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SUMMARY 

., 

ARINC Research orporation is under contract to the Federal Aviation 
Administration (Contract DOT-FA74WA-3506) to provide assistance in the 
development and evaluation of cost and operational factors that will 
affect the FAA policy regarding Collision Avoidance Systems (CAS) as a 
national standard. 

Cost and operational evaluations have been developed for the Honeywell 
AVOIDS CAS, the McDonnell Douglas EROS CAS, and the RCA SECANT CAS concepts. 
To provide a basis for assessing the economic impact of CAS on the various 
aviation communities, separate cost evaluations have also been developed 
for general aviation, commercial aviation, and the military. 

The classes of equipment studied have been limited to a full-capability 
CAS (i.e., one based on ANTC 117 vertical threat logic fo~ commercial air 
carriers and other high-performance aircraft), referred to as a Type I CAS; 
and a limited-capability CAS intended for general-aviation aircraft, re­
ferred to as a Type II CAS. This was done in an attempt to bound the prob­
lem by pricing out the most expensive (air carrier Type I) and the least 
expensive- (general aviation Type II) electronics. In addition, the three 
manufacturers were also asked to submit data on a collision avoidance device 
that provides no collision-avoidance protection itself but allows other CAS­
equipped aircraft to execute collision avoidance with aircraft carrying 
this device. Because only RCA proposed such a device, known as a remitter 
or CAD, the cost impact was treated as a special c~se in the overall analy­
sis. 

To develop the'costs associated with implementing each of the three 
CAS concepts, it was assumed that CAS implementation would begin in 1978. 
The number of CAS units to be installed each year was estimated and CAS life 
cycle costs were developed from 1978 through 1988. The costs to be borne by 
the commercial carrier, military, and general-aviation user communities were 
developed. The cost analyses required the development of detailed cost and 
reliability data peculiar to each of the CAS systems and the three CAS con­
cepts. System costs based on these data were evaluated with the aid of an 
economic cost model. 
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The cost and reliability data-describing each 0f the three system 
concepts provided the basis fer the economic comparison of the three 
systems. These data were critical to the overall success of the study 
and were therefore developed with extreme care. Two sources for these 
data were used. First, the three manufacturers were requested to provide 
detailed cost and reliability data on their proposed system. Several 
successive data submissionst each providing more- detailed data, were made 
by each of the manufacturers: at the end of this process very detailed 
system cost and reliability data were available. -An independent system 
cost and reliability analyses_ were cortducted ba5etl on the supplied de­
signs to provide a comparison betW"een the.manufacturer-supplied data and 
to provide an independent data upon which additional comparative CAS 
economic analyses could be based. The equipment cost based on the inde­

pendent evaluations is presented in Table S-l. 

Factors such as aircraft installation costs-, equipment distribution 
costs, and the numbers of aircraft installing CAS- on a year~by-year basis 
were assumed to apply equally to each CAS concept. They were developed so 
that the total cost of CAS implementation could be determined. These factors 
produced virtually identical effects on the predicted costs associated with 
the three CAS concepts. 

The individual aircraft costs and the combined user community costs
 
of CAS implementation were developed using both the manufacturer-supplied
 
data and the independently derived system cost and reliability data. A
 
sunmary of the CAS Cost Analysis based on the independent evaluation is
 
presented in Table S-2. These cost analyses showed that the Honeywell CAS
 
concept is the least costly to implement, the McDonnell Douglas CAS falls
 
in the middle, and the RCA CAS concept is the most costly. This relative
 
ranking was maintained even when a number of the basic assumptions and
 
data inputs were varied. However, for the special case in which the RCA
 
remitter was included in the aircraft scenario, the RCA system costs were
 
reduced below those of the HcDonnell Douglas systerr.s, but remained higher
 
than those of the Honeywell systems. The remitter case was not subjected
 
to an independent evaluation, and therefore is not included in Table S-2.·
 
Table S-3 presents the total life-cycle costs to the entire aviation­

con~unity for ea~h of the three CAS concepts at the three annual inflatiuu
 
rates used in th~ study.
 

Table 5-1. CAS COST OF EQUIPMENT (INDEPENDENTLY DEVELOPED DATA ONLY) 

AVOIDS EROS SECANT 

Unit 

Type I 
Type II 
Without 
Encoder 

Type II 
With 

Encoder 
Type I 

Type II 
\~i thout 
Encoder 

Type II 
With 

Encoder 
Tvpe I 

Type II 
Without 
Encoder 

Type II 
With 

Encoder 

Principal Electronics* 

Indicator 

Antenna 

S4012 

1092 

63 

S565 

0 

13 

S703 

0 

13 

S4694 

1092 . 
63 

S998 

0 

13 

S1138 

0 

13 

S ')501 

1092 

63 

S1148 

0 

13 

S1296 

0 

13 

Control 0 0 0 0 0 0 127 0 0 

*Costs are manufacturers' estimated OEM prices. without mark-up for distribution. 

Type I equipment is for commercial aviation and other high performance military and general aviation 

aircraft.
 
Type II equipment is intended for the limited performance (less than 250 knot,;) military and general
 
aviation aircraft.
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Table 5-2.	 SUMMARY OF CAS COST ANALYSIS (INDEPENDENTLY DEVELOPED DATA) 

COMMERCIAL AVIATION MILITARY AVIATION GENERAL AVIATION 
COST 

CATEGORY 
AVOIDS EROS SECANT AVOIDS EROS SECANT AVOIDS EROS SECANT 

COst of Ac­
quiring sncS 
Installing CAS $ 10549 $ 11231 $ 12165 $ 14574 $ 15256 $ 16189 $ 1156 $ 1823 $ 2076in a Single 
Aircraft. 
(ZERO Percent 1377 . 2060 2312 
Inflation) 

Anticipated 
ll-Year Life 
Cycle Cost 14382 14730 16286 18374 19007 20064 1407 2253 2425for a Single 
Aircraft. 
(ZERO Percent 1632 2665~ 
Inflationl 

Total Life 
Cycle Cost 

53.5M 2l9.8M ;!37.2M46.9M 48.3M 247.8M 4l1.9M 602.2M 658.8M 
user Cooaunity 
(ZERO Percent 

for the Entire 

464.lM 708.lM~Inflation Rate) 

Total Lib 
Cycle Cost 
for the Enti re 316.lM 338.5M 357.4M67.5M 68.8M 76.3M 598.2M 873.9M 975.9M 
user Conaunity 
(Six Percent 709.7M 993.lM 1081. 9M
Inflation Rate _. 
Total £,ife 
Cycle Cost 
for the Entire 82.6M 83.8M 93.4M 395.4M 429.0M 438.5N 829.4M l2l8.4M l280.9M 
User COlIIIlunity 
(Ten Percent 934.2M l316.0M l420.5M 

._~- .IIlflation "tel 

NOTES: 1.	 The underlined values represent the costs of CAS when altitude encoding is included in the 
general aviation community. (It is assumed that CA and ~lIL already are equipped with encoders.) 

2.	 The individual aircraft data for the military apply to high rcrformance aircraft which is the ma'or 
category of military aircraft. The user community life cycle costs include the combination 
of high and low performance aircraft. 

3.	 The individual aircraft data for general-aviation appl', to the low performance aircrilft which th,· 
maJor category of general a'Iia tinn ai rcrait. The user ,:o"""uni ty li fe-c,'c le C,1sts 
include the combination of high and low pprformancn air ·raft. 

4.	 Life cycle costs for the users of EROS systems do not include the cost of the minimum of five 
mandatory ground stations required for system synchronization. Depending upon the actual 
number of ground stations that would be required. this could represent a major increilse in 
the EROS costs. 

5.	 The aircraft statistics forecasts are based on FAA-provided data. 
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Total Life Cycl. 
Cost for the 
Aviation COlNaWlity 
(ZERO Percent 
Inflation) 

Total Life-Cycle 
Cost for thE; 
Aviation Community 
(Six Percent 
lAflation) 

Total Life-Cycle 
Cost for th", 
Aviation co~mWlity 

(T~n Percent 
Inflation) 

2'able 5-3. TOTAL COST OF CAS IMPLE['!ENTATION 
(Independently Developed Data) 

AVOIDS 

$ 678.6M $ 

EROS 

887.7M 

936.1M 

l28l.2M 

l396.81-1. 

1731. 2M 

1828.8H. 

$ 

730.8M 

981. 8M
 

lO94.1M
 

l307.4M
 

l412.2M
 

1 

SECANT 

960.lM 

lOO9.4M 

l409.6M 

1506.0l·1 

1812.8H 

1952.4M 

lThe underlined values represent the total costs of implementing
 
CAS including altitude encoding in the entire general aviation
 
community.
 

