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FOREWORD

The four-month study reported on herein was performed by ARINC Research
Corporation under Contract F09603-73-A-4392-0004 for the Traffic Control and
Landing Systems (TRACALS) System Program Office (SPO) Electronic Systems
Division of the Air Force Systems Command. The purpose of the study was to
evaluate the feasibility and potential cost benefits of developing and
applying ARINC Characteristic-type TRACALS specifications for a future
Advanced Landing System (ALS) avionics procurement.

ARINC Research Corporation acknowledges the wholehearted cooperation
received during this effort from the government personnel, airline repre-
sentatives, and equipment vendors (many of whom are identified in Appendix
H of this report). We appreciate particularly the guidance and support
provided by the contract monitors -- Major John Martel, Captain Herbert
Laflamme, and Mr. Seward Norris.

A wealth of information concerning AEEC activities and Characteristic
development and application, as well as helpful suggestions for the report,
was provided by William T. Carnes, Chairman of the AEEC.

Contributions from a number of ARINC Research personnel were extremely
helpful in establishing the approach to the program and unifying its many
aspects. Howard Kennedy's efforts have been particularly valuable. In
addition, important contributions were made by C.R. Knight, A. Pazornik,

J. Hinson, B. Retterer, H. Balaban, J. Reese, and C. Wigle.

The views and conclusions presented in this report are those of the

authors and do not necessarily represent expressed or implied official
policies of the U.S. Government.
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ABSTRACT

ARINC Research Corporation evaluated the feasibility and potential cost
benefits of developing and applying ARINC Characteristic-type TRACALS speci-
' fications for a future Advanced Landing System (ALS) avionics procurement.
This report presents the results of the evaluation; it describes the commer-
cial air carriers' procurement process and the role of the Characteristic,
comparing elements of military procurement with parallel elements of com-
mercial procurement.

Performance characteristics of military and commercial equipments are
evaluated, and cost and reliability comparisons are made on the basis of
available data. Problem areas associated with military use of the commer-
cial process are also discussed, with emphasis on equipment-installation
problems. Finally, a recommended approach to developing an ALS Characteris-
tic is presented.
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SUMMARY

1. BACKGROUND

There is increasing emphasis throughout the Department of Defense on
reducing the overall costs and improving the effectiveness of military
equipments. One of several avenues being explored to achieve this result
is the adaptation and use of commercial procurement practices. In view
of the reported success achieved by the commercial airlines in purchasing
cost-effective avionic equipments, ARINC Research Corporation was awarded
a four-month contract to investigate the feasibility and possible benefits
of adapting these practices to Air Force use.

The effort was sponsored by the Traffic Control and Landing Systems
(TRACALS) System Program Office (SPO), Electronics Systems Division, Air
Force Systems Command. It was oriented toward an investigation of the
applicability of such procedures to the procurement of a future Advanced
Landing System (ALS). The present plan is to procure three different con-
figurations of the ALS -- Austere, Standard, and Advanced -- which are to
meet, respectively, International Civil Aviation Organization (ICAO)
Category I, II, and III landing situations.

2. ASSUMPTIONS
Two simplifying assumptions were made at the outset of the study:

* The airline avionics~acquisition process does not include a
funded or controlled equipment-development program. The only
objective is purchase of production equipment. In this analysis,
therefore, no development effort is considered. The military,
FAA, and civil groups are participating in an extensive ALS/MLS
development program. It is assumed that all development will
have been completed under that program and that the specifications
considered in this report will deal with procurement of off-the-
shelf production items only.

* Full-life warranty will be used instead of organic Air Force
maintenance. This assumption, however, does not preclude the usec
of alternative warranty approaches. Full-life warranty offers
the extreme condition for the analysis. Other alternatives,

vii




involving a combination of military and airline procedures, would
require a series of analyses (including life-cycle-cost analyses)
that go far beyond the limits of the time and manpower allocated to
this study. Further, suitable data are not available to permit an
adequate life-cycle-cost analysis to be conducted at this time.

(It is expected that the Air Force will have developed such data
from current programs to permit valid analysis prior to the
procurement. )

3. APPROACH

The contract efforts involved reviewing the airline procurement process
and comparing it with the current military process. Data on comparable equip-
ments procured under each process were assembled and evaluated.

Elements of the commercial approach were then considered in terms of
their applicability to the military process. Anticipated legal, regulatory,
technical, and other difficulties were examined and solutions proposed. A
tentative military approach for use of the commercial practices was developed
and discussed with various procurement and management personnel in the mili-
tary, airlines, and manufacturing organizations. On the basis of comments
and suggestions received, a proposed military process was formulated.

4. OVERALL CONCLUSIONS

The commercial airlines employ an avionics acquisition process that has
been effective in providing them with high-quality equipment at competitive
prices. The overall process, in which the Characteristic represents only
one element, is based on the existence of competition throughout the useful
life of the equipment. By contrast, in the military situation, the compet-
itive factor is significantly reduced following the award of a production
contract. The continuing competition in the airline environment is a basic
factor on which the entire procurement process rests.

The two processes and some equivalent equipments procured under each
were compared. While cost and reliability data were not unequivocal, they
suggest that benefits accrue to the airlines in these areas. In addition,
consideration of the overall airline and military environments indicates
that elements of the airline process are potentially adaptable to military
procurements.

In general, it was concluded that it is feasible and can be cost-
effective to develop and apply ARINC Characteristic-type specifications to
the procurement of the three ALS configurations. The approach presented in
this report will be most effective if implemented immediately to permit
completing all necessary activities by the currently projected FY 1978
production-decision date.

viii
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SPECIFIC CONCLUSIONS
The following specific conclusions were reached:

* Indisputable data on cost and reliability comparisons of military
versus commercial airline avionic equipment are not available.
Nevertheless, the total weight of available data clearly supports
the experimental application of airline avionics acquisition prac-
tices, including development and application of Characteristic-type
specifications, to the ALS program.

* There are no insurmcuntable formal barriers to Air Force use of
airline specification development or application practices. In an
organization the size of the Air Force, human resistance to change
is seen as the largest obstacle to the success of even an experi-
mental application of airline practices.

Space availability represents a major installation problem in other
than some transport aircraft. Further, concurrent installation of
ILS and ALS avionics will present a severe space problem in many
aircraft types regardless of the standardization approach taken.
The ALS avionics/automatic flight control system interface repre-
sents another major installation problem in those configurations
requiring coupled approach and landing capabilities. To provide
sufficient information upon which the committee responsible for
Characteristic development can base size, cost, and performance
trade-offs, a thorough space-availability and system-compatibility
study of anticipated USAF ALS installations must be performed.

* Environmental factors (vibration, temperature, and altitude) will
require special installation considerations in high-performance
aircraft. Overall cost~benefit considerations beyond the scope of
this study may dictate nonstandard equipment for such limited-
quantity, high-performance applications.

