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Abstract

Mil-Prime is a relatively new Air cost effective aeronautical systems. 1

Force concept for writing contract speci-
fications. Its intent is to emphasize the The costs of major weapon systems are
writing of requirements and their verifi- driven, in part, by the following factors:
cation in functional terms related as attempts to deploy systems with new tech-
closely as possible to a system's mission. nology and high performance; low rates of
The implementation of Mil-Prime was production due to budget constraints and
studied on the C-X landing gear and com- desires to maintain active production bases
pared to the old procedures used on the as long as possible; absence of price com-
C-5 landing gear. The AFIT thesis upon petition between contractors; lack of real
which this paper is based concluded that motivation on the part of contractors to
there are some inherent advantages in reduce costs; the impact of socio-economic
using Mil-Prime. It also concluded that programs, Government controls, and red tape;
several areas will continue to require and a nationwide problem of reduced
close scrutiny and development if Mil- research and development expenditures and
Prime is to be effective. Mil-Prime was lessening of productivity. 2

seen to result in a more flexible and
simple specification, but the process was One particularly stubborn factor driv-
seen as front-end loaded and more complex. ing up costs is the barrier to innovation
The clarity of understanding between and creativity generated by over-constrain-
government and contractor was seen as the ing specifications incorporated into con-
major advantage of Mil-Prime. tracts.

Introduction The specifications, along with the work
statement, drawings, and item description,

In the years since World War II, the formulate the heart of any request for pro-
sophistication and cost of new weapon sys- posal (RFP) and subsequent contract.
tems have steadily increased. The rela- Whether or not a contract will be success-
tively inexpensive machine guns and gravi- fully performed is quite often determined
ty bombs of the World War II era have not at the time the contract is negotiated
largely been replaced by infrared, elec- or the award made, but rather at the earli-
tro-optical, and laser guided munitions, er time at which the purchase or perfor-
which in many cases cost over $1 million a mance description is written. 3 This paper
copy. In this same period, the American describes both the traditional (over-con-
people have demanded a better accounting strained) process used by the U.S. Air
of their tax dollars to ensure that these Force and a new specification-writing pro-
dollars are spent as effectively and effi- cess entitled "Mil-Prime."
ciently as possible.

There are approximately 45,500 military
It is increasingly important for the specifications and standards in the Depart-

Air Force to buy weapon systems that are ment of Defense (DoD) library, each of
cost effective. The Air Force must con- which specifies numerous requirements with
tinue to cut costs while maintaining a which defense contractors must comply. Of
high degree of technical sophistication the 45,500 traditional specifications and
and reliability. The Aeronautical Systems standards, approximately 40,000 were
Division (ASD), Wright-Patterson AFB OH, written primarily for reprocurement pur-
which buys Air Force aeronautical weapon poses, and only approximately 500 specifi-
systems and subsystems, is a leader in cations are considered to be key documents
cutting costs. Lt Gen Lawrence A. Skantze, to be used in the acquisition of aeronauti-
ASD Commander, states: cal weapon systems. These 500 documents,

which, in turn, reference other documents,
We are at the forefront of the are very important because ASO has been

Air Force's effort to mold new and using these specifications as the basis for
existing technologies into superior its technical requirements, spending over
weapon systems for our operational $1.3 billion in research and development
forces. We must meet this challenge funds and approximately $4.8 billion in pro-
in our era of tremendous budget duction funds each year to buy aeronautical
pressures, where inflation and systems and subsystems. 4

shrinking real dollar value limit
us to fewer systems and smaller The 45,500 traditional specifications
quantities . . . Our goal is to and standards are generalized documents,
produce both mission effective and i.e. they are not specifications for
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specific weapon systems, and they fall into fabricated and built. It provides a com-
three categories: reprocurement, develop- pletely defined item, capable of manufac-
ment, and general design. The reprocure- ture by a competent manufacturer in the
ment category is by far the largest in industry;9 also called a "build-to speci-
terms of numbers of documents. The devel- fication."
opment category includes the system speci-
fications and subsystem specifications. Backaround
The development category also includes the
MIL-STD-490 Part I and Part II configura- ASD is trying a new approach to the
tion item specifications for specific development of aeronautical specifications.
weapon systems, but this latter set of According to Mr. Weingarten (ASD/EN), the
specifications is in addition to and sepa- gradual development of the 45,500 general-
rate from the 45,500 traditional specifi- ized specifications currently in the DoD
cations. The general design category in- system has caused numerous implementation
cludes those standards, e.g. reliability, problems. Some of the problems, as report-
maintainability, and quality assurance, ed by users of these specifications, in-
sections of which are lifted out of and in- volve fa ts of design flexibility as
corporated by reference into development follows:
specifications. The focus of this paper is
on development specifications. 1. One specification often requires by

reference the incorporation of other speci-
Definitions fications. Referencing to a limited extent

is certainly more desirable than repeating
1. Development specifications: the verbatim the words from another specifi-

documents used by the research, development, cation, but this tiering of specifications
and acquisition community within the DoD to has in many cases become excessive. For
specify how new products are to function example, one specification requires in its
and/or be built. second tier the incorporation by reference

of 3,111 other specifications.
Development specifications state

the requirements for the design or engi- 2. The specifications are difficult to
neering development of a product during tailor to specific weapon systems being
the development period. Each develop- acquired. The Government engineer tends to
ment specification shall be in suffi- require the potential contractors to accept
cient detail to describe effectively a specification in its entirety, even if
the performance characteristics that the mission that the aircraft is to support
each configuration item is to achieve does not require the incorporation of the
when a developed item is to evolve in- complete specification.
to a detail design for production.