A separate evaluation of the operability features of the t ~ee 

CAS concepts was also performed to determine the operational problems 
(i.e., undetected system failures) that would result from the inevitable 
failures of avionics equipments. Failures were grouped into two categories, 
immediately detectable and undetectable until a routine equipment checkout 
is performed, and the undetectable failures were used as a basis for an 
operability ranking of the CAS concepts. As a result of its extensive 
built-in test capability, the McDonnell Douglas CAS concept was found 
to have the fewest undetected system failures. 
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CHAPTER ONE 

INTRODUCTION 

1.1 BACKGROUND 

The Federal Aviation Administr~tion (FAA) has been engaged in an in~ 

tensive evaluation of three Collision Avoidance System (CAS) concepts.* 
These efforts will culminate in a recommendation to the Congress, by the 
end of 1975, on which of these concepts, if any, would be suitable for 
adoption as a national standard for independent airborne CAS. Each of 
the concepts has been subjected to an exhaustive technical examination to 
ensure that the approaches are technically sound and feasible. Flight-test 
programs have been conducted with prototype hardware embodying each concept 
that would be used in a commercial or high-performance military environment, 
and a general-aviation environment. These flights have shown that all of 
the systems are capable of providing aircraft collision-avoidance protection. 

However, recommendation of a national policy for CAS cannot be based 
solely on technical factors but must also take into consideration the 
operational and economic aspects of each alternative. Therefore, the FAA 
initiated this study to provide the necessary additional data essential to 
the formulation of a policy decision on the three CAS concepts. The work 
is being performed by ARINC Research Corporation under FAA Contract DOT-FA74WA­
3506. This report presents the results of the analysis of the three concepts 
in terms of expected cost of ownership to an individual aircraft owner and 
total life-cycle costs (LCC) to the entire using community, i.e., commercial 
aviation, general aviation, and military aviation. The report also presents 
an evaluation of the operational features associated with each of the con­
cepts • 

. ~ 

* These concepts are the Minneapolis-Honeywell AVOIDS, McDonnell Douglas 
EROS, and RCA SECANT. 
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1.2 CONTRACT OBJECTIVES 

The primary objective of the contract effort is to develop and evaluate 
detailed cost data for the Honeywell, McDonnell Douglas, and RCA CAS concepts. 
A second objective is to define the operability considerations for each 
concept (e.g., the need for and the means of obtaining periodic system 
checks). 

The costs associated with the acquisition, installation, and operation/ 
support of each of the proposed CAS equipments have been addressed in this 
study and have been combined to establish the total cost of ownership to 
both the individual operator and the entire using community. As a resu1t f 
separate cost data have been developed for general aviation, the military, 
and commercial air carriers. The operability evaluations have rocused on 
the operational consequences of implementing CAS in a representative mix 
of commercial, military, and general aviation aircraft. 

1.3 SCOPE 

To provide fair and expeditious cost evaluations, the contract has 
required extensive participation of the three competing manufacturers. 
These companies were asked to provide detailed equipment cost, reliability, 
maintainability, and design data on their system concepts based on the 
design techniques that would be used if CAS installations were to begin in 
1978. Cost of implementation and life-cycle costs of ownership were then 
computed for each concept in each using community for the period 1978-1988; 
FAA-supplied aircraft population data and mutually agreed upon aircraft 
retrofit schedules were used in these computations. 

The manufacturer-supplied data also were used by ARINC Research and 
selected general-aviation equipment manufacturers as the basis for indepen­
dent assessments of the unit costs and reliabilities. Cost-of~ownership 

and LCC estimates were derived for these independent assessments and compared 
with the values derived from the manufacturers' data. 

1.4 REPORT ORGANIZATION 

This report consists of nine chapters, describing the technical 
approach followed, data acquired, analyses conducted, and results and 
conclusions obtained. The appendixes present supporting detailed data 
and results. 

Chapter Two describes the overall approach to developing the economic 
evaluations, the assumptions and constraints employed, and the modeling 
methodology used in obtaininq the desired cost-of-implementation and LCC of 
ownership values for each concept. 

Chapter Three presents the specific cost, reliability, maintainability, 
and design data obtained from the three companies for both the commercial 
and general-aviation CAS concepts. This chapter also presents the results 
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of the independent examinations of the accuracy of these data. The 
independent- exaili:inatiOhs cotnparethe, costartd reliability data provided 
by :eatih'manu:fsbturer with estimates. ~developed byARINC Research and, in 
the 'cas'e ·'bf' the:i gertera'1:":aviationversions, with estimates developed in­
depende'ntlyby~two leading general-aviation' avionics manufacturers. On 
the basis of these comparisons, alternative data sets characterizing 
each of the system concepts are provided for subsequent evaiuation. 

The implementation cost of each of the CAS concepts requires the 
development of certain data that are common to all three concepts. These 
data include installation costs, aircraft population statistics, and equip­
ment configurations reflecting the practices and trends of the specific 
user communities that would ultimately be participants in a national col~ 

lision-avoidance system. These common data are presented in Chapter Four. 

In Chapter Five, the development and exercise of the economic-analysis 
model are presented. The model is exercised for both the manufacturers' 
data and the independently developed alternative data sets. Acquisition, 
installation, and maintenance support costs of the various CAS equipments 
and user populations are evaluated and sununarized for the individual air ­
craft and for the total user communities. 'rhese costs are also combined 
to provide total life-cycle costs for the defined II-year period. 

In anticipation of potential differences of opinion over some of the 
assumptions and parameter values used In the model exercises, a number of 
additional evaluations were developed in which certain input parameters and 
assumptions were varied in order to determine the sensitivity of the pro­
jected life-cycle costs to these parameters. The results of thN3e special 
cases are present~d in Chapter Six. 

Chapter Seven investigates the impact of introducing the three CAS 
concepts into the national airspace. Scenarios for aircraft densities, 
average flight durations, and special handling of failed CAS units are 
developed and evaluated for each of the CAS candidate systems. The effects 
of special monitoring and built-in-test equipment incorporated into the 
proposed designs are evaluated to determine the suitability of each system 
in an operational environment and the impact on the existing air traffic 
control system. 

Chapter Eight presents a refinement in the overall '_l-.S cost analysis 
to include the cost of providing altitude encoding data to all aircraft. 
Without a mandatory requirement, only the conwercial aircraft, the military 
aircraft, and a portion of the general aviation fleet are likely to be 
equipped with altitude encoding equipment. Therefore, as a separate re­
finement in the overall cost analysis, ARINC Research has incorporated a 
modified, built-in-altitude-encoding version of the Type·II CAS for use 
in general aviation aircraft that lack an altitude-encoding system. These 
modified Type II systems have little effect on the cost differences because 
they represent a modification to the designs originally proposed by the 
three manufacturers and are an almost constant increment in cost for all 
three systems. 
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Chapter Nine provides a summary of the results obtained from the 
investigation and presents specific conclusions resulting from the economic 
analyses performed for the three concepts and the conclusions reached from 
the independent assessment of the projected unit costs and reliabilities. 
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CHAPTER TWO 

ANALYSIS APPROACH 

The majority	 of the present report is concerned wtih the economic 
.,	 analysis of the three CAS concepts, and this Chapter discusses the 

approach used in these economic analyses. The development of detailed 
and accurate cost analyses for three avionics concepts that currently 
exist only in prototype form posed a number of formidabl,~ proplems, in­
cluding the following: 

Establishing a Common Basis For Evaluating The Three Concepts. The 
system concepts are in different stages of evolution and employ 
different technology levels. Evaluation criteri~ that take into 
account these differences and are fair to each o~ the concepts are 
needed to ensure that the study results will provide an objective 
evaluation of each concept. 

Obtaining Accurate and Comparable Cost and Desig~l Data. The three 
CAS manufacturers have made claims regarding the costs of their 
systems, but little detailed justification of th~se costs was 
provided. Therefore, it has been necessary in this study to 
develop procedures for obtaining or de~·eloping d,"tailed data that 
would justify the costs associated with the thre(~ system concepts. 
Potential sources of these improved data are independent investiga­
tions and the three CAS proponents themselves. 

Developing the Necessary Additional Data Required for a Comprehensive 
Cost Analysis. Alt:hough the development of data (such as aircraft 
fleet sizes) that apply equally to all three CAS concepts is of the 
lowest ,criticality in the comparative cost evaluation of the three 
CAS concepts, it is extremely important in developing accurate 
overall total costs of implementation. 

The general approach followed by ARINC Research,Corporation in resolving 
these problems and obtaining the comparative economic evaluations of the three 
competing CAS concepts is illustrated in Figure 2-1. Initially, the basic.. 
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Figure 2-1. CAS ECONOMIC ANALYSIS APPROACH 

criteria for eva~uation of the concepts were established through a set of 
Uniform Ground R~les for the analysis (.e.g, all systems would utilize LSI 
technology projected for 1978) and agreed upon by all participants. An 
existing ARINC Research life-cycle-cost model was then tailored to represent 
the CAS evaluation environment and the established criteria. Parallel data­
collection efforts were then initiated to obtain the common and system­
peculiar input data needed to exercise the model. The common data such as 
aircraft populations, installation costs, maintenance scenarios, etc., were 
developed or obtained from the FAA and representative commercial, general, 
and military aviation users. The specific systems' data were obtained 
directly from the three CAS manufacturers. These latter values provided the 
bases for the initial exercises of 'the Economic Analysis Model (EAM). The 
manufacturers' data were. also used as the starting point of the independent 
unit cost and reliability assessments by ARINC Research and several general­
aviation equipment manufacturers. These assessments produced an alternative 
set of system data for which the model was exercised. In addition, the 
model was exercised for several key parameter-variation cases in order to 
investigate sensitivity of the results obtained to the input data and 
assumptions employed in the analysis. The outputs of each model exercise 
were the resultant acquisition, installation, support, and total costs, on a 
per aircraft and total user community basis, for each year and cumulative 
over the 1978-1988 time period. 
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The remaining sections of this chapter give details of how these steps 
were accomplished, how the key problems enumerated above were addressed, and 
also present the important assumptions that underlie the entire study. 