* Three separate Characteristic-type specifications are considered
necessary -- one each for the Austere, Standard, and Advanced ALS
avionics. The Advanced system requirements should be so similar
to airline needs that separate development of a Characteristic by
the Air Force would not be required. Suitable ancillary documents
for procurement would, however, be necessary if an airline-developed
specification were used.

* The number of military standards and specifications normally refer-
enced in military procurements can be substantially reduced if an
ARINC-type Characteristic and associated procurement practices are
used. The major reduction in standards and specifications is asso-
ciated with elimination of design, parts, and process control.

* A major reduction in contractor data requirements can be achieved
if the overall acquisition approach associated with the use of
ARINC Characteristics is followed. Data-requirements reductions
are also related to elimination of detailed equipment design and
production control.

ix




Staffing of the committee charged with developing the Characteristics
will require careful consideration of capabilities as well as con-
tinuity. The importance of these personnel selections should not be
underestimated.

Despite uncertainties and anticipated problems, no impossible barriers
are evident, and thus the application of ARINC-type Characteristics
and associated procurement practices is concluded to be feasible.
Potential cost-benefit advantages as stated in the first conclusion
clearly support, at the very least, the experimental application of
the approach as an aid to future Air Force and DoD decision-making

on improving procurement practices.
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CHAPTER ONE

INTRODUCTION

1.1 ALS PROGRAM DESCRIPTION

The current Instrument Landing System (ILS) in wide use by the aviation
community as an all-weather terminal guidance and landing aid has demon-
strated technical deficiencies that limit its application. As a result, an
international exploration of viable alternatives that can replace the present
system has developed. The Radio Technical Committee for Aeronautics (RTCA)
Special Committee 117 has developed a set of technical recommendations* for
a new system that would offer sufficient improvement potential to justify
considering it as an ILS replacement. The United States is currently eval-
uating candidate techniques, one of which is to be selected in late 1974
or early 1975 as the U.S. recommendation for ICAO consideration as an inter-
national standard. This system has been designated the National Microwave
Landing System (NMLS).

The nature of the worldwide USAF mission of defense of the United
States requires that USAF aircraft use not only U.S. military and civil
air traffic control and navigation facilities, but also those civil and
military facilities of allies and facilities that may be available from
nonaligned rations. The USAF has stated as policy its decision tc continue
to implement those approach and landing aids that are interoperable with
standard national and international civilian aviation systems. Equipment to
satisfy the Air Force requirements in the context of an international micro-
wave landing system will be evaluated in the Advanced Landing System (ALS)
program currently being implemented by the Air Force Systems Command.

When the NMLS is implemented, the Air Force will be faced with a major
acquisition program to equip their aircraft fleet with ALS avionics. An
avenue that may have considerable promise for minimizing the required in-
vestment is the creation of a buyer's market in which the monopsonistic
(single buyer and multiple sellers) aspect of the military process is
employed to encourage continuous competition among manufacturers.? Tt is
generally agreed that competition between suppliers throughout the life
cycle is the principal factor in lower acquisition costs.

*Superscripts refer to numbered sntries in the Bibliography, Appendix H.




{ 1.2 PROJECT OBJECTIVES

An approach that may offer potential for developing the desired compe-
tition involves the adaptation of some commercial airline procurement pro-
cedures -- principally the development and use of ARINC Characteristic-type
specifications. The Characteristics define mechanical and electrical inter-
faces, plug and pin locations, form, fit, and function; they do not constrain
the manufacturers' designs of internal system hardware. The use of ARINC
Characteristics permits the air carriers to procure on a more favorable basis
than would otherwise be possible since if one manufacturer's avionics equip-
ment does not meet airline needs, a suitable alternate can be found from
another that is compatible with the existing installation in form, fit, and
other interfaces.

The contract effort reported on herein was directed toward investigating
the feasibility of applying some aspects of the airline approach to avionics
acquisition as a means of minimizing Air Force ALS avionics acquisition
costs. The four principal task efforts were as follows:

1. Examine current USAF and DoD procurement regulations for restric-
tive or prohibitive language concerning development and utilization
of an ARINC Characteristic-type specification. Evaluate the pro-
curement significance of any identified conflicts and make appro-
priate recommendations for resolving the conflicts to the TRACALS
SPO.

2. Investigate similar applications of ARINC Characteristics, including
those used for procurement of ILS avionics, and determine the impact
of the Characteristic on equipment performance, quality, and cost.
Include an appraisal of the requirement for and use of ancillary
procurement documents such as RTCA Minimum Performance Standards
and manufacturers' equipment specifications.

3. Identify and evaluate potential significant installation problems
that could be a deterrent to the formulation of ARINC Characteris-
tics for the procurement of Austere (Cat. I), Standard (Cat. II),
and Advanced (Cat. III) ALS avionics as applicable to the various
classes of aircraft in the USAF inventory. Include consideration
of potential interface problems with existing aircraft interwiring,
autopilot couplers, autopilots, on-board computers, cockpit instru-
mentation, etc. Also determine if, where, and why more than one
ARINC Characteristic will (or may) be required to cover the full
range of anticipated ALS avionics applications.

4. Identify, and evaluate the impact of, MIL-SPEC provisions that will
have to be retained in the ALS Characteristic(s) to ensure that
equipment performance and quality goals are met. Also review
typical data requirements and identify the minimal data items re-
quired for effective management and control of the program.

Utilize the outputs of these investigations in determining the
feasibility of purchasing commercial-grade avionics.




1.3 PROJECT APPROACH

The basic approach to achieving the required results under this con-
tract involved analyzing the airline and Air Force processes -- not simply
the two principal documents influencing these processes. Initially, com-
mercial procurement practices were reviewed and compared with Air Force
practices to identify similarities and differences. The comparisons
addressed regulatory/legal, technical (including cost), and other factors.

Requlatory/legal factors included applicable statutes, regulations,
procurement policy, organizational control, and management visibility.
Procurement policy included such factors as DoD and USAF directives, air-
line procedural and support practices, maintenance of competition, and
assurance of quality and performance. Organizational control addressed
interpretations of the DoD and USAF directives at the Command, Division,
and lower organizational levels, and compared them with airline control
requirements.

Although no legal opinions were formulated, factors related to ALS
specification development and application were evaluated and comments
provided. Anti-trust and conflict-of-interest considerations were re-
viewed for their applicability to potential Air Force adaptation of the
ARINC Characteristic-type procurement process.

Technical investigation included an assessment of three aircraft
types as examples of the range of installation considerations to be
addressed. The aircraft types were related to the three proposed ALS
configurations: Austere, Standard, and Advanced. Factors such as inter-
face, environment, space, power, and support were noted for the A-7, C-141,
and T-37. Limited data on the F-15 were also reviewed. 1In addition, the
performance, quality, and cost attributes of airline and military avionic
equipments were tabulated and compared to identify possible benefits of
the two processes. These results were used to evaluate documentation and
procedural requirements that offer potential for minimizing the acquisi-
tion cost of high-quality avionics.

