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I
The four-month study reported on herein was performed by ARINC Research

I 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

I evaluate the feasibility and potential cost benefits of developing and

I applying ARINC Characteristic-type TRACALS specifications for a future
Advanced Landing System (ALS) avionics procurement.

J 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
Laflainme, and Mr. Seward Norris.

A wealth of information concerning AEEC activities and Characteristic
development and application, as well as helpful suggestions for the report,

i 
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

I
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 conimer-
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 Traff ic  Control and Landing Systems
(TRA CALS) 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 orgar.ic Air Force
maintenance. This assumption , ho~’ever , does not preclude the us
of alternative warranty approaches. Full-life warranty offers
the extreme condit:cn for the anai~ s~~~. Other alternatives ,
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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



5. SPECIFIC CONCLUSIONS

The following specific conclusions were reached :

Indisputable data on cost and reliability comparisons of mi l i ta ry
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 insurmeuntable 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
suf ficient information upon wh ich the committee responsible for
Characteristic development can base size, cost, and performance
trade-off s, 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 . ~ata—requirements reductions
are also related to eiirrination of äetaiied equipment ~e~ i~ n an~
production control.
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• 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.x
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CHAPTER ONE

INTRODUCTION

1.1 ALS PROGRAM DESCRIPTION

The curr€ rtc Instrument Landing System (ILS ) in wide use by the aviation
community as an all—weathe r terminal guidance and landing aid has demon-
strated technical deficiencies that limit its application. As a result , an
international exploration of viable alternatives tha t can replace the present
system has developed. The Radio Technical Committee for Aeronautics (RTCA)
Special Committee 117 has developed a set of technical recommendationsl7* for
a new system that would o f f er suf f i c i ent improvement potential to justif y
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 t r a f f i c  control and navigation facil i t ies, but also those civil and
mil i tary facilities of allies and faci lities 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 . Equ ipment to
satisfy the Air Force requirements in the context of an international micro-
wave iandin q 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 .21 It is
generally agreed that competition between suppliers throughout the l i fe
cycle is the principal factor in lower acquisition costs.1°

*SuperscriE~~s refer to numbered :ri tries in the Bibliography , Appendix H.

1—1
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1.2 PROJECT OBJECTIVE S

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 , f i t , 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 wou ld otherwise be possible since if one manufacturer ’s avionics equip-
ment does not meet airline needs , a s~~ tabie aitei~nate 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 fu l l
range of anticipated AbS 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—2



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 simp ly
the two principal documents influencing these processes. Initially, com-
mercial procurement practices were reviewed and compared .ith Air Force
practices to identify similarities and differences. The comparisons
addressed regulatory/legal , technical (includ ing cost), and other facto~ s.

Regulatory/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 conf l ic t—of—interes t  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 a i rcraf t
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—l41,
and T-37. Limited data on the F-l5 were also reviewed . In addition , the
performance , quality , and cost attributes of airline and military avion ic
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 part icipants in
open meetings.

Several basic assumptions were made ear ly in the program to limit the
effor t  to the constraints of the time and fun ds allocated :

Use of full—life warranty was assumed . This permitted the minimi-
zation of requirements fcr supportic’~ specifications , statement-of-
work items , and contractor surveillance and reporting. Furthernore ,
this assumption need not be adh~ .L ec~ tc ~ien the procurenent occurs
or the contracted items are delivered . If mure definitive informa-
tion became available prior to ccrtract award , aiternative lin:.ted



Reliability Improvement Warranty (RIW) could be included in any
contract, or organic support could be used. P~rrangeinents 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 of f-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.

1—4



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.

1—5 
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CHAPTER TWO

CURRE NT 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
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. 1,2

In the mid-l930s, when scheduled f l ights were confirming the emergence
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 l930s , 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.

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 3taffs of their own. By late 1947 the airline companies that owned

• ARINC decided to have ARINC continue writing specifications but to move the
procurement of avionics into the airlines themselves. This decision broad-
ened the competition among the avionics suppliers who had emerged from the

2—1
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war , and it highl i ghted ‘~~~~~ rc~ ~~fo r in t ’  ,:.• e - ~I i 1 L t y  of equipments.  In
turn , these multiple pr - i r~~- m t  •~.ifiei tL~ c~)o!rrat i~ r ~•f a i rl ine  repre-
sentatives and equ ipre :~t manufac:cr~~:.:- ~ th definit .~~ cf n.~w “black
boxes” . Thus, in 1949, ~~ :~ir I:rt~ 

• c ’~~ n i~ Lr~q inee r ing  ~rnIr ittee (AEEC )
was established , with its f t . ~~ ~~~~~~ .:urn c~ t~~:Lr.ica1 parti~ 1~~ tion~~ It has
remained a dynamic Lcdy dur ing  the  25 ~~~~~~ of its existence.

2 .1 .2  AEEC Structure

Because of the AEEC ’ s s~~~cess in cr~~cai ing Character is t ics  (or speci-
f icat ions> for  airlir.e av ion ics , the  o~~rr itcee ::e~ uent ly  has been desci f e C
as “ a committee tha t  works . Th e ~~~~ coc~.~ ctee consists of 31 persons ,
including the four rn isheo by A~~Ih C to f~~r ct ion  as Chairman and provide
the secretariat func t ions .  However , only 22 of the committee members are
voting members. Table 2-I l ists the  AEEC menbership. Many other interested
parties, representing wide public interest , attend the meetings. Typical
attendance has exceeded 200 contributing observers from airlines, govern-
mental regulatory cjrocps, military ~-.~er.cies, av~onics equipment and a i r f rame
manufacturers , and members of the press.

Table 2 — 1 .  AIR ~~IEE;~ ~~~~CTi~O~~IC ENGINEERING
COMMITTEE (AE EC ~

Vot~~ g Members Numbe r

U.S .  Scheduled Air l ines  14
European Ai r l ines  ~~~ ioeer ir~c Committee 6
Canadian Air l ines  1
General Aviation 1

Total Voting Members 22

Advisory ~Ncr ,vot ing ) Members Number

ARINC (Chairnan and Secre tar ia t )  4
Air Transport Association of America 2
Ir.ter: ,ac~ ona1 Air  Tr ar ,sport A~ scciat ion  1
U .S .  Mil i tary  2

Total Nc:~vot ing  Members j 9

2.1.3 Constraints

The airlines success ir. Lta :•minq 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 a i r l i ne  process , a basic step in
any cor.sidera~~~cn of a :~ :~~~‘~~ oial u~~~~~~ ses to military use. The
steps leadi .o to the ac~ u :sit  • .  ~f avoc •:E ar~ r~ cic~’e~i , star ting with
the crepara~ :nr cf the prod occ~ .;r s -~o.f .:-tv r. Lat ablishment  of the
re~ u ir em e r t  and the  ~~~~~~~~ rcsc~~’~o . an d c.evel . c ent e f f or t  are excluded ,
as a basic fact in a i r l in e  crc-  r~ ’~- c .  • :~ f n l  I. E . A si~ i1ar
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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 DEVELOP MENT

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 justi f ies
the expenditure of funds for equipment acquisition) , the AEEC , by airline
consensus, will establish a subcommittee to draft the document.25 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 air lines, manufacturers, and others to compile the first draft.
The initial “ straw man ” draf t  may be the product of one of the avionics
manufac turers , the AEEC secretariat, an airline, another source , or a
combination of these.

2.2.2 Evolution of the Characteristic

The draft  is circulated and reviewed by the fu l l  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 draf t  is again distribu ted 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 informall y~~by the AEEC
Chairman in a chart reproduced here as Figure 2-1.

Af ter developmen t, 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 ItS 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 , ;d~Itc 1e- ~a1 ‘ - ‘u nae l is u s u a l l y  in ~t t e n d a nce
to assure that no decisions are mede that could be Construed to be price
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fixing or restraint of trade. The exchange, otherwise , is as open as the
manufa cturer ’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 af ter 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
Character istic 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.
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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 (bu t not a specific weight requirement ) , cooling ,
equipment interconnection , and equipment interface with other avionics
elements such as automatic f l ight 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 aircraf t 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). In
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 , hign-performance radios rnther than equipment of
m inimal weight and dimensions.” Finally , renoving any doubt of the desired
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philosephy , 578 says “airline customers are interested j~r ima rily in the end
result rather than the means employed to achieve it.’

2.3.3 Appendixes

Tc 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
(ICAO) 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
Administra tion (FAA ) , become TSOs. In addition , a chronology and a bibli-
ography may be included to permit a prospective supplier to rev iew 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 S~ipplemental References

As part of the equipment descr iption in the Characteristic , re fe rences
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 str ingent
regulatory items -- the ICAO Annex 10, which pertains to international
telecommunications agreements; and the two FAA Techn ical 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 l ikely 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 satisf y the Minimum Performance
Standards contained in RTCA Documents 00-131 and DO-l32. Appendix B-3
identifies the parameters that are quantified as localizer performance
standards in DO—l3l; Appendix B-4 identifies glide slope performance
standards in DO-l32.

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 -~

- me of the other criteria (such as receiver
sensitivit~ , dynamic range , and interference rejection). -The degree to
which a design complies with or exceeds the standards is some measure of
equipment çerformance excellence .
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Table 2-2. SUPPO RTING DOCUMENTS REFERENCED IN
CHA RACTERISTIC 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-l3 1 Minimum Performance Standards -- Airborne
ILS Localizer Receiver

RTCA DO-l32 Minimum Performance Standards -- Airborne
ILS Glide Slope Receiver

ARINC Specification 410 Mark 2 Standard Frequency Selection System

MIL—STD—704 Aircraft  Electrical Power Systems

RTCA 00—138 Environmental Conditions and Test Procedures
for Airborne Electronic/Electrical Equ ipment
and Instruments

ICAO Annex 10 Aeronautical Telecommunications

TSO C34c Technical Standard Order -— ILS Glide Slope
Equipment

TSO C36c Technical Standard Order -- ILS Localizer
Equ ipment

2 .3 .5  Environmental Considerations

RI’CA Document 00—138 (currently under revision by RTCA Committee
SC-l23) 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-l38; 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 (dependiny
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philosophy, 578 says “airline customers are interested j~rimarily in the end
result rather than the means employed to achieve it.”

2.3.3 Appendixes

Tc 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
(ICAO ) Annex 10, or the Technical Standard Orders (TSOs) for the equipment .
Minimum Performance Standards are developed by the Radio Technical Conimis-
sion for Aeronautics (RTCA) and , when adopted by the Federal Av iation
Administration (FAA), become TSOs. In addition , a chronology and a bibli-
ography may be included to permit a prospective suppl ier 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 ICAO Annex 10, which per tains 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 cer t i f icat ion requires that
Localizer and Glide Slope receivers satisf y the Min imum Performance
Standards contained in RTCA Documents DO-l31 and DO—132. Appendix B—3
identifies the parameters that are quantified as localizer performance
standards in DO—l3l; Appendix B—4 identifies glide slope performance
standards in 00-132.

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
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) hut may not meet ~nme oL the other criter ia (such as receiver
sensitivity , dynamic range , arid iriterferer.ce cejection). The degree to
which a design ccrnpl ies with or exceeds the standard s is some measure of
equipment performance excellence .
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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 D0-13l 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

MIL-STD—704 Aircraft Electrical Power Systems

RTCA 00-138 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 C36c Technical Standard Order — —  ILS Localizer
Equ ipment

2.3.5 Environmental Considerations

RTCA Document DO-l38 (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 s .lected in a simple manner, since the equipment has
been manufactured to ARINC Characteristics and the aircraft wired for the
equ ipment . 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 acqu isition of n ew
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 need s can be identified , and decisions can be made to modif y
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 MARXET ASPECTS

2.5.1 Market Continuity

In the airline avionics market, continuing procurements occur as new
aircraf t 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 Manufact urer 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: loss 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 offer ing 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
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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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CHAP TER THREE

A COMPARISON OF COMME RCIA L AIRL INE
AND MILITARY P ROCUREMENT 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 d i f ferences  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 Mili tary Specification represent only
elements of the processes (see Figure 3-1) . While they are admittedly
important elements, the dif ferences 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 l i fe  of an equipment. In the mi l i t a ry
procurement , there is generally no mult ipl ici ty of suppliers for a par t icu—

Air Force Airline
Procurement Procurement
Package Package

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  1
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  I 

ARINC I
Equipment 

I Characteristic *

Specification - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  -
Contract

Items
Statement

of
Work

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
*ARINC Characteristic is
usually not part of the

r airline contract —- it

I Contract only inf luences equip-
ment desigr1.Items

Figure 3—1 . SiAN IFi~ r C3M~~•P1 .  ‘~~ -~‘ OF 1R FOF ~C F
\h~ A :RL:NE PR ;  1~ ’!1F.~~T F ~T
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lar system. It is understandable , then , tha t the procurement processes and
documents are significantly affected by the differences in approaches.

Wi th this recognition of the basic philosophical d if ferences 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 compar ison , 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 .

The topic of organic versus contractor support involves extensive
trade-off s~

’ 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 procuremen t
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 AP.N-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 par t of the review of the two procurement processes, ARINC Research
interv iewed numerous personnel and examined various applicable regulations
and guidance documen ts, 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. In 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 Initial 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. In the case of the ALS system, the need is to permit aircraf t
to operate into appropriately instrumented landing sites. The System
Project Off ice  (SPO ) and the airline eng ineering organiza tions are assigned
responsibility for preparing the military and commercial documents,
respectively.

The SPO assigns a project engineer or proj ect 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, Mili tary Standard Specification
Practices. Each requirement element in MIL-STD—490 must be addressed .
While it is nnt necessary for the project manager tc emphasize all irems
equally , if he does not, he must be prepared to defend why he is de-eriphasizi n~

- - 
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• 
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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 Mili tary Specifica tion
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
informat ion 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 inf ormation , 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 “f rozen ”
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 signi ficant 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 draf t specification must
undergo an extensive coord ination 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 ~~~~ess other ancillary consid-
erations. Because of this emphasis on the other items, a broad assessment
from many confbcting vantage points (as occurs in the open forum) may not
be accomplished . Further , many of the persons who revie~ the new document
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have a tendency to add more restr ictive elements -- elements that were
relevant to a previous procurement, that prescribe another function , or
that otherwise inc rease the complexity of the document without a strong
incentive to reduce costi~

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 applications ,
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. In 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 deve lopment 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.
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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 exped itious
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 docum ents.12 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 speci fication . If the resultant equipment does meet
the specification requirements , the supplier has fulf illed 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 tha t
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 required to furnish (at
no additional cost) additional pipe-line items to compensate for the impact
of failure. In some cases, the user might be willing to accept the deficien t
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 effec ts of these di f f e r ing
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 Mili tary Specifications and
compare the content of each with the coverage provided by the ARINC Charac-
teristic.

3.4.2.1 Section 1: 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 report13

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 onvironmental 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. In
addition to design details, the Military Specifications also
define processes, materials, components, quality procedures, and
other similar requiremen~ts. 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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I
“When DoD procurement agencies select commercial equipment

for their use on a contract, they add to the end-item cost con-
siderably by listing the commerc ial par t number , assigning new
Federal Stock numbers, and then reverting to the commercial part
number before they can obtain the item through the DoD procure-
ment system.

“DoD applies a large hierarchy of specifications and stand-
ards that are of ten not strictly applicable to the product --
but they are applied and enforced.”

3.4.2.3 Section 3: Requirements

The “Requirements” section of a military specification is a substantial
portion of the document. The intent of the section is indicated by the fol-
lowing excerpt from MIL—STD-490:

“4.3 Section 3 - REQUIREMENTS. The essential requirements
and descriptions that apply to performance , design , reliability ,
personnel subsystems, etc. of the item , material or process
covered by the specification shall be stated in this section.
These requirements and descriptions shall define , as applicable,
the character or quality of the materials , formula , design , con-
struction , performance , reliability, transportability , and pro-
duct characteristics , chemical , electrical , and physical require-
ments, dimensions , weight, color , nameplates , product marking ,
workmanship, etc. This section is intended to indicate, as
definitively as practicable , the m inimum requir~~nents that an
item, material or process must meet to be acceptable . The
Requirements section shall be so written that compliance with
all requirements will assure the sui tability of the item ,
material or process for its intended purpose, and non—compliance
with any requirement will indi~.ate unsuitability for the intended
purpose . Only those requirements shall be specified that are
necessary and practicably a t ta inable .”

In some areas , the Mil itary Specif ication and the ARINC Characteristic
are similar. In other areas, the emphasis is considerably different. In
the matter of performance , for example , both documents describe the same
general requirements. Table 3-1 was prepared to aid in this comparison. It
displays the performance characteristics called out in the Military Speci-
fication for the ARN-XXX (but omitting the DME portions to make the two
equipments more comparable) and in ARINC Characteristic 578 for the Airborne
ILS Receiver. The table shows that both address the same basic performance
parameters and environmental conditions.

In Table 3-2, the requirements of the two documents dealing with physical
characteristics of the two equipments are shown . While both dictate condi-
tions relating to form and f i t , it is significant that the ARINC Character-
istic tabulates these factors under the heading of “Interchangeability ”,
which is the major reason for their specification.
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Table 3-2.  A COMPARISON OF MILITARY AND CIVIL EQUIPMENT SPECIFICATION i0UIOELINES~
PHYSICAL ATTR iBUTES

Mi l i t a ry  Specification OCTE 72-1 1 AR INC Characteristic 578-2
Airborne ARN-XXX TACAN Navigation Set Airborne ILS Receiver

Receiver/Transmitter Interchangeability Standards
Weight
Form Factor Receiver
Connectors, Input/Output
Modularity Ferns
Front Panel Configuration -.s:sn r ’vtnr s
Suppression Connectors Hold Downs, Extractors
AGE Connectors Fit lections

Cooling
Control Unit Interface i i ir l r , s;

Weight
Form Factor Control Panel
Modularity
Mechanical Design Configuration

Connectors
Unit Interchangeability Frequency Selection Method

O n/ O f f  Control
Integral Lighting
Interface Wiring

Power Circuitry

Primary Power Input
Power Control Circuitry
Comxnor. Ground Restrictions
AC Common Hold Limitations

Antenna

Frequency Requirements
Radiation Pattern Considerations
Transmission Line Considerations

Interwiring

Automatic Test Equipment

Connect ions
Unit Identification
Pin Allocation

Product Marking
Workmanship
Human Engineering
Over toad Protection
Anti-Jamming

Materials, Processes , and Parts
Moisture and Fungus Resistance
Parts Selection
Nonstandard Parts Approval
Finish and Color
Electrical Connectors
Microcircuit Devices
Corrosion
Quartz , Crystal Units
Elapsed Time Indicators
Motors
Wiring
Cables, Wayeguides, Cable Assemblies

Electromagnetic Radiation
Equipment Spectrum Signature Data
Antenna Conducted Spurious
Electromagnetic Interference Control

3—11 

-~~~~~ •-~~~~-~~~~~~- ~~~ - -  ..~~~~~‘----.



In relation to interchangeability, it is noted that one aspect of the
ARN-XXX specification represents a desirable change in requirements. It
specifies that the new TACAN must be compatible with the AN/ARN-21 wiring
already installed in aircraft, thus eliminating the need for an aircraft
modification to accept the new black box when it becomes available. This
is a part of the so—called form-fit-function approach that has been stan-
dard in airline equ ipment for many years , but it is unusual in military
requirements and could undoubtedly have been used to advantage in past
procurements. One important aspect was not included in the ARN—XXX require-
ment. There was no stipulation that wire—for-wire signal/level compati-
bility be maintained or that all equipment elements be interchangeable
between manufacturers’ systems. As a result, individual system elements
cannot be replaced. In the event a replacement is required, either the
same manufacturer ’s item must be used or the entire system must be replaced.

Two additional observations concerning requirements seem appropriate .
The Military Specification includes a section on Materials, Processes, and
Parts. No equivalent is contained in the Characteristic , indicative of the
commercial philosophy of stating “what” is desired as opposed to “ how ” it
should be provided . Further, the Military Specification “Requirements”
section is the basis for acceptance or rejection of the item —- not end—use
performance.

Several additional requ irements imposed by the Air Force and the air-
lines are tabulated in Table 3-3. As indicated , these requirements are
generally not included in the Characteristic but are reflected in the
procurement (contract) document. There are excellent reasons for this
practice, primarily in the interest of promoting competition and flexi-
bility. These items are customarily handled in this manner so that varying
user needs may be accommodated in each different contract in a cost-
effective manner and without the need for committee action if a contract
item change is required. The flexibility also permits accommodation of
product tecimical growth and lessons learned in such areas as reliability,
maintenance , logistics, and training without compromising the inter—
changeabil~.ty for the user. Since the Air Force constitutes a single
procurement activity, the flexibility provided by separation of these
requirements is of less concern.