2.1 DEVELOPMENT OF GROUND RULES FOR"THE CAS COST ANALYSIS 

To perform the study objectively, without favoring or penalizing any 
of the competitors, it was necessary to define a set of Uniform Ground Rules. 
The development of the Rules was discussed at several meetings with the FAA 
and subsequently at a conference with each of the principal manufacturers 
to assure concurrence and acceptance before the evaluation started. The 
key aspects of the ground rules involve the classes of equipment, technology 
levels, production quantities, and time periods. 

The classes of equipment were limited to a full CAS (i.e., one based on 
ANTC 117* vertical threat logic intended for commercial air carriers and 
other high-performance aircraft), a limited-capability CAS intended for 
general aviation aircraft, and a remitter that would provide an aircraft no 
collision-avoidance protection by itself but would allow CAS-equipped air­
craft to avoid the remitter-equipped aircraft. For study purposes, it was 
assumed that military aircraft would carry either the full CAS or limited·· 
capability CAS equipments appropriate to aircraft performance, and that no 
military-peculiar equipment would be considered in the evaluation. 

Technology levels and quality levels of components (e.g., present 
commercial practice in the selection of components) were identified, and 
the total production quantity for each of the manufacturers was assumed 
to be 3000 CAS units of the commercial-carrier equipment and 10,000 CAS 
units of the general-aviation equipment. These quantities were chosen in 
accordance with the normal industry experience with new avionic equipment 
in which the production by anyone manufacturer is limited to approximately 
one-third of the total quantity required by commercial carriers. It was 
also assumed that the bulk of the general-aviation units will be manufactured 
by specialized general~aviation avionics companies, with only a limited 
quantity being manufactured by the full-CAS manufacturers. 

It was assumed that CAS implementation would begin in 1978 and would 
be ~ompleted in four years for commercial carriers and eight years for 
general and military aviation. These implementation periods, chosen 
after consultation with industry leaders, . are consistent with the past 

*Statement of Airline Policy and Requirements and a Technical Description 
.of the System, Airborne Collision Avoidance System, issued by the A1r 
Navigation/Traffic Control Division, Air Transport Association of America, 
as ANTC Report No. 117. 
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experience of the aviation industry in introducing new equipment. The
 
equipment designs were to reflect the level of technology that would be
 
readily available in 1978.
 

The Uniform Ground Rules also dontain the proposed ARINC Research
 
approach for defining equipment costs, installation costs, maintenance
 
philosophies, preflight and in-flight performance checks, and operating
 
scenarios.
 

The final version of the Rules, incorporating all comments of the
 
interested parties, is included as Appendix A to this report. .
 

2.2 DEVELOPMENT OF THE ECONOMIC ANALYSIS MODEL (EAM) 

The specific means of assessing the projected costs associated with 
each of the three CAS concepts was through the development and exercise. 
of a computer-based cost model. This model determines the annual and 
cumulative cOl;its associated with each combination of CAS system type and 
user category and tabulates these costs on a per aircraft and a total 
user community basis. The model was developed by tailoring an existing 
ARINCRese~rch cost rnodelto the specific characteristics of the CAS concepts 
and the three categories of users (i.e., commercial, military, and general
 
aviation). :
 

The input data to the EAM consist of two types: data that are
 
unique to the particular CAS concept being evaluated, and data that are
 
common to all three concepts being evaluated. The specific requirements
 
for each type of data were defined concurrently with the development of the
 
model, and a data-collection effort was initiated.
 

Upon completion of the data collection efforts, the model was
 
exercised for each system concept in each user community. These exercises
 
were conducted for both the CAS manufacturer-provided and independently
 
derived system data sets. In addition, the EAM was exercised
 
to 'determine the sensitivity of the results obtained to variations in key
 

. parameters (e. q., MTBF) or assumptions (e. q., amortization). 

2.3 SYSTEM DATA ELEMENTS 

On the basis of the data reauirements specified during the model develop­
ment, detailed cost and system performance data were sought from each of the 
CAS manufacturers. These data included information, for both the full- and 
limited-capability equipments, concerning their physical descriptions and 
their costs, reliabilities, and maintainabilities down to the lowest 
replaceable assemblies. Chapter Three describes the specific data obtained 
from the manufacturers during this collection effort. 
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In addition to obtaining specific input data from the manufacturers 
necessary to exercise the model, detailed design data, performance speci­
fications, and system diagrams were obtained in order to provide a basis 
for conducting an independent assessment of the predicted unit costs and 
reliabilities. This independent assessment, which is descrebed in detail 
in Chapter Three, had two general objectives: (1) to determine if 
comparable technology levels and design assumptions were made for each 
concept, and (2) to determine if the designs would be simplified in 
production by specialized general-aviation avionics manufacturers, ~hereby 

reducing the unit costs and improving reliability. The result of these 
assessments was the generation of an alternate system data Set (cost and 
reliability) to by.evaluated for each CAS concept by means of the EAM. 

2.4 COMMON DATA ELEMENTS 

The data common to all three system concepts consist of four basic 
types: (1) installation costs, (2) aircraft fleet size projections, (3) 
aircraft equipment configurations, and (4) user community operation and 
support parameters (e.g., average flying hours per month, labor rates, 
pipeline times). Chapter Four describes the specific approach to the 
development of these data and presents ,the data obtained. 

The slight variation in installation costs among the three systems was 
neglected and it was assumed that equal installation costs would apply to 
all three CAS consepts. Estimates for installing CAS equipments on commer­
cial air carriers were derived from experiences by two carriers, United 
Airlines and Piedmont Airlines, in actually installing an early version of 
CAS in two different types of aircraft. The general-aviation installation 
costs were developed through a questionnaire survey of all general-aviation 
certified radio repair shops. The shops were asked to estimate the costs 
of installing a CAS in single- and twin~engine aircraft. These estimates 
were based upon quotes for installing a system similar to the CAS in com­
plexity and functions-- a modern general-aviation DME. Military aircraft 
installation costs were developed by the avionics installation agencies of 
each of the branches of the military and presented to the FAA by the Depart­
ment of Defense (DOD). . 

Aircraft fleet size proje~tions for the commercial, military and gene­
ral aviation communities were obtained directly from the U. S. Department of 
Transportation, FAA, Office of Aviation Policy, Aviation Forecast Branch for 
the period 1975-1985. These data were linearly extrapolated through 1988 to 
complete the coverage of the time period of interest. 
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Estimates of the common data elements which were peculiar to the 
individual user communities were developed from contacts with representative 
users within each category, consultation with the FAA and the CAS manufacture~s. 

and ARINC Research personnel's prior knowledge gained from similar studies 
of these aviation user environments. 

2. 5 APPROACH SUMMARY 

The preceding sections have provided an overview to the technical 
approach used in the study; generally outlined how the Economic Analysis 
Model was used; and identified the general types and sources of data to be 
used in the evaluation. The succeeding chapters of this report describe 
in detail the data obtained, the characteristics of the EAM, and the specific 
results obtained from the study. 
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CHAPTER THREE 

•CAS EQUIPMENT COST AND RELIABILITY DEVELOPMENT 

The equipment cost and reliability data developed in this chapter pro­
vide the basis for the economic comparison of the three competing CAS con­
cepts. Careful development of these data was thus an essential step i~ 

the overall economic analysis of the CAS concepts. The development pro­
cedure used was to obtain detailed cost and reliability data from the 
competing CAS manufacturers and then perform an independent data critique. 

The manufacturers supplied data in response to an initial data request, 
followed by numerous requests for additional or clarifying data. The 
result of this data-collection effort was a thorough investigation by the 
manufacturers of their proposed system designs. They produced system parts 
counts, module designs, and system schematic diagrams, to serve as a basis for 
their cost and reliability estimates. 

The data supplied by the manufacturers were evaluated by means of 
independent cost and reliability analyses. ARINC Research conducted the 
independent analysis of the commercial-aviation (Type I) versions of the three 
CAS concepts, and two general-aviation equipment manufacturers (NARCO and 
GENAVE) provided independent analyses of the general-aviation (Type II) versions 
of the systems. 

3.1 SYSTEM DESCRIPTIONS 

System costs and reliabilities are functions of the complexities of 
the system designs, and the complexities of the three systems are related 
to the system design parameters. Table 3-1 was developed to provide the 
reader with a general appreciation of the various techniques used in the 
three CAS concepts. It shows only the most important CAS parameters (from 
a cost-analysis point of view). A more detailed description of the CAS 
design data is presented in Appendix B, which incluQes the manufacturers' 
estimated unit costs, module partitioning, reliabilities, repair-time 
estimates, repair-mater~al-cost estimates, and technical parameters. 
Detailed parts lists, logic partitioning for LSI development, and schematic 
diagrams are available but not included, since they are considered propri­
etary to the manufacturers. 
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Table 3-1. MAIN CAS PARAMETERS AND DESIGN FEATURES 

AVOIDS EROS IISYSTEM PARAMETER SECANT 

OPERATIONAL REQUIREMENTS 

Transmission Format 

Epoch duration 
Maximum transmissions 

per epoch 
Minimum transmissions 

per- epoch 

COMMUNICATIONS 

100 nsec 200 j..lsec range 1 j..lsec pulse, 
pulse, 2 pulse pulse, 25 j..lsec 1 pulse pair 
pair altitude pulse 

3.2 sec 3 sec 5.1 sec 

166 1* 2274 

4 1 450 

Frequencies 1 4 24 
Frequencies used per 

epoch 1 4 Up to 24 

Ranging Technique Query/ Time/ Query/ 
Response ~ynchronization, Response 

Altitude Encoding Pulse Position 
I

Pulse PositionlPulse Position 
Technique Modulation Modulation . Modulation 

Power 

Effective Range 

Receivers 

CONSTRUCTION 

Transmitter 

Receiver
 

Logic··
 

Power Supply 

200-800 W 100-1000 W 

45 n mi. .::>45 n mi. 

