineer
is going to fill in the blanks, i.e. tailor the Mil-Prime
specification to a specific weapon system. The Mil-Prime
system may lead contractors to question many filled-in blanks
to see if the Government is serious about those requirements,
whereas in the past contractors were hesitant to question
specifications which had been used over and over again. This
expected questioning of the tailoring process by contractors
should potentially result in a reduction in the number of
requirements to an absolute minimum, which would allow the
contractors maximum flexibility to design a weapon system
that meets the essential requirements at the minimum cost.

The expected questioning of the tailoring process by
contractors should, according to several of the engineers
interviewed, also encourage Government engineers to do their
homework well before issuing the specification to industry.
In the past, Government engineers depended on the traditional
specification to specify the requirements and to cover up for
an engineer's lack of knowledge concerning certain areas of a
specification, by referencing every specification dealing
with the system or subsystem for which the engineer was res-
ponsible. With Mil-Prime, the Government engineer must
address each discipline when he specifies the requirements;
no longer can he depend on referencing specifications and

postponing learning the details of those specifications until

46




the engineer reads the contractors' proposals. Mil-Prime thus

. requires more front-end effort by Government engineers; Mil-

Prime essentially provides a checklist guide for the Govern-
ment engineer's front-end efforts,

The rewriting of the specifications into the Mil-
Prime format will bring about the deletion of many outdated
and undesirable requirements and specifications. For example,
a rewriting of MIL-L-38207, which was cited in Chapter I as
requiring 15 jewels in the clock on an aircraft instrument
panel, would specify performance characteristics rather than
design characteristics for a clock, which would, in turn,
allow the use of the more modern digital clocks. By cleans-
ing the system specifications of many unnecessary design
details and design requirements, both the contractor and
Government purchasing groups eliminate unnecessary manhours,
paperwork, and cost to justify non-compliance to specifica-
tions which are not applicable.

Another factor favoring the Mil-Prime system, accord-
ing to several of the engineers, is its exclusive performance
orientation. Unlike the traditional specifications, the Mil-
Prime specifications get away from driving a contractor to a
specific design. A contractor will have greater latitude to
meet these performance requirements by balancing cost, weight,
and performance characteristics in an optimal fashion than he
would if constrained by a design limitation. Significantly,
the statement of the requirements in terms of operational

needs in the Mil-Prime specification should eliminate some of
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the cost drivers in the traditional specifications by allow-
ing the contractors more flexibility of design. The contrac-
tor's innovations will not be stifled by a fear of going
against a military specification and being accused of being
nonresponsive.

The exclusive performance orientation which Mil-
Prime emphasizes could bring about problems in verification,
according to one engineer. For example, in the case of a
radio which is required to transmit for 100 miles, many vari-
ables will influence the performance of the radio, such as
atmospheric conditions, terrafn, and personnel testing the
equipment. In a traditional specification, a design require-
ment would usually be specified which required that radio to
broadcast with an output of 30 watts, for example, which is
very simple for an engineer to verify. Verification of the
100-mile transmission requirement under variable conditions
will be more difficult to accomplish (11).

Another aspect causing concern among some of the
engineers is that more discussion is required between the ASD

engineers and the operating or using command of what is really

needed prior to the issuance of the request for proposal. Most

using commands are not tuned to supplying engineers with func-
tional design. For example, project personnel of the using
command talk of combat turn radius, while engineers speak of
degrees qf bank at a given mach number.

The Mil-Prime emphasis on performance improves com-

munication between the engineer and the using command. When
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the engineer used the traditional specification, he wrote in

a language that the user did not understand, e.g. he specified

what the thrust of the engine would be, but did not specify
what the impact of the level of thrust would be on operational
requirements. When the engineer uses Mil-Prime, discussion
with the using command is enhanced because the engineer is
writing more in the language that the user understands, and
the user is better able to communicate his needs with the
engineer.

The traditional specification approach called for
each subsystem to be designed and laboratory tested as an
entity within itself prior to being mated with the other sub-

systems to comprise the entire system. However, in some cases,

the sum of the whole does not equal the sum of its parts.
For example, the F-15's tires wore unacceptably on their edges
after approximately nine landings because of poor integration
with the landing gear. The traditional specifications called
for tires and landing gear separately. Both subsystems met
the laboratory verification requirements, but were not re-
quired to be mated and tested. The prime contractor was not
held responsible to ensure that the landing gear and tires
worked well together. Neither the tire nor landing gear con-
tractors could be held responsible for the unacceptable wear
of the tires since both contractors successfully completed
their respective laboratory tests and design requirements.