A number of other factors that can be expected to influence the adapta-
tion of a commercial-type process to the Air Force application were con-
sidered. These include resistance to change, as well as such factors as
the time associated with development of Air Force specifications and charac-
teristics and the establishment of free exchange between participants in
open meetings.

Several basic assumptions were made early in the program to limit the
effort to the constraints of the time and funds allocated:

* Use of full-life warranty was assumed. This permitted the minimi-
zation of requirements for supportive specifications, statement-of-
work items, and contractor surveillance and reporting. Furthermore,
this assumption need not be adhered tc when the procurement occurs
or the contracted items are delivered. If more definitive informa-
tion became available prior to contract award, alternative limited




Reliability Improvement Warranty (RIW) could be included in any
contract, or organic support could be used. Arrangements for
acquisition of the necessary organic-maintenance data could then
be negotiated at that time (permitting this part of the procure-
ment to be priced separately and subjected to a cost-effectiveness
evaluation).

* It was assumed that all development work and adaptation of designs
to USAF requirements would be completed prior to equipment acquisi-
tion. The contract would be for production items only.

* It was assumed that equipment acquisition would be on an off-the-
shelf basis, with deliveries scheduled to permit installation in
the aircraft as they were programmed for the normal overhaul/
modification process (or delivery in the case of new aircraft).

It was also assumed that no special high-volume production would

be encouraged or funded by the government. If a single manufacturer
was incapable of providing the needed equipment, then multiple
awards could be made to meet the necessary acquisition schedules.

The execution of the tasks involved the acquisition of data, pre-
liminary analysis, identification of potential problems, interviews with
appropriate personnel in the military and commercial sectors, and the
preparation of a final report documenting the apparent absence of problems;
the existence of problems, with proposed solutions; and the existence of
problems for which no current solutions are apparent.

The procedures followed in each of these task efforts are presented in
Appendix A.

1.4 REPORT CONTENT

Basically, Chapter Two describes the commercial air carriers' procure-
ment environment, the procurement process involved, and the role of the
Characteristic in the process. In Chapter Three, elements of the military
procurement process and the associated specifications are compared with
comparable elements of the commercial process. An evaluation of performance
characteristics of military and commercial equipments is presented in
Chapter Four. Additionally, cost and reliability comparisons are made on
the basis of available data. Chapter Four also itemizes and discusses some
problem areas associated with military use of the commercial process.
Particular emphasis is given to problems associated with equipment
installation.

In Chapter Five, an approach to development of an ALS Characteristic
is presented. Overall conclusions concerning the applicability of the
commercial approach to the ALS procurement are offered in Chapter Six.

The appendixes to this report present details of ARINC Research
contract activities performed in response to the Statement of Work, items
associated with the commercial process, and AN/ARN-XXX TACAN references.




Technical descriptions of representative Air Force and airline ILS equip-
ment are provided, together with ALS/aircraft installation data and the
installation/integration "requirements" of an ARINC Characteristic.
Finally, a bibliography and source list is presented.
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CHAPTER TWO

CURRENT AIRLINE ACQUISITION PROCESS

2.1 BACKGROUND

Airline procurement is truly competitive. Each airline buys its own
equipment; there are few "quantity" procurements; and each airline buys
equipment from a manufacturer of its own choice -- not necessarily deter-
mined by low-dollar bid. In this chapter, these and other aspects of the
airline avionics acquisition process will be examined as background for
the findings presented in a later chapter.

2.1.1 Evolution of the Process

The current airlines procurement process =-- in which avionic equip-
ments to be acquired are described by ARINC Characteristics and other 1
supporting documents -- was developed over a period of about 35 years. A :
brief review of its history will help to evaluate the process in the proper
perspective.l’2

In the mid-1930s, when scheduled flights were confirming the emergence i
3 of an airline industry, and radio communications were becoming compulsory
for the operation and control of aircraft, the United States Bureau of Air
Commerce began writing equipment specifications for the new industry.

By the late 1930s, the Civil Aeronautics Authority had acquired a

staff of specification writers and was producing both air traffic control
regulations and equipment specifications. At about the same time, the air-
lines and manufacturers were becoming dissatisfied with the equipment speci-
fications produced for them by the government, and the airlines launched |
their own efforts. The task was assigned to Aeronautical Radio, Inc. }
(ARINC), the airline-dedicated communications company. The onset of World |
War II and the preoccupation of the Civil Aeronautics Authority with other
matters probably averted a confrontation over the preparation of airline
specifications. g

After World War II, during the rapid expansion of the air transport
industry, avionics procurement became a major task for the small ARINC
structure. At the same time, the airlines were developing sizable procure-
ment staffs of their own. By late 1947 the airline companies that owned
ARINC decided to have ARINC continue writing specifications but to move the i
procurement of avionics into the airlines themselves. This decision broad-
ened the competition among the avionics suppliers who had emerged from the




war, and it highlighted the need for interchangeability of equipments. 1In
turn, these multiple pressures intensified the cooperation of airline repre-
sentatives and equipment manufacturers in the definition cf new "black
boxes". Thus, in 1949, the Airlines Electronic Engineering Committee (AEEC)
was established, with its broad spectrum cf technical participation."l It has

remained a dynamic body during the 25 years of its existence.

2.1.2 AEEC Structure

Because of the AEEC's success in preparing Characteristics (or speci-
fications) for airline avionics, the committee frequently has been described
as "a committee that works". The full committee consists of 31 persons,
including the four furnished by ARINC to function as Chairman and provide
the secretariat functions. However, only 22 of the committee members are
voting members. Table 2-1 lists the AEEC membership. Many other interested
parties, representing wide public interest, attend the meetings. Typical
attendance has exceeded 200 contributing observers from airlines, govern-
mental regulatory groups, military agencies, avionics equipment and airframe
manufacturers, and members of the press.

Table 2-1. AIRLINES ELECTRONIC ENGINEERING
COMMITTEE (AEEC)
Voting Members Number
U.S. Scheduled Airlines 14
European Airlines Engineering Committee 6
Canadian Airlines 1
General Aviation 1
Total Voting Members 22 1
i Advisory (Nonvoting) Members Number
f ARINC (Chairman and Secretariat) 4
Air Transport Association of America 2
International Air Transport Association 1
U.S. Military 2
Total Nonvoting Members 9

2.1.3 Constraints

The airlines' success in obtaining avionics that perform reliably
and safely at a competitive cost has made certain elements of their pro-
curement approach attractive candidates for ALS application. The remainder
of this chapter examines elements of the airline process, a basic step in
any consideration of adapting commercial processes to military use. The

| steps leading to the acguisition of avionics are reviewed, starting with
| the preparation of the production specificaticn. Establishment of the
f requirement and the initial resecarch and development effort are excluded,

as a basic fact in airline procurement. They do not fund ReD. A similar
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requisite will exist for the ALS program, since the present research and
development effort in microwave landing systems by the FAA and military
organizations will proceed concurrently with the ALS Committee effort.
This will provide an adequate technical base for establishing suitable
production-only specifications.