Particular attention is directed to the requirements for documenta-
tion. The AN/ARN-XXX procurement is somewhat unique in that some added
documentation is involved because of the imposition of warranty conditions.
The provision for AFLC responsibilities in the procurement also results
in some extra reporting requirements. Nevertheless, the AN/ARN-XXX
specification provides a useful model for comparison with the documenta-
tion requirements in the commercial Characteristic. Table 3—4 lists the
DD Form 1423 data requirements included in the AN/ARN-XXX specification
and the requirements included in a similar airline procurement. The
appreciably greater requirements of the Military Specification are apparent,
and the cost implications to the supplier and the buyer in generating and
using the data are significant.
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Table 3-3. A CO~~ ARI SON OF MILITARY AND CIVIL EQUIPMENT SPECIFICATION CtIIDELINES;

ANCILLARY ITEMS

Military Specification DCTE 72-1 ARINC Characteristic 578—2
Airborne ARN -XXX TACP.N Navigation Set Airborne ILS Receiver

Reliabili ty Charac terist ics

System MTBF Requirements Hot part of a characteristic;
Component MTBF Requirements treated by contract item
Life Expectancies
Definitions

Maintainability Characteristics

Operational Stability Part of ARINC equipment characteristics
Scheduled Maintenance Requirements Covered by other ARINC Characteristics or
Equipment Checkout. Fault Isolation , and Repair ATA specifications
Modularity Requirements
Defin i t ions

Logistics Design Considerat ions

Maintenance Requirements Not part of a c h a ra c t e r i s t i c ;
Supply Requirements treated by ATA s1secifications and contract item
Facilities and Facility Equipment Requirements

Personnel and Tr a i n i ng

Personnel Requirements Not part of a charac ter i s t ics
Operational treated by contract  i tem
Maintenance

Training Requirements

Transportability Characteristics

Transportation Modes Not part of a characteristic; treated by contract
Employment and ADA specifications
Deployment
Logistics Support
Storage

Installation Orientation/Vibration Isolation Treated by ARINC Characteristic

Documentation

Contract Data Requirements Not part of a characteristic;
treated by contract and AlA specifications

3.4.2.4 Section 4: Quality-Assurance Provisions

Quality-assurance provisions in the TJSAF and airline equipment-
acquisition processes differ significantly, as represented in Table 3—5.
While the airlines do pursue quality-assurance programs, albeit in an
informal manner, the market environment provides the primary incentive to
manufacturers for product performance. The military, on the other hand,
strives to obtain product performance through very thorough test and
evaluation programs during development and prior to acceptance. The
basic military approach is to perform all examinations and tests necessary
to ascertain that all requirements have been met.
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Th b.l e 3-4 .  DO cuMENT ATION COMPAR ISON

Contract Data Requir ement s -— AN/APN-XIX Procur ement Typica l A ir l i n e  Procurement Dat a Requ irmaent e~

Monthly Reports One-Time Requirements
Progra m Schedule Report Maintenance Manu a l
Production Analysis Repo r t Op erating Man ual
Pr odu ction Pro gress Report Overhaul Manual
Con fsqu r ation Management Accounting Report Repair Manual if  warranty i s  not for l sf ~ of equipment
Coat Perfor mance Repor t Spare Parts Price List

spare Parts Proc ure e,ent Lead—Time Not i f i ca t ion  Report
Quar tnr ly Reports In i t i a l  Provi. ioninq Requirements Report

Data Accession List /Internal  Data Report
Contract Fund s Stat us Rep ort As Requ ir ed
Reliabi li ty and Maintainability Allocations , Aesenem ente, Service Bulletins

and Ana lysis Man ual Changen
Reliabi li ty  and Maintainabi l i ty  Data Reporting, and Feed back Warranty Claim—D ete rmination Report

Re linb i l ity /M a intai nabil i ty  Progra m Sta t us Rep ort 
SLide; , tapes visual Aids , and ot her t r aining ~atn niain as seqs.iizoi

One Time Reports 
Infor mation 

Privi lege of making video tap e e iii ma nufact urer ’ s factory to assist in

Engineering Data for In itial logistic Support (Category 0) 
on i~ n fl9

Eng ineering Data (category H)  Access to inspection ef drawings , stress- and component-ana lysnu
Engineering Data (Category I (  results , and consu ltat ion wi th  coqnirant en gineeri ng personnel f ’ s
Engineeri ng Data (Non—Govern ment Design) dincus eion of these doc uments
Contract Cost Data Sumary Data necessary for installation , maintenance . and repair of equlp. ent .

Preservation ~nd Packaging Report spare units , and spare parts (if decision is later made to revert to

Renter Material  Supp ort Record organic maintenance fr om a warranty prog r am )

Decalcomanian and Other Marking s Engineering drawings cusS data for installation , service , end rep air of
Technical Orders tent equipment and tooling required for equip ment , spare units , and
Bulk It ems List spare parts
Delinquency Delivery Report for Spar e Parts
Spa re/Rep air Parts/AGE Deliver y Schedule
Numerical Parts List
Preliminary Group Assembly Parts List eunited Airlines and Pan American Airways contracts used as reference.
Pont Source cnding Conference Production List
Soft Consumable Items List
Provisioni ng Screening Data
Aerospac e Gro und Equip ment Plan
Configuration It s,” Development Sped fications
Configur ation It em Prod uct Fabrication Specifications
Non—Standard /Non—Preferred Electronic Parts Data
Parts Control and Stand ar dization Plan
Engineer ing Drawi ngs for Design Review , Audits , and Evaluation
Contract Cost Data Ssomsar y
Trai ning supp ort Data
Technica l Ord er Pu blication Plan
Technical Orders (Manuscri pt Copy)
Preli minary Technical Order s
Va l idation Record for Technical Orders
Electro magnetic Compat ibility Plan
Reliability /M aintain a bility Program Plan
Reliability/ Ma intainability Demonstration Plan
Optimum Repair Level Analysis
Reliab ility/M ain tainal, i lity Assessment Tent
Syet~~~/Denign Trade Stud y Rep orts
Acceptance Teat Proceduree
Identification l4et of Standard /M odified (land Tools
Electr omagnetic Compat ibility Test Plan
Equip ment Test Plan (Non-System)
General Teat P lanJ P r ocedu re n
Test Rep orts - General
Drawi ngs (Dndim ena ional)
Procurement Data Packages and Lists
Data accession List/Internal Data

As Requi r ed Report m
Specification Maintenance Document
Minutes of form a l Review Inap ections and Audits
Engineeri ng Change Propoea la
Procurement Method Coding Document
Recoverable Itom Breakdown
Provia ioning Documentation For mat
Design/Change Noticea for Spare /Repair Pa r t e
Infor mation Design Change Liat
Production List . for Spare/Repair Parts
Preferr ed Parts Lists
Non—Sta mlard Part. Selected for New Design
Request for Norenclatuc e
Engineering Data R on Research
Technical Order CFAE/CFE Notices
Aeroepace Ground Equipment Recosuiendations
Calibration Requirement. Su~~.ry
Aerospace Ground Equ ipment Illustrations
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Warranty coverage has a simificant effect on the quality-assurance
provisions. Note on Table 3-5 tha t  production acceptance and life testing
are major items in the military environment. In the airline situation ,
however, no requirement is imposed in view of the manufac turer ’s long— term
responsibilities reflected in the warranty .

While some new adminis t ra t ive concerns will  arise as a r e su l t  of
warranty invocations,9 there is no reason to believe that the total
adm in istra tive load will signi f icantly increase because of the change
from organic to warranty support. This will be especially true after the
Air Force has gained some experience wi th warranty program s now being
imp lemented .

3 . 4 .2 .5  Section 5: Pr~paration for Deliv ery

In the airline procurement documentation , reference is made to the
Air Transport Association ’s Specification No. 300, Packaging of Airl ine
Supplies, and to the World Airline Supplier ’s Guide,~ which identif ies the
details of packing for shipment and storage to guide the supplier in pre-
venting damage to the product. It also includes marking for identifica-
tion. The specification is similar in scope to the Mil i tary  Specifications
but is furnished as a recommendation rather than direction . use of the
specification is the m anufacturer ’s responsibility and any damage result ing
from improper packing is le.t to the manufacturer to reconcile.

3.4.2.6 Section 6: Notes

As shown in the description of the modus operandi of the AEEC Committee ,V

dra f t  Characteristics are developed in open forum , with technical contribu-
tions solicited from all participants. The draft is then reviewed by the
full committee. In cases of disagreement or, more frequently, where more
than one approach is developed , the ARINC Characteristic contains a
“commentary ” statement reiterating the pros and cons of the subject, with
whatever other guidance may be of value to the users of the document.~

There is no evidence of a counterpart for this “commentary ” informa-
tion in any Military Specification ; in fact, convention associated with
MIL—STD—490 precludes it. The closest approach to such nondirective
“guidance ” suggested by MIL-STD-490 is found in the Notes section of the
specification , where appropriate “technical notes” are authorized but
seldom used in the manner that is so effective in the airlines. Convention
would suggest that this flexibility has never encouraged the kind of com-
mentary that appears in Characteristic 578. As an example, consider the
guidance on inter fe rence rejection from Characteristic 578, Item 3.1.9.
That guidance is repr-oJ~ ced here as &n illustration of the nature of such
“commentary” remarks , ar4~s s.-~~gests that wh ile the wording may not represent
a desired DOD style, the g,,midance can provide motivating influence when
used in conjunction with the competitive cl~s~ate  of the commercial market:

“The probability that this equipment will find itself
installed im~ the sar’e aircraft as a ~A T - ~M coi~m~unicatior4s
system capable of puttinç out 500 watts of power in the 118
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to 136 MHz band makes good cross modulation and interfer-
ence rejection performance of the utmost importance .
Modern radios util izing semiconductor devices for both
amplif ication and tuning have shown themselves to be less
capable in this area than their older tubed and mechani-
cally tuned brothers , and manufacturers are strongly
encouraged to look for ways and means of improving
matters.”

3.4.2.7 Comparison Summary

In comparing the specification method utilizing ARINC Characteristics ,
RTCA documents, and supporting docume ntation with that utilizing the DoD
Engineering Exhibit and the full  reference set of Military Specifications,
it must be remembered that the two method s reflect basically d i f fe rent
approaches. The RTCA documents, as quoted in FAA TSOs , define the equipment
Minimum Performance Standards under standard and extreme environments re-
quired to provide safe and dependable support of aircraf t operations~

9’20 The
ARINC Characteristic defines the performance the production hardware must
demonstrate to ensure compliance with the acceptable performance criteria
agreed upon by the members of the Airline Electronic Engineering Committee
(AEEC) and the manufacturers who supply the equipment. The Characteristic
also defines those physical and interface requirements necessary to permit
interchangeability, on a form-fit—function level, between different manu-
facturers ’ equipment or between generations of equipment from the same
manufacturers. Together , these documents provide only “black box ” equip-
ment definition. As contrasted with the Military Specification, they do
not address the overall system of which the equipments are a part ; the
processes and services necessary to install, operate , and maintain the
equipment; or the manner in which the equipment designer is to provide for
the defined performance.

According to the Armed Services Procurement Regulations (ASPR), produc-
tion procurements generally require a specification; and several alterna-
tives are available (ASPR 1—1202). Most current Military Specifications
have been prepared according to the standardizing guidance contained in
MIL-STD-490, Military Standard Specification Practices. This document,
mandatory for use by all Department of Defense activities, permits a sub-
stantial degree of flexibility in specification development, and its current
application seems to be influenced more by convention than by direction.
It is capable of accommodating development of an equivalent to the ARINC
Characteristic , with some limitations , through a change in emphasis on
various elements and by use of the form, f i t , and function option (MIL-
STD—490, C2a).

If the commercial approach is adopted by the Air Force, then , signifi-
cant changes in the conventions associated with the normal specification
will be necessary . Specific comments on content will be made in Chapter
Four,

3—17



y - - - - -~ --- — - - -  
~~~~

——- --‘-——‘- .- . -—-

~~~~~

———

~~

.---

~
-‘ .,.

~~~~~~

.-- ‘-—— .—

~~~~~~~~~

-

~~~~

-

~~~~~~~~~~~ 

-‘U’

3.5 INFLUENCE OF CHARACTERISTIC APPROACH ON PURCHASING PRACTICES

3.5.1 The Military Process

Contractor selection and negotiation is an area of significant differ-
ence between the military and commercial processes. For a military purchase
(which uses public funds) vendor selection is a matter of extensive and rigid
procedures. The Armed Service Procurement Regulations and DoD, AF , AFSC ,
IWLC, ESD, and ASD regulations and guidance documents represent a complex of
procedures through which each procurement must be carried . The innovative
procurement personnel deserve much credit and respect for manag ing to process
the number of procurements they do in the face of such a formidable challenge .
Unfortunately, in spite of all the protective measures, satisfactory equipme nt
performance is not assured by this process. A supplier with a performance 

—
record that is marginally acceptable can respond to various requirements
repeatedly and be afforded an opportunity for selection as the lowest-priced
offeror ; where such an offeror is successful, the user is denied the benefit
of a better—qualified supplier. To establish selection criteria that are
restrictive enough to eliminate such offerors is a significant challenge in
itself.

In addition, the serious implications of awarding a large sing le contract
has its effects on the procurement process. In recent years, shrinking
military buying power had led to consolidation of procurements to enlarge
the purchase quantities. The award of “winner take all” contracts can mean
bankruptcy or abandonment of the market for some losers —- losers who are
not necessarily technically incompetent or economically unacceptable. As a
result , the award decisions are frequently protested , and companies apply
political pressure for reconsideration through their congressional repre—
sentatives. Therefore , many pressures are applied to the contracting groups
to document and justify the selection process carefully so that the decision
is not vulnerable.

3.5.2 The Commercial Process

In contrast to military procedures , the airline process requires each
potential supplier to pay the “price of admission” by adapting his product
to the market with his own money. He then presents the product (rather than
a promise of a product) for consideration by the buyers. By providing a
sufficiently attractive product, the new supplier can recover his investment
through competition with the established vendors and capture a part of their
market.

Considering the large potential militar, ALS market, it is reasonable
to expect that manufacturers will be willing to follow the procedures they
employ in commercial procuretnarits. If a market ervirorsrent equi~ialent to
that which exists in the airline situation is created for the military pro-
curement, we expect that contractors will adapt equipments at their own
expense in anticipation of possible sales.
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The selection of the contractor is considerably less formal . In some
cases, an offeror will be solicited to reconsider his bid in light of a
competitor ’s offer of a better combination of features. However, irresponsi-
ble low bidders will be eliminated from the market since their product will
either be inferior because of design or manufacturing shortcuts, or their
selling price will not support their continuation in business. Revised
offers  can include price , performance, or other elements; but the award
does not shut out the unsuccessful offerors, since other purchases by other
airlines can be expected in the immediate future. This latter point is a
significant aspect of the commercial process. Anticipation of future
purchases provides for continuation of competition throughout the entire
production—procurement-operation process. The key is the use of the form-
fit—function, industry—developed specifications and segmented procurement,
so that if one manufacturer proves to be incapable of providing the desired
product , there are alternative sources.

It is also of interest that airline procurements involve small quanti-
ties over a longer period and that no single buyer dominates the market.
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CHAPTER FOUR

APPLICABILITY OF COMMERCIAL PRACTICES
TO THE MILITARY SITUATION

4.1 INTRODUCTION

In Chapter Three an overall comparison of commercial and military
procurement practices was presented. With this background , two major
questions can now be addressed . First, what beneficial results might be
expected from the use of commercial practices (including specification
development by committee) in the military situation? Second, what problems
might be anticipated in applying these commercial practices in the military
environment?

To provide comment on these questions , ARINC Research investigated
the cost, performance , and quality data on military and commercial avionic
equipment. The findings are presented in Section 4.2.

In addition , several factors believed to be possible problem areas in
the implementation of commercial practices were examined . These factors,
broadly characterized as Regulatory/Legal, Technical , and Other , are .is-
cussed in Section 4.3. Installation technical factors are discussed in
Section 4.4.

4.2 EVALUATION OF COST AND PERFORMANCE PARAMETERS

To evaluate differences to be expected in equipment cost , quality,  and
performance , available data from some airline and military avionics procure-
ments were assembled and analyzed . The process and results are discussed in
the following subsections.

4.2.1 Approach to Comparison

To compare the results of military and airline avionics procurements ,
particularly in aircraft instrument landing guidance equipment , an extensive
data search was conducted. The objective was to identify the cost differ-
ences between past conventional military and commercial procurements and use
these d i f f erences to indicate the results of adapting airline specification
and procurement practices for mi~.itary use. However, differences in individ-
ual equipment performance , irssta .iation , environment, convenience , techrio .ogy,
guantity purchases, and period of acquisition , coupied with some data
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deficiencies, make cost comparisons imprecise. The evaluation , then , con-
siders the most realistic acquisition costs that could be determined , pub-
lished physical and performance characteristics, and reliability data .

4.2.2 Data Employed

T~~ lists of ILS equipment types were developed . One represented
equ ipments used by the Air Force ; and the other , equipments used by the
commercial airlines. For each of the equipments , performance and design
data , such as accuracy, selectivity, size, weight ,  and technology employed ,
were collected and considered. The basic sources of these data were manu-
facturers ’ handbooks~ maintenance technical orders , equipment specifications,
and in-house reports. ‘6’8An initial screening on the basis of comparability
of Air Force and airline equipments resulted in eliminating several equip-
ments from consideration. Significant data on the remaining equipments are
shown in Appendixes D and E.

These data were examined in detail , and a representative cross-section
of equipments was selected for further study. For the selected equipments,
reliability and cost data were assembled . This information is shown in
Tables 4—1 and 4-2, along with summary comments on age, technology employed ,
and utilization.

4.2.2.1 Reliability

The reliability values shown in Table 4—1 for Air Force equipments were
taken from a 1972 ARINC Research report.G The figures , expressed as mean times
between failures (MTBF) , were derived from the Air Force 66—1 maintenance
data system. The MTBFs shown are average figures derived predominantly from
transport and 8—52 aircraft. While there are some considerable MTBF varia-
tions among aircraft types, an examination of the complete data set shows
no consistent bias that would favor any aircraft type. Therefore, the
average figures are considered most appropriate.

The data sources employed permitted eliminating unverified malfunctions
from the calculations. Therefore, these figures provide a realistic estimate
of mean times between “failures” as opposea to mean times between “removals” .

For the airline situation , however , the data sources8’~ did not provide
this distinction. The basic characteristic in this case was mean time
between unscheduled removals (MTBUR), and the data could not be modified to
eliminate the unverified malfunctions. Therefore, the Air Force and commer-
cial data are not directly comparable. The bias is such that if it had been
possible to determine MTBF for the commercial case, the reliability figures
shown in Table 4-2 would be higher. In the comparison of Air Force and com-
me~cial equipments, it should be remembered that the airline reliability
characteristics are conservatively stated .

4—2
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4.2.2.2 Cost

The cost information shown in Tables 4-]. and 4-2 was derived from the
sources indicated. Commercial prices represent advertised “list prices”
taken from manufacturers ’ published information. These prices are essen-
tially those offered in the 1968—1970 period. It is important to note,
however , that discounts and other considerations offered by manufacturers
may reduce the “list prices” by as much as 50 percent.

Determination of Air Force equipment costs involved a major problem ,
one which could not be satisfactorily resolved . Cost data were derived
from the sources indicated in Table 4-1. No single source provided inf or-
mation on all equipments. When data were available for the same equipment
in more than one source , there were often variations. In some cases the
unit prices in one source were twice as high as those cited in another.
Further , some sources showed a total equipment price equivalent to the price
shown for a major component in another source.

This lack of consistency militates against the presentation of defini-
tive cost data. The cost information in Table 4-1 is presented so that
gross cost comparisons may be made. The cost sources selected were chosen
on the basis of judgment concerning which were most reasonable . To assure
as much obj ectivity as possible , the judgments used were those made in a
1972 ARINC Research study. That study was concerned only with military
equipment costs, so that the source selections were in no way influenced by
a knowledge of airline prices.

4.2.3 Comparisons

Examination of Tables 4-1 and 4-2 and Appendixes D and E permits some
general observations to be made concerning relative cost and quality of Air
Force and commercial equipments. Table 4—3 , developed to facilitate the
comparison, is organized so that Air Force and commercial system configura-
tions believed to be approximately comparable in terms of performance
characteristics and age are shown in three groupings. In general, all Air
Force and commercial equipments that perform the same function exhibit
comparable accuracy and sensitivity and similar basic operational charac-
teristics.

Because of the diff iculties encountered in establ ishing accurate Air
Force procurement costs , it is not appropriate to make conclusive statements
about cost differences between military and commercial procurements. While
it is dif f icul t  to estimate the accuracy of the military costs, the varia-
tions observed in the sources suggests that the total costs cited for the
f i rst four configurations could be abou t 20 percent high. (There might also
be an error in the other direction. However, in order to be as conservative
as possible in the comparison, we shall comment only on the possible over-
statement of cost.) It is of interest to note that if the costs were re-
duced 20 percent , they would still exceed the comparable airlines costs.

In the f i f th  military configuration , it is possible that a larger
overstatement of costs is involved . If this is the case, the mili tary
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costs could be lower than the commercial list prices. The reader is
reminded , however, that the commercial figures are “list pr ices” and tha t
substantial discounts may be applied .

In relation to reliability, the commercial equipmen t is cons istently
superior to equivalent military equipments. In comparable ir st~~ lation
configurations , each airline equipment exhibits a higher relia)~ility than
any Air Force equipment performing the same function. In most cases, the
difference is appreciable . The reader is also reminded that, as discussed
in Section 4.2.2, the reliability measure selected for airline equipment is
conservative in comparison with the military figure. An increase of 30
percent over the MTBUR figures shown would not be an unreasonable correction
factor to employ to make the two mean times comparable .

The total difference, however , cannot be attributed to the hardware .
Variations in maintenance policies and procedures can influence rel iability ,
as can aircraft environmental factors. Nevertheless , it appears that a
significant reliability advantage accrues to the airlines. Analysis of the
comparative data for installations of systems with equivalent performance
capability shows that the military equipment usually exhibits lower reli-
ability, as reflected by a higher rate of unscheduled removals.

In the area of cost , a lack of conclusive data militates against a
definitive statement on cost differences. It should be noted, however , that
the cost comparison presented above deals only with acquisition costs. Sup-
port costs, which were not evaluated, are heavily influenced by equipment
reliability. 2~Figure 4-1, taken from a recent ARINC Research report,

5shows
the effect of MTBF variation on logistics support cost. This curve was
generated for the Defense Navigation Satellite System receivers by using an
adaptation of the AFLC Life Cycle Logistic Support Model. The figure is shown
only to demonstrate the shape of a typical support-cost curve, since the ab-

— scissa values are dependent upon quantity and life-cycle period. It does
illustrate, however , the proportionate savings attributable to higher MTBFs.

Joint consideration of the acquisition-cost data and the influence of
higher reliability on support costs strongly suggests that the airlines
enjoy an overall cost benefit.

4.3 POSSIBLE BARRIERS TO MILITARY USE OF COMMERCIAL PROCESS

In recognition of the significant differences between the military
and commercial situations, factors that might represent barriers to the use
of commercial practices in the military environment were analyzed . The
conditions that create concern over these factors can be generally cate-
gorized as regulatory/legal, technical , and “other ” . (The specific techni-
cal factors concerning equipment installation are treated in Section 4.4.)

4.3.1 Regulatory/Legal Factors

The Armed Services Procurement Regulations (ASPR) and supplementary
DoD directives establish a complex array of policies and procedures govern-
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ing procurement by the various Department of Defense aqenci -s. These are
further augmented by Air Force , AFSC , AFLC , and ESD quidance documents. In
spite of the formidable appearance of these documents , a de--’iree of flexi-
bility is permitted. Operation within the bounds of these directives appears
to be dominated more by convention than by specific pol ic ies and procedures .