5

3. The specifications inhibit innova-
2. Reprocurement: the process of con- tion. The specifications are conceived to

tracting for items which have already been be cast in concrete, even if the concepts
developed by requiring compliance with incorporated in them have to be superseded
"build-to" specifications (see Type II by new technology.
specifications below).

4. The requirements in the specifi-
3. Subsystem Requirements Document: cations are often not practically verifi-

a document prepared by the Government, and able. Two examples of this problem are as
incorporated into the request for proposal, follows: (a) MIL-B-8584 requires that an
which establishes the performance require- aircraft parking brake hold an aircraft on
ments for an aircraft's subsystems. The an 180 slope, but there is not any verifi-
selected contractor will later transform cation section for this requirements, which
this do ument into an air vehicle specifi- means that a contractor would not be obli-
cation-9 gated to test his design to see if it meets

this requir, r .- (b) MIL-A-8865 limits the
4. Technical Requirement: the small- pounds per nch of allowable pres-

est unit of definitio n ia specification. sure on the " a fuselage that is
The link in contract specifications between ditched in tne w. but there is not any
high order conceptual program goals and corresponding ve::i'cation section, and
specific design detail.7  

furthermore, there is not any requirement
5. Type I (Part I) specification: a for the aircraft to remain afloat long

development specification which states the enough for the crew and passengers to
complete performance requirements of the evacuate once the aircraft is in the water.
product for the intended use; also called a
"functional specification," a "design-to 5. Specifications are sometimes gold-
specification," and a "performance specifi- plated. Less expensive methods to build a
cation."8 part with the same function are prohibited

by rigid adherence to the specifications.
Gold-plating can also refer to a require-

6. 11 (Part II) specification: a ment that is impossible to meet. For
specificion which describes, in detail, example, MIL-L-38207 requires that the
the complete requirements for an item, in- material covering the clock mainspring in
cluding the materials to be used, their an aircraft cockpit be made of an "unbreak-
sizes and shapes, and how the item is to be able" alloy.
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6. Specifications are often not under- phases of the major system acquisition
stood by the user. A requirement that may cycle in which the Government interacts
have been a necessity in the past is now no with contractors. The major system acqui-
longer necessary because of advanced tech- sition cycle, according to the Office of
nology, but still may be specified as a lederal Procurement Policy, consists of the
requirement. For example, MIL-L-58207 re- following seven phases: mission analysis;
quires cockpit clocks to have 15 jewels, evaluation and reconciliation of needs;
and hands for the seconds, minutes, and exploration of alternative systems; compe-
hours, rather than specifying what the titive demonstrations; full-scale develop-
accuracy of the clocks should be. This ment, test and evaluationi production; and
means that a contractor who proposes an deployment and operation. 13 These seven
old style clock which would not keep accu- phases are collapsed into four phases by
rate time would be considered responsive, the Department of Defense as follows: con-
whereas a contractor who proposed a highly ceptual, validation, full-scale develop-
accurate solid state digital clock would be ment, and production; but the concept of a
considered unresponsive, unless the latter multi-phased acquisition cycle does not
contractor somehow incorporated hands and change.14

15 jewels into his digital clock.
During the "exploration of alternative

7. The rationale for the requirement systems" phase, which is the conceptual
in a specification may be lacking, which stage of the major weapon system acquisi-
makes people reticent to change the speci- tion cycle, the program manager's acquisi-
fication because they do not understand the tion strategy must consider the tailoring
intent of the original writer, of the specifications and standards; 15 and

the Government solicitation requesting
These examples of implementation pro- alternative systems must not restrict the

blems highlight the need to improve the contractors by specifying or referencing
traditional system for writing specifi- Government specifications and standards.

16

cations. During the "competitive demonstration"
phase, which is the demonstration/valida-

OMB Circular A-109 tion stage of the weapon system acquisition
cycle:

Impetus towards the development of an
improved system for writing development Contractors should not be restrict-
specifications was provided in April 1976 ed by imposing arbitrary compliance
with the issuance of Circular A-109 by thc with Government specifications and
Office of Management and Budget (OMB). standards. Such may be referenced,
This circular requires the agencies of the but alternatives which might lead to
Federal Government, including the DoD, to a better system should be encouraged.