2.2 CHARACTERISTIC DEVELOPMENT

2.2.1 Initiation of the Characteristic

When sufficient justification for the development of an ARINC Charac-
teristic has been established (i.e., the operational necessity justifies
the expenditure of funds for equipment acquisition), the AEEC, by airline
consensus, will establish a subcommittee to draft the document ® To pro—
duce this document, which eventually will become an ARINC Characteristic,
a subcommittee Chairman is named (usually from the airline with the
greatest interest in the project). The subcommittee meetings attract
interested airlines, manufacturers, and others to compile the first draft.
The initial "straw man" draft may be the product of one of the avionics J

manufacturers, the AEEC secretariat, an airline, another source, or a
combination of these.

2.2.2 Evolution of the Characteristic J

The draft is circulated and reviewed by the full committee, including
the industry users and suppliers, for critique and alternative recommenda-
tions. Commentary is returned to the secretariat, where it is reviewed
and consolidated into an updated draft; it is then returned to the subcom-
mittee. When the revision is completed, the draft is again distributed to
all participants. After a suitable time for review, a meeting is scheduled
to permit discussion of areas of controversy or conflict. This iterative
process is continued until acceptable documents are developed and approved.
The steps in this process have been described informallyzaby the AEEC
Chairman in a chart reproduced here as Figure 2-1.

After development, the document remains dynamic. Continuous feedback
from users is circulated through AEEC to all interested parties, and
supplements or reissues are prepared. The original 578 Characteristic, for
example, was approved by the AEEC in October 1969. Supplement Number One
was approved by the AEEC in April 1970; Characteristic 578-2 (containing
Supplement Number Two) was issued in September 1971, and Characteristic
578-3 was issued in July 1974. This latter document (outlined in Appendix
B-1) continues to receive updating changes. ARINC Characteristic 578
is currently used by the avionics industry for designing and producing new
ILS receivers, and by the airlines to define their operational requirements
for ILS avionics. It is likely that additional supplements will be pro-
cessed and adopted by the AEEC before ILS is replaced by the future ICAO
Standard Microwave Landing System (MLS) or Advanced Landing System (ALS).

2.2.3 Anti-Trust Factors

During the AEEC meetings, ARINC legal counsel is usually in attendance
to assure that no decisions are made that could be construed to be price
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fixing or restraint of trade. The exchange, otherwise, is as open as the
manufacturer's protection of proprietary rights permits. Although specific
price information is not permitted to be discussed, the economic impact of
system features is discussed and the acceptability of associated technology
explored.

2.2.4 Development Time

The usual timetable for producing a new Characteristic is about one
year from the first AEEC meeting. The current DME (Distance Measuring
Equipment) Characteristic is a typical example. The AEEC first agreed on
the requirement for a new Characteristic in a January meeting. A subcom-
mittee was formed immediately, and the first draft was ready in February.
By October of the same year, four successive drafts had been prepared. In
February of the following year -- 13 months after the first meeting -- the
new ARINC Characteristic 568 was approved.

When the requirements and the technology are not well defined, the
process takes longer. ARINC Characteristic 561, on Inertial Navigation
Systems, is a good example. The first AEEC meeting took place in January,
with the primary purposes of defining operational requirements and deter-
mining the “reasonable state of the art". The committee also reviewed all
recent military experience with inertial systems. The first draft of the
new Characteristic was not produced until the following January, one year
after the initial meeting. By that time, the Boeing 747 aircraft was in
production; both the airframe manufacturer and the airlines were anxious
to obtain definitive information that could be used for finalizing ‘the
aircraft configuration. With these pressures increasing, the AEEC agreed
on a conditional approval of the new Characteristic; it was complete except
for certain digital interface provisions. The Airlines Communications
Administrative Council (ALCAC) approved the new Inertial Navigation System
Characteristic a year later in February, and it was published in June --
two and one-half years after the initial meeting. This timetable repre-
sents the opposite end of the spectrum for new, highly complex systems
involving new technology and new operational requirements.

2.2.5 Design Benefit

The primary purpose of the exchange between user and supplier is to
develop universally acceptable form-fit-function standards for the system
under consideration. An important secondary benefit of the user/supplier
participation in the committee activity is that the supplier develops a
better understanding of the user's operational requirements beyond the
specifically stated technical requirements. He is able to transform this
understanding into a more realistic (cost-effective) design. This involves
the trade-off between "gold plating", or excess capability beyond the
operational need, and the price that will give him a competitive advantage.




2.3 CONTENT OF CHARACTERISTIC

2.3.1 Form, Fit, and Function

In addition to the basic operational performance parameters, the
Characteristic contains the form-fit-function parameter definitions for
the particular equipment under consideration to assure interchangeability
of equipment produced by different manufacturers. These encompass equip-
ment functional subdivision, package size, mounting, guidance regarding
weight considerations (but not a specific weight requirement), cooling,
equipment interconnection, and equipment interface with other avionics
elements such as automatic flight controls, computers, and display devices.
Characteristics can also include specific equipment performance/design
requirements relating to the control and minimum performance requirements
of the system elements, as well as automatic-test considerations. The
example (Characteristic 578) presented in Section 2.2.2 is no exception;
it requires the interchangeability of control units and receivers, regard-
less of the manufacturing source of the individual items. Signal outputs,
which must interface with aircraft instruments, autopilots, couplers, and
other aircraft wiring, are thoroughly specified to guarantee compatibility
with these other devices.

The airline engineering representatives who produced the 578 Charac-
teristic eliminated one unique item of interchangeability. The airlines
usually demand "generation interchangeability" in addition to equipment
interchangeability. The "generation interchangeability" was deleted from
this new Characteristic in view of the new and more stringent requirements
for driving autopilots and couplers for automatic approaches. It was
feared that the inclusion of VOR functions (as in the older VOR/Localizer
receivers) might tend to compromise the quality of the pure ILS functions
in the new 578 equipment. This "separation of functions" has also been
specified in the latest ARINC Characteristic for VOR Receivers (579). 1In
each case, the airline operators and the avionics manufacturers agreed that
the automatic approaches and landings probably could be better performed
with dedicated ILS equipment than with add-ons to other equipment.

2.3.2 General Guidance in the Characteristic

ARINC Characteristics frequently provide general guidance for desired
product development. For example, ARINC Characteristic 578, Airborne ILS
Receiver, was developed during the late 1960s, when the aviation community
recognized the need for ILS-coupled approaches. It describes receivers
designed primarily for airline use. A quotation from 578 is self-explanatory:
"The function of the ILS receiver is the reception of ILS Localizer and Glide
Slope signals and the recovery therefrom of course-line deviation information
for visual display to the pilot, and for use by an Automatic Flight Control
System during automatically controlled approaches and landings."