To assist in evaluating the possible effects of the existing regula-
tions , the principal in f l u e n c ing d irectives were reviewed; then a possible
method for Air Force use of commercial practices in the ALS procurement was
hypothesized . Comments on the viability of the approach were then solicited
from Air Force procurement professionals and management personnel, who s~q-
gested charlges to facilitate implementation within an evolving directive
structure. The comments provided by the Air Force procurement community
were extremely helpful  in setting the possible course of action in the proper
perspective .

In the following subsections, comments are presented on four basic
regula tory/legal fac tors : Committee Operations, Anti—Trust , Confl ict of
Interest —— Allegation of Conflict , and Procurement Procedures.

4.3.1.1 Committee Operations

One of the legal problems is related to the development of the specif i—
cations. To permit the development of Mili tary Specifications for the ALS
in a climate similar to that used for the development of airline Character-
istics, an open forum should be established . In utilizing such a forum ,
care must be taken to insure compliance with PL 92-463 , “The Federal Advisory
Committee Act” , and 0MB Circular A-63. One of the principal purposes of the
Act is to prevent collusion, price f ix ing, or restraint of trade , which could
result from restricted public access to full particulars related to informa-
tion influencing a potential future procurement. The Act requires a “fish-
bowl” process.

4.3.1.2 Anti-Trust

Airline personnel and others responsible f or ar ranging AEEC committee
deliberations have been acutely conscious of the importance of avoiding any
possibility of anti—trust violations in conducting industry meetings. To
avoid anti-trust problems and to comply completely with the Federal Advisory
Committee Act, all personnel involved in any TRACALS/ALS Advisory Committee
will have to exercise care to assure the following :

• That all meetings are conducted openly and with government
representation

• That there is no discussion of prices
• That any cost discussions are limited to the general cost implica-

tions of d i f ferent technical approaches

That there is no pos3ibi ity of group action that could penalize
nonparticipating mar~~fac turers , favor any man~~act-~rer cr g~-c~p
over another , or in any way limit effective compezition for the
government ’ s business
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4.3.1.3 Conflict of Interest —— Allegation of Conflict

Some may allege that the airline open-forum committc~ meeting s may
place participating vendors in a conflict-of-interest position. However,
since these meetings would be open to the public, anyone could attend and
thereby become familiar with the evolution of the ALS specification.

Append ix G of ASPR sets forth certain rules for t)~ie “Avoidance of
Organizational Conflicts of Interest”. Rule 2.b. is set forth below:

“2. If a contractor agrees to prepare and furnish
complete specifications covering nondevelop-
mental items to be used in competitive procure-
ment, that contractor shall not be allowed to
furnish such items, either as a prime or sub-
contractor , for a reasonable period of time
including , at least , the initial procurement.
This rule shall not apply to:

a. Not applicable.

b. Situations where one or more contractors
acting as industry representatives assist
Department of Defense agencies in prepar-
ing , refining or coordinating specifica-
tions , regardless of source , which
assistance is supervised and controlled
by Government representatives.”

It is believed that the open-forum type committee, meeting with full indus-
try participation, is within the exception of Rule 2.b. of Appendix G of
ASPR cited above.

4.3.1.4 Procurement Procedures

The procurement process can be modified if necessary, or deviations
granted ; but it is flexible enough so that experienced and imaginative Air
Force procurement personnel can achieve the desired objectives through
alternative procedures and reinterpretation of the regulations. One point
commented on by many of those interviewed was the basic factor in ASPR
1-100, which states that the “ . - . ASPR is not intended to stifle the
development of new techniques or methods of procurement. Innovations to
obtain desirable objectives will occasionally necessitate deviations from
ASPR . . “ Most interviewees felt confident that the basic process could
be followed within present regulations but that if a situation arose in
which a conflict could not be reconciled , a deviation might be granted by
the ASPR Committee or a change in regulations could be pursued . Basically,
however , the use of techr.iques that promote free and open competition wou ld
not conflict with the intent of the regulations .

Procurement specifications are generally required by ASPR for any pro-
duction purchase. Specifications developed by the ALS Committee must be

L 
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supplemented by additiona l documents , identif ying all cont ractual items , to
permit selection of the lowest qualified bid or the purchase of several
alternate but interchangeable equipments from several supplier s on the
basis of a cost/capability assessment. Without compromising current direc-
tives, the necessary specifications can be assembled and applied without
extensive manufacturer reporting requirements or monitoring .38

4.3.2 Technical Factors

4.3.2.1 Specification Content

Because of the basic difference in philosophies in the current military
and commercial procurement approache s, there are significant differences
between the Specification and the Characteristic . If the military chooses
to adopt the airlines approach , the resultant specification would not include
all of the items currently employed in Military Specifications . Implicit in
the form—fit-function specification , for example, is a departure from the
piece-part-configuration-control detail currently encouraged by MIL-STD-490,
MIL-E-5400, MIL-STD-454, and ANA-400. Relinquishing such control will not
necessarily cause as serious a support problem as is frequently suggested .
Under the present procurement philosophy, there has been extensive prolifera-
tion of different systems to meet relatively minor variations in application.
Furthermore, within a particular design , modifications and ECP5 have pro-
duced a multiplicity of configurations that compromise the degree of control
achievable. As a result, the advantages of broad standardization are lost
and the user is still denied the advantage of interchangeability between
system components.

In general , if the commercial procurement approach is used , some
specification provisions may no longer be necessary . On the other hand ,
some may still be desirable. The military Program Manager must ultimately
decide which requirements are to be retained and provide for them in much
the 03aine way as the airlines. Generally, warranty coverage over the life
of j-he equipment should permit elimination of many specification provisions
and DD 1423 reports. In addition, references that control the manufacturer ’s
activity rather than product performance may be easily deleted .lk

Retention of Specification Provisions

In this effort, no attempt was made to perform an exhaustive review of
all possible specifications that could be invoked in the ALS production pro-
curement. Rather, more general guidelines to assist in the selection of
supporting specifications are offered on the basis of a review of the
ARN-XXX supporting references.

If the ALS equipment is to be manufactured in a highly competitive
environment, according to form—fit—function requirements, the ALS specifica-
tions should be quite similar to ARINC Characteristics. Performance re-
quirements must be identified , but the usual “how to do it” specifications
should be eliminated . In a few cases, such as those defining the methods
for measuring performance, it is most appropriate that the method of
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measurement be contained in the contractual Work Statement rather than in
the equipment specification. Table 4—4 lists two sets of reference docu—
ments. The first set cites those documents considered appropriate within
the specification. The second list contains those publications that may be
incorporated in the Work Statei-~~t. Other publications are not considered
essential to this procurement should be included only in those cases
where adequate justification c~ - a developed .

Table 4-4. PUBLICATION REFERENCES

Document Category
Title Dateand Number

Publications to be Cited in Equipment Specification

ARINC 404A Air Transport Equipment Cases and 15 March 1974
Racking

MIL—STD—704A Electric Power, Aircraft , Charac- 9 August 1966
teristics and Utilization of

ICAO Standard Annex 10 to Convention of Inter-
national Civil Aviation
Organization (amended March 1972)

Publications to be cited in Appropriate Tasks Included
in the Contractual Statement of Work

MIL-N—l8307 Nomenclature and Identification 29 February 1972
for Electronic , Aeronautical ,
and Aeronautical Support
Equipment

MIL-STD-l30 Identification Marking of U.S. 5 March 1971
Military Property

ARINC 568 Mark 3 Airborne Distance 1 June 1971
Measuring Equipment

RTCA Document Environmental Conditions and Test
Procedures for Airborne
Electronic/Electrical Equipment
and Instruments

DD Form 1423 Items

Of particular interest are the data requirements normally called for
on the DD Form 1423. Purchase of ALS equipment through an Air Force adapta-
tion of the ARINC Characteristics/AEEC equipment development and procurement
process would eliminate the requirement for most of the 1423 development
data now contracted for. To help establish the items to be retained , the
AN/ARN-XXX Contract Data Requirements List, DD Form 1423, as revised 25
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October 1972 , containing development and production data requirements , was
examined . Later revisions of this list accommodated three different mainte-
nance concepts: (1) no organic maintenance under a warranty program,
(2)  initial warranty followed by organic maintenance , and (3) total organic
maintenance. The latest revision was not available for use in preparing
this report and, in any event, reflects a conservative approach that retains
many data requirements simply as a “backup”.

Most of the Form 1423 data requirements found in contracts such as the
A1’1/ARN—XXX contract are not applicable because of the very nature of the
proposed procurement process, i.e., no Air Force contract for development ;
total manufacturer responsibility, at least initia l ly ,  for product perform-
ance; and the competitive market environment. Further , assuming full h f  e-
cycle warranty provisions, many other data requirements may be eliminated;
others may be combined. By the time ALS equipment is purchased by the Air
Force , warranty administration data requirements should be well documented
and the requirements list presented here may be modified.

By using the AN/ARN—XxX Form 1423 data requirements list as a reference ,
a suggested list of data requirements to be retained for an ALS equipment
purchase was developed . This list, presented in Table 4—5 , was developed
primarily to assist in reducing the number of general areas to be covered
so that significant savings could be realized in initial data preparation ,
data management , and review.

Several data items not included in the recommendations of Table 4-5
merit mention:

• The information contained in the traditional Progress Curve Report,
DI—F—3207, should be developed in negotiations . The Procurement
Method Coding Document , DI-P-346 1, identifying proprietary rights,
loses significance when only form, f i t , and function are purchased.

• Within the assumptions of this stu dy, engineering , configuration
control , reliability and maintainability control , parts control,
production monitoring , provisioning , and maintenance—data require-
ments are not required so long as the manufacturer is responsible
for all maintenance , other than LRtJ removal/replacement and checkout,
and for the product’s performance via warranty provisions.

• Most Air Force personnel contacted suggested that the existing ,
rather detailed T.O. format is required to meet Air Force maintenance-
personnel skill levels. However, assuming that warranty provisions
are included , the technical requirements in removing/replacing and
testing LRUs are more than met in typical manufacturers ’ maintenance
and operating manuals. The cost savings in substituting these manuals
for the T.O. development and management system are substantial.

• Manufacturers ’ plans for specific programs such as electromagnetic
compatibility, reliability,  maintainability, and testing -- ostensibly
required to assure satisfactory performance -- are applicable only
to the extent that ir.itial equipment-performance demonstration is
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Table 4-5. RECOMMENDED CONTRACT DATA REQU REMENTS

Procurement Method Information , DI-P-3473

Identifies source of parts used in production.

Decalcomanias and Other Markings, D1 L 333A

Identifies manufacturer ’s product markings for USAF review.

Numerical Par ts List, DI—V—38ll

Provides description of manufacturer ’s component identification
system (should incorporate all parts and subassembh ies , may be
incorporated in a report and also identifies parts cost).

Training Support Data , DI—H-3258A

Provides information essential to personnel training.

Identification List of Standard/Modified Hand Tools, DI—V-3284

Preservation and Packaging Report , DI-L— 3305

Identifies manufacturer ’s preservation and packaging experience
for fu ture reprocurement use , also identifies methods of preserva-
tion and packaging of product by USAF during shipment/storage or
upon return to manufacturer.

AGE Recommendations , DI-5-3596

Calibration Requirements Summary, DI—5— 36l5

Data Accession List/Internal Data Report , DI—A- 3077

Principally used to determine manufacturer ’s compliance with
requirements. Use could be changed to provide a source of non-
contract data information when/if required at a later date.

Manufac turer ’s Main tenance Manual

Manufacturer ’s Operating Manual

Bulletins and Manual Updates

Engineering drawings and data for installation , service, and repair
of test equipment.

Warranty Administration Data
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necessary . This demonstration could be performed by one of the
appropriate Air Force laboratories. However , product performance
must be proven in service to demonstrate acceptability.

The formal review, inspection , and audi t procedures , and the related
reports are not applicable to the proposed acquisition process.
Where the Air Force program manager does review a manufacturer’s
progress , the exchange should be one of suggested changes to make
the product more likely to meet the Air Force requirements. Con-
sideration must be given to the cost such chan~es may involve or
to assuring that they can be incorporated without added cost to the
Air Force. The manufacturer bears the responsibility for the
marketability of his product in the competitive arena and should
consider any recommendation in the light of the competitive situa-
tion. Reports documenting such changes should be prepared by the
Air Force personnel responsible for recommendations.

The principal differences between the two procedures are the military
dictation of design detail, with extensive and detailed reporting for
ancillary elements, and the form-fit—function parameters identified in the
commercial purchase. The airline procurement merely identifies the ele-
ments the manufacturer must consider if he intends to compete against the
others. Except for TSO tests and any qualification tests that the airline
or the manufacturer may perform to identify salient characteristics, it
allows the proof of performance to be determined in actual operation. The
artificial aspect of control documentation is then removed , eliminating a
costly manufacturer requirement as well as a requirement for a large staff
of airline personnel to receive, analyze, and utilize the data that would
have been generated .

4.3.2.2 Costing Requirements

During the course of the committee specification development, it will
be necessary to assess the cost implication of the design alternatives
considered. Because of anti—trust considerations , cost discussions cannot
take place with potential hardware vendors in attendance. This should pose
no serious obstacle to the development of an acquisition-cost goal for the
ALS by Air Force personnel.

Cost estimates can be made from two basic approaches. First, cost-
estimating relationships may exist or may be developed for similar avionics
systems to express acquisition cost as a function of one or more technical
parameters. The second method requires making detailed estimates of mate-
rials and manpower required to produce the system. Each approach would be
utilized to provide a means of cross-checking the validity of the other.

The initial cost estimates should be made as soon as the committee has
identified the basic functional design concept. The estimated unit acquisi-
tion cost may be compared with program criteria for the amounts affordable
in the context of the total installation required and the funds available.
Design trade-off s may be required if estimated costs exceed program limits.
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The final selected functional design should have associated with it
an acquisition (flyaway) cost. This cost should be used in future ALS
procurements by the Air Force to evaluate potential vendors ’ prices relative
to the program obj ectives. ’3’23’35

Complementary to the design-to-cost activity, an assessment of the
life—cycle-cost implication of the system should be conducted . Steps
associated with life—cycle—cost analysis include the following:

1. Select and adopt an appropriate LCC model

2. Acquire requisite data to exercise model

3. Compute life-cycle cost

4. Perform sensitivity analysis to determine major factors that
influence LCC

The AFLC LCC model can provide the basic model for consideration.
Its cost elements would have to be reviewed systematically to determine
their relevancy to the ALS.2k

Sensitivity analyses can be performed after the basic model has been
structured and the data base assembled . The sensitivity of reliability ,
maintainability, spares quantities, and pipeline parameters to life-cycle
cost are key areas of analysis. The impact of warranty or contractor
maintenance is another key area that the LCC analysis should address.9

As with design-to-cost, the life-cycle—cost analysis should be per-
formed in parallel with the committee specification development. Results
of the life—cycle-cost analysis should be fed bacK to the committee to be
used as guidance for selecting the concepts that not only meet technical
performance requirements but also are affordable.

Use of both design-to-cost (DTC) and life-cycle cost during the pro-
curement process should serve as advisory activities rather than as specific
contract requirements. While it is recognized that DTC and LCC have been
used as incentive parameters in contracts to some extent, the administrative
complexity of such programs is considered too difficult. It is suggested
that , instead , a reliability-improvement warranty be used in association
with an MTBF guarantee since these provide some measure of cost control and
provide assurance of product quality in the field environment. Warranties
are discussed in the next section.

4.3.2.3 Warranty Considerations

The reliability-improvement warranty (RIW)16provides that the equipment
contractor repair or replace, on a fixed-price basis, all items that fail
during the period of coverage. Recent RIW programs have been for periods
of three to five years. The long—term arrangement makes the manufacturer
responsible for field performance over an appreciable period of the equip-
ment ’s life. The manufacturer is reimbursed for the maintenance service
on the basis of a fixed price computed prior to the unit ’s introduction to

- 
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the field;  the price is predicated upon the expected reliability levels.
Should the equ ipment perform poorly , the manufacturer can lose money unless
he takes appropriate action to remedy the situation . Conversely, if the
equipment exceeds expectations, he will receive added profits because of
reduced maintenance expense. Subject to Air Force approval, the contractor
is permitted to install no-cost ECPs that he believes will improve system
reliability or maintainability .

The MTBF guarantee is another form of warranty recommended for con-
sideration for the ALS. Under this guarantee, the manufacturer must meet
a prescribed field MTBF within a stated period . Failure to meet the MTBF
value requires the manufacturer to loan to the user a stated number of addi-
tional spare units computed on the basis of a formula contained in the con-
tract. Additionally, the manufacturer is required to take steps to improve
the system design. If the equipment is not improved within the agreement
period , the loaned spares become the property of the user. Of course, if
the equ ipment achieves the required reliability,  the loaned spares are
returned. The purpose of the loan of spare units is to provide additional
assets to maintain the logistic pipeline while the manufacturer attempts
to improve the product’s reliability.

The two warranty plans are considered to form a major mechanism for
achieving the required system reliability and maintainability performance.
The use of RIW also provides field and depot maintenance during the period
of coverage. Most RIW programs contain an option for renewal in the event
it is decided to extend the coverage.

Steps for application of warranty include the following :

1. Develop basic provisions to be included in warranty

2. Perform economic analysis of warranty versus organic maintenance

3. Assuming warranty shows an economic advantage , develop final pro-
visions for inclusion in production REP

4. Evaluate warranty proposals to determine their cost benefits

5. Administer warranty program

Selection of warranty and the proper term of the coverage are largely
predicated on an economic analysis. A warranty cost model9 developed by
ARINC Research provides an analysis framework for considering the cost
differences between warranty (for various terms) and organic maintenance .
The model output also provides an estimate of a reasonable price for a
warranty , since the final decision on warranty must be made after the
manufacturer ’s bid is received.

Administration of the warranty is aided by establishing a requirement
for the contractor to acquire and report selected data regarding the warranty
repair activity. From these data, not only can some insight regarding the
product performance be gained , but valuable information applicable to
warranty-extension negotiations may be obtained .
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4.3.3 Other Factors

In addition to the legal , regulatory , and technical fac tors enumerated
in the preceding sections, other factors were considered , as described in
the following paragraphs.

4.3.3.1 Resistance to Change

To proceed with the recommended specification development process set
forth in Chapter Five, advance planning and coordination will be essentials”
to overcome the human resistance to change from the status quo to an innova-
tive and possibly challenging approach. This resistance can be expected at
all levels within the Air Force , DoD , 0MB, and even Congress. Air Force
and DoD approval will be required to use an adaptation of the airlines pro-
curement method rather than the more traditional DoD procurement process,
including the specification development. The Federal Advisory Committ~~
Act (PL 92—463) also requires the Office of Management and Budget to approve
the establishment of any new “Advisory Committee” . It can be expected that
this approach will be challenged at various levels, and the project person-
nel in the TRACALS/ALS SPO should be prepared to defend the approach at
many levels. Personnel with personal interests in existing organizations
and facilities can also be expected to resist testing this approach.

It is also possible that some operational commanders will resist the
concept of contractor support that warranty coverage involves. Such con-
cern with the possible reduction of operational capabili ty as a result of
dependence on contractors for maintenance is certainly understandable.
However , a general trend to rear-echelon maintenance may be necessary for
more basic reasons than those involved with warranties. Increasingly com-
plex equipment and the lower educational level of mi itary technicians
have already strengthened the case for “black box ” or module replacement.
This approach requires sparing at higher levels of complexity and greater
dependence on rear-echelon maintenance. Transition to this concept will
entail diff iculties , of course ; but as these are resolved , the use of
warranties will become of less concern to the operational units.

4.3.3.2 Competition

A basic policy of federal procurement is to promote free and full
competition , and DOD has established very detailed and elaborate procedures
to ensure that this policy is carried out. To the novice who is not famil-
iar with the extensive competition that surrounds airline procurement, it
may appear that using the airline procurement method will inhibit competi-
tion. In reality, however , it encourages all facets of competition , includ-
ing price, performance , and delivery, as long as the equipment continues to
be utilized .

For ALS avionics, which wi ll have its equivalent in the commercial
market, the approach offers  considerable promise since the research and
development for the system elements will be basically complete and the
technological base for production equipment will have been established .
(Actually, the base is currently being deveioped under government funding
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for MLS and ALS , and it is assumed that it will be completed by the time
the production procurements are initiated.)

The “winner take all” situation in the military, in which competition
is effectively removed following contract award , must be modified if the
airline approach is to be viable. It is essential that a continuing market
be maintained if the suppliers are to continue to provide a competitive
influence . 10

Competition following award of the initial production contract is
retained in the airline community by each user ’s making a series of small
unit purchases rather than a single large purchase. Because of the
form—fit-function specifications, various vendors ’ products are inter-
changeable. Users do not encounter higher unit prices because of small
purchase quantities since, in establishing their pr ices , vendors consider
their total production run based on an assessment of the total market and
their share.

Maintenance of competition requires that multiple production awards
be made and that subsequent lots be contracted for on the basis of achieved
price-performance . If the manufacturer knows that there is a potential for
fu ture  sales, he is motivated to improve his product and price.

A comparable approach that we recommend the Air Force consider is to
segment the purchase of a quantity of items into smaller increments over a
defined period , each purchase independent and competitive , so that all
potential suppliers are continually mot ivated to upgrade their offer ing and
bid on the next purchase. While this seems to conflict with the benefits
suggested in larger-quantity procurement, recent analyses have shown that
in avionics—type equipments, the cost savings realized through a competi-
tive, segmented acquisition program can exceed “learning curve” cost bene-
fits of quantity purchases by approximately 20 percent.1L

4.3.3.3 Delays in Procurement Cycle

Since the open-forum process for specification development is time-
consuming (as opposed to the usually more expeditious Military Specification-
development process) , it might be argued that the open-forum approach will
unnecessarily lengthen the procurement process. Although this is theoret-
ically possible , the use of long-term warranties in association with the
procurement eliminates the requirement for a number of procedures. Coordina—
tion with the offices responsible for those procedures can also be eliminated.
The overall development and coordination may thus be no longer, and perhaps
may be shorter , than the current military process.

4.3.3.4 Personnel Relationsh~p~

Development of the TRACALS Specification in an open forum requires an
open and free exchange between participants. The trust and understanding
developed in the AEEC Committee that produces the desired results is a pro-
duct of a stable membership. TRACALS Committee members must be long-term
participants to promote this respect and maximize the opportunity for candid
dialogue.
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When changes to procedures of long standing are proposed , particu-
larly those which imply reductions in effort or in personnel requirements,
strong personal threats are felt by those in the crit ical areas. These
individuals may exert inhibiting pressures on the implementing groups through
the threatened members’ management or through Congressional representatives.