17

think more in terms of specifying mission
requirements that need to be satisfied Mil-Prime
rather than in terms of equipment needed to
satisfy a mission. The equipment needed is OMB Circular A-109, as mentioned earli-
defined by technical specifications. The er, requires a mission orientation in the
derived A-109 requirement to specify devel- weapon system acquisition process in lieu
opment requirements in terms of mission of the former hardware orientation. ASD
needs should conceptually reduce many of initiated an effort in January 1976 to
the specification problems noted earlier correct the numerous implementation pro-
since many of the problems were caused by blems caused by the way in which specifi-
specifying requirements in terms of hard- cations for aeronautical systems have been
ware needs. written. This effort was ASD's own re-

sponse to Deputy Secretary of Defense
Just prior to the issuance of A-109, a Clements' 8 August 1975 memorandum to

Deputy Secretary of Defense Clements memo- review military standards and specifica-
randum dated 8 August 1975 entitled, "Spec- tions. Clements' memorandum called for
ification/Standards Application," charged more attention to the developr t and main-
the Defense Science Board Task Force with tenance of specifications befor the issu-
the review of military standards and speci- ance of requests for proposals, policies to
fications. The Defense Science Board Task avoid the blanket use of specifications,
Force issued a report in April 1977 which and most important, the necessity to force
recommended a program throughout DoD to im- technical activities to "scrub and tailor"
prove specificati ns to satisfy several of specifications. 18

the A-109 needs.l1 This recommendation
echoed an earlier Office of Federal Pro- ASD's response to the Clements memo-
curement Policy recommendation to tailor randum was a decision to modify its aero-
specifications and standards to avoid non- nautical specifications in a format that
essential constraints on contractors -- would force its engineers to tailor the
specification tailoring .u, in part, a requirements. This modification effort was
forerunner of Mil-Prime. 11 entitled "Mil-Prime." The Mil-Prime effort

focuses on providing development specifi-
A-109, in fact, also requires the tail- cations associated with aeronautical weapon

oring of specifications and standards, i.e. systems.
the selective application of parts of spec-
ifications and standards, during certain The Mil-Prime effort is divided into

3



three types of development documents: number 4.1.1.2, which reads as follows:
specifications, standards, and handbooks. 1 9  "Flow performance. Fuel flow performance
Mil-Prime specifications state operational for each engine feed system shall be veri-
needs, general parameters, and interface fied by ." The blank is again
requirements for a physical product class, filled in by the responsible Government
The specific values applicable to the wea- engineer.
pon system to be acquired, e.g. the range,
altitude, frequencies, etc., are filled in The Mil-Prime handbook for aircraft
by the responsible Government engineer be- fuel systems includes the following infor-
fore the issuance of the request for pro- mation:
posal. This "fill in the blank" concept
forces specification tailoring. 3.1.1.2 Flow performance. Fuel flow

performance of each engine feed system
The Mil-Prime specification becomes the shall be

Government's Type I specification, formerly
called a Part I specification. The Type I Rationale - Fuel flow requirements vary
specification incorporates only performance with airspeed, altitude, gross weight, air-
requirements, as determined by the mission, craft configuration, and other variables.
the operational need, and interface re-
quirements. Subsequently, the contractor Guidance - For single engine aircraft the
will incorporate this specification into feed system should provide flow for 100
his baseline control system as his Part I percent of the maximum fuel consumption of
specification. The Type II specification the engine in addition to any fuel flow for
(the "build-to" design specification) will cooling purposes and motive flow for fuel
now be developed by a contractor. The end driven pumps. For multiple engine air-
items of a contract would include the hard- craft, a feed system must provide flow for
ware, and the Type II specification for re- cross-feed of at least one additional en-
procurement purposes. 2 0  gine at full power; therefore, the engine

feed system should provide a minimum of 200
The Mil-Prime standards provide the percent of the maximum fuel consumption of

criteria and qualities applicable to all the engine plus any fuel flow required for
hardware and are not aimed at any one pro- cooling.
duct. For example, Mil-Prime standards
will be developed for reliability and main- Lessons Learned - Potential growth fuel
tainability requirements. flow should be included in determining flow

performance. Fuel flow growth for trans-
The companion Mil-Prime handbooks con- port type aircraft is a real possibility.

tain technical rationale for each specifi-
cation and standard, provide guidance for Verification: 4.1.1.2 Fuel flow per-
applying the specifications and standards, formance of each engine feed subsystem
and are a depository for lessons learned in shall be verified by
each technical area. The handbooks explain
where a requirement came from and why the Verification guidance/rationale: The
requirement is still valid. The handbooks flow performance of each engine feed system
serve as the logical departure point for should be verified by analyses and tests on
arguments about the validity of imposed re- a simulator and durina flight tests.
quirements because the origin of the re-
quirements for the first time, are readily Lessons Learned - Both fuel temperature and
available. Each handbook also identifies altitude as well as rate of change of alti-
the Government engineer who is responsible tude have a great effect on the ability of
for monitoring the handbook, which is a de- the feed system to deliver fuel. These
parture from the old concept. Allegedly, critical parameters should be clearly
some Government engineers have resisted stated in the test procedures. Flow per-
changes in the past by hiding behind a formance tests should be conducted in asso-
shield of anonymity. ciation with fuel availability tests.