A Mil-Prime specification, on the other hand, will

call for a landing gear capable of allowing, for example, at
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least 50 landings per tire. If the aircraft did not satisfy

‘this requirement, then the prime contractor would clearly be

responsible for correcting the landing gear's design problem
(15). This means of designing weapon systems generally
transfers the focus on acceptance of the weapon system to

the total weapon system performance rather than the laboratory
performance of the individual subsystems.

Mil-Prime's handbook provides the corporate memory,
through its lessons learned, which should prevent problems
like that with the F-15 landing gear from occurring. The
handbook must continuously be updated to maintain its currency
so that no innovative designs are overlooked. An example
would be the carbon brakes used on landing gears. The first
couple generations of the carbon brakes were plagued with
problems and were inferior to the standard steel brakes.
Succeeding generations of the carbon brake overcame the prob-
lems encountered, and are now as good if not better than the
steel brakes. 1If the handbookwere not kept current with the
advances made with the carbon brakes, engineers who were not
intimately familiar with the material would rate the design
specification of a contractor who proposes the use of carbon
brakes as inferior (8).

Mil-Prime, according to some of the engineers inter-
viewed, will aid in eliminating unnecessary cost drivers.

For example, the maintainability requirements in a traditional
engine specification would not differentiate between an air-

craft or a missile, yet the missile's engine would not need
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to be maintainable since it is not reusable. Mil-Prime,
through the tailoring process, would correct this problem.
Another example of a cost driver would be éostly testing
required by a traditional specification which was not
important to the operation of an aircraft.

A new system, such as Mil-Prime, could not be ex-
pected to be implemented without causing some problems. The
Government loses some control over the contractors because
the contractors now have more design discretion. The details
of each aircraft subsystem, which were previously controlled
by the Government engineer, are now a contractor's responsi-
bility. It is possible that problems could develop as a re-
sult of not following the dictates of the traditional speci-
fications. On the other hand, according to some of the
engineers interviewed, the transfer of emphasis from accepting
subsystems in a laboratory environment to acceptance of a
total aircraft basis should cause a lessening of costly
engineering change proposals that were necessary because
problems did not surface in the laboratory, but did surface
during aircraft performance.

Mil-Prime, according to the engineers interviewed,
could also make the working environment more intense for the
Government engineer because he will have to pay more attention
to detail before the specification is released to the contrac-
tors. On the other hand, paying more attention at the front-
end should result in a better product down the road. Of

course, if engineering manpower is constrained and not enough
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time is available to spend at the front-end, problems could
develop as a result. Then again, if the Government must depend
on new, inexperienced engineers, engineers who could not
reasonably be expected to develop adequate specifications
using the multitude of traditional specifications, Mil-Prime
will enable these engineers to develop adequate specifications
by following the Mil-Prime fill-in-the-blank specification
checklist. New or inexperienced engineers may run the risk,
when using the Mil-Prime specification, of omitting necessary
requirements which, some engineers fear, could require expen-
sive change proposals if the omissions are not found prior to
full-scale development. This was not a problem when the
traditional specifications were used, since an engineer, when
in doubt about a requirement or a group of requirements, could
always reference the appropriate military specifications and
be assured that he had covered the requirement.

Mil-Prime's ease of implementation, i.e. its simpli-
city and its flexibility, versus that of the traditional
specification system is an important issue. Most of the
engineers interviewed believe that Mil-Prime will be a simpler
system from the Government manager's point of view, but more
difficult from the lower level project engineer's point of
view. This is true because the Government's level of control
is higher, i.e. at the aircraft performance level rather than
at the subsystem level, so that there should be a greater ease

of implementation of the essential requirements. For example,

monitoring qualification testing at the aircraft level will
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certainly be less of a burden for the Government than monitor-
ing qualification testing at all vendor levels. Furthermore,
keeping the Mil-Prime handbooks up to date, which may be a
challenging task because of manpower constraints, will cer-
tainly be an easier task, according to some of the engineers
interviewed, for the ASD engineering community as a whole
because it is easier to update approximately 60 Mil-Prime
specification handbooks than several thousand traditional
specifications.

On the other hand, Mil-Prime will be a learning pro-
cess that will necessitate a better understanding between ASD
and the contractor community regarding the identification of
the requirements, which will impact the ease of implementing
Mil-Prime. The Government and the contractor engineers who
will be working directly with the various specifications may
find Mil-Prime more difficult to implement than the traditional
specifications.

From the Government engineer's point of view, it was
claimed that there will be the need to pay more attention to
the initial requirements that are sent to the contractors.
The traditional specifications could be readily implemented

in one paragraph of referenced specifications, while with

Mil-Prime a Government engineer must be aware of every require-
; ment he is specifying. No longer will the Government engineer
be able to rely on the multitude of military specifications

to cover for his lack of knowledge or preparation.