2 1 
(One redundant) 

Cavity Tube Exciter/ 
Oscillator Power Amp 

Logarithmic Logarithmic 

9 LSI; 20 MSI; 8 LSI; 9 MSI; 
7 IC 9 IC 

1 module (high 2 modules (one 
and low voltaga high, one low 

voltage) 

16-25 W 

15 n mi. 

2 

Transistor 
Exciter/Power 

Amp 

Linear
 

42 LSI; 1 IC
 

1 roodule
 
(low vol tage)
 

• Up to 2000 synchronization triads may also be transmitted during an 
epoch • 

•• Custom LSls required for each system. 
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Equipment intended for commercial carriers and other high performance 
aircraft is designed to the form-fit-function characteristics of ARINC 
specifications, while the general aviation version intended for the limited 
performance aircraft conforms to the practice of unresticted packaging 
common in the general-aviation community. Figure 3-1 presents a typical 
package profile of CAS expected to be produced by general-aviation manufacturers, 
with a profile of an existing hTCRBS transponder for comparison of size and 
clarity of functional details. 

1".,,,
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~ OJI m ~ IQ] m ~ 
~~ 
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~ t) ~ 
1.625 

-----l 
ALT T5T 

5~~ 
OFF 

I• .1
6.312 

TRANSPONDER 

ILIMIT ~ TEST 
I tNO V ~ 

i11 
2.25 

ITURN I E IlEVEL I TURN0 ~ 
IlIMITq ~ 

6.25I. .1 
TYPE II CAS 

FIGURE 3-1. TYPICAL GEtJERAL-AVIA".'ION PACKAGINS 
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3.2 SUMMARY OF MANUFACTURER-SUPPLIED COST AND RELIABILITY DATA 

Tables 3-2, 3-3, and 3-4 list the system and module data provided by 
the CAS manufacturers.* The reliability data include the equipment failure 
rates and the costs and times involved in repairing the units. The costs 
shown are projected costs for 1978 production, but in 1975 dollars. 

The unit costs represent the costs at which the manufacturer would 
be prepared to sell the equipment to a large-volume customer (e.g., a 
commercial airline, the military, a general-aviation distributor). The 
advertised price on the units would be substantially higher (probably 80­
to 100-percent higher). While the single-aircraft owner would not be able 
to purchase equipments for this factory selling price, he would be equally 
unlikely to pay the full advertised price. The true system acquisition 
cost to the single-aircraft owner would be the factory selling price 
paid by the avionics distributor plus the distributor's handling charge. and 
profit. Therefore, the factory selling price represents a common expense 
borne by any CAS purchaser. In the life-cycle-cost analyses of Chapter Five 
the distribution costs have been included as appropriate for each class of 
users. 

3.2.1 Relation of System Costs to System Design Parameters 

This subsection presents a brief discussion of the relative system 
costs for the commercial-aviation (Type I) CAS units, followed by a general 
discussion of the costs of the general-aviation (Type II) units in comparison 
with the full Type I units. The unique elements of each system are the RF 
sections, the logic circuitry, and the power supplies for which cost and re­
liability data are summarized in Tables 3-2 to 3-4. 

3.2.1.1 RF Sections 

The three RF sections described vary in degree of complexity from the 
single-frequency AVOIDS to the 24-frequency SECANT, and the resultant cost 
difference is reflected in the relative costs proposed by the nanufacturers. 
The AVOIDS and EROS techniques are well established, utilizing existing hard­
ware and packaging concepts such as cavity oscillators and tube-type power 
amplifiers. The SECANT system employs the latest state-of-the-art packaging 
and components (i.e., microwave transistorized transmitter module), which 
may require a careful manufacturing process to minimize RF interference. 

The system costs presented by the manufacturers apoear to be consistent 
with the complexities encountered and justified based on the buying potential 
and typical labor rates of large corporations. 

*	 For common data items (e.g., antennas) the same cost and reliability 
values representing a consensus of the manufacturers are shown for all 
three concepts. 
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Table 3-2. MANUFACTURERS' COST AND RELIABILITY DATA (Honeywell) 

W 
I
 

U"1
 

Mean T1Il\e 
To Isolate Expected MaterielSystem Subsystem 

MTTRMTBFUnit A Failure
COr t CosTn~ff",~fair.,(Hours) 

Honeywell AVOIDS I (Commercial Aviation unit) 

1,092 

(~~ffarsl (Hnurs\(Dol ars 

7,500Indicator 

50,000Antenna &3 

2,051 1.0Principal Electronics 4,016 

1.0 97.363,230452Transmitter 

12.281.217,6771,315Receiver 

15.582.033,036982Chassis 

11.401.714,029952Logic 

1.501.2 

Honeywell	 AVOIDS II (General Aviation Unit) 

50,000 

50,787315Power Supply 

Antenna 13 

3,194Principal Electronics 591 

13,400RF and Power Supply 169 

Cavity (TX) 5,00055 

26,001Logic 367 

0.1 

1.2 10.58 

1.0 28.55 

l.0 10.58 



Table 3-3. MANUFACTURERS' COST AND RELIABILITY DATA (McDonnell Douglas) 

w 
I 

CJ' 

-~ Mean TJ.me
System Subsystem Expected MaterielTo Isolate MTTRMTBFUnit Cost Cost Cost Per R~~airA(Fail~fe (Hnnr<:l.\(Dollars) (Dollars) Hours (DollarS(Hours\ 

McDonnell Douqlas EROS II (Commercial Aviation Unit) 

7,500Indicator 1,092 
50,000Antenna 63 

1,882 0.08Principal Electronics 4,683 

18.851.05,265Transmitter 1,171 
14,768 1.0Receiver 1.47234 
47,736 1.5RF Front End 12.591,639 
15,083 1.0Exciter 374 2.18 

0.5100,000Oscillator 140 50.38 
7,086 1.0Logic 936 1.68 

28,377 1.0 2.10Power Supply vn 

McDonnell Douqlas EROS II GA (General Aviation Unit) 

50,00013Antenna . 3,100 0.081,215Principal Elect. 
19,991 1.0 20.99231Transmitter 
25,713 1.0 1.4736Receiver 
47,736 1.0268 12.59RF Front End 
16,436 1.097 2.10Exciter 

0.5100,00097 50.38Oscillator 
10,918 1.0 2.10Logic 364 

Power Supply 34,276 1.0122 2.10 
Miscellaneous 47,356 

"
 ~ 
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Table 3-4. MANUFACTURERS I COST AND RELIABILITY DATA (RCA) 

w 
I 

.......
 

Mean Time Expected MaterialSystem Subsystem To IsolatE Cost Per Repair'Unit MTBF M'I'TRc: Cost A(~~~;~e (Hours (Dollars). Dollars (Dg~t~rs\ (Hours' 

RCA SECANT (Commercial Aviation Unit) 

Indicator 7,500 
Antenna 

1,092 
50,000 

Control 
63 

10,000 
Principal Electronics 

127 
3,000 0.1
 

Microwave Unit
 
5,141 

16,800* 26.87
 
Detector
 

2,966 3.0 
20.99
 

Housing
 
24,000*478 1.5 

5.04421 31,200* 1.0 

Miscellaneous 51
 
Logic:
 

Control
 12.59 
Threat 

211 24,000* 1.3 
12.59 

Track & Data 
211 24,000* 1.3 

12.59 
Track Exp. 

242 24,000* 
'. 

1.3 
12.59
 

Power Supply
 
242 24,000* 1.3 
319 24,009* 1.5 Replacement Cost 

RCA SECANT GA (General Aviation Unit) 

53Indicator 10,000 
Antenna 13 50,000 
Principal Electronics 1,547 4,000
 

Microwave Unit
 635 19,600*
 
Detector
 159 28,000*
 
Housing
 159 36,400* 

6Miscellaneous
 
Logic
 

Control
 28,000*
 
Threat
 

130 
28,000*
 

Track & Date
 
130 

28.000*
 
Power Supply
 

176 
28,000*159 

0.08 
2.5 
1.5 
0.9 

20.99 
20.99 

504 

1.3 
1.3 
1.3 
1.3 

12.59 
12.59 
12.59 

~p1acement Cost 

* Manufacturer's Recommended Proportioning of System MTBF 



3.2.1.2 Logic Sections 

The associated costs of materials required for the logic section are 
based on the use of large-scale integration (LSI) circuitry. The d~gree of 
utilization of LSI technology in the systems varies from total application 
in the SECANT system to the more conservative usage in the AVOIDS system. 
The associated costs of the systems reflect the variations in the extent 
of LSI application. 