4.4 INSTALLATION IMPACT ON AN ALS “CHARACTERISTIC”

4.4.1 Introduction

An important element in the evaluation of the feasibility of developing
an ARINC Characteristic type specification for use in the ALS Program is
the impact of the physical and environmental differences in the aircraft
types in the Air Force inventory.

For the ALS , the practical application of ARINC—type Characteristics
will depend on the amount of standardization that can be obtained between
systems installed on the various Air Force aircraf t types , as well as
between the Air Force equipments and their civilian counterparts intended
for airline and general-aviation use. A recent study by several graduate
students at USAFIT concluded that large Air Force transport aircraft could
use commercial (ARINC Characteristic) systems with no foreseeable installa-
tion problems , but that installation space and environments found in oper-
ational fighter aircraft were not compatible with the commercial systems.
The study considered installation in the C-5A, C—l3OE , FB-lllA , and F-l5.
An underlying assumption was that the ALS avionics would be built to standard
APR dimensions per ARINC Specification 404 and tested to the environmental
levels described by RTCA DO-138. During the investigation of installation
problems conducted by ARINC Research, the findings of the USAFIT study were
carefully considered .

Three versions of the ALS are contemplated . They are described as
follows:

The Austere ALS is intended to provide ICAO Category I service.
The aircraft requiring this level of equipment will have course-
deviation indicators or f l ight directors but will not have auto-
matic approach systems. This avionics configuration will include
an angle receiver/processor , an antenna , and a control panel. The
receiver will have a pilot—selectable , constant-angle glide slope
and selectable straight— approach paths enabling the pilot to choose
the optimum approach course. In an effort to minimize the costs
of these airborne units, range information may have to be provided
by the TACAN/DME System.

The Standard ALS is intended to provide segmented and multiple glide
slope approaches down to at least ICAO Category II minimums. Select-
able curved or segmented approach paths may be required to avoid
no—fly zones for tactical or environmental reasons. This avionics
configuration will include an angle receiver/processor , DME inter-
rogator , antenna , RE front ends, display and control unit, and
interface unit to the autopilot and indicators. The aircraft
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ut i l iz ing  this level of avionic equipment will be equipped with
analog computation for the flight director and automatic approach
systems.

The Advanced version of the ALS is generally forecast by the manu-
facturers to be very similar to the standard version (but may be
digital or hybrid ), with some added logic for flare and duplicated
units for redundant “fail operational” capability.

4.4.2 Installation Evaluation Approach

4.4.2.1 Establishment of Installation Parameters

Documents relating to airline procurement of an ILS system were reviewed
to establish parameters pertaining to aircraft installation and integration .
The context and the degree of conformity imposed on the system designer was
considered , i.e., f i rm requ irements, option selection , design goal , or sug—
gestion and guidance . The established parameters were used to provide a
typical framework that could be appropriate to an ARINC—type Characteristic
or set of Characteristics for the ALS. Appendix F presents the items con-
sidered relevant to installation “requirements” for the ALS. Appendix G
contains the “requirements” themselves.

4.4.2.2 Description of Candidate Systems

The design and physical attributes of the candidate microwave landing
system avionics prototypes were obtained from the various suppliers. System
descriptions were extrapolated into production configurations by consulta-
tions with the design engineers of the manufacturing companies involved .
These “most likely” configurations for the Austere , Standard , and Advanced
versions are detailed in Table 4— 6. The listings of the attributes as
postulated by the four competing manufacturers were not intended in any
sense as proposals for avionics hardware. Equipments should not be com-
pared ; rather , a consensus may be drawn as to a likely range of parameters
for the airborne hardware. Cognizant engineers were asked to extrapolate
avionic units into production configurations on the basis of their exper-
ience , knowledge of the Air Force requirements, and the desire for
commercial/military commonality with minimum cost impact. Equipment size
and weight reductions, design for severe environments, and mounting and
cooling changes are not impossible or even necessar ily diff icult , but they
may be expensive. The postulated system descriptions can be compared with
the ARINC—type Characteristic framework and with the aircraft installation
constraints noted in Section 4.4.2.3.

4.4.2.3 Examination of Installation Constraints

Difficulties associated with installing the ALS in selected Air Force
aircraft were examined. Three aircraft were selected : the C—14l, which
is projected to incorporate the Advanced version of the ALS; the F-l5 ,
expected to be equipped with the Standard versior~; and the A-37, for an
Austere configuration. Unfortunately~ insufficient data were available
for the F—l5 aircraft, and the F—lS ~cas replaced with the A—7D Limited
information on the F-l5, based cn disc-.ssions with F-15 .E P-D personnel and
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Table 4-6. PHYSICAL DESCRIPTION OF ALS PRODUCTiON AVIONICS
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Table 4-6. (continued ) 
-______________________

Parameter J Fl/ f ” ,t l , f la  hien,Iio J ‘rI ‘ , i I l , t I ,n  Ii :- , , , -oa , ’iI j t t ; , za I  I t ,c  ‘t9,.’rrn

Ii. S lA N IIAI1II I FAA (‘aI,’g:ni I, iI
j

’ tIll
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CatnneCtnmn Dual D IX  plnn TNC’ x DIX  plnn 2 Hand WIG & ‘INC Type N Inc Il l’, nlhornine Can one llI’N hat pr~’t”r frant-
an fmnat not ,(eterminetb nlnaate,i

HF Cable Antn. I,. bib- ’ bb,’ a,ta no h,,ox Ant. I,, lis/i’ ror, a n  ,tB 1/2” aetni riglml coax ptos Ant. l~, blF lea,): 1. S ,hB

I’ II , ’:,,I’, 1~, Mall, I’nitn: ~W’/t nenal rigid m aui 1112—21-I a4 ,tB tnnn (7 - - b - l est’,, enan f ,’r C ttan,i:
n120 11 ,_i I1C—2 1-b mono . 1 1,, 2’ .1 Band Fl,ngnii,ie(

bib’ lt ,’ad t’t M,,in I’nib not
cr t l i  ca t

Antennex tlaa t i k- -I Ban,) tinron In FWII 125,1 Iton,( th,,mnn In p0-tI Ita,Il,me Itnal (I B,,nd It,,mn , in ltm,nl hiS- - I tI:,n,l IIst, -rn:/
lia,i,,xoz, 1; Bon,( 0 4 atoit aft Fwd Itadome IOha,tev t o - I

il Baa,( nnlni’ n a ft lanaI ft Bun,t nxlnl’ n aft 1,0101 (, ti:,n,I lIba,te Aft

~ i i , l e , t  -s ,,:’ ,at wi th  hg ,- n- .,r, nra -nt , ‘ ‘2 :_ I  r~~al med for nbn,rI mnhhe rnna .

the USAF ’t T study ’5 referenced previously, has been included in this report.
With the resources allocated for this part of the study, it was not possible
to investigate the total airframe for available space, which would have
required installation design trade—offs. Therefore, the investigation was
limited to the avionics bays.
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4 .4 .3  Results of Installation Evaluation

The principal parameters of an avionics equipment as normally defined
by the ARINC documents were compared with the MLS production-equ ipment
descriptions and with the aircraft  constraints expected in the selected
aircraf t .  Comparisons were separated into “Austere ” , “ Standard” , and
“Advanced” categories. The tables presented in this section provide a side—
by-side listing of the comparison items for each category . Comments on
areas of incompatibility are provided .

4.4 .3. 1 Austere ALS Configuration

As indicated in Table 4-7 , space in the avionics compar tment of the
A-37B is extremely limited. At least one manuf acturer reports that he can
produce the Austere ALS in a 1/4 short ATR package ; this package will f i t
into the existing ILS space on the A— 37B .

Connectors, connector locations, and interconnection wiring must be
carefully considered because of the interface required ~oith existing air-
craft elements. Of major importance in this regard is the possibility that
the ALS , during the transition period from ILS to ALS, will have to be
installed in addition to ILS equipment. Installation wiring additions to
interconnect ALS equipments should be straightforward and are not considered
to be a significant engineering problem , although they may represent a
significant cost item. However, providing the ability to select ALS or ILS
and utilize a common display will be more difficult. Other system inter-
faces for the Austere version, as typified by the A-37 for example, are not
expected to be a problem (there are no autopilot couplers, RNAV or other
computer interfaces , etc.). The major factors affecting environment are
altitude, temperature, and vibration. Hardware estimates for Austere ALS
units reflect possible temperature problems, but these do not appear to be
severe. However, if the units require forced-air cooling, as proposed by
one vendor, a special plenum/ducting installation would be needed in the
A-37 to supply cooling air.

The last area of potential problems is the use of semi—rigid coaxial
cable. As noted in Table 4-7, this is particularly difficult  to install
during retrofit programs. Special emphasis should be placed on avoiding
the use of semi—rigid cable.

4.4.3.2 Standard ALS Configuration

As indicated in Table 4—8, no space is available in the avionics bays
of the A—7D aircraft. The space occupied by the existing ILS on the A-7D
is approximately the same as the equipment manufacturer ’s estimate for the
ALS.

Environmental conditions represent some problems. Two manufacturers
proposed altitude designs adequate for the A-7D, and another is reasonably
near the requirements. One manufacturer specified an inadequate temperature
range for convection-cooled equipment. The ALS vibration design criteria
were referenced to sinusoidal test specifications that may not be appropriate
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Table 4— - ’ . PHYSICAl . 0)01 INVI11i’sItON’l’AL ILATUI1LS Ut 01,5 AUi,’C t l’t~ 50570)4

ORlIr “Charactan,st i : “ SOS Uos ,lipt000 Aircr a f t  cni ,itnait ,ts

Omit diransiana are sta,slardiz,z,l, They are Eqa,p.nent i,l nnnsia ,,. : Instal la t ion I Ia : ~ - A- t i n .  Avio n i cs sjia ~ m
related to ATI1 - aon s,nns: fall, 4, 1/2 , a m m o  ip 1 m at ,- , .
1,0 , 1/4 ATR tshurt and 10.41, Alan “ tI,PtN” 

heinmon, 10 ,0050

~ u1alaa iinsnrto,t ian , - i ,4  0TH ,a nc i .  ‘ 1/2 0 t , i l t  ATS rib
i/4 ui,onn 0TH lAced’ o l

rail AIR: 10,125’ a. T- _’:” eanieua,. . 1/il aS,,,, l Orb Ioaeolt inei
- 62 ar - _ : .: ,,l s ar . 1:2 “t,,’l I 070 11111 — inoluden UHF unit

Praotianal ATR0 relate t,, sidth ,ljeenxi,,n; -
they air: 3/4 APR • 7,50W , i/U ATE • 4 ,875” , DM0 loot

3/8 0TH • (OhiO ” , 1/4 ATR . 2,250” . ‘ i/4 aI,1,rS ATA hill
1/2 short 011’ (Rondini
i/n abo r t  APR lnaaeltimel

111)’ Itead — I- - 7 - 2 tilt 
— — - — —

Connector typeo s pec i toed : SPA , DCX , UI’S , Connectoro 0,,, ynt  ,Ietnnainnd, Oar iou, ounnector 5 are as~~ . la ,.,’ ,: :U, - - ,50

sing le am dual, Standardized maaertn , Pin nil supplinrs can ann DCX ; dns im e 151’ nr 
shoalS not be a prabiem.

coding required, p 1 connectar for RE i nput (one
manufacturer prefers front-mounted 551,

Connector locations opeci tied on rear at Locations not yet dotormaned lone mann- Aircraft mount can be designed tc  a ‘.1
-units with pmeoone itsmeonionong . fuoturer 1,rcfera froct—m ount h , connector location.

Unit weight limits are related to Loon nina System Weight Intimates (including OME as wei,lht should be knpn to a minimum .
haul oeniidnmed bmndin gl , i/4 short API’ - separate 1~nohageI :
7 to 12 lbA , 3/8 short APR — 5 to iS lb., 

‘ — 32 5 ib
1/2 000rt AiR — 8 to 18 lbs. ‘ ‘ hendla - 21 lbs

aazeitit,n - 20 lbs
ItT — 12 lb.

Inter0000ectUon wiring is specified at she Nat yet definnd , mocept for Rn’ cable type/ Sees-r ig id cable an difficait to unntatl,
unit inierface on ci, connector pin functmnon inns/length. Three lsPEl m m  regairm 1/2” particularly ic retrofit,
identified. RE cable loin and VSWI1 or 3/4” sent—ri gid ,cnn,ai cable, one Bug—
specified, gesnn RG—21 4 betceer, the raceiner and OF

head,

Altitud e - category so p vary ac carding Sc. ‘ in 35.000 ft (TI and Razmiti neh A-37B unprnnnsr iCed — expected ce,l,no
intended use, . To 4S,0X0 ft thesdoot 25,000 Pt,

“tin restriction ” 1 1111

Teeperature - oategoey may nary according ‘ -54’ C tc *7i’ C ITt and Rendmn ) Tenpeeotume eotrne,es eotrapoiarrd from
to intended use —— tied to altitude factor. ‘ —50’ C to all’ C Illaeeltise t avinojon bay test area I—SHY C to o7HY Cl

O to 01(5’ F 1117)

Vibr.tinm — nategnry stay vary accnrdsng to ‘ Sq naoieam to 2000 liz ITO) A—3 lR avincsc n bay tent levels 2g or lesn .
intended use. Teas with sinusoidal input ‘ 3g tsanamue, 50 2000 nx ihendiol
fur maoumtie, eeoarxaoo and/or q level, ‘ i.Sg naaima,e Sn St lie , and lo g  nonntant

55 Ha t :. 2U00 Hz ( nazeltinel
lag lend tI’I’F l

Mounting design guidanc e and discosa inn nard-enlant toaxeit ine and IPTI All 0—3 70 ansnnicn in the aft Buy utilize
offered, clearance and sway space defined. ‘ Vibration asolatorn ITT and nendini moaotn,

Pmoninione for forced—air canling are de— ‘ Carvectiom lit and Rendiel m m c d  air nut currently anailable.
tailed and specified. If ponnib le , equipment ‘ Forced air 11111 -
stmuld require oomvectinn coaling only, . forced air xi th coanectiox option suet air supplied u avson uos 

~~
.

)Oazel tome t

Input power specified by reference to 811,— ‘ 115 Va,, , 400 lIe 10 1111 0—370 urin,ary power 211 Vdc Ills Van . 4 /  Hz
570—704, Category ‘ A ’ . A single type of 115 n.c, 50 to 500 an 10 and 2W Van from invertvr) .
power is preferred with a sing le circuit nendia t
breaker of speoifae d nine, ‘ 115 Vac , 400 an 10 ax,) 20 van tOazelt inet

il l Vito , 400 ax ifl or 30 117Th

‘Standard” content pane 1 is usaa Ily des- Not defined, probable customieed VOP/ILD /ALS panel at towe r
oribe d in detaii , including fore, factor , central instrument panel.
cssmeotnrn. functions , and li ghting.
Preface no nes tha t castn n,e r may want
customized panel .

Disp lay aptixma may be described or the Plac to ann enintin g airomofn displays. 0—170 eu,nning diuplay 10—387 prnb.bly adequate.
function slate discussed , with details left
to the supplier.

Autop ilot coupler may be described or vu, 101 in not i- art of bIOS, Austere vemsian NO autci,lot .
functiona l r.quirementm diecumeed . hey nut luhel y nn to- coat- led for automatic
r equire parallel outputs fne integrity appro ach , Mx d ig ita l out p uts.
en, nitsrinq ,

‘Inc ludes Tso., cC- A Documents , ARIIOC Character is t ics , Repnm ns, and Speci f icat ions ae normally used an cnemtervial prnCureeent,

4—25

I’ 

-~~~~ — -



r ~~~ --- - -~~~~~~~~~~~~~--. -~~~~~~~~~~~ -— —---— ~~--‘ -— - 
-5’

Ta bl e 4-8, PHYSICAL 8,50 ENV IRONMENTAL ~EA1’b’Rt S OF ALl STANDARD nYD’t’LM

ACIhItU “Cha,acteristic ”’ 81,5 Ues,ti )-sivl: Airc ,at t Constraint s

coin ,haxe,nsaoci are standardized, they are Equ ipment Oiee anmnn a , InitdllaniOo St :acn, 0-70. there is no anail able

relan e d tO APR ,.sse s ion full, 1/4 , 1/2 , 
-~~~~~~~~

_
~ - - ,, - ,~n unit space in ti,e avionics bays ,

1/8, 1 4 0Th (Short and Long), Ala ,,, “Et,F I 5” - 
l,,sta lianion Space , F—il . fctreeeiy limited.

rr,dalea tii:so’mteal iato 1/4 ATR u seb . - Xha,r) , APR with ,midtt , £ 5 ” 111
- ‘4 uhart APR or i/- long APR tIl l

19.5625” 12 5c ~~‘ f~ r short) . ‘ 2 long 0TH lOaae ltinxl

Fractional ATR5 relate I’. aidti, dimeosoun, 
ne ndm o prs t ,os eo No’ Cnitn

the S are:  I 4 APP — 7 .50’, 1/2 APR -- 0 .875 ” . ‘ Re , - m iver - i r , ’:rsn,,n ‘c,t 1/2 short APR
1 0  APR — 3 .5675 ” , 1,4 ATR — 2.2 50 ’ . ONE Unit 1 2 ‘.I,,,i t APR

lIP Scud

• C Hand 12 each) A ‘ 7 ‘ 2 1111
• ,J Hand 3 ‘ 4 2 PIt
• Ii Hand 6 ‘ 4 2 h iiaeeltioeh

3 Raxd 5 s 5 - 3 tllareltinel

Connector types specified: SPa. SPA , DPD , Cunnootoro nat yet detmfln uoed , All suppliers A—7 0 avuocico generally have individual ecuats
single or dual standardized inserts. Psfl can use DCX1 coao input TWO or type N, 005dm which ancuessiotune nariuu s connector n ypas,
coding required , requires 3 Hand W/0 into Receiner-Prucessur F-i s equipment generally user front—located i— m c i ,

- on Intl ,,onnentors,

Caeneotnr locations speci fled on rear of Locations not yet determined , lane macu- 0—75 mounts can be designed 10 the selected
units with pmeosae dimensioning . facturer prefnrs fmnrt mount.t Bendiu W/0 connectors.

probably bolted to acm front, P—is may reguure speciai ,ntnefaee racku or
adaptors if rear smunted (Opal connectors are

lImit weight limit s ure me late,) to boa size nystee Weight Estimates, Weight out critical twithin reasonable houcdsb
Inot nunsidsred b lndingf: 1/2 short ATR - 

TI - 31 lb8 no 18 lbs. 1,4 short O T R — l O  no 30 lbs. 
‘ ~~~~ 28 lb

1/2 long ATR — 18 tO 40 lbs. 
Oarel tit,e — 23 lbs
ITT — 17 tc 20 lbs

tnte0005000tion W iring in s,ecifie d at the not yet defined, mocept for RE cable type! Se,ti—rigid cable and w ane guide are di f f icult  tn

unit interface with connector pun functions losu/lengnh, three nappl m m  require 1/2”  mmutall , particularly an retrof i t  involving high-
Identified . RE noble toss and VSWR or 3/HY semi—mmgid coaxial cable, one nag— devoity insta liatmn nn,
sIrUi fmeS . gents RC.-2i4 between thf receiner and OP

head .

Altitude - nateqory say nary a000eding ‘ To 15.000 ft ITO h n—I D avionmca bays ur o ucpmen su rized : 0 to 45, CCI)
no intended use. . to 40 .000 ft hOendint feet .