The contractor's engineers, again according to some
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of the Government engineers interviewed, will find that the
unrestricted freedom of design makes their design decisions
much more difficult because of the number of options available
to them. When the traditional specifications were used, a

{ design requirement was usually specified which explained to

the contractor's engineer how the subsystem was to be designed.
With Mil-Prime, the contractor's engineers will have to design
their own subsystems.

i Mil-Prime's flexibility appears to be less question-

able with the engineers interviewed than its simplicity.
Mil-Prime presents the opportunity for the contractors to
enter into discussions with Government engineers as to what
approach is best for a specific aircraft. In the past, these
discussions were discouraged because the Government engineer
depended on the '"locked-in-concrete'" traditional specifica-
tions to establish the requirements.

Mil-Prime, as some of the engineers believe, is not
as absolute as the traditional specifications as to what should
be done and what should not. The traditional specifications
still exist to aid the thought process of the contractors, but
the contractors now may use many of these traditional specifi-
cations as no more than guides. The traditional specifications,
by incorporating requirements to prevent past mistakes from
repeating themselves, became conservative and inflexible.
Mil-Prime allows the contractors the flexibility to quote the
best design to fulfill the requirement; the Government then

determines if the contractors' designs are adequate, and
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determines the best design. Mil-Prime allows the Government
engineer the flexibility to decide what is important and what
is not, which is a flexibility that the incorporation of
referenced traditional specifications never allowed. More
importantly, Mil-Prime's orientation towards operational
requirements, and its flexibility in allowing the contractor
to design a system that best meets these requirements, pro-
vides to the using command, the ultimate customer, an aircraft

that meets the operational need.

Acceptance of Mil-Prime

Because Mil-Prime represents a change to the tradi-
tional way of doing business at ASD, one would expect both
acceptance of and resistance to the change. Defense contrac-
tors have been giving positive feedback, the engineers say,
regarding Mil-Prime. The Aeronautical Industries Association,
the Electronics Industries Association, and the Society of
Automotive Engineers have reviewed specific aspects of Mil-
Prime and have indicated that Mil-Prime is a change for the
better (21). Some criticism of Mil-Prime to date from indus-
try has been related to the detailed descriptions of the
lessons learned in the Mil-Prime handbooks; apparently some

contractors are sensitive that their past mistakes are being

published in a Government document (15). Other criticism from

industry seems to relate to a "'not invented here" attitude,

which causes resistance that should dissipate after contrac-

tors recognize the new flexibility that Mil-Prime will give
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them. This new flexibility centers upon the capability given

to contractors by Mil-Prime to help write a Type I performance
specification that is tailored to the needs of a specific wea-
pon system as opposed to the practice of detailing a 1list of
exceptions to referenced traditional specifications. There

is also a feeling, according to some of the Government engineers
interviewed, that Mil-Prime will not be well received by the

working level engineers in contractor organizations. Mil-

Prime may make these engineers uneasy because they are used

to having the Air Force tell them what to do and then applying

what the Air Force says to their design; Mil-Prime requires
these engineers to do more thinking, to exert more control,

and to be more original, all of which is a change from the

traditional practices.

The ASD engineering community, as represented by the
' ngineers interviewed, also has been giving positive feedback
regardiing Mil-Prime. Initial impressions were characterized
by skepticism, apprehension, and reluctance, partly because
many Government engineers were used to detailed control over
technical specifications, and they did not want to relinquish
this control, and partly because some Government engineers
relied upon the traditional specifications as a "security
blanket'" that they could fall back upon. But the attitude
of many ASD engineers seems to have changed as they listened
to advocates of Mil-Prime within the ASD engineering community,
as they help develop these Mil-Prime products, as they under-

stand that the system is workable and that it is ha2re to stay,
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that it does not tie their hands, and that manpower constraints
will 1imit their future ability '""to get their hands dirty" in

the details of designing a new system.

Objective Measures of Mil-Prime

This evaluation of Mil-Prime in comparison with the
traditional specification system attempts to find and measure
objective evidence regarding the simplicity and flexibility
of both the new and the traditional specification-writing
system. Central to the evaluation of objective evidence is
the isolation of requirements so that these requirements may
be counted. Requirements are performance parameters which
are found in section 3 of the Mil-Prime and traditional speci-
fications. Any function for which the using command needs a
piece of hardware to perform is a requirement. If one piece
of necessary hardware cannot be used without a second piece,
that second piece is also a requirement. If requirements must
interface with one another, e.g. the requirement for aircraft
strength, then the interface is also a requirement. Anything
that drives the design, or is derived from the using command's
Statement of Operational Need (SON) is a requirement. The
Government engineer's role is to act as a middleman, putting
words into paragraphs to translate the SON into a requirements
document that will communicate operational needs to the con-
tractor so that the contractor may develop the design,