The manufacturers were requested to provide LSI materials costs and LSI 
development costs separately. Anticipated LSI development costs were sub­
mitted by Honeywell and McDonnell Douglas, and overall manufacturing start­
up costs (which presumably include LSI development) were submitted by RCA. 
In Chapter Six the study considers the sensitivity of the relative CAS 
cost analyses to the system development costs. The introduction of LSls 
permits the detailed differences in the logic designs to be ignored in 
the cost analyses. Once the LSI circuits are developed, the effect of 
logic complexity on system cost is related only to the number of LSI circuits 
included in the system design. 

3.2.1.3 Power Supplies 

The regulated power supplies required by each of the competing systems 
are similar in that they require multiple low-voltage outputs to drive the 
various logic or RF stages. The supplies are packaged in modules suitable 
for easy replacement and testing. The proposed costs have been confirmed 
through quotations from the proposed suppliers and, in the case of AVOIDS, 
through a review of the parts costs and assembly rates. 

3.2.1.4 Comparison of Type I and Type II Versions 

The design and manufacturing approach used by all three competitive manu­
facturers in the proposed production of the general-aviation equipment is 
consistent with the relative complexity and cost of the commercial-aviation 
units. Lower RF power, simplified logic, less stringent power-supply re­
quirement, and packaqinq consistent with the general aviation requirements and 
practices, all contribute to the lower equipment costs. The use of a cavity 
oscillator as a transmitter in the AVOIDS II contributes greatly to the reduced 
cost of the system. The proportional costs of the three systems appear to be 
justified on the basis of the data presented. 

3.2.2 Review of System Reliability and Repair Data 

System reliability data (i.e., the mean time between failures, or MTBF) 
is the subject of a subsequent section 3.3.2,in which reliability is linxed 
directly to system design; that discussion will not be repeated in this 
subsection. 
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The maintenance time data are not discussed in detail because there 
appeared to be little basis for conducting an independent analysis of system 
MTTRs. (However, independent analyses of the material cost associated with 
repair are deve~o,ed in the following section). As a result, these ~nufac­
turer-supplied ~tq have been used directly throughout the study. While an 
independent review of these paraments was not practical, a superficial exa­
mination of the parameters suggests they are reasonable on the basis of the 
maintenance of present-day avionics and in light of the fact that built-in 
test and special test equipment should be provided as a part of ·the overall 
CAS implementation. In fact, Honeywell and McDonnell Dougla$ submitted con­
ceptual approaches to their proposed built-in test and test equipment, and 
these plans are consistent with their predicted maintenance times. 

3.3 INDEPENDENTLY DERIVED DATA 

The data presented by the manufacturers were reviewed and evaluated by 
ARINC Research. The detailed system material costs and manufacturing assembly 
costs were considered sufficient to confirm the proposed un~t costs, especially 
on a relative basis, for the commercial-aviation version of the equipment. 

The general-aviation version of each proposed system was evaluated by 
ARINC Research and further subjected to cost and reliability evaluations by 
independent general-aviation manufacturers. It has been assumed that, in 
the event of system implementation, the majority of the units required by 
general aviation would be manufactured by companies other than the CAS 
competitors. The results of the independent evaluations of the Type II CAS 
designs are presented in Section 3.3.3. 

3.3.1 ARINC Research Critique of Commerciql-Aviation CAS Costs 

ARINc Research obtained sufficiently detailed design and assembly data 
from each competing manufacturer to permit direct initial-cost estimating of 
each system. The component costs were compared with present advertised costs 
and allowances made for volume purchasing, common to corporations of the size 
of the competitors. Where modules (e.g., power supplies or cavities) were 
to be prOVided by other than the prime competitors, the potential suppliers 
were contacted and their costs verified. 

The costs o~ the commercial-aviation equipment assembly and packaging 
were reviewed on the basis of the data provided and corrected for learning 
effects, as outlined in the Uniform Ground Rules. The labor hours and rates 
were reviewed and compared with published data on similar components. Al­
though each of the three manufacturers has a rate and burden structure peculiar 
to itself, the independent analysis assumed typical rate and burden structures 
for the industry. As a result, exact agreement with the manufacturer-proposed 
costs was not expected; but the independent analysis did confirm that the 
manufacturers' prices were realistic. 
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The uniform pr1c1ng evaluation of the three Type I equipments began with a 
review of the parts lists of each system, and the cost of each component was 
determined. Although the evaluation considered each component by part 
number and type, a summary of the parts by function is presented for each 
module of a system in Tables 3-5 through 3-7. The relative complexity of 
each module can be appreciated by comparison of the parts density required 
by the module. However, cost of material should not and cannot be averaged, 
since any grouping may include wide-rdnge cost items--e.g., a $20 micro 
network digital-to-analog converter and a $.70 buffer/converter are both 
listed under MSIs for the EROS logic. The exact parts costs are presented in 
Appendix C. The material costs shown in Tables 3-5 through 3-7 represent 
true costs of the components· shown for each module'. Where a module was 
identified by the manufacturer as scheduled for purchase from outside sources, 
only the confirmed costs of the module is presented •. 

The factory cost for each module was developed by applying cost 
factors for material-handling, labor and burden, inspection, and engineering. 
The direct cost of manufacture is identified in Tables 3-8 throuqh 3-10 as 
the Factory Cost. A 20-perc~nt general and administrative cost and a 15­
percent profit were added to the factory costs of each system to establish 
the true minimum selling price of the modules or systems. This selling 
price would be the acquisition cost borne by a commercial air ca~rier, the 
military, or an avionics distributor that re-sells these systems to the 
small percentage of general-aviation users requiring a Type I CAS unit. 

The approach was uniform for each module an~ each system. The results 
are very close to the quotations provided by the competing manufacturers 
except for the modules involving specially purchased subassemblies.* In 
these cases, cost adjustments to allow for different ,cost accounting for 
purchased subassemblies were made, and better agreement between the manu­
facturer and the ARINC Research-estimated costs was obtained. The independent 
costs shown in the tables were used in the cost analyses of Chapter Five. 

In the case of the specially purchased $504 McDonnell Douglas RF front 
end, the material-handling charge could be omitted and the proportional 
engineering and QC could be reduced to 10 percent on the premise that normal 
design engineering is not required on an assembled item. As a result, the 
cost of the RF front end and housing would be reduced to within five percent 
of the manufacturer's quoted price. A similar argument can be made for the 
specially purchased $210 power supply of the RCA SECANT, which would reduce 
the cost to within four percent of the manufacturer's quoted price. 

There is, however, a discrepancy between the independent cos~ evalua­
tion and the manufacturer's data for the SECANT system that could not be 
explained. This discrepancy occurred between the independent cost-evalua­
tion results and the manufacturer's data for the SECANT logic. Efforts 
to resolve this problem were unsuccessful. The impact of this increased 
cost is considered in Chapter Five in the life-cycle-cost analysis of the 
RCA system. 

*	 The McDonnell Douglas RF front end section,oscillator modules,and the RCA 
power supply. 
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Table 3-5. HONEYWELL AVOIDS I PARI'S BREAKDOWN (TYPE I) 

W 
I .... .... 

~e 
TRANSMITTER RECEIVER LOGIC POWER SUPPLY HOUSING TOTAL 

Parts (ea.) QTY COST rzrV COST QTY COST rzry COST rzrV COST QT! COST 
, 

LSls - - - - 9* 100.91 - - 9 100.91 
MSls - - - - 20 198.34 - - 20 198.34 
ICs 3 3.53 12 10.90 7 11.99 6 8.41 28 34.75 
Transistors 5 10.41 8 7.10 2 2.00 6 5.31 21 24.81 
Diodes 7 2.22 16 .80 20 .60 12 5.73 55 9.35 
Resistors 17 2.26 84 7.15 25 13.89 8 3.48 134 26.78 
Capacitors 10 4.68 64 14.71 14 5.10 12 10.92 100 35.41 
Crystals - - - - 1 5.00 - - 1 5.00 
Potentiometers 3 19.49 - - - - 1 3.64 4 I 23.13 
Inductors 3 1.31 - - - - 2 1.00 5 2.31 

Transformers 1 .50 - - - - 2 1.10 3 1.60 

Power Amplifiers 1 loo.on ' - - - - - - 1 99.92 
I 

Printed Circuits 1 10.00 I 1 11.99 2 49.96 1 9.99 5 81.93 

Mise.Electrical - , 
1 424.64 - 1 424.64- - - -

Misc. Hardware 6 .81 2 6.69 4 11.99 3 9.62 1 lot $176.32 Lot 205.03 

. 
Material Cost $155 $484 $400 $59 $176 $1274 

* Custon Component 



Table 3-6. McDONNELL OOUGL1\S EROS PARTS BREAKDOWN (TYPE I) 

W 
I 

f-' 
I'V 

~e 
Parts (ea. 