~~ 
~~~~~~~~~~~~~~~~~~~~~ 

F 1 5 h~~~pr:s lc:d epar~~~nto but altitude

Temperature - category may vary according —54’ C to 071’ C ITT . Rendio and 1111 A—7 a estimated range —54’ C to OR?’ C 1-54’ C
tx intended axe -— tied to altitude factor, -54’ C to o95’C (I’antI,ti,ntI to 415. C St forced abe cooling is usd81 ,

F—lb teeperature environment not determined.

Clbration - category may von~ A000mdinq to Hg ataoimum to 2000 an bill 0-70 equipment specifications call out lag leoei
untanded use. peas with sinanoida i, Loput 3g naaie,as to 2000 On IPendi ol per M IL—E—5 400.
far eamieue M ocursian and/or 9 level. : 5q per o,arve 4. MIL—E— 0400 )tiarelt inel 

p— lS vibratIon levels up to 5,Sg PaID fop to l5g
0110 adjacent to RT side guni

Mounting design guidance and -liscussion Hard—mount inaee ltine and 1111 A— iD all avionics in the avionlos bays rmnr ,cr
offered , clearance and eway space defined, • V ihrotixn i sxtatxcs ill and Rendiot have individua l vibvxtixn mounts xc are in N

mounted rack.

F— 15 avionics are generally herd mounted.

Provisions fur force-air cooling are • Convection t8end ia t Moth A—7 D and the F—lb can suppl y forced—air
detailed end specifIed, It possible , • Forced air ITT & fIT) cooling to selected equ ipelenta in the aeionics
equiriseet should requ:ee .,nve,.tiOr . Forced air with cncvectint option bays. Air flow is the “eenecso ” of the RRIh1C
conlieg only. Il ta zein ivet standard t i c ,  • air is Earned into the equip-

ment rech and exi ts into the avionirs noeparta neet .

Inçu t pnwee 0 r , - , U,ri, by reanrence to . 115 SAc , 400 lIz, 10 or 25 Vdc tTI( moth the 0—70 end the F—OS deliver Ub Van
Mt -O’I’D —704 , Category ‘B’ . A s ingle type 115 Van , 50 to 500 On , 10 and 25 Ode 400 en 30 primary power. 28 Vdc is available
- P power ,n preferred , with a sing le nir— Im endist from PR eennndary source.
coin ti-naher or Npeeif ied sire. 110 Oac , 400 am , i0 mmd 28 Odo

I Oaze lta cv I
. li t 000, 400 tie , 10 or 30 11701 

-ta- d’ nontmv i pac .vl Ia usually Not defined . Cock p it area is nery crowded , Probable nuetneu ced
eoorib ed in detail. including form panel to nomtrol CMI funntion w along with 205/

Carter , rnnaneetnre . fui,ctmons and OLD.
Lighting , Penfane notes that nuntnme e
say want vuatomized peed .

r;splay nptinms say he described or the Plan to unr snaIl ing aircraft displays. Current displays in both simvmsft are considered 
-

(‘m c i -i on  aloe. dienuased , with detai ls adequate,
ltf t ‘io the Supplier .

[“ unvp il nt va upler nay be dee r ibe,; ,r Onandar,1 51/ t ,~ c: c-ide both digital and A—7 0 autop ilot can accept analog inpnta 0-an ie
funvt ,rnal requir ements diseus ev c May - art cv ry an s f,r coupled -o/y,oaot, and not nnw coupled for eutuetati c approaches, N-
‘ e q ’mm r ,  parallel eut ps te far m r - c  t n a t y  d lsplo& . interface with central vwetpute r ,
momitnetog 

F-L I autnp ila t ,‘.co,,n norept La~ ~~~, _ eiL nm

t n  0105 000amennn t.~I : C ~~ r u - c r c , 5 5 ,  0e p n - c t i u / : r e c i 5~~ o-~~cns nn c , o y d r ~~ scomrr~~~~~ prucaremeet,

4—26

- -



I
for modern jet aircraft .  The vibration tests required by DO-138 (and also
by MIL-E—5400P and MIL-STD-B1OB) relate to excursions and g levels for
sinusoidal or periodic vibrations. Actual environments of jet aircraft are
better described in terms of random vibration , commonly described as acceler-
ation power spectral density across a range of vibration frequencies.
Vibration test data noted as a power spectral density plot or derived as an
RMS g level cannot be directly related to the sinusoidal specification levels
obtained from the equipment manufacturers. Vibration environments on differ-
ent aircraft types can vary significantly. For example, the excitation level
provided near a Gatling-gun installation on a high-performance aircraft can
be several times the excitation level in an ARINC rack on a transport-type
aircrafte It is apparent that equipment designed to meet vibration levels
found in airline use may not tolerate the much more severe vibration environ-
ments in the A-7D and F-15.

As with the Austere system, the use of waveguide or semi—rigid cable
presents a serious problem. The difficulty of installing this cable during
retrofit is aggiavated for the aircraft using the standard system since
these are very high-density installations. Again, special emphasis should
be placed on avoiding the use of waveguide or semi-rigid cable.

4.4.3.3 Advanced Configuration — C-141 Aircraft

The Advanced version of the ALS is generally forecast by the manu-
facturers to be very similar to the Standard version, with some added logic
for flare and duplicated units for redundant “fail operational” capability .

Units built to current ATR dimensions will, fit into the C-141 avionics
space without undue difficulty (see Table 4-9). It is expected that the
same installation accommodation would characterize the C-5. Both aircraft
are ATR-coznpatible. There are no substantial environmental, connection, or
cooling incompatibilities in the transport—type aircraft. The only signif i-
cant installation problem is the long cable run needed to connect the aft
antenna with the receivers if a configuration not using separate RF heads is
selected.

4.4.4 Conclusions and Recommendations

The objective of the aircraft-installation investigation was to evaluate
the impact of the variation in Air Force aircraft physical and environmental
differences on the feasibility of using Characteristic—type specifications
and the number of such specifications that might be required.

One major constraint that will create severe installation problems in
most aircraft is lack of space in avionics bays. Since there will be an
extended period during which aircraft must retain existing ILS equipment,
the ALS equipment in some studies has been considered an additional installa-
tion instead of substitute equipment, which further compounds the space
problem. Most aviorics compartments are already crowded , as are the control
and display panels.
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An additional major concern, and possibly a constraint , will be the
aircraft modificatioi~s r ecessary to accept the ALS equipment . Some of the
equipment manufacturers are suggesting the use of long runs of semi—rigid
coaxial cable or waveguide , or both. In cases where the aircraft will have
the capability of autopilot-coupled approaches , there must be an add itional
interface box to the flight control system . Providing the existing aircraft
fleet wi th an ALS capability presents a formidable problem in racking ,
cabling , and special—purpose interfaces. Providing new aircraft with an
ALS capability during production will be much less difficult .

It is recognized that the increased capability offered by the ALE ~~
highly desirable for certain Air Force missions , particularly in a combat
environment, and that compatibility with future commercial systems is
desirable. However, because of the potentially high installation costs,
the following alternatives should be seriously considered :

Retain existing ILS equipment in mcst A ir Force aircraf t until  most
ALS ground stations are operationa , and then replace the current
ILS with new ALS equipment. This concept would require maintaining
existing ILS ground systems along with the newly installed ALS
equipment until the ILS replacement program was completed . During
the interval prior to the switch-over , dual capability could be
accommodated in selected large cargo and transport aircraft. How-
ever, it is unlikely tha t the civil ILS replacement program will
be totally complete in the foreseeable future, Since many Air
Force aircraft must be capable of operating into civilian airports,
the following alternative is considered to be more realistic .

P~’oceed with add—on approach, in which case the problem of locating
or creating a space for the ALS must be addressed for each aircraft
type. Solving the location problems, and the related cabling, dis-
play switching , and antenna location problems will be costly for
many aircraft. Therefore, major emphasis must be placed on minia-
turizing the equipment; the smaller the equipment, the more choices
for location. Previous studies have shown installation cost to be
a major life-cycle—cost element in a similar program.5 An ARINC
type Characteristic could be written to accommodate the most diff i-
cult (smallest) requirement. The equipment boxes, then , could be
made to fit all installations. It must be noted , however , that
achieving such interchangeability between all USAF aircraf t would
preclude interchangeability with airline and civilian equipments,
at the “black box ” level , unless the commercia l equipments also
deviated from the standard ATR dimensions (an unlikely prospect).
Selected large cargo aircraft could use the ALS Characteristic
specification for the Advanced ALS, which will apply to air-carrier
aircraft .,

Regardless of which option is selected , configurations for the three
types of ALS differ to the extent that standardized dimensior,s and inter-
fa~ c~s cannot be obtained . Therefore , three characteristics will be needed
-- one each for Advanced , Standard , and Austere systems. If the second
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opt ion is selected , consideration shou ld be given to u sing the miniature
Standard ALS in Austere applications as well. This would permit inter-
changeability across additional aircraft types and could have life-cycle
cost benefits.

The Advanced-version Characteristic can be very similar or identical to —

the airline version.

The Standar l Characteristics must reflect the more stringent altitude,
temperature , ani , vibration environments of the military aircraft . In gen-
eral, however , the environmental requirements shou ld be carefully researched
and should not reflect the extremes of special-purpose aircraft such as the
SR—i l. Rather , they shou ld reflect the limits that will meet a large major-
ity of aircraft  needs , leaving special—purpose aircraft to acquire special
(nonstandard) equipment.

The Austere version of an ARINC-typ e Characteristic should closely
match the industry design for low—cost , limited-capability , Category D
equipment intended for general-aviation use. Dimensions , connectors, and
interface cabling should be mad e standard and interchangeable with the
civilian version.

In this investigation, only one aircraf t  was selected to represent
each of the ALS installation configurations for the installation—compatibility
study . In these aircraft , only the avionics area was examined for avail-
ability of ALS avionics space. Before the Characteristics discussed above
can be developed , every USAF airframe cand idate for ALS installation must be
examined painstakingly to determine the space availability and system coin-
patibility requirements unique to each configuration.
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CHAPTER FIVE

RECOMMENDED APP ROACH TO ALS SPECIFICATION DEVELOPMENT

5.1 INTRODUCTION

On the basis of the review of the commercial avionics—acquisition
process and , the comparison of the military equivalent, a “straw man” speci-
fication development was prepared . The elements of the process were
selected to create the climate for achieving the principal benefi ts of
the airline process -- i.e., establishment of form-fit-function speci-
fications with a broad base of inputs from users and suppliers -- for
encouraging the availability of high-quality , low-cost equipment.

The recommendations presented in this chapter go beyond the develop-
ment of a Characteristic—like specification. They can significantly
increase the opportun ity for cost benefit and are in terrelated with the
specification development process. They also serve to create a con-
tinuing opportunity for the development of a suitable group of sources
from which ALS avionics can be competitively procured on an of f-the-
shelf basis to the Air Force ’s best advantage .

The process is offered  as a “straw man ” with the recognition that
some variations will be necessary as the process is implemented and
experience in parallel programs identifies more effective variations.
These recommendations, therefore, represent a point of departure from
which the Air Force can continue to develop the tools needed to meet the
demands of national defense with decreasing budgets and buying power.

5.2 ALS SPECIFICATION DEVELOPMENT COMMITTEE

5.2.1 Structure

An ALS Specification Development Committee is recommended as the
mechanism to permit the Air Force to include the commercial community in
its decision-making base. Such a committee will be required to comply
with the provisions of the Federal Advisory Committee Act (Public Law
92-463 , 6 October 1972). It is expected that this committee will consist
of voting members from the technical elements of açprc~ L-~~ tli Ccrima~~~s;
nonvoting members , including a secretariat, a legal sta ff merther , and
selected airline , avionics, and i”~dustry representatives (suci’. as ATA ,
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AEEC , GAMA , AOPA , NBAA) ; and representation from the FAA , Army, Navy , and
DoD. Since the meetings must be open and public (as required by law) and
industry has expressed interest in participation, the basis for productive
dialogue will be established .

5.2.1.1 Chairman

The Chairman is the most important element in the success of the com-
mittee operation . This position should be filled , preferably, by a candi-
date with a technical background in aircraft navigation aids and instrument
landing systems who is known and respected by the aviation community. More
important, he should have exper ience in chairing and guiding committee
activity and have a demonstrated ability to bring divergent opinions
together. He should also have a permanent (although perhaps only part-time)
commitment to the committee .

5.2.1.2 Director

The Committee Director may or may not be the same individual as the
Chairman. The Director, however, should be a member of the TRACALS SPO
so that the proper guidance and coordination can be maintained . He should
also have a permanent assignment during the life of the program to assure
continuity of effort. If he is not the Chairman , he should be the desig-
nated government representative without whose presence the meeting could
not convene. He and the Chairman must communicate effectively to assure
productive results. The Director is responsible for seeing that all the
mechanical functions supporting the committee are properly executed —-
e.g., maintain official committee files and records, assure that meeting
facilities are available , be responsible for the administrative aspects
of committee operation -— and for serving as a general coordination focal
point for committee activities.

5.2. 1.3 Voting Members

Committee voting members should be the most technically knowledgeable
from the various Air Force Command structures. Rank should not necessarily
dictate selection. Military and civil service personnel should be con-
sidered , and membership stability is paramo’int. Experience with all phases
of aircraf t navigation and landing system design , operation, and support
is a primary attr ibute of the voting members. These members would be com-
mitted to the committee only on a part—time basis, in much the same way
as the airline representatives on the AEEC.

5.2.1.4 Nonvoting Members

Nonvoting members are aiso expected to participate on a permanent-
assignment part-time basis to assure continuity in their relationships

~~~lt ~
’l ‘,ssc~ciated military services , government agencies, and the airline

ndus t ry .  A Secretariat will carry out the mechanics of recording the
nc a~~t i n g  results; preparing drafts arid technical data; establishing agenda;

“~‘-‘rdtha t ing  information exchange between the industrial community and the
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Air Force ; and , in coordina tion wi th the Committee Dir ector and Cha irman ,
arranging for timely meeting schedules and meeting agenda items. The
Secretariat should be composed of two or three full-time permanent members
-responsible for the technical writing associated with specification drafts
and revisions. Each of the Secretariat members should have a background
and detailed technical understanding of aircraf t navigation and landing
systems , as well as experience in technical writing .

5.2.2 Operating Method

Essentially, the Director has responsibility for administrative r-atters :
the Secretariat has the responsibility for technical matters; and the Chair-
man guides the course of the meet ings , maintains the pace to assure progre ss,
and acts as a catalyst for compromise where conflict arises.

5. 2. 2.1 Stability/Continuity

One aspect of the committee operation that has been emphasized through-
out the preceding paragraphs is important enough and has suf ficient problem
potential that fur ther  elaboration is appropriate. Stability of membership
must be a consideration of utmost priority . The success of the equivalent
activity in the commercial aviation community is strongly related to the
relationships between the individuals involved. Productive discussion of
controversial topics requires that the participants understand and tolerate
each other ’s personality and approach. Openness and understanding are one
result of the familiarity of a continued relationship. Continuity in
understanding of the technical evolution of the system and the changes in
system requirements is another important factor. Specification develop-
ment will progress concurrently with equipment adaptation (the manufacturer
in the airline industry adapts his equipment during the interchange with
the potential customer so that his product wil l have what he believes to
be the competitive edge when procurements occur). Knowledge on the part
of the participants regarding the mistakes and changes in the past, as
specification development progresses, m inimizes “reinventing the wheel” .

5.2.2.2 Procedural Considerations

In order to comply with the Advisory Committee Act, the ALS Specification
Development Committee must renew its charter every two years. In addition ,
certain opera tional requirements are imposed , for example :

A charter must be developed and approval obtained from the 0MB
Secretariat; the charter must be published in the Federal Register
and then filed.

Meetings must be called in advance with wide public notice , including
publication 15 days in advance in the Federal Register. The notice
must include the meeting agenda to permit attendance by interested
parties. Public participation should be encouraged to t~e greatest
extent by providing meeting places and times to maximize the
accommodation of all interested parties.

5—3



- . ,  

Members of the public are permitted to file written statements with
the committee and , at the option of the Chai rman , to make statements.

Minutes of the meetings are required . However , no stenographic
transcript is required.

A designated Federal employee must attend the committee meetings.
He can be the Chairman or the Director. The meetings are not
permitted unless this permanently designated Federal representative
is present.

As much informality as possible is encouraged , consistent with orderly
operation , to assure openness and candor . Achievement of such a climate
depends largely on the personnel selected —- the reason for the previous
emphasis on the personnel qualifications.

5.2.3 Timing

The interval between meetings is an important factor. In the airlines,
the attendees (with the exception of the Secretariat) all have job respon-
sibilities outside the committee activities. They review the committee
documents, formulate their comments , and return them to the Secretariat
between the - normal demands of their work. Meetings must be timed, then ,
so that the previous meeting ’ s results can be incorporated into the
drafts of the specifications, distributed to the participants for review
and comment , and returned to the Secretariat for consolidation , publication,
and redistribution so that all participants will have the benefit of the
others comments before the next meeting (which must be announced in the
Federal Register 15 days before it occurs).

Such a sequence suggests that the Committee meetings occur at a minimum
interval of two months and a maximum interval of six months. The longer
interval would be associated with subcommittee activity in which supportive
or subordinate specifications or parts of an overall specification were
handled separately and brought before the full committee when complete.
These subcommittees could meet more frequently (probably every two months).
The coordination process must be completed in the minimum interval, and the
maximum interval should be short enough for interest to be maintained.

5.3 SPECIFICATION DEVELOPMENT

5.3.1 Basic Assumptions

The ultimate application of the specifications influences their overall
content . This is the major reason for separating the specifications into
parts reflecting the constants of technical performance and the variables
of procu rement . They cannot be considered separately from the pro curement
itself. To place the primary and supplemental specifications and support-
ing documents in perspective , the ALS equipment procurements are considered
to be fixed—price production procurements, each for a limited quantity and
each competitive. The process recommended considers that an initial
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long-term (2 to 5 years) warranty will be used to demonstrate equipment
compliance with operational requirements, with subsequent options for
warranty renewal or contract maintenance. Other alternatives may be con-
sidered as the specifications develop in committee and as experience with
other related programs provides data for quantitative assessment without
negating the value of expeditiously implementing the approach presented
herein .

5.3 .2  Initial Approach

As a matter of convenience, at least at the outset of the process,
ARINC Characteristics should be used as “straw man ” documents, particularly
Characteristic 578 and supplemental Characteristics. For the Advanced ALS
configuration , to be applied in transport aircraf t, the greatest degree of
conoatibili ty should be maintained between the ARINC Characteristic and
the TRACALS ALS Specification so that the Air Force can benefit from a
combined commercial/military competitive market. (This compatibility
should be enhanced through assignment of a TRACALS ALS Committee member
to the AEEC Subcommittee on MLS when it forms.)

Similarly, development of an Austere configuration, which would serve
as the basic design for General Aviation use in business aircraft, could
be served by the inclusion of General Aviation representation on the Corn—
mittee. Creation of a low—cost equipment design to satisfy Air Force and
civil requirements would bring to the relatively small Air Force procurement
the advantage of quantity purchases. The General Aviation market represents
more than 20, 000* turbojet, turboprop, and medium-to—heavy piston—engine
aircraft that require reliable low-cost equipment with basic (minimum >
performance capabilities.

5.3.3 Form, Fit, and Function

Form , f i t , and function interchangeability between equipments and their
subordinate elements manufactured by different suppliers requires that some
aspects of current military specifications be substantially deemphasized
and other portions emphasized. Wherever possible, requirements that describe
wha t the Air Force desires should be retained and those which describe how
it is to be produced should be eliminated.1~

5.3.4 Justification of Features

Requirements should be justified on the basis of their cost impact, and
the specification should contain the reason for including each principal
feature. Where features do not represent a consensus, the alternatives and
reasons should be presented.~~ In this way , the factors influencing the
manufacturer ’s design are recorded for the user and seller alike, with cost
considerations countering the tendency toward overdesign and the rationale
for a particular feature countering the tendency toward underdesign . Each
competitor will attempt to optimize his design between these bounds.

*From current FAA/AOPA figures.
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5.4 SUPPLEMENTARY DOCUMENTATION

Wholesale invocation of specifications and data requirements through
reference to MIL—E—5400, MIL—STD—454, and Military Bulletin 400 (under
MIL—STD—490 Type C2a) should be eliminated from the equipment specification,
statement of work, and contract data requirements. An evaluation of every
specification or requirement should be conducted, again with emphasis on
retaining those items which relate to what is required rather than how it
is to be provided. Specifications establishing extensive reporting or
control requirements should be carefully evaluated in terms of the cost
to the manufacturer, the cost to the government (including the personnel
and facilities needed to manage, acquire, analyze, store, and distribute), - 

—

the benefits derived from similar data on other contracts, and the
alternatives if the data are not acquired. The existing procedure for
justifying data element acquisition (AFSC Form 40) addresses this problem.
If it is effectively minimizing present data requirements, its use in the
proposed procurement procedure should be continued.

5.5 SCHEDULE

The recommended process should be implemented in correlation with the
schedules projected in the TRACALS ALS Program Management Plan (see
Figure 5-1). This plan is aligned to coincide with the FAA MLS Program
Plan. So that the Committee development process can be initiated within
a time frame that will permit implementation of the procurement according
to the A7/FAA schedule, the committee should be prepared to convene its
first session in the first quarter of CY 1975.

For the initial meeting to occur at that time, several important
steps must be taken:

is Develop an initial Committee membership list of candidate personnel
from which the TRACALS SPO can select.

2. Develop and submit an ALS Committee Charter for approval; follow
up to assure timely review.

3. Select Committee members and obtain commitments for their
participation.

4. Prepare for initial meeting:

Agenda/Schedule

• Federal register publication

Meeting facilities and support

Facilities for attendees - - - — —

Follow—up mechanics
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It is important to begin committee activity early in 1975. A number
of subcommittees will probably be required to address the multiple facets
of the primary and supplemental specifications. The two-year period
identified represents a tight schedule to permit each of these areas to
be pursued and the results combined to achieve a set of specifications
for the mid-C? 77 completion of the ALS procurement package and procurement
plan.
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CHAPTER SIX

CONCLUSIONS

A number of conclusions were derived f rom this study of the feasibility
and the possible cost benefits of developing ARINC Characteristic-type
specifications for a future Advanced Landing System (ALS) avionics pro-
curement. In reaching these conclusions, we made two major assumptions:

1. All development will have been completed, and only production
procurement of off-the-shelf equipment will be involved.

2. Full-life warranty (contractor support) will be used instead of
Air Force organic maintenance. (This assumption does not preclude
use of a mix of warranty and organic support, or full organic
support at the time of procurement. Adequate data are not cur-
rently available, however, to justify any of the support alter-
natives at this time. The decision is not critical to imple-
mentation of the process at this time.)

The conclusions are as follows:

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 selected airline avionics acquisi-
tion practices (including development and application of Char-
acteristic-type specifications) to the ALS program .
There are no insurmountable formal barriers to Air Force use of
airline specification development or application practices. In
an organization the size of the Air Force, however, human resist-
ance to change is seen as the largest obstacle to the success of
even an experimental application of airline practices.

Space availability represents a major installation problem in
other than some transport aircraft. The ALS avionics/automatic—
flight—control-system interface represents another major instal-
lation problem in those configurations requiring coupled approach
and landing capabilities. Similarly, concurrent installation of
ILS and ALS avionics will present a space problem in many aircraft
types regardless of the standardization approach taken. To provide
sufficient information upon which the committee responsible for

6—1
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characteristic development can base its size-cost—performance
- 

- 

tradeoffs, a thorough space-availability and system—compatibility
study of every anticipated USAF ALS installation 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 was 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, pa- s, 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.

Staff ing 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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APPENDIX A

TASK EFFORT S

This appendix presents a description of the tasks as they appear in
the Work Statement, with brief summaries of the effort associated with
each task. The overall contract effort is defined as follows:

“Investigate the feasibility and cost effectiveness of
applying ARINC Characteristic type specifications to the pro-
curement of Austere, Standard, and Advanced avionics configura-
tions for the USAF Advanced Landing System (ALS).”

1. TASK 1

1.1 Task Statement

“Examine current USAF and DoD procurement directives for restrictive
or prohibitive language concerning the development process and utilization
of an ARINC Characteristic-type specification. Evaluate the procurement
significance of any identified conflicts and make conflict resolution

- - 
recommendations to the DoD AIMS/TRACALS SPO.”

1.2 Summary of Effort

To execute Task 1, we identified the AEEC Characteristic development
process and airline procurement practices and developed an alternative.
We made an initial comparison with the Military Specification development
process and procurement practices. We then reviewed the ASPR, DoD, AF,
and AFSC directives, and other documents that appeared to be germane to
an initially assumed procedure, and discussed elements of the procedure
with ESD procurement personnel. Where appropriate, we modified the pro-
cedure and held further discussions with ESD and AFSC HQ procurement
personnel to review the process considerations again. We held discussions
with various military and airline community (user and manufacturer) per-
sonnel to verify procedural steps and consulted the ARINC Research Director
of Contracts and the AEEC Chairman.
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2. TASK 2

2.1 Task Statement

“Investigate similar applications of ARINC Characteristics, including
those used for procurement of ILS avionics, and ascertain 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 F~l’CA Minimum Performance Standards, Manufacturers equipment speci-
fications, etc.”