The relationship among these three Mil- A Mil-Prime standard for reliability
Prime documents -- the specification, provides the reliability requirements for
standard, and handbook - - may be clarified the overall aircraft system. Paragraph 3.5
by means of the following example. The of the Mil-Prime fuel systems specification
Mil-Prime specification for aircraft "fuel provides the specific reliability require-
systems," MIL-F-87154 (USAF) dated 15 Au- ments for the fuel system, and paragraph
gust 1980, includes in paragraph number 3, 4.5 of the same specification provides the
entitled "Requirements," subparagraph mean by which the specific reliability re-
number 3.1.1.2, as follows: "Flow perfor- quirements may be verified.
mance. Fuel flow performance of each en-
gine feed system shall be ." The The Mil-Prime specifications and stan-
blank would be filled in by the responsible dards are part of the specification tree in
Government engineer as he tailors the Mil- weapon systems acquisitions. Specifica-
Prime fuel systems specification to the tion requirements are levied to satisfy the
specific aircraft system which he is help- Air Force's objectives of lower unit costs,
ing to design. Paragraph number 4, enti- better reliability and maintainability, and
tled "Quality Assurance Provision," of the standardization. One significant differ-
same specification has a subparagraph ence between the traditional system and
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Mil-Prime is that with Mil-Prime the con- Trainer). Those engineers who were respon-
tractor or contractors have great design sible for developing specifications for
latitude that they did not have before be- specific weapon systems used the Mil-Prime
cause of the specific mandatory require- documents as a guide, rather than as a for-
ments imposed by the traditional aeronauti- mat that had to be rigorously followed.
cal specifications. Another significant Mil-Prime is viewed by these engineers not
difference is in the area of standards for as a rigid format that had to be followed,
the flying qualities and "ilities," e.g. but as a concept that requires the specifi-
reliability, maintainability, quality, etc. cation of performance requirements in one
The traditional standards, unlike the Mil- document as opposed to the practice of re-
Prime standards, do not incorporate a sep- ferring the potential contractors to multi-
arate "lessons learned" section. Engineers ple military specifications. These engi-
using the Mil-Prime standards are provided neers view Mil-Prime as a new means of
with a handbook containing "lessons communicating to a contractor the perfor-
learned," including the reasons why certain mance required for a piece of equipment;
requirements and verification techniques the specific design of that equipment, i.e.
are called for in section 3 and 4. the Type II specification, is still the

responsibility of the contractor.
The result of the Mil-Prime effort

should be that the numerous technical re- Specification Development
quirements of Air Force aeronautical re-
search and development contracts which The Mil-Prime landing gear specifica-
drive cost growth will be brought further tion was the first Mil-Prime specification
under control, which in turn should help completed, and it was distributed to all
bring the cost growth of major weapon sys- other Mil-Prime authors as an example to be
tems under control. In the process, Mil- followed. The Mil-Prime landing gear spec-
Prime lays the ground work for a specifi- ification is considered by the engineers
cation system that is more responsive to interviewed to be representative of other
the needs of the using commands; that pro- single-system Mil-Prime specifications.
vides more flexibility for innovation; that Single-system specifications, e.g. the
establishes a repository for lessons landing gear, parachute systems, and fuel
learned; that provides contractor feedback systems specifications, are conceptually
to Government engineers; that reduces over different from the more general systems
specifying, tiering, and paperwork; and standards, e.g. the system reliability
that accomplishes the DoD objectives as standard. However, the multiple discipline
stated by the 8 August 1975 Clements memo- standards, according to one of the authors
randum. are expected to follow the same Mil-Prime

format used in the Mil-Prime landing gear
Currently there are approximately 60 specification. 2 2

aeronautical specifications which ASD has
decided to rewrite in the Mil-Prime format. The Mil-Prime specifications were de-
The Mil-Prime effort is targeted for com- veloped by reviewing all the relevant tra-
pletion in 1982. As of 29 April 1981, ASD ditional specifications; deciding what
had spent 24,000 manhours developing the parts of those specifications should be
Mil-Prime documents, but had succeeded in preserved; combining similar subsystems to-
completing only five of the 60 documents; gether, e.g. wheels, brakes, and tires; and
however, twelve additional documents were then "cutting and pasting" until the Mil-
in completed draft and over 40 others were Prime specifications emerged.2 3 Essen-
underway. 21  tially, all the traditional specifications

and standards were looked at with the in-
The first request for proposal (RFP) tent of replacing them by (1) updating all

using any Mil-Prime document was issued in the traditional requirements; (2) express-
October 1980. This RFP, for the C-X air- ing the traditional requirements in terms
craft, incorporates a specification that of operational needs; and (3) ensuring that
was written by some of the engineers who there were means of verification to corre-
were currently drafting the 60 Mil-Prime spond with the specified requirements. 24

documents, with the result that the speci-
fications for certain subsystems of the C-X The C-X, which is the first weapon sys-
aircraft have been written using the Mil- tem to apply the Mil-Prime concept, incor-
Prime format as a guide. porates a landing gear specification that

was developed, according to the specifica-
Analysis and Findings tion's author, using the Mil-Prime landing

gear specification as a guide. Because
The Interviewees many members of the C-X development group