TRANSMITTER RECEIVER LOGIC POWER SUPPLY EXCITER TOTAL 

QTY COST QTY COST QTY COST QTY COST QTY COST QTY COST 

LSIs - - - - 8* 134.34 - - - - 8 134.34 

MSIs - - 6 2.94 18 122.71 - - - - 24 125.65 

rcs 8 25.12 3 3.57 3 1. 51 - - 4 12.76 18 42.96 

Transistors 24 30.52 5 5.58 21 6.76 3 2.52 12 5.64 65 51.02 

Diodes 33 8.63 13 4.45 18 .76 24 3.78 14 27.54 102 45.16 

Resistors 74 ' 13.69 53 .67 58 .73 13 2.52 58 .73 256 18.34 

Capacitors 35 34.16 63 5.63 22 .70 17 12.47 40 1. 78 177 54.74 

Crystals - - - - - - - - 8 13.43 8 13.43 

Potentiometers 3 23.72 4 3.82 - - - - 3 .88 10 28.42 

Inductors - - 13 4.91 - - - - 15 4.45 28 9.36 

Transformers 4 32.75 2 .08 - - 3 36.10 - - 9 68.93 

Power Ampli fiers 3 133.50 - - - - - - - - 3 133.50 

Printed Circuits - - 1 6.72 2 11. 75 1 2.52 1 4.20 5 25.19 

Misc. Electrical 3 .76 13 21.16 - - - - 1 16.79 17 38.71 

Misc. Hardware 9 62.76 2 5.12 2 5.88 3 7.64 6 20.99 22 102.39 

Material Cost $365. $65. $285. $67 $109 $892. 

* Custom Component
**	 Outside Purchase: Oscillator - $50. RF Front End - $504. 

Chassis and Hardware - $401 Lot 

e- iJ	 \;j 
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Table 3-7. RCA SECANT PARI'S BREAKDOWN (TYPE Il 

W
 
I
,... 

W 

~Parts (ea) 

MICROWAVE IF DETECTOR LOGIC POWER SUPPLY HOUSING TOTAL 
QTY COST QTY COST \lrY COST QTY COST OTY COST OTY COST 

LSls 

MSIs 

ICs 

Transistors 

Diodes 

Resistors 

Capacitors 

Crystals 

Potentiometers 

Inductors 

Transformers 

Power Amplifien; 

Printed Circu~ts 

Misc. Electrical 

Misc. Hardware 

-
-

36 

57 

9 

210 

481 

12 

3 

III 

-
1 

2 

27 

5 

-
-

24.98 

43.64 

5.81 

3.33 

31.16 

12.70 

1.11 

7.04 

-
202.07 

10.58 

193.28 

371. 34 

-
8* 

-
-
-
-

44 

-
8 

24 

-
-

llJ 

8 

I 
: 14 

i 

-
16.93 

-
-
-
-

6.56 

-
2.96 

20.31 

-

-
5.23 

13.85 

11. 64 

42* 533.20 

- -
1 .35 

1 2.38 

- -
10 .16 

10 .53 

1 I 1.06 

- -
- -

; 
- I -
- -
4 i 21.16 

- i -
I 

4 : 14.81 

1 unit $210.00 
* 

1 lot 169.61 

42 

8 

37 

58 

9 

220 

535 

13 

.11 

135 

-
3 

16 

Lot 

Lot 

533.20 

16.93 

25.33 

46.02 

5.84 

3.49 

38.25 

13.76 

4.07 

27.35 

-
202.07 

37.03 

437.13 

567.40 

Material Cost $907 
I 
I $91 
I 

-$574 $210 $170 $1958 

* Custom Component 
** Outside Purchase 



TOTAL (OEM) 
(Dollars) 

1274.00 

318.50 

698.60 

34.94 

2326.04 

581.51 

2907.55 

581.51 

3489.05 

523.36 

4012.41 

-
4012.41 

4015.95 

W 
I 

I-' 
J::> 

Table 3.8 HONEYWELL AVOIDS I SYSTEM COST DEVELOPMENT (TYPE I) 

1
RECEIVER LOGICiTRANSMITTER POWER SUPPLY HOUSING 

COST (Dollars) (OCllars) (Dollars) (Dollars) (Dollars) 

Material 155.00 484.00 
;Handling @ 25% of Material 
I 

Labor @ $11 plus 135% burden 

Inspection @ 5% of labor 

SUBTOTAL 

Engineering and Quality 
Control @ 25% 

FACTORY COST 

General and Administrative 
@ 20% 

TOTAL COST 

Profit @ 15% 

Selling Price 

System Cost 

Adjusted Cost 

Independently Derived Cost 

Manufacturer Provided Cost 

38.75 121. 00 

76.32 136.43 

3.82 6.82 

273.89 748.25 

68.47 187.06 

342.36 935.32 

668.47 187.06 

410.83 1122.38 

61.62 168.36 

400.00 

100.00 

81. 52 

4.08 

585.60 

146.40 

731. 99 

146.40 

878.39 

131. 76 

I 

59.00 176.00 

14.75 
I 

44.00 
I

96.37 . I 307.96 
I4.82 15.40 

174.94 I 543.36 
I 
I 

I 
I 

43.74 135.84 
I 
I 

218.68 679.20 

I 
43.74 135.84I 

262.41 I 815.04 

I39.36 122.26 

472.46 1290.74 1010.15 301. 77 I 937.29 

- - - - -
472.46 1290.74 1010.15 301. 77 937.29 

451. 72 1314.86 952.14 314.86 

I 
981. 53 

"
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Table 3'-9. McDONNELL DOUGLAS EROS II SYSTEM COST DEVELOPMENT (TYPE I) 

W 
I 

i-' 
U1 

COST TRANSMITTER RECEIVER EXCITER 
RF AND 

HOUSING OSCILLATOR LOGIC 
POWER 
SUPPLY TOTAL 

Material 

Handling @ 25% of Mat'l. 

Labor @ $11 + 135% burder 

365.00 

91.25 

217.77 

65.00 

16.25 

67.30 

109.00 

27.25 

63.77 

905.00 

226.25 

85.93 

50.00 

12.50 

12.83 

285.00 

71.25 

98.37 

67.00 

16.75 

39.83 

1846.00 

461.50 

585~80 

Inspection @ 5% of labor 10.89 3.37 3.19 4.30 .64 4.92 1.99 29.29 

SUBTOTAL 684.91 151. 92 203.21 1221. 47' 75.97 459.54 125.57 2922.59 

Engineering and Quality 
Control @ 25% 171.23 37.98 50.80 305.37 18.99 114.88 31.39 730.65 

FACTORY COST 856.14 189.90 254.01 1526.84 94.96 574.42 188.36 3653.24 

General and Administra­
tive @ 20% 171. 23 37.98 50.,80 305.37 18.99 114.88 31.39 730.65 

TOTAL COST 

Profit @ 15% 

Selling 

System Cost 

Adjusted Cost 

1027.37 

154.11 

1181. 48 

227.88 

34.18 

262.06 

I 
I 
I 

I 
I 

304.81 

45.72 

350.53 

1832.21 

274.83 

2107.04 

1785.89 

113.96 

17.09 

131. 05 

104.95 

689.31 

103.40 

792.71 

188.36 

28.25 

2~6.6~ 

. 

4383.89 

657.58 

5041.47 

5041. 47 

Independently Derived 
Cost 

1181. 48 262.06 350.53 1785.89 104.95 792.71 '216.61 4694.23 

Manufacturer Provided 
Cost 1171.00 234.00 374.00 1639.00 140.00 936.00 187.00 4683.00 



---

- - - -

Table 3-10. RCA SECA..~T SYSTE1·! COST DEVELOPMENT (TYPE I) 

, 
MODULE MICROWAVE DETECTOR . LOGIC POWER SUPPLY! HOUSING· 

COST (Dollars) (Dollars) .. (Dollars) (Dollars) I (Dollars)i 

Material 

Handling @ 25% of Material 

Labor @ $11 plus 135% burden 

Inspection @ 5% of labor 

SUBTOTAL 
I 

W 
I 

f-' 
(j'I 

Engineering and Quality 
Control @ 25% 

FACTORY COST 

General 
@ 20% 

and Administrative 

TOTAL COST 

Profit @ 15% 

Selling Price 

System Cost 

Adjusted Cost 

Independently Derived Cost 

Manufacturer Provided Cost 

I 
i907.00 97.00 574.00 210.00 170.00!	 ! 
I	 I226.75 24.25 143.50 52.50 42.50i 

536.52 141. 21 40.84 12.83 50.09! I
I 

!26.83 7.06 2.04 .64 2.50, 
I; ! 

1697.10 269.52 760.38 275.97 265.09I 

1 I 
i i 

I
: 

424.28 67.38 190.10 
I 

! 68.99 66.27 

,2121. 38 336.90 950.48 344.96 331.36 

424.28 67.38 190.10 68.99 66.27 

2545.28 404.28 1140.58 413.95	 i
I 397.63 
: 

381.85 60.64 171. 09 62.09 59.65 
i 

2927.51 464.92 1311. 07 476.04 457.28 

-
- - - 339.23 ­

2927.51 464.92 1311.07 339.23 457.28 

2966.00 478.00 906.00 319.00 421. 00 

TOTAL (OEM) 
(Dollars) 

1958.00 

489.50 

781. 49 

3268.06 

I ,I 817.02 
! 
I 
! 