Requirements are generally identified by the word

"shall." The words '"should" and ''goal’ identify sentences
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that are not requirements. Sentences in section 3 of the
specifications that do not use ''shall," "should,'" or "goal"
are generally, but not necessarily, requirements. A clear,
universal definition of what a requirement is and what is not
a requirement is, however, not of high importance. A reader
of this thesis may develop his own counting methodology and
still should develop similar findings. What is important is
the consistency in counting the requirements in both the Mil-
Prime and traditional specifications. Because of this con-
sistency, which is explained in Chapter II's written methodo-
logy, any incorrect identification of requirements in one
specification should be counted incorrectly in the other
specification; any definitional errors should then cancel
each other out, while obvious deviations were watched for.
Indicants of simplicity and flexibility in the Mil-
Prime and traditional specifications were counted. Simplicity
could perhaps best be indicated objectively by counting the
number of subsequent contract problems associated with a chosen
specification-writing practice, bug this data is neither
historically available nor is it practical. Simplicity in
specifications might also be indicated by the use of easier
to understand language, or a more specific choice of words,
e.g. avoiding the overuse of phrases such as "in accordance
with" or ''not limited by," but such phrases do not appear to
go to the heart of the meaning of simplicity. The premise of

simplicity is that if a requirement is specific and well-

defined, then it is clear what the requirement is, it is clear
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how to verify the requirement, the contractor knows how to

bid, and the Government engineer knows how to evaluate the

proposal. Simplicity is measured by counting pages of refer-
enced requirements.
Results of the counting of the referenced documents

in the C-5 and C-X specifications are as follows. The section

of the C-5 specification that specifically addresses the land-
ing gear requirement, i.e. paragraphs 3.3.1.7 through 3.3.1.7.9
is seven pages and incorporates eight documents by reference,
including 180 total pages of required referenced specifications,
and 542 pages of an Air Force Systems Command (AFSC) manual.

These documents and the associated page count are:

Document Page Count
AFSCM 80-1, Volume 1 542
MIL-P-5518 17
MIL-T-5041 25
MIL-W-5013 40
MIL-B-8584 12
MIL-S-8812 21
MIL-H-5440 40
MIL-S-8552 25

Total 722

In addition, the C-5 specification includes 35 pages
of other landing gear-related requirements, including "landing
conditions'" and "ground operations conditions," in paragraphs
3.1.1.1.11, 3.4.1.3 through 3.4,11.11, and 3.4.12 through
3.4.12.12.3.

In contrast, the section of the C-X specification
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that specifically addresses the landing gear requirement,
i.e. paragraphs 3.1 through 3.2.1.9.2 entitled '"Landing Gear
System'" of the C-X subsystem requiremcnts document, is ten
pages and incorporates three documents by reference, which
total nine pages of requires references, including MS33559,

a military standard/drawing, which is counted as one page:

Document Page Count
MIL-STD-805A 2
MIL-STD-809 6
MS33559 1

“Total 9

Significantly, the C-X specification does not include any
other obvious landing gear or landing gear-related require-
ments. While it is tempting to credit Mil-Prime with this
significant finding, the Government engineer who authored the
C-X landing gear specification informed the researchers that
the C-X does not have multiple sections defining landing gear
requirements because the same Government engineers who worked
on the C-5 landing gear also developed the C-X landing gear
specification. These engineers learned from their C-5
experience, and applied that learning, including the necessity
to consolidate multiple sections, to the C-X (5). Signifi-
cantly, with Mil-Prime, the lessons 1ea?ned through the
practical experience of these C-5 engineers will be retained
in the Mil-Prime handbook. 1If not for the existence of the
Mil-Prime handbook, the lessons learned might have been lost

to successive generations of engineers (21).
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Flexibility is somewhat easier to measure objectively
than simplicity. As with simplicity, the fewer the number of
required referenced documents, the more flexibility a prime
contractor has to design a weapon system that best meets the
performance need. The Government engineer also has more flexi-
bility because he can pick and choose the appropriate require-
ments, whereas with the traditional system he was limited to
making exceptions to the established referenced specifications.

The number of requirements in the C-5 and C-X speci-
fications were counted to help indicate the relative flexibility
of these documents. Surprisingly, the landing gear portion of
the C-5 specification, paragraphs 3.3.1.7 through 3.3.1.7.9,
even with its unique kneeling system requirements, had less
requirements, a total of 76, than the C-X landing gear speci-
fication, which had 151 requirements. An analysis of this
finding readily revealed the reason for this discrepancy.