2.2 Summary of Effort

We reviewed the airline procurement procedure and typical contracts,
including the ARINC Characteristic development as it related to the pro-
curement process. We identified reference documents invoked by the ARINC
Characteristic as well as additional contractual elements necessary to the
purchase of ILS avionics. This included such items as Characteristics 568
and 578; ARINC Specification 404 and 410; ATA Specifications 100, 101, 200,
and 300; FAA TSOs (and RTCA Standards referenced); and manufacturers’ hand-
books and the contract statements relating to reliability, warranties,
training, and documentation. In addition, we met with various air transport
industry personnel to confirm procedures and experience. We acquired data
to permit a limited assessment of equipment performance, quality, and cost.
The measure of performance was the degree of compliance with RTCA Standards;
the measure of quality was related to unscheduled equipment removals, and
cost was based on manufacturers’ advertised prices.

3. TASK 3

3.1 Task Statement

“Identify and evaluate potential significant installation problems that
could be a deterrent to the formulation of ARINC Characteristics for the
procurement of Austere (Category I), Standard (Category II) and Advanced
(Category 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 instrumentation, 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.”

3.2 Summary of Effort

Three aircraft were initially identified as the host vehicles for the
three ALS configurations that would be used as examples for the evaluation:
A—37 , C—l4l, and F—15. Difficulty in obtaining adequate F—l5 data resulted
in the substitution of the A-7 for that equipment category.
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We reviewed appropriate documentation and data, including the AFIT MLS
Study, ARINC Characteristic 578 (and associated references), and aircraft
configuration data. We visited the organizations responsible for each air-
craft type, the manufacturers of the MLS avionics currently under evaluation
by the FAA , and AFLC item managers for various aircraft equipment to esta-
blish equipment configuration details for the evaluations.

From the data acquired, we evaluated the range of interface problems
and documented them in qualitative terms. We considered them further
with regard to their relationship to AEEC form, fit, and function factors
and the number of principal AEEC Characteristic—type specifications ideriti-
fied as peculiar to the possible configurations.

4. TASK 4

4.1 Task Statement

“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 require-
ments and identify the minimal data items required for effective manage-
ment and control of the program. Utilize the outputs of the above investi-
gations as applicable in determining the feasibility of purchasing com-
mercial grade avionics.”

4.2 Summary of Effort

We selected the AN/ARN-XXX as the system example for identifying the
NIL—SPEC provisions associated with an equipment procurement. The AN/ARN-
XXX is an ILS—siiuilar avionic system and represents an example of extensive
MIL—SPEC call—outs and data-item requirements. We reviewed the Air Force
specification development and procurement process and discussed the require-
ments for the various data items with ESD and AFLC personnel. The require-
ments were considered in relat ionship to the airlines’ procurement practices
and the AEEC Characteristic and supporting documentation. We developed a
list of NIL—SPEC and DD 1423 items consistent with the procurement process.

As an adjunct to the effort in Task 2, we used available data to identify
the cost, quality, and performance information for Air Force ILS equipment
with capability equivalent to that of airline equipment. We used this
information as one of the elements in developing approximations to a “cost-
effectiveness” comparison of military and airline equipment.

5. TASK 5

5.1 Task Statement

“Provide technical support to the SPO in meetings with other Air Force
and/or other military/civil agencies participating in the development of a
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standard national and international microwave landing system, which the
ALS program supports and supplements.”

5.2 Summary of Effort

Task 5 involved ARINC Research in visits and participation in various
meetings. We attended the MLS Advisory Committee Meeting, AEEC General
Meeting, and MLS Central Assessment Group Meetings.

6. TASK 6

6.1 Task Statement

“Provide technical support to the SPO in monitoring and evaluating
the ALS avionics planning/development/specification efforts of the FAA
NMLS system contractors. Also establish and maintain technical dialogue
and liaison with other qualified avionics equipment contractors who might
become alternate sources for ALS avionics during the production phase of
the program.”

6.2 Summary of Effort

Our effort in Task 6 was similar to the support provided in Task 5.
We visited the MLS test sites at Wallops Island Virginia and NAFEC, as well
as various MLS manufacturers.
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- APPENDIX B

- 
AIRLINE PROCUREMENT DOCUMENTAT ION AND REFERENCES

I
This appendix presents salient features of ARINC Characteristic 578—3 ,

for the Airborne ILS Receiver, with reference documents cited in the Char-
- acteristic, FAA certification requirements,and RTCA performance standards.
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ATTAC HMENT I

ARINC CHARACTERISTIC NO. 578

RECEIVER UNIT CONNECTOR POSITIONING

Test Connector
Cannon Type OPA-32-34S-OO2~~~~ ~~~~~~~~~

Equipment Conn ector
Cannon type DPX2MA -32C2P 67 p—34B —00 5
(or equi valent)

I TP
2 Coaxs I
30 tins I

c c  
_ _ _ _ _ _ _ _ _ _

Li 
_ _ _ _

_ _ _ _

- -~ 
- - -

~~~~~~ 

~~ 5625

NOTE : Case dimensions , hold-downs and other deta i ls re lat ing to racking are
given in  ARINC Specif ication No. 404 . Detai ls relating spec i f ical ly to the
OPX connectors are given in revised Suppleeient No. - 2 to AR INC Spec ification No.
404 dated April 16, 1967.

B—7



r ‘ T ~~~ ~~~~~~~~~~~~~~~ 

. -- 

~

. - .

~~~~

-

~~~~~~~~~~~~~~

-- - -

~~~~~~ 

_ _ __ _ _ _

REPLACENENT ‘A &I. ~EVi StJ : 8 September 1971

ATTACHMENT 2

ARIN C CHARACTERISTIC NO. 578

STANDARD INTERW IRING (PAR]jj

ILS RX . CONTRO L JUNCTIO N
FUNCTION TOP INSERT PANEL BOX

Local i zer Antenna 1PM 0 — —
~~ Ante n

Glide Slope Antenna TPA2 °~
—-  -— —  - 

n as
Spare TP1
Spare TP2
Spare TP3
Spare TP4
Spare TP5
Spare TP6
Spare TP7
Spare 1P8
Monitor Sensitivity (Reserved) 1P9 01  See Note 1
Monitor Sensit ivity (Reserved ) TP 1O 0

t—2 4 Monitor Sensitiv ity (Reserved) TP11 o
Spare TP 12
LOC AFCS Deviation No. 1 1P13 ~ 

— - —— - - -

LOC AICS Comon No. 1 1P14 o~~~- -o
GS AFCS Deviation No. 1 TP15 o— —- — - - o

GS AFCS Coninon No. 1 1P16
Spare TP17
Audio Sw itch Output Hi TP 18 ° °See Note 2
Audio Swi tch Output Lo 1P19 0

Spare 1P20
Audio Switch Loc Input Hi 1P21 ° — - -  ° See Not~ 2Audio Switch Loc Input Lo TP22 ° ~~~~~~~~~~~~~~~~ ——--— -—~~

Cruise Monitor Annunci ate 1P23 o—-—————-— -— --- ~
- - - -  ---o See Note 7

Spare TP24
Audio Switch VOR Input Hi TP2S °~~~~~~~~ ~~ VOR Aud io
Audio Switch VOR Input Lo TP26 ° 

— -  —— - -—— -  See N o t e  2

Spare 1P27
Spare 1P28
Spare TP29
Spare TP3O

B-B 
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REPLACEII(3T PAGE
A E T 4 ~ l I ML~~T 2

AR ICIC CHARACTERISTIC ‘40 . 578

STANDARD IN IERWI RING (PART 2)

u S  40 . CON TR OL
~LINCfl0~ BOTTOM I N S E R T  PANEL BO~ -

LOC H~ Level Inst. Deviation 8P1 -
~

LOC Lo Level Inst. Devi ation BP2 -- -
~c-I LUC Hi Level Inst . 0ev. Conm~n BP 3 °~~~

— — — -————— — — - - 

~.l OS Hi Level Inst. Den . Connnon B~4 
— - - -—0

DC (Chassis) Ground SPS - - —o LPm -o —~~ DC C~rou,lC
LOC AF CS De n. 14o 2 BP6 —~
LOC AFCS De v . Connnon No. 2 8P7 -‘

~-l LOC Lo Level I nst. 14ev. Con~non 8P8
OS Hi Level Inst. Deviat i~ n BP9
OS 10 Level Inst. Deviat ion BP1O

~- l OS Lo Level Inst . 0ev. Coninon BP11
Suggested Spare No. I BP l2  ~~

- - —o RPc
Suggested Spare No. 2 4)P13 ~

- -~ RPL
OS AFCS Den. No. 2 BP14 o--

OS AFCS 0ev. Coninon No. 2 BPI5
C— 1 LOC PFCS Warning Convnon BP16 u- - - - - -

~-1 LOG Hi Leve l Inst. Warning Connnon 8P17 u-- — - - - -

c-l LOC Lo Lev el Inst. Warning Coninon BPI8 -° - — - - - — - - -o

Spare BP19
Suggested Spare No. 3 BP2O -

LOC AECS Warninq BP21 a— - - -~
LOC Hi Level Instrument War lui ri g BP22 ~~~

- - —~
LOC 10 Level Instru m ent Warn in g BP23 - -

OS AFCS Wa rning BP24 o - -
OS Hi Level Instrument Warning BP2S 0. — -——.0
OS Lo Level Instrument Warnin g BP26 0~- -

4-I OS ArCS Warning Conrion 84’?? 0--

4)-i OS 141 Level Inst. Warning Loninon BP28 0— -

Frequency Select Comon BP29 0— - --—-—0 LPZ 0—--

10 lI z Freq. Select 1 A BP 3O 0--- -- - ——--0 LPA 0—

J E BP 3I ~ - —o IPE -

1 MHz Freq . Select A BP32 0— - - - —o LPF 0—  - - — --- -0

B BP33 °— - -—--———o LP G o— - - - - - — For the parallel
0 BP34 —o LPJ o— \ connection of an

BP35 0- —o LPK ~~- —o ARINC 568 (~4E and/or
0.1 4-Vi z Freq. Select A BP36 0— - --. LPL ~-

- -< a remote frequency
B - BP37 ~ - -. LPM 0— - --—o read-out device
C BP3B - - - -

~~ LPN ~~— 0

0 BP39 0— - - — —-. LPP 0.--  -~~~-0

I BP4O 0- —o LPR o-—-
0.05 MHz Freq . Select ] C BP4 1 o- —o LPU 0

t.l GS Lo Level Inst. Warnin a Connnon BP42 0— — -__  -

4—I Suqqested Spare No. 4 BP43 0—— - - - —-——-—— 
_ — —

t.1 Suggested Spare No. 5 BP44 PP 9
Control led Aud io lPd 0. - To Audio Distribution
LOC Audio Hi BP4S o—-- — - ----—o LPe System - See Note 2

.,v Lo ~ BP46 ~ --

ILS Cdnnel Si gnal BP47 ‘— - — —0 LPh — - —o Note 3
ILS Functional Test (Up/Lef t )  8P48 0- —o API.’ ~— —° 

~ Note 4
ILS Functional Te st (D~~n/ Ri gh t )  BP49 o— - -— RPd ~—

NAV Disable BP5O o— — --——-o CPa o— - ----—o Note 6
115 Vol ts  AC Hot BPS1 o- _.r 7L.. 1 Amp C/B
115 Vol ts AC Cold BP52 o— —-————---—-—— - - --——--~~~ AC Ground

~-l Suggested Spare No. 6 BP 53 ~—- - —  _ - -
Inst. Warning Swi tch LOG I/P (Hot) BPS4
Inst. Warn . Sw . VO R /R—NA V I/P (Hot) BPSS - - --— - - — _______ — ------0-

Switched Warning 0/P (Hot) BPS6 ~~— - -

In Test Annunciate BP57 o—- —

Switched t nst. Warning 0/P (Cold) BPSB -

Inst. Warn . Sw. VOR /P— IAV I/P (Col d)BPS9 • -.

Inst. Warn . Sw. LOC I/P (Cold) BPBO
Deviation Switch ILS I/P (Hot) BP61 - — - - — — 

Deviation Switch VORJR—NAV I/P (HOt)BP62 ~~~~~
Dev~atfon Swi tch 0/P (Hot) 8P63 - -——

~Deviation Switch ILS I/P (Cold) 8P64
Deviation Switch VOR/R—NAV I/P (Cold ~ P65 --

Switched Deviation 0/P (Cold) BP66 o -

Deviation/Flag Switch energise BP67 ~-

Control Pane l Li ghts LPn o - - - To Cont rol Pane l
C LP r o—— — — --. ) Lighting Supp l i es

On/Off (Ground for On) RPV o —~ See No te 5

~-l denotes an amendtTe’~ i’it’.oduced by Supplement No. I

-- 
-1_ _~__.i_ _ _ . i _ __~~~_
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ATTACHMENT 3 j
A RI NC C HA RACT EkI ST IC NO. 578

STANDARD CONTROL PANEL
O U T L I N E DRAWING

I 5.750 -

© ©
FRO N T

L I
I ~~

i

- 
5.00 ~~~ 

I L I ] 
-

TOP

_ _ _ _  - - 

P E N DANT CONN ECTOR

— 

~~~~~~ ~~~~~ 

REAR 
—

- 

~~~ 
-::~::~~~QJ - - - -

~~~~~~~

I 
I 

RACK CONN ECTOR
J — 

A R&A N G EM EN T
REAR

NOTE: Front panel w~~ -no..~ t ad~ :tio nal swi t c -es f~ - TIME and
Functiona~ Te st co t r~ 1 - a~ reQu i red.
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AT TACIIIENT 3 (Cont ’d)

AR INC CHARACTERISTIC NO. 578

CONTROL PANEL MOUNT ING PLATE ASSEMBLY
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ATrAcHMEWr 3 (Cont ‘d)

)J1INC CIIARAC1~~~ISTIC NO.. 578

STANDARD VHF NAV/DME CONTROL

PANEL WIRING

Sheet 1 of 2

FUNCTION 
NAV ~i!—~~-or TP

)
~ 

- 

_ _ _

~~~ 

_ _ _ _ _

P 
1~ ~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~ 

H ‘
- 

~~~~~ ..4.-~~~~_._J I I
Freq . Co~nns. ~~~~~~~~~ — • Z 23
N .\V Di3eble — — — — a 24
COM Diaable — — — —(b) (25 ) ‘ 

~~
O—1

ILS (in — — — c 26 —

AU~TO 
t

ARN — — d 27 i-’- J — --~~VOLU~~ ~~~ — — - e 28 Sharp
~HAz~}’ ~~~~~~ — — — (f

~) 
c29~ ~.._— When — ONDME STANDBY/DISABLE. — g 30 ~~~~~~~~~~~~~~~ Grounded ç—

~~~ ~G. S.—IJ)C Energize — - h - 31 ~~~~~~~~~~~~ 
- 4DISABLErio — — — ( i )  (32)

SQUELCH <~ ARM — — — ( j )  ( 3 3)  —C~~
LHI — — ( k )  (3k ) 

__________-
~O)~1ON GR)UND m •35 -

INTEGRAL / 26V H — - —

LIGHTING \. DC C — — r - 37 —

NOTE: Bracketed letters (or numerals)
indicate that the pin is not See
employed in VHF NA V/ DM E Control Second
but is -assigned for VHF COM Control . Sheet

B-12
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ATTACIIIENT 3 (Cont’d)

AR INC CHARACTER ISTIC NO. 578
STANDARD VHF NAVfDME CONTROL

PANEL WIRING

Sheet 2 of 2

NAV NAV
FUNCTION RP or

.VOR Suggested Spare No. 1 A 1 TO LPmVOR Suggested Spare No. 2 B 2
VOR Suggested Spare No. 3 C 3

D 4
E 5
F 6

Spares G 7
H 8
J 9
K 10

ILS Suggested Spare No. 2 L 11
N 12
N 13
P 14
R 15..~pares S 16
1 17

ItS Functional Test (Up/Left) V — “
DI E Search Override W 20
DME On/Off X 21 ~~~~~~~~~~~~~~~~~~~ 