also participated in the since cancelled
Eight ASD engineers who have had some AMST (Advanced Medium Short Takeoff and

experience with Mil-Prime were interviewed. Landing Transport) program, the AMST land-
Some of the engineers actually wrote Mil- ing gear specification was also used to
Prime specifications and handbooks; others develop the C-X landing gear specification.
used or supervised the use of these Mil- The AMST specification was developed using
Prime documents to develop specifications a Mil-Prime philosophy before the details
for specific weapon systems, e.g. the C-X, of Mil-Prime were formulated. The AMST
LRCA (Long Range Combat Aircraft), and the engineers were told to write a specifica-
engine for the NGT (Next Generation tion that minimized the use of reference
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specifications and that maximized the em- to the RFP with their own Type I specifi-
phasis on performance. 25 The engineers in cation in the MIL-STD-490 format, or they
the C-X program not only used the AMST may accept the Government's specification
specification as a baseline, but were also that was incorporated into the RFP as the
directed to use Mil-Prime documents for final Type I specification. The contractor
those areas of the aircraft where the Mil- who wins the contract award would then de-
Prime documents were not available, i.e. if velop the Type II specification in the MIL-
Mil-Prime documents were not yet developed STD-490 format.30
for an area of the aircraft, the C-X engi-
neers were directed to use the Mil-Prime The engineers interviewed more readily
approach. 26 Thus, the C-X landing gear identified differences between the tradi-
specification does not completely follow tional and Mil-Prime systems than they
the Mil-Prime format because the AMST land- identified similarities. Yet the similar-
ing gear specification, which had already ities that they identified are significant.
undergone rigorous review by both the in- The total approach to specification re-
ternal ASD engineering committees and by quirements is similar. Mil-Prime is essen-
defense contractors, was available and tially a rewrite of traditional specifica-
generally applicable for use by the C-X tions using the same six section format,
program. 7 All Mil-Prime specifications and in many cases using the exact wording
have flexibility to make some changes in from the traditional specifications. The
format and content outside of the handbook same performance requirements exist with
writing guide but still must be faithful both systems, except Mil-Prime expresses
enough to the concept to pass an ASD review these requirements more explicitly. The
committee. 28  The C-X fits this range. baseline verification section (section 4)

is essentially the same for the two systems
The use of a Mil-Prime specification in but Mil-Prime more rigorously ensures that

conjunction with another aircraft specifi- verification of each requirement is speci-
cation, e.g. the AMST specification, is by fied. For example, the MIL-B-8584 problem,
no means unique. The landing gear speci- cited earlier, in which an aircraft parking
fication for the LRCA was developed using brake was required to hold an aircraft on
the Mil-Prime, C-X, B-1, and FB-111 landing an 180 slope (with no means of verifying
gear specifications, along with the LRCA this requirement specified) would not be a
statement of work, and information from the problem under Mil-Prime because Mil-Prime's
"problems" file of past landing gear pro- format ensures that verification of each
blems. Some of these "problems," inciden- requirement is specified in terms of per-
tally, had already been documented in the formance.
original version of the Mil-Prime landing
gear handbook. 29  A comparative analysis of section 3

(requirements) and section 4 (verification)
A summary of the specification writing in the C-X (Mil-Prime) and C-5 (traditional)

process using Mil-Prime is depicted in landing gear specification is summarized in
Fig. 1. Fig. 2. This comparative analysis reveals

that there is a direct/absolute correlation
between all subparagraphs in section 3 of

Mil-Prime Fill-In-The-Blank Specification the C-X specification with all subpara-
graphs in section 4 of the same specifica-

eI tion. But the correlation for the C-5 wasGovernment significantly different from the C-X. OfEngineer the 16 major subparagraphs for the C-5,

,= So fnumbered 3.3.1.7 to 3.3.1.7.9 in specifi-
il-r t for cation No. CP40002-2B, ten subparagraphs

I had absolute/direct correlation; and one
Contractor subparagraph, number 3.3.1.7.5, had a gen-
Entraneer erally applicable relationship with corre-
gineerspnding paragraphs in section 4. More

significantly, five of the subparagraphs
r MI-STD-490 Type I Specification I did not have any corresponding paragraphs

in section 4. This indicates a strong
potential that there was not any contractu-MIL-STD-490 Type II Specification Jally specified means of verifying, for
example, the testing of the landing gear
warning horn (paragraph 3.3.1.7.1.3), or
the operation of the emergency brake (para-Fig 1. The Specification-Writing Process graph 3.3.1.7.4). The verification re-

Using Mil-Prime quirements in the Mil-Prime landing gear

specification incorporate a numbering

A Government engineer would use a Mil- system which corresponds to that used in
section 3 so that the verification require-Prime "fill-in-the-blank" specification to ment relates more directly to its perfor-develop a Nil-Prime specification for a

specific system or subsystem of an air- mance requirement.
craft. This latter specification would be
!incorporated into the request for proposal
(RFP). Potential contractors may respond

n~n m u~llmi~llll| I . .....