Typically, the document further admonishes the manufacturers to pro-
duce "maintenance-free, high-performance radios rather than equipment of
minimal weight and dimensions." Finally, removing any doubt of the desired
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philoscphy, 578 says "airline customers are interested primarily in the end
result rather than the means employed to achieve it."

233 Appendixes

Tco consolidate the dominant technical consideraticons into one document,
appendixes may be added to the Characteristic to present the Essential Sys-
tem Characteristics (ESC) of the International Civil Aviation Organization
(ICAQO) Annex 10, or the Technical Standard Orders (TSOs) for the equipment.
Minimum Performance Standards are developed by the Radio Technical Commis-
sion for Aeronautics (RTCA) and, when adopted by the Federal Aviation
Administration (FAA), become TSOs. In addition, a chronology and a bibli-~
ography may be included to permit a prospective supplier to review the
evolution of the Characteristic and deduce the reasoning behind each itera-
tive change. All supplements to the Characteristic are included in each
reprint.

2.3.4 Supplemental References

As part of the equipment description in the Characteristic, references
are made to the ICAO Annex, TSOs, ATA Specifications, and specific ARINC
Characteristics, reports, or Military Specifications dealing with common
aspects of avionics design. Table 2-2 lists typical references from ARINC
Characteristic 578. Only three of the referenced documents are stringent
regulatory items -- the ICAQ Annex 10, which pertains to international
telecommunications agreements; and the two FAA Technical Standard Orders
that must be satisfied for certification of the equipment. The other
references are more in the nature of guidance to manufacturers, although
this guidance is quite persuasive since the equipment is not likely to be
sold to the airlines unless the customer needs are fully satisfied.

As indicated in Appendix B-2, FAA ILS certification requires that
Localizer and Glide Slope receivers satisfy the Minimum Performance
Standards contained in RTCA Documents DO-131 and DO-132. Appendix B-3
identifies the parameters that are quantified as localizer performance
standards in DO-131; Appendix B-4 identifies glide slope performance
standards in DO-132.

These documents have received wide distribution in the avionics indus-
try ard have been used by all known current suppliers to guide their designs.
This does not mean that all commercially available ILS receivers will meet
performance standards presented in the RTCA documents. These standards are
mandatory only for U.S. scheduled carriers. The higher-priced receivers
used by the airlines (reflecting their strong commitment to maintenance of
schedules with safety) may exceed most of the standards; the lower-priced
receivers, such as those used in general aviation applications, reflect the
less stringent demand for precise schedules. The latter equipments will
meet the most important standards (such as channel capacity and frequency
accuracy) but may not meet some of the other criteria (such as receiver
sensitivity, dynamic range, and interference rejection). The degree to
which a design complies with or exceeds the standards is some measure of
equipment performance excellence.




e e At e e

Table 2-2. SUPPORTING DOCUMENTS REFERENCED IN
CHARACTERISTIC 578

ARINC Specification 404 Air Transport Equipment Cases and Packing

ARINC Report 413 Guidance for Aircraft Electrical Power
Utilization and Transient Protection

ARINC Report 414 General Guidance for Equipment and Instal-
lation Designers

RTCA DO-131 Minimum Performance Standards -- Airborne
ILS Localizer Receiver

RTCA DO-132 Minimum Performance Standards -- Airborne
ILS Glide Slope Receiver

ARINC Specification 410 Mark 2 Standard Frequency Selection System 3
MIL-STD-704 Aircraft Electrical Power Systems

RTCA DO-138 Environmental Conditions and Test Procedures
for Airborne Electronic/Electrical Equipment
and Instruments

ICAO Annex 10 Aeronautical Telecommunications

TSO C34c Technical Standard Order -- ILS Glide Slope
Equipment

TSO C36¢ Technical Standard Order -- ILS Localizer
Equipment

2.3.5 Environmental Considerations

RTCA Document DO-138 (currently under revision by RTCA Committee
SC-123) prescribes the environmental conditions and test procedures for
airborne electronic and electrical equipment and instruments. Table 2-3
presents the temperature/altitude categories that may be applied to com-
mercial equipment. The Technical Standard Orders do not ordinarily require
any specific category from DO-138; however, they do require the equipment
nameplate to carry the proper inscriptions defining the design limits or
test limits employed in the qualification of that equipment. The buyer
can consult the nameplate and determine the level of environmental quali-
fication for which a particular box has been tested.

2.4 PURCHASE DOCUMENTATION

2.4.1 Procurement Documentation

The AEEC-developed Characteristic is applied individually by the air-
lines. While the detail differs from one procurement to the next (depending
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philosophy, 578 says "airline customers are interested primarily in the end
result rather than the means employed to achieve it."

2.3.3 Appendixes

To consolidate the dominant technical considerations into one document,
appendixes may be added to the Characteristic to present the Essential Sys-
tem Characteristics (ESC) of the International Civil Aviation Organization
(ICAC) Annex 10, or the Technical Standard Orders (TSOs) for the equipment.
Minimum Performance Standards are developed by the Radio Technical Comnmis-
sion for Aeronautics (RTCA) and, when adopted by the Federal Aviation
Administration (FAA), become TSOs. In addition, a chronology and a bibli-
ography may be included to permit a prospective supplier to review the
evolution of the Characteristic and deduce the reasoning behind each itera-
tive change. All supplements to the Characteristic are included in each
reprint.

2.3.4 Supplemental References

As part of the equipment description in the Characteristic, references
are made to the ICAO Annex, TSOs, ATA Specifications, and specific ARINC
1 Characteristics, reports, or Military Specifications dealing with common
aspects of avionics design. Table 2-2 lists typical references from ARINC
Characteristic 578. Only three of the referenced documents are stringent
regulatory items -- the ICAO Annex 10, which pertains to international
telecommunications agreements; and the two FAA Technical Standard Orders
that must be satisfied for certification of the equipment. The other
references are more in the nature of guidance to manufacturers, although
this guidance is quite persuasive since the equipment is not likely to be
r sold to the airlines unless the customer needs are fully satisfied.

3 As indicated in Appendix B-2, FAA ILS certification requires that
Localizer and Glide Slope receivers satisfy the Minimum Performance
Standards contained in RTCA Documents DO-131 and DO-132. Appendix B-3
identifies the parameters that are quantified as localizer performance
standards in DO-131; Appendix B-4 identifies glide slope performance
standards in DO-132.