The C-X landing gear specification references three other
documents, which have a total of nine pages. The C-5 landing
gear specification not only references other documents which
have a total of 722 pages, 713 more pages than those referenced
by the C-X specification, it also includes 35 pages of landing
gear-related requirements that are not consolidated with the
landing gear section of the C-5 specification. The basic C-5
specification is shorter, even though its subparagraphs are
much more lengthy, but it includes, because of the references
and other associated pages, many more requirements. The

basic C-X Mil-Prime specification appears to have more
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requirements, but in fact, because it is compact and because
it stands on its own without the extensive use of references,

it has significantly less requirements than the C-5 traditional

specification.
A summary of the objective measures used to compare
the C-5 traditional specification with the C-X Mil-Prime

appears in Fig. 4.

Aircraft C-5 C-X
Number of pages in the landing gear ‘
section of the specification 7 10
Number of subparagraphs in the
landing gear section of the
specification 10 79
Number of requirements in the
landing gear section of the
specification 76 151

Number of pages addressing other
landing gear-related require-
ments 35 0

Number of referenced documents
in the landing gear section of
the specification 8 3

Number of pages of documents
referenced in the landing gear
section of the specification 722 9

Total number of pages in the
specification that address or
reference landing gear
requirements 764 19

Fig 4. A Summary of the Objective Results
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CHAPTER IV
CONCLUSIONS AND RECOMMENDATIONS

Conclusions

The conclusions in this chapter address and expand
upon the research questions which are listed at the end of
Chapter I. A reader of this thesis who wants to understand
the essence of the findings of the researchers without reading
the entire thesis should read the section of Chapter III
entitled "A Comparison of the Traditional and Mil-Prime
Systems."

To date, an actual Type I performance specification
has not been developed solely from a Mil-Prime document. As
stated in Chapter I, only five Mil-Prime specifications have
been written as of October 1980. Of these five, the landing
gear specification was the first to be completed. The ASD
engineer who directed the writing of the Mil-Prime landing
gear specification indicated that the Mil-Prime landing gear
specification has been and is currently being used as an
example to be followed in the writing of all other Mil-Prime
specifications., This engineer added that the Mil-Prime landing
gear specification is only a guide, and many other Mil-Prime
authors are adding their own individual ideas to their docu-
ments, while still keeping the basic Mil-Prime format (15).

This same engineer is also a member of the reviewing
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committee which attempts to standardize and assist in the
writing of other Mil-Prime specifications (15). Authors of
other Mil-Prime specifications interviewed in this thesis
effort have acknowledged that their documents closely resemble
that of the Mil-Prime landing gear document, and some have

had their specifications before the reviewing committee
several times to ensure conformance with the committee's
direction.

As far as the C-X landing gear specification is con-
cerned, after an examination of the C-X landing gear specifi-
cation and the Mil-Prime landing gear specification, and inter-
views with the principal authors of the C-X landing gear speci-
fication, the researchers concluded that the C-X landing gear
specification follows the general outline for the Mil-Prime
landing gear specification. There is less evidence that the
C-X landing gear specification is representative of all Mil-
Prime specifications because so few other Mil-Prime specifi-
cations have been completed, but since the Mil-Prime landing
gear specification is being used as an example for other
Mil-Prime efforts, it is believed that the C-X landing gear
will be representative of a majority of the completed Mil-
Prime specifications.

Furthermore, the principal author of the C-X landing
Gear specification explained that the AMST landing gear speci-
fication, the basis for the C-X landing gear, followed the
same philosophy as the Mil-Prime concept, which was being
formulated at about the same time. That philosophy includes

64




making the specification solely performance oriented. Since
the C-X landing gear specificatibn was written, it has gone
through many iterations, and with each iteration its format
was written closer to that of the Mil-Prime landing gear
specification (5).

The relevant differences between the Mil-Prime speci-
fication and the traditional specification, analyzed in Chap-
ter III, are summarized here. The reader is cautioned especi-
ally when reviewing results of the objective data, there is a
direct correlation between claimed flexibility and the numbers

of requirements and between simplicity and the number of pages

of referenced documents. The arguments on each will tend to
merge as this rationale is developed, as one must recognize

that referenced pages, in fact, will include number of require-
ments. The interviews with the engineers support the notion
that the Mil-Prime system is more flexible than the traditional.
system, whereas, the objective data, on its face, appears to
refute the engineer's beliefs. One of the surprising differ-
ences between the two systems, which is brought out by the
counting of requirements in both the traditional and Mil-Prime
systems, is the greater number of requirements in the C-X
landing gear specification. As the findings bring out, however,
this is caused primarily by the incorporation into the C-X
specification of requirements included in referenced documents
of the C-5 specification. It is also caused by the additional
35 pages of landing gear-related requirements that are spread
through other sections of the C-5 specification--an untidy way
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of specifying anything. The wide disparity in the combined

‘total number of pages in the basic and referenced specifica-

tions that address landing gear requirements (764 vs 19) lead
the researchers to believe that the C-X landing gear specifi-
cation, and therefore the Mil-Prime system, has less total

requirements, and is therefore the more flexible of the two

systems.