ing to several of the engineers inter-
Number of Requirements with a: C-X C-5 viewed, also encourage Government engineers

to do their homework well before issuing
direct/absolute correlation 79 10 the specification to industry. In the

past, Government engineers depended on the
generally applicable correlation 0 1 traditional specification to cover the re-

quirements waterfront and to cover up for
vague/no correlation 0 5 an engineer's lack of specific knowledge

concerning certain areas of a specifica-
Total 79 16 tion. This often led to referencing every

general specification dealing with the sys-
tem or subsystem for which the engineer was

Fig 2. Correlation Between Section 3 responsible. With Mil-Prime, the Govern-
and Section 4 ment engineer must address each discipline

when he specifies the requirements; no
longer can he depend on referencing speci-

Other differences (identified by the fications and postponing learning the de-
engineers) between the traditional and Mil- tails of those specifications until he
Prime systems were found. The traditional reads the contractors' proposals. Mil-
specifications often incorporate lessons Prime thus requires more front-end effort
learned in the specifications themselves by by Government engineers; Mil-Prime essen-
specifying more detailed requirements that tially provides a checklist guide for the
solved the previous problems. The Mil- Government engineer's front-end efforts.
Prime specifications are exclusively per-
formance oriented, with references, pro- The rewriting of the specifications in-
cedures, and lessons learned delegated to to the Mil-Prime format will force the con-
the accompanying Mil-Prime handbook. stant review of outdated and undesirable

requirements and specifications. For ex-
Several engineers stated that the con- ample, a rewriting of MIL-L-38207, cited

cept of tailoring specifications highlights earlier as requiring 15 jewels in the clock
a significant difference between Mil-Prime on an aircraft instrument panel, would
and the traditional specifications. "Tail- specify performance characteristics rather
oring," in its classic definition, is than design characteristics for a clock,
taking a product (e.g. a suit) and cutting which would, in turn, allow the use of the
away material until it fits a customer. more modern digital clocks. By cleansing
Mil-Prime is a philosophy where the mini- the system specifications of many unneces-
mum necessary material is measured, cut and sary design details and design requirements,
sewn together. The traditional specifica- both the contractor and Government purchas-
tion could be tailored by deleting aspects ing groups eliminate unnecessary manhours,
of the specifications that were judged not paperwork, and cost to justify non-compli-
to be applicable to a specific weapon ance to specifications which are not
system; the Mil-Prime specifications are applicable.
designed from the outset for a specific
weapon system. In the past, the contrac- Another factor favoring the Mil-Prime
tors would, in general, anticipate what the system, according to several of the engi-
Government's specification in the RFP was neers, is its exclusive performance orien-
going to say since the same specifications tation. Unlike the traditional specifica-
were referenced over and over again. With tions, the Mil-Prime specifications get
Mil-Prime, the contractors apparently will away from driving a contractor to a
have to spend significantly more time with specific design. A contractor will have
the Government engineers before issuance of greater latitude to meet these performance
the request for proposal to have as com- requirements by balancing cost, weight, and
plete an understanding of the Air Force re- performance characteristics in an optimal
quirement; otherwise, the contractor will fashion than he would if constrained by a
have little idea how the Government engi- design limitation. Significantly, the
neer is going to fill in the blanks, i.e. statement of the requirements in terms of
itailor the Mil-Prime specification to a operational needs in the Mil-Prime specifi-
specific weapon system. The Mil-Prime cation should eliminate some of the cost
system may lead contractors to question drivers in the traditional specifications
many filled-in blanks to see if the Govern- by allowing the contractors more flexibil-
ment is serious about those requirements, ity of design. The contractor's innova-
whereas in the past contractors were hesi- tions will be less stifled by a fear of
tant to question spez. fications which had going against a military specification and
been used over and over again. This ex- being accused of being nonresponsive.
pected questioning of the tailoring process
by contractors, if allowed to happen, The exclusive performance orientation
should potentially result in a reduction in which Mil-Prime emphasizes could bring
the number of requirements which would about problems in verification, according
allow the contractors flexibility to design to one engineer. For example, in the case
a weapon system that meets the essential of a radio which is required to transmit
requirements at a lower cost. for 100 miles, many variables will in-

fluence the performance of the radio, such
The expected questioning of the tailor- as atmospheric conditions, terrain, and

ing process by contractors should, accord- personnel testing the equipment. In a
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traditional specification, a design re- a landing gear capable of allowing, for
quirement would usually be specified which example, at least 50 landings per tire. If
required that radio to broadcast with an the aircraft did not satisfy this specific
output of 30 watts, for example, which is performance requirement, then, under TSPR,
very simple for an engineer to verify, the prime contractor would clearly be re-
Verification of the 100-mile transmission sponsible for correcting the landing gear's
requirement under variable conditions will design problem.3 2 This means of designing
be more difficult to accomplish. 31  weapon systems generally transfers all down

the line the focus on acceptance of the
Another aspect causing concern among weapon system to the total weapon system