These documents have received wide distribution in the avionics indus-
try and have been used by all known current suppliers to guide their designs.
This does not mean that all commercially available ILS receivers will meet g
performance standards presented in the RTCA documents. These standards are :
mandatory only for U.S. scheduled carriers. The higher-priced receivers
used by the airlines (reflecting their strong commitment to maintenance of
schedules with safety) may exceed most of the standards; the lower-priced
receivers, such as those used in general aviation applications, reflect the
less stringent demand for precise schedules. The latter equipments will
meet the most important standards (such as channel capacity and frequency
accuracy) but may not meet some of the cther criteria (such as receiver
sensitivity, dynamic range, and interference rejection). The degree to
which a design complies with or exceeds the standards is some measure of
equipment performance excellence.
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ARINC Specification 404 Air Transport Equipment Cases and Packing

ARINC Report 413 Guidance for Aircraft Electrical Power
Utilization and Transient Protection

ARINC Report 414 General Guidance for Equipment and Instal-
lation Designers

RTCA DO-131 Minimum Performance Standards -- Airborne
ILS Localizer Receiver

RTCA DO-132 Minimum Performance Standards -- Airborne
ILS Glide Slope Receiver

ARINC Specification 410 Mark 2 Standard Frequency Selection System
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RTCA DO-138 Environmental Conditions and Test Procedures
for Airborne Electronic/Electrical Equipment
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2.3.5 Environmental Considerations

RTCA Document DO-138 (currently under revision by RTCA Committee
SC-123) prescribes the environmental conditions and test procedures for
airborne electronic and electrical equipment and instruments. Table 2-3
presents the temperature/altitude categories that may be applied to com-
mercial equipment. The Technical Standard Orders do not ordinarily require
any specific category from DO-138; however, they do require the equipment
nameplate to carry the proper inscriptions defining the design limits or
test limits employed in the qualification of that equipment. The buyer
can consult the nameplate and determine the level of environmental quali-
fication for which a particular box has been tested.

2.4 PURCHASE DOCUMENTATION

2.4.1 Procurement Documentation

The AEEC-developed Characteristic is applied individually by the air-
lines. While the detail differs from one procurement to the next (depending
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on quantity and other factors), and from one airline to another, the
general process is the same. The airline technical and contracts/
procurement personnel develop the total procurement documentation. This
documentation may invoke the Characteristics only by reference or may not
mention them at all; but it sets forth in detail the airline requirements
for support, reliability, warranty, quantity, and other desired features.
It is then used as the basis for negotiation with the supplier.

2.4.2 Supplier Selection

The supplier is selected in a simple manner, since the equipment has
been manufactured to ARINC Characteristics and the aircraft wired for the
equipment. Satisfaction with past performance is a major selection factor.
A given procurement may be influenced by other considerations from the
supplier; examples are reductions in the cost of modifications to other
equipment that the supplier has furnished to the airline, or "trade-in"
allowance on a competitor's equipment that is being replaced. While use
of trade-ins as negotiation points is not specifically recommended, the
Air Force may wish to explore this possibility for its cost advantages.

The availability of several interchangeable, competing designs
establishes the climate in which a cost-effective selection can be made.
In each instance, however, it is always clear that the airline expects
satisfactory service from the new equipment or the next purchase will be
another supplier's product.

Each major vendor attempts to establish a favored position with a
particular airline. The personal relationship between the vendor and an
airlines avionics-acquisition team serve to encourage the "favored supplier"
climate. Personal relationships are only a part of the favored position,
however. Demonstrated performance as an indication of supplier commitment
to the airline's requirement is the principal factor. Occasionally, an
airline will try a manufacturing competitor's avionics equipment (perhaps
without purchase but on a trial-performance basis) to compare it with
previously purchased products and to consider it for future acquisition.

The "favored position" makes it more difficult for a new vendor to
establish himself in the market; it requires that the vendor prove himself
and his product. This must be accomplished by producing an equipment with
outstanding capability or cost benefits and by demonstrating a commitment
to support the airline operation. Assuring the availability of the function
the equipment performs, rather than providing simply a piece of hardware,
becomes the primary factor for the supplier and discourages a casual entry
into the market.

2.4.3 Support Considerations

Each airline negotiates contract items that reflect its particular
operations and maintenance philosophy. Level of spares, documentation for
maintenance, training of maintenance personnel, and other factors vary
significantly between airlines. Most of the major carriers, however,
prefer to have their own maintenance organizations since equipment may be
kept in the operating inventory for 20 years. The acquisition of new
equipment usually involves a warranty, with reliability demonstration to
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permit equipment anomalies to be reconciled, a stable reliability charac-
teristic to be demonstrated, and a final equipment configuration to be
established. From this experience, accurate spares requirements can be
established, maintenance personnel can gain experience with the system,
documentation needs can be identified, and decisions can be made to modify
existing test equipment or buy new equipment. The warranty period can
cover one year to five years, depending on the maturity of the equipment
design, the decision to support or not support organically, and other
factors.

2.5 MARKET ASPECTS

2.5.1 Market Continuity

In the airline avionics market, continuing procurements occur as new
aircraft are acquired, regulations relating to avionics change, or techno-
logical advances offer cost benefits to airline operation that are attrac-
tive enough to dictate new equipment acquisition. (Examples of these
circumstances are the impetus for 25-kHz channel spacing in the VHF spectrum,
which will have a significant impact on much of the NAV/COM avionics in
use; and the introduction of the inertial navigation systems, which permitted
the airlines to reduce the aircraft crew by one member on certain flights.)

A relatively continuous and predictable market prevails as a result.

2.5.2 Manufacturer Motivation

A significant benefit of the airline avionics continuing market for
standard form-fit-function equipment is the opportunity it presents to the
various manufacturers: 1loss of an award from one airline does not deny a
manufacturer access to the rest of the market. He may attempt to sell his
product to another airline, or to the same airline on a subsequent procure-
ment, by offering features or price that he believes will provide a competi-
tive advantage. As a result, there is constant encouragement to enhance
product performance within the bounds of operational requirements and to
reduce cost with a view to potential sales during the next procurement.

Individual orders for commercial avionics deliveries, seldom more
than 100 units, provide the uniform and predictable avionics market during
a given time interval. Manufacturers can therefore project a market segment
they can expect to capture with the commitment of certain resources. Thus
production capability can be geared to meet the market, and relatively
stable equipment cost estimates can be made. Use of risk capital in the
preparation of an equipment can then be prudently justified.