The objective evidence on referenced pages seems to
indicate that the C-X landing gear specification is simpler
to follow since most of the requirements are stated in the
landing gear specification itself rather than spread out over
various referenced documents as in the case of the C-5. The
correlation between section 3 and section 4 shows a much
greater correlation between the C-X requirements and verifica-
tion sections that the corresponding sections of the C-5. The
high correlation between sections 3 and 4 of the C-X landing
gear specification also seems to indicate a more direct, and
hence simpler, document for the contractor to evaluate than
that of the C-5.

But even though the objective data would make it
appear that Mil-Prime is simpler, in some ways the Mil-Prime
system, as explained by the interviewees, is more difficult.
For example, with Mil-Prime the contractors will have to spend
significantly more time with the Government engineers before
the issuance of the RFP to have as complete an understanding

of the Air Force requirement as the contractor had under the

traditional specification-writing system before the RFP was
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issued. Otherwise, the contractor will have little idea how
the Government engineer is going to tailor the Mil-Prime
specification to the specific weapon system. This increased
front-end effort, however, which is required by the Mil-Prime
process, while making the engineer’'s job more difficult ini-
tially, should give the contractor more flexibility to design
a weapon system that meets the essential requirements at the
minimum cost. The increased front-end effort will also en-
courage Government engineers to do their homework well before
issuing the specification to industry, i.e. instead of depend-
ing on the traditional specifications to specify the require-
ments, the Government engineer must understand and address
each discipline when he develops the specification that will
be incorporated into the request for proposal. The engineers
are thus investing more effort in the front-end of the contract
to truly tailor requirements instead of paring standard docu-
ments which passed for tailoring in the past.

The impact of Mil-Prime will initially be seen in
the increased inter;ction of the contractors, the ASD engin-
eering community, and the using command representatives,
There will be more emphasis on designing more precisely the
weapon system desired by the using command. The Government
engineers will find that a greater amount of time will be
required to tailor the specifications to a specific weapon

system.

The increased interaction between the main partici-

pants in a weapon system's design and the added emphasis by
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the Government engineer in writing the performance require-
ments should eliminate the time, work, and cost that a con-
tracfor would expend in trying to justify the exclusion of
many items that were previously and unnecessarily included
1 in the traditional specifications. Since all parties involved
would initially have a better understanding of what is desired,

it should follow that fewer engineering change proposals would

be required, which could significantly lower the cost of a
weapon system,

The contractor will gain more control and responsi-
bility over a weapon system design, which potentially will
give him greater latitude to meet the performance requirements
by balancing cost, weight, and performance. The contractor
will find that this greater latitude, however, is a two-way
street because he will be more responsible for the success or
failure of his design since the Government engineer will no

longer specify specific aspects of the design.

Recommendations

This thesis provides an evaluation of Mil-Prime in
Mil-Prime's infancy. There will be many more opportunities,
as Mil-Prime matures and is more widely used within ASD to
develop new weapon systems, to compare Mil-Prime with the
traditional specification system that it replaces. These
opportunities should be seized by future research teams not
only as a means to objectively document the success or fail-

ure of the Mil-Prime concept, but alsc to provide the evidence,
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if Mil-Prime is sucqessful, to convert the specifications
practices of the other branches of the DoD and the Government
to the Mil-Prime approach. |

This thesis follows Mil-Prime's implementation into
the RFP stage of a major production program, the C-X. The
thesis makes note that Mil-Prime is also being applied in
other programs, e.g. LRCA. Certainly a future research team
should follow the development of Mil-Prime through the weapon
system acquisition cycle, including deplouyment into the opera-
tional environment. Areas of interest, for example, would
be the discussion provoked on contractual negotiations because
of the Mil-Prime specifications, the problems caused in devel-
opment and production by the Mil-Prime approach, and an evalu-
ation of Mil-Prime's impact on the final product after
deployment.

Another area of interest for a future research team
would be an investigation into how commercial contractors
specify their requirements to their subcontractors. For ex-
ample, one might compare a commercial contractor's landing
gear specification with Mil-Prime to determine either if
commercial contractors are '"Mil-Priming" their subcontractors,
or if they are using a system of referencing their own speci-
fications for mandatory use by their subcontractors, a system
analogous to the traditional military specification system.
Such an analysis would be enlightening if it determines that
major defense prime contractors are restricting the design

discretion of their subcontractors by specifving design
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requirements using standardized specifications, similar to the
traditional military specifications, because the impact on
subcontractor costs due to the lack of design flexibility would
be analogous to the impact on prime contractor costs to the
Government due to the lack of design flexibility in the tra-
ditional specification system.