_____

ILS/VOR/COM On/Off V 22 -

~~~~~~~~~~~~~~~~~~

‘-—-

~~ILS/VOR/cOM On/Off Z 23
Spare a 24
Spare b 25
u S  Suggested Spare No. 1 c 26
ILS Functional Test (Down/ Riçht) d 27 — ‘

~~Squelch Disable Hot Ce) (28)—~Squelch Disable Cold (f) (29 )
ILS Suggested Spare No. 6 30
DME Functional Test h 31
DME Suggested Spare No. 1 i 32
DME Suggested Spare No. 2 j 33
VOR Funct ional Test k 34
VOR (1.0 m 35

Audio < ARM n 36
Voi tmie ~HI r 37

NOTE: Bracketed letters (or numerals)
Indicate that the pin Is not
used In VHF NAV/DM E Control but
is assi gned for VHF CON Control .

B-13 
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ATT ACHM ENT 4

AR INC CHARACTE RISTIC NO. 578

FREQUENCY SELEC1O R 1~ .)-OIJT-OF -PIVE BI NA RY cODE

a) >( ><

><
><

(0 ><
L()

)< )<

F~) >( >(

>(

0 ><
Ui
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APPENDI X 8-2

FEDERA L AVIATION AGENCY CERTIFICATION
REQUIR~~1ENTS FOR ILS AIRBORNE RECEIVING
EQUIPMENT

Technical Standard Order C—34C (Airborne ILS Glide Slope Receiving
Equipme nt)

Requires Compliance with: RTCA Document No. DO-l32, Minimum
Performance Standards - Airborne ILS Glide Slo~ e ReceivingEquipment , 15 March 1966, and RTCA Document No. DO-138, Environ-
mental Conditions and Test Procedures for Airborne Electronics!
Electrical Equipment and Instruments, 27 June 1968

Designates : Manner of marking equipment to identif y environ-
mental tolerances, manufacturer , and TSO number

Requires that Manufacturer Furnish to FAA:

One copy of Operating Instructions and Equipment Limitations

One copy of Installation Procedures , Schematics , and
Specifications, and a Listing of Components

One copy of Manufacturer ’s Test Report

Technical Standard Order C— 35C (Airborne ILS Localizer Receiving
Equipment)

Requires Compliance with: RTCA Document No. DO—131, Minimum
Performance Standards — Airborne ILS Localizer Receiving
Equipment , 15 December 1965 , and RTCA Document No. DO—138 ,
Environmental Conditions and Test Procedures for Electronics !
Electrical Equipment and Instruments, 27 June 1968

Designates : Manner of marking equ ipment to identify environ-
mental tolerances, manufacturer , and TSO number

Requires that Manufacturer Furnish to FAA:

One copy of Operating Instructions and Equipment Limitations

One copy of Installation Procedures , Schematics , and
Specifications, and a Listing of Components

One copy of Manufacturer’ s Test Report

B-l5
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APPENDIX B-3

RADIO TECHNICAL COMMISSION FOR AERONAUTICS
DOCUMENT DO-13l : MINIMUM PERFORMANCE
STANDARDS FOR AIRBORNE ILS WCALIZER
EQUIPMENT , 15 March 1972

International Coordinating Group I Representatives

Chairman - Federal Aviation Agency
Secretary - Radio Technical Commission for Aeronautics
National Aeronautical Corporation
Aeronautical Radio , Incorporated
Collins Radio Company
Air Transport Association of America

- 
- King Radio Corporation

Bendix Radio Division

Minimum Performance Standards under Standard Test Conditions

Centering Accuracy
Deflection AGC Characteristics
Deflection Balance
Visual Course—Deviation Indication
Electrical Course-Deviation Output
Deflection Stability with ~4~dulation Frequency
RF Sensitivity
Voltage Standing Wave Ratio (Receiver)
Emission of Radio Frequency Energy
Selectivity
Warning Signal
Receiver Performance with Two Carriers
Spurious Response
Voice/Identification Audio Output
Voice/Identification Frequency Response
Voice/Identification Audio Distortion
Voice/Identification AGC Characteristic
Antenna Efficiency
Antenna Polarization
Voltage Standing Wave Ratio (Antenna)
Operation of T~~ Localizer Receivers from the same Antenna

Minimum Performance Standards under Environmental Conditions

Temperature—Altitude Tests

Low—Temperature Test
High—Temperature Test
Decompression Test
Altitude Test

Humid ity Test
Shock Test
Vibration Test
Temperature—Variation Test

8-16



APPENDIX 8-4

RADIO TECI*UCAL COMMISSIC1.~ FOR AERONAUTICS
DOCUMENT 00-132: MINIMUM PERFORMANCE STANDARDS
FOR AIR~~)RNE ILS GLIDE SWPE RECEIVING EQUIPMENT ,
15 MARCH 1966

International Coordinating Group I Repre~~ntatives

Cha irman - Federal Avia tion Agency
Secretary — Radio Technical Commission for Aeronautics
National Aeronautical Corporation
Aeronautical Radio, Incorporated
Collins Radio Company
Air Transport Association of America
King Radio Corporation
Bendix Radio Division

Minimum Performance Standards under Standard Test Conditions

Centering Accuracy
Deflection AGC Characteristic
Deflection Balance
Visual Course—Deviation Indication
Electrical Course—Deviation Output
Deflection Stability with Modulation Frequency Variation
RF Sensitivity
Voltage Standing Wave Ratio (Receiver)
Emission of Radio Frequency Energy
Selectivity
Warning Signal
Receiver Performance with Two Carriers
Spurious Response
Antenna Eff iciency
Antenna Polarization
Voltage Standing Wave Ratio (Antenna)
Operation of Two Glide Slope Receivers from the sante Antenna

Minimum Performance Standards under Environmental Conditions

Temperatur e—Alt i tude  Tests

Low-Temperature Test
High-Temperature Test
Decompression Test

Humidity Test
Shock Test
Vibration Test
Temperature—Variation Test
Voltage/Frequency Variation
Low-Voltage Test
Conducted Voltage Transient Tests
Conducted Audio-Frequency and Susceptibility Test
Audio Frequency Magnetic Field Susceptibility Test
Radio Frequency Susceptibility Test -- Radiated and Conduc ted
Explosion Test

Appendix A : Test Procedures and Definitions

Appendix 8: Statistical Procedure for Use in Tests

8-17
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APP E NDIX C. TACAN AN /ARN -XXX REFERENCES

PART I: EQUIPMENT SPECIFICATION REFERENCES

Specifications

Preservation, Me thod s of , 18 August 1967 (See Note 2) M IL—P 116E(3 )

Cases , Bases, Moun ting, and Mounts, Vibra tion (ror Use with Electronic MIL-L-172C (2)
Equipment in Aircraft), 20 October 1966 (see No te 2)

Crystal Units , Quartz , General Specification for , 31 August 1971 MIL—C—3098E (3)
(See Note 2)

Selection and Installation of Aircraft Wiring , 1972 (see Note 3) NIL—W— 5088

Elec tronic Equipment , Airborne , General Specification for , MIL-E-S400N
30 November 1971 (see Note 2)

Control Panel , Aircraf t Equipment, Rack or Console Mounted (ASG>, M IL—C-678l8
13 Sep tember 1960 (see Note 2)

Panels , Informa tion Integrally Illuminated , 14 April 1967 (see Note 2) MIL—P—7788 0

Meter , Time Totalizing, 31 December 1969 (see No te 2) M IL—p— 7793D

Air Transportability Requirements, General Specification for, 14 Augu st MIL-A-8 42lC
1969 (see Note 2)

Finish for Ground Signal Equipment , 11 September 1968 (see Note 2) M IL-F-14072A

Test Procedures , Reproduction , Acceptance and Life for Aircraft MXL—T--1 8303B
Electronic Equipment, Format for , 1 September 1966 (see Note 2)

Nomenclature and Identification for Electronic , Aeronau tical , and M IL—N— l8307E
Aeronautical Support Equipment , 29 February 1972 (see Note 3)

M icrocircuits , General Specification for, 16 July 1971 (see Note 2) M IL—M-38 5l0(1)

Connec tor, Coaxial Radio—Frequency, General Specification for, MIL-C—39Ol2B
9 April 1970 (see Note 2)

Solder Bath Soldering of Printed Wiring Assemblies Automatic Machine M IL— S—46844A
Type , 2 May 1969 (see Note 2)

Human Engineering Requirements for Military Systems , Equipment and MIL—N—46855(ll
Facili ties , 29 March 1968 (see Note 2)

Connec tor , Elect r ic, Circular , Environmen t Pesisting, General M IL— C— 83723A
Specification for , 9 September 1967 (see Note 2>

Standards

Identification Marking of U.S . Military Property, 5 March 1971 M IL—STD-1300
(see Note 3)

Standards and Specifications, Order of Precedence for the Selection M IL—STD— 143D
of, 12 November 1969 (see Note 2)

Test Methods for Electronic and Electrical Component Parts , 14 April MIL—STD--2O20
1969 (see Note 2) Change 1

15 April 1970

Defini tion of Item Levels , Item Exchangeability, Models , and Related MIL-STD—280A
Term s, 7 July 1969 (see Note 2 )
Standard Tactical Air Navigation (TACAN ) Signal , 13 December 1967 M IL—STD—29 18

Test Provisions for Electronic Systems and Associated Equipment , M IL—STD—415D
Design Criteria for, 1 October 1969 (see Note 2)

Environmen tal Requirements for Electronic Parts , 2 September 1970 MIL—STD—4468
(see Note 2)

Radio Frequency Spectrum Characteris tics , Measurement of , 1 May 1965 MXL—S TD— 449C
(see Note 2)

Standard General Requirements for Electronic Equipment , 15 October 1970 MIL-STD— 454C
(see Note 2) —

Electromagnetic Interference Characteristics Requirements for Equipmen t , M IL—STD—46 1A
1 August 1968 (se e Note 3) Change 4

- 
9 February 1971

NOTES:
(Recoimnendations to retain, eliminate , or consider further are based on assumption of no organic
maintenance.)
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Stand ards (continued>

Electromagnetic Interference Characteristics, Measurements of, 31 July MIL-STD-462
1967 (see Note 3) Change 3

9 February 1971
Maintainability Program Requirements (for Systems and Equipments>, MIL-STD—470
21 March 1966 (see Note 2)

Maintainability Demonstration , 15 February 1966 (see Note 2) MIL-STD-471
Change 1
9 April 1968

Color Requirements for Individual Color Chips (see Note 2> FED-STD—595A

Failure Rate Sampling Plans and Proceduree, 17 April 1968 (see Note 2) )IIL—STD—6908

Electric Power , Aircraft Characteristics and Utilization of , 9 August MIL-STD-704A
1966 (see Note 2) Change 2

5 May 1970

Definition of Effectiveness Terms for Reliability, Maintainability, M IL— STD—72lB
Human Factors , and Safety, 25 August 1966 (see Note 2) Change 1

10 March 1970

Reliability Prediction , 15 May 1963 (see Note 2> MIL—STD—756A

Reliability Tests Exponential Distribution, 15 November 1967 MIL-STD—7818
(see Note 2> Change 1

28 July 1969

Reliability Program for Systems and Equipment Development and Production , MIL—STD—785A
28 March 1969 (see Note 2)

Environmental Test Methods (With Notice 2 (11)), 15 June 1967 MIL—STD--8l08
(see Note 3)

System Safety Program for Systems and Associated Systems and Equipment , MIL—STD—882
Requirements for , 15 July 1969 (see Note 2)

Test Methods and Procedures for Micro Electronics, 1 May 1968 (see Note 2) M IL—STD—883
Change 2
20 November 1969

Human Engineering Design Criteria for Military Systems , Equipment and MIL -STD—l472A
Facilities, 15 May 1970 (see Note 3)

Regulations

Test and Evaluation of Systems, Subsystems and Equipment , 12 May 1972 APR 80—14
(see Note 3>

Department of Defense Engineering for Transportability Program, 9 August APR 80—18
1971 (See Note 3) Change 1

6 October 1971

Manuals

Specifications and Standards Manual , 18 October 197 1 (see Note 2)  AFLCM 81-1

Optimum Repair-Level Analysis (ORLA ) , 25 June 1971 (see Note 2) P,PU M/M’SCM 800-4

flandbooks

Reliability Stress and Failure Rate Data fOr Electronic Equipment , MIL-NDBY-2 17A
1 December 1965 (see Note 2) Change 2

Maintainability Prediction, 24 May 1966 (see Note 2 > MIL—H DSK— 472

Other Publications

RADC Reliability Notebook, Volume 2, September 1967 (see Note 2> AD 821640

Personnel Subsystems, 1 January 1972 (see Note 2) IiPSC Dli 1—3

Maintainability, 20 December 1970 (see Note 2) AFSC DH 1—9
Rev. 1, 2 , 3

Air Transport Equipment Cases and Racking , 31 December 1970 (see Note 1) ARINC 404
C Sup. 1—8 m d .
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Other Publications (continued>

Mark-3 A i rbo rne  Dis tance  Measu r ing  Equipment ,  1 June 1971 (DM5 may be ARINC 568
used in P.LS) (see Note ~ Sup. 1 Incl .

VOR Receiver , 5 February 1971 (see Note 2)  ARINC 579 l

Mark— 2 Ai r  Transpor t  Area N a v i g a t i o n  System , 26 August 1971 (See Note 2) ARINC 582— 2

Development of Integrated Logist ic  Support for  Systems and Equipment DoD 4 100 , 35G
( I & L > , 1 October 1970 (see Note 2 >

FAA Advisory Ci rcu la r  No. 00-31 (10 June 1970) U .S .  Nat ional  Avia t ion
Standard for the VORTAC System (see Note 2)

I . C . A.O .  Standard - Annex 10 (22 August  1968) Amendments (March 1 9 7 2> ,
Volume 1: Aeronautical  Telecommunications Annex 10 to Convention of
Internat ional  Civil  Avia t ion , Par t  I Equipment and Systems — Part 2
Frequencies; Volume 2: Communication Procedure (see Note 1)

National  Electr ic  Code, Pamphlet No. 70 (see Note 3 >

PART I I :  ADDITIONA L REFERENCES PER STATEMENT OF WORK

Spec i f i c a t i ons

Time Compliance Technical Orders (TC’rOs> , Preparat ion of , 31 July 1972 MIL-T-388O4
(see No te 2)

General Requirements for  Prepara t ion  of Technical Manua l ,  1 January 1968 MIL— M -387 84
(see No te 3)

Cal ibra t ion  System Requirements, 9 February 1962 (see Note 2)  MIL-C-4 5662A

Bonding , E lec t r i ca l ,  and L igh tn ing  Protect ion fo r  Aerospace Systems , MI L - B - 5 O 8 7 B ( 2 >
31 August 1970 (see Note 2)

Technical Reviews and Aud i t s  for  Communicat ion/Electronic/Meteorological  MIL -R— 833 13 - -

Systems and Rela ted Equipment , 1 May 1971 (see Note 2)

Packaging , Mater ia ls  Hand l ing ,  and Transportabi l i ty ,  System and System MIL-P -9024G
Segments , General Speci f ica t ions  for , 6 June 1972 (see Note 3>

Qu al i ty  Program Requirements , 16 December 1963 (see Note 2)  MIL— Q-98 58A 
h

Standards

M a r k in g  for  Shipment and Storage , 28 Apr i l  1970 (see Note 3> MIL — STD — l29E

D e f i n i t i o n  and System of Uni t s , Elec t romagnet ic  In ter ference  Technology, MIL— STD—4 6 3
9 June 1966 (see Note 3)

Radar E n g i n e e r i n g  Design Requirements , Elec t romagnet ic  Compat ibi l i ty ,  MI L—STD — 469
1 December 1966 (see Note 2 > Change 1

30 March 1967

Conf igura t ion  Control — Eng inee r ing  Changes , Deviations and Waivers , MIL— STD— 480
30 October 196A (see Note 2 )

Conf igura t ion  Control - E n g i n e e r i n g  Changes , Devia t ions  and Waivers MIL -STD—4 81A
(Short Form) ,  18 October 1972 (see Note 2 >

Conf igu ra t i on  Management P rac t i ces  for  System Equipment , Mun i t ions , MIL— STD—483
and computer Program s, 31 December 1970 (see Note 2 )  Change 1

1 June 1971

Specification Prac t ices , 30 October 1968 (see Note 2 > MIL—STD —490
Change 2
18 May 1972

Regulat ions

Policies and Procedures Governing AF Printing and OU t lica t ing , 12 April APR 6—1
1965 (see Note 2 (

Air Force Technical (~rde rs ~y stem . 20 March 196R (see Note 2) APR 8—2

C o r f i ou r a t ~ cn Mana qenen t , 1 F etr u a r y  19€. (see N~ te 2~ APR 6 5 3

C-3
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Regulations (continued>

Engineeri ng Inspections , 23 May 1963 ( see Note 2> APR 80-28

Off ic ia l  Mail  — Policies and Procedures , 15 October 1968 (see Note 2)  APR 182—15

Acquisition and Management of Contractor Data,  16 May 1966 (see Note 2)  APR 3 10— 1

Marking of Shipments, 31 March 1969 (see Note 2 > ASPR 7—1 04 .68

Special ESD Identification Label Clause, 1 May 1970 (see Note 3) ESD ASPR
Supplement
7—104.68

Instruction for Completing DD Form 1423, 29 August 1969 (see Note 2) ASPR F200.l423

Manuals

Maintenance Management (see Note 2> AIM 66—1

Transportation of Material , 30 November 1970 (see Note 2> AIM 75— 1

Military Traffic Management Regulation , 15 November 1969 (see Note 2> APM 75—2

Packaging and Handling of Dangerous Materials for Transportation by AIM 71-4
Military Aircraft , 9 August 1971 (see Note 2)

Automatic Data Processing, Planning , Programming and Budgeting Information , AIM 300—3
20 March 1972 (see Note 2>

Technical Publications Acquisition Management, 14 March 1971 (see Note 2) APSCM 310—2

Configuration Management for Systems, Equipment , Munit ions, and Computer AIScM/APLCM
Programs (see Note 2) 375—7

Optimum Repair Level Analysis (ORLA > (may consider for ultimate support AFSCM 800—4
concept> (see Note 2)

Handbooks

General Design Factors, 1972 (see Note 2) APSC Dli 1—2

APSC Design Handbook — Electromagnetic Compatibility, 10 January 1972 AISC Dli 1—4
(see Note 2)

Ground Equipment and Facilities, 1 February 1969 (see Note 2) AISC Dli 2—6

Air Force Technical Information File of Aerospace Ground Equipment , MIL-HDBK—300
1 January 1971 (see Note 2)

Other Publications

Aerospace Ground Equipment Identification/Selection Acquisition/Provisioning APAD 71—685
Document for USAP Contracts, 4 April 1966 (see Note 3)

Spare/Repair Parts Provisioning Document for USAP Aerospace and Associated APAD 71—688
Equipment Contracts, July 1969 (see Note 2)

Integrated Logistic Support Implementation Guide for DOD Systems and DoD 4100 35G
Equipments, March 1972 (see Note 2>

Department of Defense Authorized Data List, April 1972 (see Note 2) DoD AOL (TD—3(

Al Technical Order System , 1972 (see Note 2) T.O 00— 5—1

NOTES:

(Recommendations to retain , eliminate, or consider further are based on assumption of no organic

maintenance.)

1 = Retain
2 = Eliminate
3 = Consider cost impact and jus t i fy  value in previous applications as well as relevance to this

application or reference for information or guidance only .
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APPENDIX D

TECHNICAL DESCRIPTION OF
REPRESENTATIVE USAF ILS EQUIPMENT

Table D-l presents design and other technical data on contemporary
Air Force ILS equipment.

D-l
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APPENDIX E

TECHNICAL DESCRIPTION OF
REPRESENTATIVE AIRLINE ILS EQUIPMENT

Table E—l presents design and other technical data on contemporary
airline ILS equipment .

‘l
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Table 1-1. TECHNICAL DESCRIPTION OF ~~~

Features and VOR/Localizer Navigation Receivers
PhysicDl ‘ISO C36

Characteristics RVA—33A 1 RN— 26C 2 S1RV-l 3 51RV—2B 4 806A5 Requira.u

Manufacturer Bendix Bendix Collins Collins Wilcox

Size 3/8 ATR Short 1/2 ATR Short 1/2 ATR Short 1/2 ATR Short 1/2 ATR Standard —

Number of LRtjs 1 1 1 1 1 —

Weight (lbs.) 10 23 18.5 18.2 9 —

Certification TSO’d TSO’d TSO’d TSO’d TSO’d —

Number of Channels 200 200/4OGS 200/40GS 200/4QGS 200 — -

Operational Date 1966

Technology

Discrete X X X X X
• IC’s X X X X

• Tubes

Power Requirements 115 Vac 28 Vdc 28 Vdc 27.5 Vdc
0.9 A 26 Vac 26 Vac
400 Hz 400 Hz 400 Hz —

40 W Max

Accuracy 0.4° 0 .2 ° 0.5° 0.5° 0.50 FAA Handb
8200.1 1.-

Sensitivity (dBm ) —93 —101 —97 —97 —107 —77

Operating Temperature —54 to +71 —55 to +55
Range (°C) (D0 138)

Cat. G DO-138

Altitude (1000 f t . >  20~ (DO— 138) Same as Same as Same as Seine as ~~ — l3 9
Cat. G RVA 33A RVA 33A RVA 33A RVA 33A

5Assumes location in pressurized part of the aircraft.

1. Complies with TSO C34b , ARINC 547 , and ARINC 579; R-Nav outputs available.

2. Complies with TSOs C34 , C36 , C40 , ARINC 547 , and ABINC 579; built-in GSR; R-Nav outputs available.

3. Complies wit) ’ TSOs C34a , C36a , C40a , ARINC 547 , and ARINC 579; built in GSA; R—Nav capability.

4. Complies with TSOs C34b , C36b , C40a , ARINC 547 , and ARINC 579; built-in GSA; R-Nav capability, dual—channel VOR and ItS mci

5. Complies with TSO C-36 , ARINC 579.

L. ~~~~~~~~~~~~~~~~~~~~~~~~ A



I

II. DESCRIPTION OF REPRESENTATIVE AIRLINE ItS EQUIPMENT

Glide Slope Receivers
ARXNC

‘ISO C36 Characteristic 579— 1 GSA—8A 51V—5 1 Series 800 2 ‘ISO C36 ARINC 551/579

Requirements Recommendations 
Requirements Recommendations

Bendix Collins Wilcox -

landard - 3/8 APR Short 1/4 ATR Short 1/4 ATR Short 1/4 ATR Short 1/4 ATR Short

— 
2 1 1 — 1

7.8 3.5 4.5 — 4—6— 7—12

TSO’d TSO’d TSO’d - Recommends TSO- Recommends ‘ISO Compli-
ance Compliance

- 160 20 20 20 — 20

- 1959 1965 1962 —

x x x
x

115 Vac 400 Hz 27.5 Vdc, — 27. 5  Vdc
(M!L—sTD—704 ) O. 29A~ 115 Vac

- 
115 Vac, 400 Hz
400 Hz
O .3 4A

FAA Handbook 1 0 ° Installed 0.25°
8200.1 1.0° Bench - 2.5 5lA 1.0 ~A FAA Handbook lAW ICAO Annex 10

8200 .1 10 pA 9)1k
— 77 —90 —81 —81 —87 —81 —90

—54 to +71 Same as Same as DO—138 lAW ‘ISO
(00-138) GSA-8A GSA-8A

00— 138 lAW TSO Cat. 8

DO—138 15* 20* (DO—138) Seine as Same as 00—138 15*
Cat, G GSA-BA GSA-8A

iin.l VOR and ItS monitoring .



r~ - - —=-

~ 

— 

4: 1a ~~~ T~’~’ ~
. : ~~~~~~~~~~

APPENDIX F

ALS/AIRCRAFT INSTALLATION DATA

AIRC RAFT TYPE : C-141A

LOCATION OF MAIN AVIONICS EQU IPMENT : Forward avionics bay just a f t  of
radome bulkhead below cockpit.

AVAILABLE SPACE: Can accommodate small units in forward bay .

EQUIPMENT DIMENSIONS : Generally conform to standard ATR sizes .

EQUIPMENT MOUNTING AND RACKING : Most equ ipments have individual mounts in
standard airline racks .

EQUIPMENT COOLING : In rack , per ARINC 404 , where required.

AVIONICS BAY ENVIRONMENT :

TEMPERATURE : Average 75°F with ambient extremes for aircraft  start.

ALTITUDE: Pressurized environment .

VIBRATION : Random vibration levels in the forward fuselage area up to 5g
RMS . Levels should be similar to commercial airline aircraft .

SHOCK : Not critical.

OTHER: Pressurized to cabin level.

AIRCRAFT POWER: 115 VAC 400 Hz 30; 28 VAC derived by T-R units.

WEIGHT - CG RESTRICTIONS: No special restrictions

TYPE CONNECTORS : Generally DPX on the unit back located lAW ARINC 404.

DISPLAYS: Existing ADI; new plan position or chart display may be needed for
curved or angled approach.

CONTROLS : Probable custom panel for joint ILS/ALS use . No spare panel space
available in cockpit.

F-i



FAILURE WARNING/ALERT : Existing faul t  panel; AWLS uses enroute test monitoring -
and pre—land test (pilot exercised).

INTERFACES

AUTOPILOT: PB-60A autopilot, Analog Inputs, existing CAT III capability
for coupled approaches on ILS with flare and auto-throttle.

R-NAV (or other) EXISTING COMPUTERS : Dual CADC, Flare and vertical
navigation computers - all special purpose.

R. ALTIMETER: Existing MDA indication.

PROBABLE ALS ANTENNA LOCATIONS : Nose area below radar antenna, and aft belly.

CABLE RUN LENGTHS

FWD ANTENNA TO ANGLE RE OR DME : 10’

FWD ANTENNA TO HF HEAD: < 2 ’

REAR ANTENNA TO ANGLE RE OR DME : 80’

REAR ANTENNA TO RF HEAD: < 2’

POTENTIAL EMI/EMC PROBLEMS : High-power radar close to forward antennas .

REMARKS : Can use airline equ ipment unless special tactical version of the
ALS is required.

I
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- :  ALS/AIRC RAFT INSTALLATION DATA

AIRC RAFT TYPE: A-37B

LOCATION OF MAIN AVIONICS EQUIPMENT : Avionics bay in after fuselage.

AVAILABLE SPACE: Very limited.

EQUIPMENT MOUNTING AND RACKING : All equ ipments use vibration isolation mounts.

EQUIPMENT COOLING: Ambient convection. Avionics bay cooled by RAM air flow.

AVIONICS BAY ENVIRONMENT :

TEMPERATURE: -65°F to +172°F

ALTITUDE : 0 — 25 ,000 ’

VIBRATION: Not determined .

SHOCK: Not determined.

OTHER: Aircraft is not pressurized ; avionics bay exhaust fan for ground
use—seldom used .