Since most of the research and development associated with new avionics
technology is funded by the Government, the manufacturers can direct their
attention and resources to adapting this technology to commercial applica-
tion. Little of the commercial aviation equipment represents an attempt




to extend the electronic engineering "state of the art". Vendors who manu-
facture for the air transport industry concentrate on the interchangeability,
reliability, and performance of their equipment; "state of the art" has very
little selling power in the airline community unless it offers substantial
cost benefits.

|
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CHAPTER THREE

A COMPARISON OF COMMERCIAL AIRLINE
AND MILITARY PROCUREMENT PROCESSES

3.1 INTRODUCTION

To identify elements of the commercial avionics procurement process
that might be considered for adaptation to the military process, the two
processes are compared here and similarities and differences are examined.
It is important that the reader appreciate that our major concern is with
the processes by which commercial and military procurements are made. The
commercial Characteristic and the Military Specification represent only
elements of the processes (see Figure 3-1). While they are admittedly
important elements, the differences in the two documents are reflections
of basic philosophical differences in the overall procurement approaches.
As noted in Chapter Two, the commercial process encourages and depends on
sustained competition throughout the life of an equipment. 1In the military
procurement, there is generally no multiplicity of suppliers for a particu-

Air Force Airline
Procurement Procurement
Package Package
RS Rt acer ks oe T P !
: ARINC :
s
P — l Characteristic |
Specification
Contract
Items
Statement
of
Work
*ARINC Characteristic is
usually not part of the
airline contract -- it
— only 1nf}uences equip-
ment design.
Items

Figure 3-1. SIMPLIFIED COMPARISON OF AIR FORCE
AND AIRLINE PROCUREMENT PACKAGES
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i lar system. It is understandable, then, that the procurement processes and
documents are significantly affected by the differences in approaches.

With this recognition of the basic philosophical differences in the
two processes, we can concentrate on the resultant differences in the con-
trolling documents. Specifically, we will compare the Characteristic-type
document with the Military Specification in terms of development, content,
and application.

3.2 ASSUMPTIONS AND CONSTRAINTS

For purposes of this comparison, two conditions are imposed to limit
the effort to the time and funds available:

* Only elements of the military process that are applicable to the
ALS procurement are considered.

* It is assumed that the equipment will make use of long-term warranty
and contractor support as opposed to Air Force organic support. As
noted above, this assumption was necessary to permit the timely com-
pletion of the effort. It should not be concluded from this work
that contractor support is essential to military use of commercial
procurement practices. The use of organic maintenance was simply
not treated; thus conclusions concerning such support cannot be
drawn from this study.

This latter assumption, however, may not be so limiting as might be
expected. The contractor-maintenance approach can be altered even follow-
ing initial procurement. If such an option is anticipated, however,
arrangements should be made to ensure that the contractor will be able to
provide any required documentation.

4 The topic of organic versus contractor support involves extensive
trade—offs? for which data are currently being developed through several
pilot programs. By the time the ALS specifications are to be applied to a
procurement, it is expected that substantive data will permit determina-
tion of the most cost-effective approach.

3.3 APPROACH

The approach to comparison of the elements of the two procurement
processes involved several steps. Examples of documents for specific
equipments were examined and compared. Specifically, the Characteristic
for the commercial Instrument Landing System (ILS) was compared with the
military AN/ARN-XXX TACAN Specification. The ARN-XXX was chosen instead
of the military ILS because the latter does not represent a typical mili-
tary procurement. The ARN-XXX represents a current procurement with
extensive invocation of supporting specifications and is comparable, in
terms of function and technology, with ILS and ALS. While the AN/ARN-XXX
document is a combined development and production specification, it is
illustrative of the content of the typical avionics specification.
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As a part of the review of the two procurement processes, ARINC Research
interviewed numerous personnel and examined various applicable regulations
and guidance documents, as well as typical provisions contained in Military
Specifications, to determine whether this classical, stringent documentation
would be required if the commercial process were applied to the ALS program.

With the scope of the investigation thus defined, the steps by which
Military Specifications and ARINC Characteristics are developed and the
content of the resulting documents are compared in Section 3.4. 1In Section
3.5, the effects of the documents on purchasing practices are considered.

3.4 COMPARISON OF THE DEVELOPMENT AND CONTENT OF MILITARY SPECIFICATIONS
AND ARINC CHARACTERISTICS
In this section, we will compare the procedures by which Military
Specifications and commercial characteristics are developed (Section 3.4.1).

In Section 3.4.2, we will compare the content of the two resulting documents.

3.4.1 Development of the Documents

3.4.1.1 1Initial Activities

In both the military and commercial situations, higher-level manage-
ment authorizes the development of a specification on the basis of a justi-
fied need. 1In the case of the ALS system, the need is to permit aircraft
to operate into appropriately instrumented landing sites. The System
Project Office (SPO) and the airline engineering organizations are assigned
responsibility for preparing the military and commercial documents,
respectively.

The SPO assigns a project engineer or project manager to initiate
specification development. To prepare this document, he may employ a team
of selected Air Force personnel, assign the task to an Air Force labora-
tory that possesses the requisite skills, contract with a consulting
organization, or use some combination of the three.

In the commercial situations, the AEEC airline representatives direct
the committee to prepare the appropriate Characteristic. A subcommittee
chairman who is particularly knowledgeable in the specific area is named,
and the subcommittee is formed to write the document. The subcommittee is
composed of interested airline and industry participants who are technically
expert in the subject area.

3.4.1.2 Basic Guidance and Methods

Preparation of the Military Specification is heavily influenced by the
requirements and conventions of MIL-STD-490, Military Standard Specification
Practices. Each requirement element in MIL-STD-490 must be addressed.

While it is not necessary for the project manager tc emphasize all items
equally, if he does not, he must be prepared to defend why he is de-emphasizing
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some item before any of a number of reviewing specialists. While this
conventional emphasis can have significant cost implications, the Air Force
nevertheless generally adheres to the conventional Military Specification
development process.

In development of physical and operational performance specifications,
frequently the requirements are offered only by a single user, although
in some cases the development of the specification takes advantage of
information from other using-command requirements and from manufacturers
on an individual basis. However, because the Military Specification con-
ventionally includes considerable internal-design detail, manufacturer-
contributed information, if used, can bias the subsequent procurement in
favor of the contributor's technology and compromise the competitive
aspect of the purchase. The Air Force, therefore, is particularly careful
about accepting a particular manufacturer's recommendations concerning a
new equipment specification. In addition, unless an individual manufac-
turer's contribution is thoroughly examined in relation to the alternatives,
potential applications, and costs, an approach may be adopted that repre-
sents something less than the best alternative; and this becomes "frozen"
into the design. These and other factors work against interchangeability;
and the buyer becomes a captive of one manufacturer's unique system and is
subject to subsequent additional costs for modifications to alter undesired
parameters identified after the award.

A significant difference in the commercial process is that the airline
Characteristics are developed in open exchange with the avionics and air-
frame manufacturers, encouraging thorough examination of the various con-
siderations. Guidance is received from the committee members (users),
emphasizing each member organization's peculiar requirements. The need
for interchangeability among manufacturers' products is stressed, and the
competitive basis for future procurements is established. This exchange
emphasizes the technical application of the equipment. Special considera-
tions such as reliability, repair, training, and warranty are handled by
the individual airlines for each procurement.

The "open forum" approach may be employed by the Air Force. Comments
on committee operations and conflict of interest that should be considered
are included in Chapter Four, Sections 4.3.1.1 and 4.3.1.3, respectively.