Particular attention in future studies should be
directed to aspects of Mil-Prime which some of the interviewed
engineers identified as aspects needing improvement. One
aspect is the Mil-Prime handbook, which must be regularly up-
dated at least once per year, to reflect current ''lessons
learned." Higher work priorities, according to several of the
engineers interviewed, may lead to neglect of this updating
process. Furthermore, the handbooks may be too comprehensive,
e.g. the combining of lessons learned for fighters, bombers,
and cargo aircraft in one specification may be inappropriate.
As of April 1981, the ASD Deputy for Engineering (ASD/EN) is
requiring that the results of all aircraft accident reports
be incorporated into the appropriate handbooks. In the future,
ASD/EN can be expected to establish procedures to ensure that
the handbooks are regularly updated (21).

A second aspect of Mil-Prime that may need improve-
ment is the verification system, i.e., section 4 of the Mil-
Prime specifications. In the haste to develop Mil-Prime
documents, the tests specified to check compliance with the
section 3 requirements may be unrealistic or impractical,

A third aspect is the appropriateness of writing a
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Mil-Prime performance specification for existing aircraft.
For example, the LRCA landing gear engineer wrote, in the
Mil-Prime format, a landing gear specification that essen-
tially addressed the performance characteristics of the exist-

ing B-1 and FB-111 landing gears, because one or both of these

aircraft, as of April 1981, will be chosen as the Air Force's
new manned bomber (8). Perhaps an acceptance of the existing
specifications would have been more appropriate in this case
than writing a new specification. Of course, if the selected
LRCA is significantly different from either the present B-1
or FB-111, e.g. if a B-1 configuration half the weight of the
current B-1 is selected, then a new landing gear, and a new
landing gear specification, would be required (21).

A fourth aspect is the potential for subsystem
engineers to specify testing of the aircraft in different con-
figurations. Such specifications would require a more exten-
sive flight test program than if, for example, one or several
test configurations were made mandatory by an overall Mil-Prime
specification at the level of the system specification or the
air vehicle specification. Since‘Mil-Prime is essentially a
"bottom-up" concept, i.e. many separate Mil-Prime specifica-
tions are placed together to form the overall system and air
vehicle performance specifications, an overall, i.e. "top-
down," Mil-Prime specification that would place limits on the
Mil-Prime subsystem requirements does not exist. Such an over-
all guiding specification, i.e. a Mil-Prime system specifica-

tion, may have potential.




Future research teams also may use the findings in
Chapter III of this thesis to develop a Mil-Prime questionnaire
that could be sent to a large sample of ASD and defense con-
tractor engineers. The purpose of a large sample would be to
provide the basis for a more rigorous review of the impact of
Mil-Prime across the breadth of the ASD engineering community
as opposed to the more limited sample of engineers used in
this thesis. The questions in this future questionnaire would
certainly use most of those listed in Appendix B as a base,
but should also address other issues uncovered by this thesis,
e.g. the differences in format and approach among the many
and varied Mil-Prime specifications; the impact of these dif-
ferences on the design of the total aircraft; and the aspects
of Mil-Prime, cited above, which according to the engineers
interviewed need improvement.

Finally, it is the hypothesis of the researchers that
the most significant cost driver in defense contracting is the
specifications. The researchers would have liked to find some
direct link between the statement of requirements and the sub--
sequent contract costs, but data were not available to support
this hypothesis. It would be a significant accomplishment if
a future research team could devise a data collection system
that would establish this link. Perhaps the weapon systems
using Mil-Prime will, over their 1life cycle, surface this

data.
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APPENDIX A

THE MAJOR SYSTEM ACQUISITION CYCLE




The major system acquisition cycle, according to the
Office of Federal Procurement Policy, consists of seven
phases, as follows, each of which is described below: 1)
mission analysis; 2) evaluation and reconciliation of needs
in context of agency mission, resources, and priorities; 3)
exploration of alternative systems; 4) competitive demonstra-
tions; 5) full-scale development, test, and evaluation;
6) production; and 7) deployment and operation (8).

1. Mission Analysis: A continuing analysis by a

federal agency of current and forecasted mission capabilities,
technological opportunities, overall priorities, and resources
that are involved for meeting the national needs that are the
responsibility of that agency.

2. Evaluation and Reconciliation of Needs in Context

of Agency Mission, Resources, and Priorities: When the mission

analysis identifies a deficiency in existing agency capabili-
ties or an opportunity to establish new capabilities in res-
ponse to a technologically feasible opportunity, this is
formally set forth in a mission need statement. The mission
need statement includes the mission purpose, capability,
agency components involved, time constraints, value or worth
of meeting the need, relative priority, and operating con-
straints, and is not to be expressed in terms of equipment or
other means which might satisfy the need. Approval of a DoD

mission need statement by the Secretary of Defense represents
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milestone zero in the Defense Systems Acquisition Review

Council (DSARC) cycle.