some of the engineers is that more discus- performance rather than the laboratory
sion is required between the ASD engineers performance of the individual subsystems.
and the operating or using command of what
is really needed prior to the issurance of Mil-Prime's handbook provides the cor-
the request for proposal. Most using porate memory, through its lessons learned,
commands are not tuned to supplying engi- which should prevent problems like that
neers with functional design. For example, with the F-15 landing gear from occurring.
project personnel of the using command talk The handbook must, however, continuously be
of combat turn radius, while engineers updated to maintain its currency so that no
speak of degrees of bank at a given air- innovative designs are overlooked. An ex-
speed. ample would be the carbon brakes used on

landing gears. The first couple of gene-
The Mil-Prime emphasis on performance rations of the carbon brakes were plagued

improves communication between the engi- with problems and were inferior to the
neer and the using command. When the standard steel brakes. Succeeding genera-
engineer used the traditional specification tions of the carbon brake overcame the pro-
he wrote in a language that the user did blems encountered, and are now as good if
not understand, e.g. he specified what the not better than the steel brakes. If the
pounds of thrust of the engine would be handbook were not kept current with the
under various flight profiles, but did not advances made with the carbon brakes,
dwell on what the impact of the level of engineers who were not intimately familiar
thrust would be on operational requirements. with the material would rate the design
When the engineer uses Mil-Prime, discus- specification of a contractor who proposes
sion with the using command is enhanced be- the use of carbon brakes as inferior. 3

cause the engineer is writing more closely
to the operational language that the user A new system, such as Mil-Prime, could
understands, and the user is better able to not be expected to be implemented without
communicate his needs with the engineer, causing some problems. The Government

loses some control over the contractors
The traditional specification approach because the contractors now have more

often called for each subsystem to be de- design discretion. The emerging details of
signed and laboratory tested as an entity each aircraft subsystem, which were previ-
within itself prior to being mated with the ously controlled by the Government engi-
other subsystems to comprise the entire neer, are now a contractor's responsibil-
system. However, in some cases, the sum of ity. All the contractor must show early in
the whole does not equal the sum of its his development is a plausable correlationparts. For example, the F-15's tires wore to performance oriented requirements-
unacceptably on their edges after approxi- remember that the verification section is
mately nine landings because of poor inte- also performance oriented and thus less
gration with the landing gear. The tradi- susceptible to a piece-meal, test-as-you-
tional specifications called for tires and go check on evolving design. It is possi-
landing gear separately. Both subsystems ble that problems could develop as a result
met the laboratory verification require- of not following the dictates of the tra-
ments, but were not required to be mated ditional specifications. On the other
and tested. The prime contractor was often hand, according to some of the engineers
not held responsible to ensure that the interviewed, the transfer of emphasis from
landing gear and tires worked well to- accepting subsystems in a laboratory
gether if no violation of each independent environment to acceptance of a total air-
specification could be pointed out. This craft basis should cause a lessening of
was often viewed as the price of uncertain- costly engineering change proposals that
ty and borne by the government. Even the were necessary because problems did not
evolved concept of "Total System Perfor- surface in the laboratory, but did surface
mance Responsibility" (TSPR) so often during aircraft performance.
claimed as a hold by the government over
prime contractors gets deluted and negoti- Mil-Prime, according to the engineers
ated away in the face of ambiguous and cor- interviewed, could also make the working
flicting sub-specifications. Neither the environment more intense for the Government
tire nor landing gear contractors could be engineer because he will have to pay more
held responsible for the unacceptable wear attention to the specification before it is
of the tires since both contractors suc- released to the contractors. On the other
cessfully completed their respective labo- hand, paying more attention at the front-
ratory tests and design requirements. end should result in a better product down

the road. Of course, if engineering man-
A Mil-Prime specification will call for power is constrained and not enough time is
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available to spend at the front-end, pro- used, a design requirement was usually
blems could develop as a result. Then specified which constrained the contrac-
again, if the Government must depend on tor's descretion on how the subsystem was
new, inexperienced engineers, engineers to be designed - this phenomenon leading to
who could not reasonably be expected to small, incremental changes on existing de-
develop adequate specifications using the sign which had already passed government
multitude of traditional specifications, acceptance testing. Thus the testing (or
Mil-Prime will enable these engineers to evaluation) tended to focus on the changes
develop adequate specifications by follow- rather than the performance of the newly
ing the Mil-Prime fill-in-the-blank speci- evolved system. This "change" philosophy
fication checklist. New or inexperienced also worked for the new (vs old) environ-
engineers may run the risk, when using the ment. If a black box had been only
Mil-Prime specification, of omitting neces- slightly modified from one meeting -40°F
sary requirements which, some engineers operating conditions, there was considera-
fear, could require expensive change pro- ble pressure to test a new box with -65°F
posals if the omissions are not found prior operating requirements only in the -400 to
to full-scale development. This was not a -650 range. With Mil-Prime, the contrac-
problem when the traditional specifications tor's engineers will have to design their
were used, since an engineer, when in doubt own subsystems and verification require-
about a requirement or a group of require- ments are more squarely on their shoulders.
ments, could always reference the appropri-
ate military specifications and be assured Mil-Prime's flexibility appears to be
that he had covered the requirement. less questionable with the engineers inter-

viewed than its simplicity. Mil-Prime
Mil-Prime's claimed ease of implementa- presents the opportunity for the contrac-