AIRCRAFT POWER : 28 VDC main power from aircraf t  generators and batteries
115 VAC 400 Hz 30 available from inverter.

WEIGHT - CG RESTRICTIONS: Forward CG problems will probably dictate
installation in the AFT avionics bay .

TYPE CONNECTORS : Various connectors , both MS and rack and panel.

DISPLAYS : Existing ID— 387.

CONTROLS : Probably combine with ILS on center lower instrument panel. 
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FAILURE WARNING/ALERT: Standard flags in ID-387 unit.

INTERFACES

AUTOPILOT : N/A

R-NAV (or other) EXISTING COMPUTERS: N/A

R. ALTIMETER: N/A

PROBABLE AL5 ANTENNA LOCATIONS: Aircraft nose (ILS antenna is in the
vertical stabilizer).

CABLE RUN LENGTHS

FWD ANTENNA TO ANGLE RE OR DME : 15’

FWD ANTENNA TO HF HEAD: 1 to 2’

REAR ANTENNA TO ANGLE RE OR DME :
Not Used

REAR ANTENNA TO HF HEAD :

POTENTIAL EMI/EMC PROBLEMS : No apparent problems .

REMARKS :
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ALS/AIRCRAFT INSTALLATION DATA —

AIRC RAFT TYPE : F-15

LOCATION OF MAIN AVIONICS EQUIPME NT : Central and forward bays . (Aft  cockpit
area noted in the AFIT study was stated as not available)

AVAILABLE SPACE: Unknown

EQUIPMENT MOUNTING AND RACKING : Most equipment is hard-mounted (some exceptions) 
-

EQUIPMENT COOLING : Forced air input through back of equipment racks and
exhausted into the compartment .

AVIONICS BAY ENVIRONMENT :

TEMPERATURE: Not determined .

ALTITUDE : Pressurized level not specified.

VIBRATION : Stated as quite severe 9.5g RMS 50 to 2000 Hz (up to l6g RMS
adjacent to RT side Gun)

SHOCK: l5g

OTHER: Central and forward avionics bays are pressurized .

AIRCRAF T POWER: 115 VAC 400 Hz 30 per MIL-STD-704A

WEIGHT - CG RESTRICTIONS : Not determined.

TYPE CONNECTORS : MS connectors on Box face ( for most uni ts)

DISPLAYS : Existing FDI , ADI , HUD probably adequate.

CONTROLS : Probable custom panel for CNI .

FAILURE WARNING/ALERT : Standard flags , no annunciator - existing ILS is not
connected to the BITE indicator panel.

F-5 
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INTERFACES

AUTOPILOT: Not equipped for coupled approach.

R-NAV (or other) EXISTING COMPUTERS: Central computer provides FDI input -

indirectly controls HUD and ADI.

R. ALTIMETER: Not applicable.

PROBABLE ALS ANTENNA LOCATIONS: Forward area under nose.

CABLE RUN LENGTHS

FWD ANTENNA TO ANGLE RE OR DME : 35’

FWD ANTENNA TO HF HEAD : 5’ to 10’

REAR ANTENNA TO ANGLE RE OR DME :
Not determined.

REAR ANTENNA TO HF HEAD:

POTENTIAL EMI/EMC PROBLEMS: Not determined.

REMARKS : Could not verify dimensions or environment. Stated vthration levels
appear excessive. Temperature and altitude variations not determined.
For these reasons, the A—7D was selected to replace the F-l5 as the
“Standard” ALS vehicle.
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ALS/AIRCRAFT INSTALLATION DATA

A IRCRAFT TYPE: A-7D

LOCATION OF MAIN AVIONICS EQU IPMENT : Avionics bays on both sides of the
aircraft  accessible from outside the aircraft.

AVAILABLE SPACE: None

EQUIPMENT MOUNTING AND RACKING : All equipments use vibration isolation mounts
(individual or rack) .  Custom racking for variable equipment dimensions.

EQUIPMENT COOLING : Generally convection cooled (a few units have special
forced-air ducts) .  Avionics bays intake cooling RAM air and have an
exhaust fan for ground operation .

AVIONICS BAY ENVIRONMENT:

TEMPERATU RE : -65° to +180°F (+130°F for forced air cooled uni t s) .

ALTITUDE: 0 to 45000’

VIBRATION : Not determined . Existing avionics spec ’ed to curve I ,
MIL— E—5400 ( lOg)

SHOCK: Not determined.

OTHER: Avionics bays are unpressurized.

AIRCRAFT POWER: 115 VAC 400 Hz 30 primary, 28 VDC (derived from T-R units) .

WEIGHT - CG RESTRICTIONS : No special restrictions.

TYPE CONNECTORS: Majority of units use DPX or other rack and panel connectors.

DISPLAYS: Existing heads-up display, char t display, ADI probably adequate
for ALS

F-7
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CONTROLS: Probable custom panel for joint ILS/ALS use. Some spare space
available.

FAILU RE WARNING/ALERT : Aircraft  annunciator panel does not now accommodate
ILS Standard ADI flags.

INTERFACES

AUTOPILOT: Can accept analog inputs but does not now have coupled
approach capability. Does not interface with central
computer.

R-NAV (or other) EXISTING COMPUTERS: Flight director computer (analog)
has input to HUD signal processor
and ADI.

H. ALTIMETER: MDA indication to pilot.

PROBABLE ALS ANTENNA LOCATIONS: Forward antennas in nose scoop radome ;
aft  antenna on aircraft belly forward of
tail hook.

CABLE RUN LENGTHS

FWD ANTENNA TO ANGLE RE OR DME: 26’

FWD ANTENNA TO RE HEAD: <1’

REAR ANTENNA TO ANGLE RE OR DME: 8’

REAR ANTENNA TO RE HEAD : < 1’

POTENTIAL EMI/EMC PROBLEMS : J-band radar in nose; G-band radar altimeter
antenna on belly; APR—36 antenna in nose scoop .

REMARKS : Avionics bays are currently j ammed. Addition of ~~~~ equipment
will be d i f f icu l t  without f i rs t  removing something.
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APPENDIX C

INSTALLATION/ INTEGRATION “REQUIREMENTS”
OF AN ARINC CHARACTERISTIC

A. ARINC Characteristic 578-2, “Airborne ILS Receiver”

Parameter/Element Requirement

Receiver-Unit Form Factor Specific: Short 3/8 ATR case

Main Connector Specific: DPX2MA—32C2P67P-34B -0053 (or
equivalent) - -

ATE Connector Specific: DPA-32— 34S-002 (or equivalent)

Connector Locations Specific: Unit rear , per outline control
drawing

Dimension Tolerances Reference : ARINC Specification 404

Hold-Downs Reference : ARINC Specification 404

Projections Reference : ARINC Specification 404

Handles Reference: ARINC Specification 404

Extractors Reference : ARINC Specification 404

Weight Limits Reference: ARINC Specification 404

CG Limits Reference: ARINC Specification 404

Racking Tolerances Reference: ARINC Report 414

Thermal Design Specific: Forced-air cooling not required

Cooling Provisions Reference : Case drilled per ARINC Specif i—
cation 404

Indicators Not constrained

Indicator Interface Specific: Rig idly defined

Antenna Form Factor Not constrained

Antenna Function Specific: Pattern coverage and polarization

Antenna Interface Specific : Match 50-ohm cable with VSWR ~ 5:1

Receiver-Unit Weight Guidance: Expected range - 8 to 12 lbs

Control Panel Weight Guidance: Expected range - 1 to 2 lbs

Interwiring Interface Specific: Pin connectors per attached
drawing

G- 1 
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A. ARINC Characteristic 578—2, “Airborne ILS Receiver” (continued )

Parameter/Element Requirement

Primary Power Input Reference: 115 Vac, 380 to 420 Hz 10, per
MIL— STD-704 (Cat. B)

Circuit Protection Specific: Single 1-amp circuit breaker

Power Control Circuitry Specific : On/off switching not to be
included in the unit

Common Ground Guidance: May be chassis—grounded; not for
AC returns

Common Cold Guidance : Not for grounding purposes

Standard Outputs Specific: Rigidly defined

Interference Rejection Guidance : Provide rejection circuitry as
practicable

Paralleled ( Redundant) Outputs Specific: AFCS outputs to be paralleled
for integrity testing/monitoring

Instrumentation Outputs Specific : High and low levels for both
azimuth and glide slope to permit display
design options

Warning Signal Outputs Specific: Two high-level and one low-level
for both azimuth and glide slope ; binary
operation

Control Panel Form Factor Reference: ARINC Report 306

Control Panel Receptacles Specific : Bendix PYGMY PTO2A-39PY and
PTO2A-20—3 9PZ (Alternate: Cannon D series)

Receptacle Locations Specific: Left and right rear on horizontal
center line

Controls Reference and Guidance: ARINC Characteris-
tic 568 and customer option

Integral Lighting Specific: Any combination of 26V or .V ac
or dc , with customer choice of red or white
color

ATE Provisions Specific : Code resistor-pin assignments;
necessary functions not defined

B. ARINC Specification 404, “Air Transport Equipment Cases and Racking”

Parameter/Element Requirement

Equipment Case Sizes Specific : Variety of sizes in two lengths,
several widths, one maximum height , ref er-
enced to one ATR

G- 2 - - 
A



_ _ _ _ _ _ _ _ _  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

B. ARI NC Specification 404, “Air Transport Equipment Cases and Racking”
(continued)

Parameter/Element Requirement

Dimension Tolerances Specific: Tolerances indicated in a series
of drawings

Connector Types Specific : DPA , DPD , DPX (or equivalent )
single or twin

Connector Locations Specific: Indicated in a series of
drawings

Index Pins Specific: Indexing method (codes registered
in ARINC Report 406A)

Hold—Downs Specific : Pins, latches , thumbscrews; but
permits some selection

Projections Guidance: Discourages use , especially on
unit back ; provides dimension and location
limits

Handles Specific : Projecting dimension limit;
otherwise not discussed

Extractors Guidance: Provides dimensional standard s

Cooling Provisions Specific : Details location and dimensions
of bottom orifice

CG and Weight Ranges Guidance: Provides table of ranges appro-
priate to the various case sizes

Shock/Vibration Mounts Gu idance : Offers design discussion ;
clearance dimensions

Rack—Loading Limits Specific : 120 lbs maximum (standard-load
shelf)

C. ARINC Specification 408, “Air Transport Indicator Cases and Mounting ”

Parameter/Element Requirement

Indicator Shape and Specific: Variety of dimensions in several
Dimensions heights and widths (square case) ,  one maxi-

mum length , referenced to an ATI
Mounting Method Specific : Front, rear , or clamp mounting

available

Lighting Guidance : 5V, internal, red color preferred
Connector Guidance: Bendix PYGMY (MIL—C-26482)

Connector Locations Guidance: Preferred locations indicated on
drawings
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C. ARINC Specification 408, “Air Transport Indicator Cases and Mounting”
(continued )

Parameter/Element Requirement

Cooling Guidance : Design discussions only

Visibility Guidance : Shape optional ; minimum viewing
angle of 30°

Knobs Guidance: Location, direction of rotation

D. ARINC Report 406A, “Airborne Electronic Equipment Standardized
Interconnections and Index Pin Codes”

This document lists pin connections for specific equipments by manu-
facturer, along with registered index pin codes.

E. ARINC Report 714, “Air Transport Automatic Flight Control System”

NOTE: All items in this report are guidance only; standardization is
stated as impractical.

Parameter/Element Requirement

Azimuth Path Guidance Input from ILS (ALS)

Elevation Path Guidance Input from ILS (ALS)

Auto Throttle Interface Re ference: ARINC Characteristic 558

Primary Power Input Reference: 115 Vac 400 Hz per MIL—STD—704
and ARI NC Specification 413

Flight Director System AFCS coupler to provide signals for FDI

Monitoring and Failure “Fail-Operational” may require redundancy;
Detection warning signal provided when any channel is

disconnected

Landing Sequence Annunciator Possible Indications: Glide-slope arm
Glide- slope capture
Flare
Runway-align

F. ARINC Specification 413, “Guidance for Aircraft Electrical Power
Utilization and Transient Protection”

NOTE : Provides design - guidance to supplement and interpret MIL—STD—7O4.
General extension for transient susceptibility limits and testing
impedances. Discusses interference control through single point
ground ing , twisted-pair wires and shielding.
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G. ARINC Report 415—2, “Operational and Technical Guidelines on Failure
Warning and Functional Test”

NOTE : Provides design guidance and recommendations for “minimum
requirements” and “ customer need” relating to various avionics
equipments. No specifics relating to equipment installation are
included .

H. ARINC Characteristic 558 , “Air Transport Automatic Throttle System”

NOTE: Provides specific requirements and design guidance for ATS.
There is no direct interconnection with the ILS (ALS) units.
Control signals are derived from the air data computer and/or
angle-of-attack sensor to maintain speed or angle—of-attack
during approach and landing.

I. ARINC Specification 419, “Digital Data System Compendium”

NOTE: This specification describes a classification code to be used
when digital interface requirements must be spelled out in
equipment characteristics. No standard system as yet exists,
and the classification scheme adapts to variations relating to
the message carried , the physical/functional interface design ,
the digital logic used , and the timing or synchronization
elements.

J. ARINC Characteristic 568—3, “Mark-3 Airborne Distance Measuring
Equipment”

Parameter/Element Requirement

Interrogator Unit Form Factor Specific : Short 1/2 ATR case

Main Connector Specific: DPX2MA-AC3P—67P -34B-O0l9 (or
equivalent)

ATE Connector Specific : DPX2MA-1O6PW8S—34B-0000 (or
equivalent )

Connector Locations Specific : Unit rear , per outline control
drawing

Dimension Tolerances Reference: ARINC Specification 404
Hold-Downs Reference: ARINC Specification 404

Projections Reference : ARINC Specification 404

Handles Reference: ARINC Specification 404

Extractors Reference: ARINC Specification 404

Weight Limits Reference: ARINC Specification 404

CG Limits Reference : ARINC Specification 404

Racking Tolerances Reference : ARINC Report 414

G- 5

t



~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

J. ARINC Characteristic 568—3, “Mark—3 Airborne Distance Measuring
Equipment ” (continued )

Parameter/Element Requirement

Cooling Provisions Reference: ARI NC Specification 404;
internal blower option

Indicator Type Guidance: Single, dual , or combined ;
mechanical or light bar

Indicator Form Factor Specific: Per outline drawing

Indicator Mount Specific : Per outline drawing

Indicator Connectors Specific: Per outline drawing

Indicator Interface Specific: BCD—coded digital

Antenna Form Factor Specific: Two described choices

Antenna Function Specific : Pattern coverage and polariza-
tion

Antenna Interface Specific : VSWR ~ 1.5:1 into 50 ohms

RF Cable Loss Specific: ~ 5 dB

Antenna Isolation Specific: At least 40 dB

Antenna Power Rating Specific: 3 kW peak

Unit Weights Guidance : (Expected ranges)
Interrogator - 10 to 25 lbs
Control Panel - 1 to 2
Indicator — 1 to 2
Antenna - 1 to 2

Interwiring Interface Specific: Pin connections per attached
drawing

Primary Power Input Reference : 115 Vac , 400 Hz 10, per MIL—
STD—704 (Cat . B)

Circuit Protection Specific: Single 2A circuit breaker

Power Control Circuitry Specific : On/off switching not to be
included in the unit

Common Ground Guidance: May be chassis-grounded; not
for ac returns

Common Cold Guidance: Not for grounding purposes

Standard Output Specific : Output characteristics are
standardized , including serial , digital
distance signal. 26 Vac 400 Hz required
for instrument drive

Aural Output Specific: Aural output for positive
identification
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J. ARINC Characteristic 568-3, “Mark—3 Airborne Distance Measuring
Equipment” (continued )

Parameter/Element Requirement

HF Power Output Specific : 30 dBW

Functional Test Specific: Optional methods

Integrity Monitoring Guidance: Undefined but recommended

Interference Rejection Specific: No damage from +20 dBm signal ;
degradation limits from pulsed signal

Suppression Pulses Specific: Suppression pulses pr~’vided to
other pulse equipment when transmitting,
accepted when receiving (used when dual
systems are installed)

Multipath Susceptibility Specific: Maintain lock—in with reflected
-.~nergy of —10 dB (referenced to direct
signal)

“Standard” Control Panel Reference: ARINC Report 306
Form Factor

Control Panel Receptacles Specific : Two Cannon DC-37P (or equivalent)

Receptacle Locations Specific : Rear centerline per drawing

Controls Reference: ARINC Characteristic 547/568 and
specific functions

Integral Lighting Specific: Any combination of 26V or 5V
power , ac or dc , with customer choice of
red or white

K. RTCA Document DO-l3l, “Minimum Performance Standards - Airborne ILS
Localizer Receiving Equipment ”

Parameter/Element Requirement

Receiver VSWR Specific: ~ 10 over 108.0 to 112.0 MHz

EMI Emissions Reference: RTCA Document DO-l08 (now
DO—l 38)

Warning Signal Specific function with undefined configura-
tion , “easily discernible warning indica-
tion ”

Antenna Efficiency Specific: Forward and rearward pattern not
more than 10 dB less than standard dipole

Antenna Polarization Specific : Horizontal at least 10 dB over
vertical

Antenna VSWR Specific: ~ 6:1

G-7
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K. RTCA Document DO—l3l , “Minimum Performance Standards - Airborne ILS
Localizer Receiving Equipment” (continued)

Parameter/Element Requirement

Environmental Tests Reference: Performance during (or after)
tests per RTCA Document DO-l08 (now DO—
138)

L. RTCA Document DO-l32, “Minimum Performance Standards - Airborne ILS
Glide Slope Receiving Equipment”

Parameter/Element Requirement

Receiver VSWR Specific: ~ 10 over 329.0 to 335.3 MHz

EMI Emissions Reference : RTCA Document DO—lOB (now DO—
138)

F Warning Signal Specific function with undefined configura-
tion , “easily discernible warning indica-
tion ”

Antenna Efficiency Specific : Forward pattern not more than
15 dB below standard dipole

Antenna Polarization Specific: Horizontal at least 10 dB over
vertical

Antenna VSWR Specific: ~ 6:1

Environmental Tests Reference: Performance during (or after)
tests per RTCA Document DO-108 (now DO-138)

M. RTCA Document DO—l38, “Environmental Conditions and Test Procedures for
Airborne Electronic/Electrical Equipment and Instruments”

NOTE : The following tests are detailed in the document, with various
categories of environmental severity relating to different air-
craft types and installation locations. The equipment manu-
facturer may select the categories for which he wishes to qualify
his equipment and must indicate these categories on the equipment
nameplate.

1. Temperature and Altitude
2. Humidity
3. Vibration
4. Audio Frequency Magnetic Field Susceptibility
5. Radio Frequency Susceptibility
6. Emission of Spurious RE Energy
7. Explosion
8. Waterproofness
9. Hydraulic Fluid
10. Sand and Dust
11. Fungus Resistance
12. Salt Spray
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77. Advanced Landing System Program Management Plan, April 1974.

Specifications

78. Specification for Manufacturers ’ Technical Data, Air Transport
Association of America Specification No. 100.

79. Specification for Ground Equipment Technical Data, Air Transport
Association of America Specification No. 101.

80. Specification for Integrated Data Processing-Supply, Air Transport
Association of America Specification No. 200.

81. Specification for Packaging of Airline Supplies, Air Transport
Association of America Specification No. 300.

82. MIL-E-5400, General Specification for Airborne Electronic Equipment.

83. MIL-STD-454, Standard General Requirements for Electronic Equipment.

84. MIL-STD-490, Specification Practices.

85. ARINC Report No. 414, General Guidance for Equipment and Installation
Designers.
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Individuals Contacted

DoD

3. Mittino , OSD (I&L)

USAF

R. Baker , WRALC/Tech Services

Major J. Bearmaster , AFSC/WRALC/C-i4l S. M.

Lt. Col. Beers, WRALC/MML/ILS Program

E.F. Bensey , OCALC/A7 S.M.

Capt. G.J. Brentnall , Research Management Center/Air Force Institute
of Technology .

Lt. Col . D .N. Burt , Department of Management Studies , Air Force Institute
of Technology .

F. Caldwell , WRALC/MMEEN/ILS Program

C.P. Caravasos, Procurement and Production Office/AFSC/ESD/DC .

R. Cohen, AFSC/ESD/Procurement Policy and Management

Lt. Col. 0. Douglas, USAF HQ/ROPE

H. Elseasser, P1FSC HQ/PPP

Lt. Col. T. James , WRALC/MMHO/ILS Program

Major Xajawski, ASD/Flight Dynamics Laboratory

Col. A. Lavish, APSC HA/XRP

J.B. Liest, Procurement and Production Control Division, F/RF/4 System
Program Off ice/AFSC/ASD

R.C. Lollar, AFSC/ASD/F-15 SPO

H L.C. Loomis, AFSC/WRALC/MML Radio and Radio Navigation Division

C.L. Miller, Avionics Procurement, Recon Strike EW/ASD/AFSC

S.W. Munson, Navigation Branch, Directorate of Avionics Engineering/
ASD/AFSC

C. Pinto, Directorate of Technical Requirements and Standards/ESD/AFSC.
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USAF (continued)

E.J. Raimondi, SPO AFSC/ASD/F-l5

S. Ray, OCALC/A7 S.M.

3. Rooney, Directorate of Procurement and Production/ESD/AFSC

Capt. R. Sims, DoD AIMS/TRACALS Test and Development Division/AFSC

D. Spencer, OCALC/A7 S.M.

H. Thomas, AFSC HQ/SDDE

Col. C. Weight, AFSC HQ/PPO

G. Walker, DoD AIMS/TRACALS Program Office/ESD/AFSC

R. Wheat, WRALC/C-141 S.M.

E .L. Wilworth , OCALC/A7 S.M.

Capt. G. Wright, OCALC/A7 S.M.

Federal Aviation Administration

G. Adams, FAA Program Manager , Test Site NAFEC Atlantic City , New Jersey.

3. Edwards, Assistant Chief, MLS Division

S. Millington, FAA Program Manager, Test Site NASA Wallops Island, Virginia.

Air Transport Association

S.B. Poritzky, Chairman MLS Advisory Committee

National Aeronautics and Space Administration

J. Kanter, Director MLS Advisory Committee

Airlines Electronic Engineering Committee

W. Carnes, Chairman , Airlines Electronic Engineering Committee.

R. Climie, Vice—Chairman, Airlines Electronic Engineering Committee.

J. Ittleson, USAF Representative to AEEC , USAF/ASD.

R. Lowery , Airlines Electronic Engineering Committee Legal Counsel.

R. Moyers, USAF Representative to AEEC, USAF/Hq.
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Airlines

Management Procurement and Technical personnel were contacted in each of

the following airlines:

American Airlines United Airlines
Eastern Airlines Pan American Airways
Delta Airlines

Manufacturers

Bendix

E .D . Mart, Bendix Corporation, Ft. Lauderdale, Florida

J.R. Siebring, Bendix Communications Division, Baltimore, Maryland

B. Spratt, Bendix Avionics Division, Ft. Lauderdale, Florida

R. Thwing, Bendix Corporation, Marketing

Collins

G. Gooch, Collins Radio, Cedar Rapids, Indiana

Haze ltine

S. Litt, Hazeltine, Lawndale, New York

Honeywell

D. Mackinnon, Honeywell, Minneapolis, Minn.

R. Ringdahl, Honeywell, Minneapolis, Mi~n.

ITT Gilfillan

R. Hull, ITT Gilfillan, Van Nuys, California

L. Sanders, ITT Bilfillan, Van Nuys, California

Xing Radio

3. Rogenlieb , King Radio

Texas Instruments

3. Harrod , Texas Instruments, Dallas, Texas

H-B
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