3. Exploration of Alternative Systems (the Conceptual

Phase): Approval of the mission need formally starts the major

system acquisition process by granting authority to explore
alternative system design concepts. During this phase, a
program manager is designated and an acquisition strategy is
developed. One of the key steps in the implementation of the
acquisition strategy is the solicitation to industry in terms

of mission need. The responses from industry are then evalu-
ated, and the most promising system design concepts are selected
for further exploration. Parallel short-term contracts may be
let for those concepts selected for further exploration. {

4, Competitive Demonstrations (the Demonstration/

Validation Phase): The alternative system design concepts

selected for consideration for competitive demonstration are
submitted in DoD to the Secretary of Defense. His approval
of this submission constitutes DSARC milestone one, the
beginning of the demonstration/validation phase. Competitive
demonstrations are intended to verify that the chosen concepts K
are sound, perform in an operational environment, and provide
a basis for selection of the system design concept(s) to be con- i
tinued into full-scale development. Such demonstrations nor -
mally involve some type of prototype. The resulting concept(s)
and contractor(s) of the demonstration/validation phase may i

then more into full-scale development and initial production.
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5. Full-Scale Development, Test, and Evaluation

(the Full-Scale Development Phase): The contractors who
successfully demonstrate their design concepts may be awarded
contracts for subsequent full-scale development after the
Secretary of Defense grants his approval at DSARC milestone
two. During this phase, initial production units are manu-
factured, tested, and evaluated in an environment that assures
effective performance under expected operational conditions.

6. Production (the Production Phase): Following
satisfactory test results from the full-scale development
phase, the Secretary of Defen;e may authorize full production
at DSARC milestone three, the last DSARC milestone.

7. Deployment and Operation: As production systems

become available, they are deployed into operational use,
thereby providing the capability originally identified in the
mission need statement. This new capability then becomes a
factor in the continuing mission analyses of the agency, and
the major system acquisition cycle continues.

It has been widely reported in the press that the
current four-step DSARC process has just been changed by the
new administration to a two-step process proposed by a panel
chaired by Under Secretary of Defense Carlucci. This potential
change is recognized as affecting this appendix, but should
have minimal effect on the findings, conclusions and recommen-

dations of this thesis.

————




APPENDIX B
STRUCTURED INTERVIEW QUESTIONS
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1. What has been your association with the Mil-Prime develop-
mental effort?

2. Have you written any Mil-Prime specifications, standards,
or handbooks? Which ones?

3. Have you used any Mil-Prime specifications to develop an
actual specification? If so, did you rigorously follow
the Mil-Prime format, or did you use the Mil-Prime speci-
fication as a guide?

4. Is the Mil-Prime landing gear specification representative
of other Mil-Prime specifications? If not, why not?

5. Does the C-X landing gear specification follow the Mil-
Prime format? If not, why not,; and how does it differ?

6. How was the Mil-Prime specification on which you worked
developed?

7. How was the C-X landing gear specification developed?

8. What are the similarities between the traditional and
Mil-Prime systems?

9. What are the significant differences between the traditional
and Mil-Prime systems?

10. What problems, if any, do you expect Mil-Prime to solve?

11. What problems, if any, do you expect Mil-Prime to cause?

12. What will be the impact, if any, on future weapon systems?

13. Is Mil-Prime simpler to implement and to manage than the
traditional system? If so, how is it simpler? 1If not,
how isn't it as simple?

14. 1Is Mil-Prime more flexible to implement and manage than
the traditional system? 1If so, how is it more flexible?
If not, why isn't it as flexible?

15. Will Mil-Prime be well received by defense contractors?
Explain.

16. How has the ASD engineering community responded to Mil-Prime?

17. How can the Mil-Prime system be improved?
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18.

19.
20.

21.
22.
23.
24.

Who else makes inputs, other than you, to the Mil-Prime
specifications for which you are responsible?

What constitutes a requirement?

Do you see any difference between a requirement and a
condition? 1If so, what?

What importance is the word "shall'" in the requirement?
How would you measure simplicity in a specification?

How would you measure flexibility in a specification?

Is there anything else that you can tell us about Mjl-
Prime that you feel could be of interest to us?




APPENDIX C
INTERVIEWEE TITLE DESIGNATIONS
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Program/Office Job Title

Flight Systems Engineering Aerospace Engineer

E-3/E-4 Vehicle Engineering Office Flight Systems Engineer

Strategic Program Office Mechanical Engineer
C-X Systems Program Office Deputy Chief Engineer
Flight Systems Engineering Technical Expert
Propulsion Program Office Propulsion Engineer
Propulsion Program Office Aerospace Engineer
Airlift Systems i Integration Engineer
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