tion, i.e. its simplicity and its flexi- tors to enter into discussions with
bility, versus that of the traditional Government engineers as to what approach
specification system is an important issue. is best for a specific aircraft. In the
Most of the engineers interviewed believe past, these discussions were discouraged
that Mil-Prime will be a simpler system because the Government engineer depended
from the Government manager's point of on the "locked-in-concrete" traditional
view, but more difficult from the lower specifications to establish the require-
level project engineer's point of view. ments.
This being true because the Government's
level of control is higher, i.e. at the Acceptance of Mil-Prime
aircraft performance level rather than at
the subsystem level, so that there should Because Mil-Prime represents a change
be a greater ease of implementation of the to the traditional way of doing business at
essential requirements. For example, moni- ASD, one would expect both acceptance of
toring qualification testing at the air- and resistance to the change. Defense
craft level will be less of a burden for contractors have been giving positive feed-
the Government than monitoring qualifica- back, the engineers say, regarding Mil-
tion testing at all vendor levels. Fur- Prime. The Aeronautical Industries Asso-
thermore, keeping the Mil-Prime handbooks ciation, the Electronics Industries Asso-
up to date, which may be a challenging task ciation, and the Society of Automotive
because of manpower constraints, would be Engineers have reviewed specific aspects of
an easier task, according to some of the Mil-Prime and have indicated that Mil-
engineers interviewed, for the ASD engi- Prime is a change for the better. 34 Some
neering community as a whole because it is criticism of Mil-Prime to date (from indus-
easier to update approximately 60 Mil-Prime try) has been related to the detailed
specification handbooks than several descriptions of the lessons learned in the
thousand traditional specifications. Mil-Prime handbooks; apparently some con-

tractors are sensitive that their past
From the Government engineer's point of mistakes are being published in a Govern-

view, it was claimed that there will be the ment document.35 Other criticism from
need to pay more attention to the initial industry seems to relate possibly to a "not
requirements that are sent to the Contrac- invented here" attitude; this causes resis-
tors. The traditional specifications tance that might dissipate if contractors
could be readily implemented in one para- believe that the new flexibility that Mil-
graph of referenced specifications, while Prime gives them is not outweighted by new,
with Mil-Prime a Government engineer must more forceful performance commitments.
be aware of every requirement he is speci- There is also a feeling, according to some
fying. No longer will the Government of the Government engineers interviewed,
engineer be able to rely on the multitude that Mil-Prime will not be well received by
of military specifications to cover for his the working level engineers in contractor
lack of knowledge or preparation. organizations. Mil-Prime may make these

engineers uneasy because they are used to
The contractor's engineers, again having the Air Force tell them what to doaccording to some of the Government engi- and then applying what the Air Force says

neers interviewed, will find that the unre- to their design; Mil-Prime requires these
stricted freedom of design makes their de- engineers to do more thinking, to exert
sign decisions much more difficult because more control, and to be more original, all
of the number of options available to them. of which is a change from the traditional
When the traditional specifications were practices.
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The ASD engineering community, as 7. Blackledge, Ronald G. "A Study of
represented by the engineers interviewed, Research and Development Contract Require-
also has been giving positive feedback ments and Their Growth." Unpublished
regarding Mil-Prime. Initial impressions doctoral dissertation. Austin, Texas:
were characterized by skepticism, appre- University of Texas, May 1979.
hension, and reluctance, partly because
many Government engineers were used to 8. U.S. Department of Defense. "Military
detail control over technical specifica- Standard Configuration Control--Engineer-
tions, which they did not want to relin- ing Changes, Deviations, and Waivers."
quish and partly because some Government MIL-STD-480. Wright-Patterson AFB OH:
engineers relied upon the traditional AFLC, 30 October 1968.
specifications as a "security blanket"
that they could fall back upon. But the 9. MaA'oy, op. cit., pg. 66.
attitude of many ASD engineers seems to
have changed as they listened to advocates 10. Weingarten, op. cit.
of Mil-Prime within the ASD engineering
community, as they help develop these 11. Ibid.
Mil-Prime products.

12. Aeronautical Systems Division (EN)
Conclusion letter dated 5 April 1979 to all ASD chief

engineers, entitled "Aeror'utical Procure-
Objective indicators generally support ment--the Primary Specification System,"

the ASD engineers contention that-Mil- Wright-Patterson AFB OH, pg. 11.
Prime results in simpler, more flexible
specifications. As noted earlier, this 13. U.S. Office of Federal Procurement
may not correlate with ease of writing as Policy. "Major Systems Acquisitions: A
one might expect. In fact, early govern- Discussion of the Application of OMB
ment and contractor negotiation will likely Circular A-109," OFPP Pamphlet No. 1,
be more intense, and hopefully meaningful. Washington DC, August 1976, pg. 4.
'he principle pay-off of Mil-Prime is
likely to be in clearer contractual under- 14. Blackledge, op. cit., pp. 55-56.
standing and especially verification, of
what the contractor delivers in accordance 15. U.S. Office of Federal Procurement
with what the government requires. Policy, op. cit., pg. 11.
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