4085.08 

, 817 .02 

: 
I 

4902.10 

,, 735.32 
r 

, . 5637.42 

5637.42 

-
i 5500.61 

! 5141.00 
: 

i 

.,	 " 

39.07 



With the above exception for the RCA logic section, the proposed equip­
ment costs correlate to within 1% (overall system development cost) on the 
basis of the quantities considered in the study. Some cost reductions could 
be realized by each of the manufacturers through either greater utilization 
of LSls or in-house manufacturing of subassemblies currently scheduled for 
outside procurement. However, it was not the purpose of this study to identify 
areas of potential cost savings, but rather to substantiate the costs proposed 
by the manufacturers. 

3.3.2 ARINC Research Critique of Reliability and Maintainability 

The reliability of each of the systems was reviewed and evaluated. The 
manufacturers provided sufficiently detailed parts lists to permit application 
of the MIL-217* reliability-prediction technique in the determination of 
system or module MTBF by component failure rate. However, since a detailed 
circuit analysis was not practical, and insufficient data were provided by 
RCA and Honeywell on junction temperatures, stress ratios, and environmental 
conditions within the'electronic package, a uniform approach to system 
reliability was chosen for all three systems to insure a comparable basis 
for analysis. 

When the MIL-217 reliability-prediction technique is used, it is
 
necessary to make assumptions regarding key system operating parameters.
 
For example, the operating ambient was chosen at 40°C. The stress ratios
 
for components was assumed to be 0.5 unless specifically identified by the
 
manufacturer as other than 0.5. Junction temperatures used were those
 
listed in D.A.T.A. Reference Standards for Industry, as applicable to the
 
semiconductor class. Critical transistors, e.g., modulators or final
 
amplifier, were evaluated to establish the normalized junction temperature
 
(T	 ), and failure rates were derived from the curves and data tables of 

n
 
MIL-217A. The appropriate K-factor for airborne application was used.
 

Additional failure rate data used in the evaluation were the TRI-Service and 
NASA FARADA** data; these failure rates are computed on the basis of actual 
experience in given environments. 

The reliability evaluations of the systems considered dll electronic
 
cumponents in the circuits of the systems. A failure of any component was
 
treated as causing a failure of the system. The determination of the module
 
and system reliabilities is presented in Appendix C. 

The resultant data, as evaluated by ARINC Research, are presented in
 
Tables 3-11 through 3-13. The manufacturers' reliability data that are
 
accepted directly are for those items not manufactured by the prime CAS
 
competitors --i.e., the cavity for AVOIDS or the oscillat~rs for the E~OS.
 
The estimated reliability proposed by these outside supp11ers was cons1dered
 
to be valid for this study because of their experience with their components.
 

*	 Military Standarriization Handbook, Reliability Stress and Failure
 
Rate Data for Electronic Equipment, MIL-HDBK-217A, 1 December 1965.
 

**	 Failure Rate Data (FARADA), Fleet Missile Systems Analysis and 
Evaluation Group Annex, Naval Weapons Station, Seal Beach, Corona, California. 
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Table 3-ll. ARINC RESEARCH COST AND RELIABILITY DATA 

W 
I 
~ 
(Xl 

MTBF Mean Time 
MTTR Expected Material 

Unit (Hours) To Isolate 
(Hours) Cost Per Repair 

A Failure (Dollars).- _._---_. 
Honeywell AVOIDS I 

Principal Electronics 2138 * 

Transmitter 3522 * . 88.30 
Receiver 18137 * .39 
Chassis 20177 * 4.20 

Logic 28332 * 2.63 

Power Supply 22843 * 1.71 

._. 

Honeywell AVOIDS II 

Principal Electronics 3101 * 
R.F. and Power Supply 10182 * .85 

Cavity * * 16.64 

Logic 41293 * 9.04 

* Indicates concurrence with manufacturer's estimate. (see section 3.2.2 for 
rationale justifying concurrence) 

~ 



C' 
~ 

Table 3-12. 

Unit 
________ 

ARINC RESEARCH COST AND RELIABILITY DATA 

Mean Time Expected Material 
MTBF To Isolate MTTR Cost Per Repair 

I (Hours) A Failure (Hours) (Dollars) I 

McDonnell Douglas EROS II 

Principal Electronics 

Transmitter 

Receiver 

R.F. Front End 

Exciter 

Oscillator 
W 
I Logic~ 

\D 

Power Supply 
u ... 

j
 

1,813 * 

4,207 

11,121 

27,526 

15,727 

* 

* 
* 
* 
* 

* 

18.85 

.45 

* 
.48 

* 
12,807 * ~.05 

27,822 
I I 

McDonnell Douglas EROS 
i. 

I 
II GA 

* 

_._. 

I 

i 

2.82 
I 

I 

Principal tlectronics 3,631 1: 

II 

Transmitter 
Receiver 
R.F. Front End 
Exciter 
Oscillator 

Logic 

Power Supply 

19,991 
27,526 

* 
12,299 

* 

24,604 

27,685 I 

* 
* 
* 
* 
* 

* 
:II. 

20.99 
.31 

* 
1.23 

* 

1.96 

.78 

* Indicates concurrence with mapufacturer's estimate. 



Table 3-13. ARINC RESEARCH COST AND RELIABILITY DATA 

Unit 

-" ._,.. ~."-

Principal Electronics 

Microwave Unit 
Detector 
Housing 

Logic: 

Control 
Threat 
Track & Data 

W Track Expansion
I 

N 
o Power Supply 

_........... _._­

-" .-. .- -- - . 

Principal Electronics 

Microwave Unit 
Detector 
Housing 

Logic: 

Control 
Threat

I Track & Data 
I Power. Supply! 
~.......... -' ....
 

* Indicates concurrence 

Mean Time Expected Material 
MTBF To Isolate MTTR Cost Per Repair 

(Hours) A Failure (Hours) (Dollars) 

RCA SECANT 
. 

2,475 * 
3,728 * 9.61 

16,183 * 1.04 

* * * 

115,088 * 5.69 
277,778 * 12.59 
208,333 * 12.59 
208,333 * 12.59 

50,000 * Replacement Cost 

RCA SECANT GA 

3,227 * 
4,652 * 2.90 

31,694 * 1.86 

* * 

115,088 * 5.69 

416,667 i * 12.59 

208,333 I * 12.59 

50,000 I 1 * Replacement Cost 

with manufacturer's estimate. 

<. 



Although the general-aviation equipment manufacturers were asked to provide 
reliability estimates on their designs (see Section 3.3.4) to permit in­
dependent cost analysis of their designs, the tables also show the applica­
tion of the MIL-2l7A and FARADA techniques to the Type II equipments. While the 
Type II reliability values shown in Tables 3-11 through 3-13 have not been used 
in the cost analyses, they do provide a basis for jUdging the accuracy of 
the manufacturer-supplied reliabilities for the limited version equipment. 

The average maintenance times presented by the CAS manufacturers 
were accepted directly. The average material costs determined independently 
by ARINC Research were lower than the average material costs for repair 
presented by the manufacturers. Efforts to resolve these material-cost 
values with the manufacturers proved to be unsuccessful, and these inde­
pendently developed material costs were included in the cost analyses of 
Chapter Five. 
3.3.3 GENAVE/NARCO Critique of Cost 

The general-aviation (Type II) version of each of the three systems was 
subjected to a uniform pricing evaluation by two independent general-aviation 
manufacturers. The information provided by ARINC Research to these manu­
facturers included system description, block diagrams, parts lists, and 
technical parameters such as duty cycles, power outputs, receiver sensi­
tivity, system stability, bandwidths, number of frequencies, and packaging. 
The details of logic operation were intentionally omitted, and only the 
number and types of LSI or discrete components were identified. It was 
desired to obtain cost information based on the system design complexities 
consistent with the experience and capabilities of the qeneral-aviation 
manufacturers and not a technical evaluation of the techniques used in 
threat detection. The general-aviation manufacturers' reports on their 
investiGation are contained in Appendix Co 

This section presents the results of the evaluation of the three 
systems by General Aviation Electronics (GENAVE) and the National Radio 
Company (NARCO), as well as the techniques used by each GA manufacturer in 
establishing the system costs. The system costs generated by NARCO and 
GENAVE have been specified in terms of 1975 dollars for systems to be 
delivered in 1978, making these readily comparable to all oe1er cost data 
ill tl1.is chapter. 

3.3.3.1 GENAVE Cost Evaluation 

GENAVE evaluated each system cost on the basis of parts costs, labor, 
anticipated cost of logic components in 1978, and the company's normal 
overhead and profit in today's market. Their experience in both the RF 
and microwave fields was utilized in establishing the RF-section costs of 
each system; this experience r~flects their present capability in manu­
facturing the required components for any of the systems. The material and 
labor costs associated with the power supply, packaging,assembly, and 
testing are inclUded. 

Table 3-14 summarizes the cost data developed by GENAVE. The total 
development of costs by module for each system is contained in the GENAVE 
report, which is presented in Appendix C to this study. 
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Table 3-14. GENAVE 1978 SYSTEM COSTS (in 1975 Dollars) 

OTHERLSI TOTAL lFACTORY SELL­ LIST 
SYSTEM COSTSCOSTS COSTS ING PRICE PRICE 

~ 
p 

AVOIDS II 164.66 214.32 378.98 I 629.00 1,258.00 
, 

EROS II GA 47.99 704.73 752.72 " , 1,250.00 l 2,500.00 

SECANT GA 97.20 678.05 775.25 l 
I 

1,287.00 , 2,574.00 
I 

The data submitted by GENAVE were reviewed by ARINC Research and mod­
ified slightly after additional discussions with GENAVE engineering. The 
proposed cost of the oscillator required by the EROS II GA system was found 
to be in error. The unit estimated by GENAVE has a stability specification 
greater than currently required by the EROS system, and this resulted in 
an additional material cost of $100. With the concurrence of GENAVE pnai­
neering, the factory Cost of the EROS-II GA system was reduced by $166.00 
(1975 dollars) to the price shown in Table 3-14. 