All technical contributions are finally circulated among the full
membership of the AEEC for review and comment before the Characteristic
takes final form, further assuring broad technical acceptability. The
military also conducts a review process. The emphasis, however, is gener-
ally on assuring that all requirements imposed by regulations and references
will be met. After initial preparation, the new draft specification must
undergo an extensive coordination cycle to assure that it properly reflects
all the requirements imposed by the regulations and references. Unfortunately,
many of these requirements are not directly applicable to the basic opera-
tional characteristics of the equipment but address other ancillary consid-
erations. Because of this emphasis on the other items, a broad assessment
from many conflicting vantage points (as occurs in the open forum) may not
be accomplished. Further, many of the persons who review the new document
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have a tendency to add more restrictive elements -- elements that were
relevant to a previous procurement, that prescribe another function, or
that otherwise increase the complexity of the document without a strong
incentive to reduce cost

If the specification is to be used by more than one command or more than
one military service, this cycle of amendments and changes is even more com-
plex. By the time the new specification is ready to be published, it often
contains numerous regulatory references, a set of difficult performance
requirements that may be unduly influenced by a few extreme applicaticns,

a stringent test program not necessarily representative of the end-use
environment, and a formidable list of test plans and reports that must be
prepared by the hardware contractor -- all intended to assure proper field
performance.

The airlines also require that the supplier provide some administrative
items. 1In general, however, the airlines determine product acceptability
on the basis of in-service performance. This performance reflects require-
ments for such items as documentation, spares, and test requirements. The
supplier, then, is made responsible for in-service performance.

The concept of in-service satisfaction may also be adopted by the Air
Force. Early, rigorous field testing, involving perhaps a "lead the fleet"
operation, coupled with an effective warranty plan (see Section 4.3.2.3),
can provide the kind of product assurance achieved by the airlines.

3.4.1.3 Time Required for Development and Coordination

The development of the draft Military Specification can be very rapid.
However, the final coordination of the document is usually time-consuming.
The process is further lengthened by the numerous changes and amendments
that must be incorporated to satisfy individual coordinating activities.

The development of the ARINC Characteristic, on the other hand, is
usually a time-consuming process. However, the coordination is effectively
included in the development process. The final approval cycle of the ARINC
Characteristic consists only of concurrence by the Airlines Electronic
Engineering Committee. The document is then published by ARINC.

Actually, because the ARINC Characteristic develops rather slowly,
the manufacturers often do much of their product development during the
process, so that one or more equipment manufacturers usually have designed
and demonstrated their boxes before the Characteristic is published.
Government certification is not usually a time-consuming process, and manu-
facturers can accept orders at about the same time the Characteristic is
completed. This is, of course, considered by the suppliers to be an
effective marketing approach. The users have described their requirements,
and the suppliers proffer actual equipments to meet the requirements. There
is an obvious advantage to having a suitable equipment for sale before the
competitors do. There are few examples of this kind of timely response and
competitive, risk-capital development in the military avionics environment.




If an Air Force specification-development committee of responsible
representatives from all interested activities is formed, the approval
cycle should be less time-consuming. Managers will be aware of the
specification content while the development is progressing and can influence
the content through their representatives. When completed, the document
should contain no surprises and should therefore be subject to expeditious
approval.

3.4.2 Comparison of the Resulting Documents

Because of the basic philosophical differences between the military
and commercial procurement approaches, there are some significant dif-
ferences in the specification documents.? In essence, the military depends
on the specification to assure that all equipment characteristics considered
essential to proper field performance will be met. The supplier then develops
an equipment to meet the specification. If the resultant equipment does meet
the specification requirements, the supplier has fulfilled his responsibility,
regardless of whether the specification adequately reflects the end-use
requirements. Since the procuring activity recognizes this situation, major
attention is directed to addressing in the specification every factor that
might influence field performance of the equipment.

The airlines, on the other hand, judge the acceptability of the equip-
ment on the basis of in-service performance. In essence, the supplier is
made responsible for meeting an end-use requirement rather than for fulfil-
ling the specification requirements. This, of course, is possible because
alternate equipment sources are available. If an equipment is unsatisfactory
in actual use, the manufacturer may be required to make no-cost corrections.
In the case of reliability problems, he might be reguired to furnish (at
no additional cost) additional pipe-line items to compensate for the impact
of failure. 1In some cases, the user might be willing to accept the deficient
performance on the basis of a price adjustment. If a mutually satisfactory
solution cannot be agreed upon, the supplier may have to withdraw his entire
submission.

Not surprisingly, then, this basic difference in approaches is reflected
in the length, coverage, and amount of detail in the two document types. In
the following paragraphs, we will indicate the effects of these differing
philosophies on the documents by comparing the content of military specifica-
tions with the content of ARINC Characteristics. To facilitate the comparison,
we will address the six standard sections of Military Specifications and
compare the content of each with the coverage provided by the ARINC Charac-
teristic.

3.4.2.1 Section 1l: Scope

The "scope" section of the Military Specification indicates the con-
tent of the specification and identifies the equipment of interest. This
function is similarly accomplished in the introductory section of a
Characteristic.
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3.4.2.2 Section 2: Applicable Documents

In the "Applicable Documents" section of the Military Specification,
the documents referred to in the specification are tabulated. In general,
a Military Specification calls out many more references than does a
Characteristic.

A striking illustration of this point was provided in a 1973 report!
prepared by the Defense Science Board. In their report, the Board showed
a "typical example" of the content and application of specifications and
standards in a Military Specification and its commercial counterpart.
Figure 3-2, taken from their report, compares the references from the
AN/ARC-XXX specification with those called out in the Characteristic for
the VHF communications transceiver. The Board's comments are quoted in
the following paragraphs:

"VHF Radio, ARINC Characteristic: *

Basically, ten documents cover this procurement. Examina-
tions of these ten documents will show that the hardware defi-
nition is a functional specification only, with no attempt made
to define methods, processes, materials, or components. In other
words, this description relates only to form, fit, and function.
('Function' will define cnvironmental and safety-of-flight
characteristics.)

"UHF Radio, DoD Specification:

It is obvious that the typical Military Specification goes
far beyond a mere definition of form, fit, and function. 1In
addition to design details, the Military Specifications also
define processes, materials, components, quality procedures, and
other similar requirements. For instance, there are:

4 specifications and standards on soldering
26 specifications and standards on fastener hardware
10 specifications and standards on structural welding

21 specifications and standards on adhesives

"The first three specifications and standards called out
by MIL-E-5400 require 13 pages just to list by title.

"In the case of the commercial contract, enforcement of all
documentation depends upon the guidelines set by the users. Each
manufacturer complies to the degree he believes necessary to sell
his product. By virtue of their procurement activity, the users
of the equipment have final approval (enforcement) of what is
procured. They directly procure their equipment from the manu-
facturer of their choice, and they only have to buy what they
actually need in the way of performance -- the product which most
clearly meets their requirements.
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