GENAVE's consensus of the systems can be best summarized in the 
following statement from their report: "None of the systems, in our 
opinion, could be called unfeasible even with today's technology. Some 
of the borderline approa~hes, such as the surface acoustic wave filters 
[in the RCA design], will likely be quite suitable by 1978". 

3.3.3.2 NARCO Cost Evaluation 

NARCO established the cost of each system by. comparing the proposed 
CAS equipment with similar NARCO equipments and establishing proportional 
complexity and cost variations between the CAS and NARCO systems. 

NARCO made the assumption that the logic sections for any of these 
systems under evaluation would represent equivalent costs. Similarly, 
the power supplies were considered cost-comparable, as well as the loga­
rithmic IF sections and the packaging. The small variation in physical 
size that might be required by the SECANT-GA to house the SAW filters 
represents a very nominal ,cost increase that would not affect the overall 
unit cost. The major cost difference is represented by the complexities 
in the RF sections. NARCO engineers addressed themselves to these 
variations and established a differential cost for the increased complexities 
relative to their basic unit. 

The basic unit cost was developed by comparison of the systems under 
evaluation with standard manufactured systems. The similarity of the AVOIDS 
packaging, operating frequency, and power requirements to the NARCO AT-50 
air traffic control transponder permitted the NARCO engineers to establish 
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a price of the A~!DS based on actual costs of the transponder. Allowances 
were made for the cost of the logic components and the additional labor re­
quired to assemble and test the AVOIDS unit. The estimated factory selling 
price of the AVOIDS II system (in 1975 dollars) was quoted to be $500 per 
unit. 

NARCO's evaluation of the EROS II GA identified the system as requiring 
seven more crystals, with the associated oscillator and multiplier networks, 
for a differential of $170; and one more power-output tube,. for a differen­

1;,. tial of $60. The remainder of the system was considered comparable to the 
AVOIDS. The quoted factory selling price of the EROS II GA system (in 1975 
dollars) was $730 per unit. 

THE SECANT-GA system was compared with the AVOIDS to establish varia­
tions in operating parameters. The 24 frequencies required by the SECANT 
system resulted in an anticipated cost increase of $290. The required 
second IF of the SECANT caused a differential of $20, and the introduction 
of eight SAW filters was estimated at a differential of $80. The increased 
cost of a transistorized final power amplifier resulted in a differential 
of $120. The total increase in the cost of the SECANT-GA over the base-
unit AVOIDS was estimated by NARCO to be $510 for a quoted factory selling 
price of the SECANT-GA system (in 1975 dollars) of $1010 per unit. Table 3-15 
summarizes the NARCO evaluation, showing the base unit price, increases 
caused by complexities, factory selling prices, and the normal advertised 
list price for each of these evaluated systems. The NARCO report on the 
evaluation is included in Appendix C to this study. 

Table 3-15. NARCO 1978 SYSTEM COSTS (in 1975 Dollars) 

SYSTEM
 

AVOIDS 

EROS II GA 

SECANT GA 

BASE COST
 

$ 500. 

500. 

500. 

COST FOR
 
COMPLEXITY
 

-
+ $ 230. 

. + 510. 

FACTORY 
SELLING PRICE LIST PRICE 

~ 500. $ 1,000. 

730. 1,460 • 
..

1010. 2,020 • 
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3.3.4 GENAVE/NARCO Critique of Reliability 

The general-aviation manufacturers reviewed the proposed designs and 
compared them with the systems or modules of existing production units to 
establish estimates of the system reliabilities. The methods employed by 
the manufacturers differed sufficiently to justify presentation and qualifi ­
cation of the results. 

3.3.4.1 GENAVE Reliability Evaluation 

GENAVE maintains detailed repair records on equipment manufactured by 
their plant and has managed to establish an average relationship between 
system electronic parts count and system reliability. The technique appears 
to be justified, since it is based on field experience of long standing by 
GENAVE and presents a uniform evaluation of the three proposed systems. The 
technique is also recognized and used as a "rapid reliability prediction" 
by MIL-2l7A advocates. The results of the GENAVE reliability predictions 
are presented in Table 3-16. 

Table 3-16. GENAVE SYSTEM RELIABILITY (TYPE II) 

TOTAL ELECTRONIC 
SYSTEM COMPONENTS 

AVOIDS II 181 

EROS II GA 340 

SECANT GA 325 

FREQUENCY OF 
REPAIR 

3860 hours 

2950 hours 

2150 hours 

COST PER 
REPAIR CYCLE 

$100.00 

150.00 

150.00 

The reliability data presented include the average cost of repair of 
a unit and reflect multiple corrective actions during a repair cycle. While 
the actual system MTBFs based on a single component failure would result in 
lower reliability figures than those presented, these additional data were 
not provided by GENAVE. 

3.3.4.2 NARCO Reliability Evaluation 

NARCO established reliability data on the three systems by comparing 
CAS module components with similar modules manufactured by NARCO for which 
the reliability is known. The evaluation established a reliability for the 
AVOIDS unit by direct' comparison with the AT-50 transponder. The dominant 
factor controlling the AVOIDS reliability was considered to be the cavity 
oscillator. 
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The EROS system was considered equivalent in complexity to the AVOIDS 
for reliability prediction, except for the addition of a second power 
amplifier tube and the added frequency generation. The failure rate on 
the PA tubes was identified from standard industrial handbooks to be 2.5 
percent per 1000 hours of operation. The resultant reliability of the 
EROS system decreased in proportion to the complexity difference to the 
MTBF specified. 

The SECANT system logic, power supplies, and indicator reliabilities 
were considered equivalent to the AVOIDS and EROS systems. The use of a 
transistorized final amplifier increased the system reliability, reflecting 
the advantage of solid-state components, but the complexity of the fre­
quency generation in the use of 24 frequencies offset the advantages gained. 
The resultant reliabilities predicted for each of the three systems are 
presented .in Table 3-17. 

Table 3-17. NARCO SYSTEM RELIABILITY (TYPE II) 

SYSTEM 

AVOIDS II 

EROS II GA 

SECANT GA 

BASE UNIT FAILURE
 

RATE
 

(% per 1000 hours)
 

20.4%
 

20.4%
 

20.4%
 

INCREASE IN
 
FAILURE RATE
 

(% per 1000 hours)
 

+ 9.0% 

+ 5.9% 

CALCULATED 

MTBF 

EXPECTED 

MTBF 

4900 

3400 

3800 

1500. 

1200. 

1500. 

3.3.4.3 System Reliability Used in Study 

The experience of the general-aviation manufacturers with repair of 
failed units produced by their plants was considered as indicative of the 
expected reliability of CAS if produced by these manufacturers and used by 
the general-aviation community. The general-aviation aircraft is frequently 
subjected to inclement weather, unsheltered storage, and minimum preventative 
maintenance resulting in reduced reliability of the avionics of the aircraft 
as evidenced by the failure data of the manufacturers. Therefore in the 
independent evaluation this study has used the expected reliability data 
provided by the manufacturers for the CAS concepts to provide a realistic 
evaluation of the cost of ownership of the CAS. The reliabilities used are; 
1500 hours for AVOIDS and SECANT, and 1200 hours for EROS. 
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CHAPTER FOUR 

CAS INSTALLATION DATA 

This chapter addresses the development of those data items which are 
employed in the economic analysis and represent common cost factors to 
all three CAS concepts. The data items include the specific CAS-equipment 
configurations for each category of user, the costs of command indicators, 
antennas, the estimated installation costs of CAS for each category of 
user (including distribution costs), and aircraft population projections 
within each user category. In addition,a review and summary of electronics 
costs developed in chapter three is presented for ready comparison of the 
equipment required for implementing CAS. 

There are many other data items that are common to the type of system 
but peculiar to the specific user category (e.g., labor rates, pipeline 
times, training cost). These additional data items are defined in Appendix E 
and the values of these items used for the analyses are presented. These 
latter values were established through contact with representative user 
organizations, ARINC Research prior experience, and consultation with the 
FAA and the three principal manufacturers. The developed values were in­
cluded as a part of the Uniform Ground Rules established at the beginning 
of the study. 

4.1 COST OF CAS-RELATED ELECTRONICS COMPONENTS 

The classes of equipment studied have been limited to the Type I CAS 
(i.e., one based on ANTC-ll? vertical threat logic, intended for commercial 
air carriers and other high-performance aircraft) and the less expensive, 
limited-capability Type II CAS, intended for the general-aviation aircraft. 
Each system will provide the owner with collision-avoidance protection 
when an intruder equipped with either version of CAS is encountered. 

Chapter Three established the cost of both classes of equipment as 
proposed by the principal manufactueres and as independently developed by 
ARINC Research based on typical avionic manufacturing practices. Emphasis 
was placed on the manufacturing costs of the "block-box" electronics with­
out regard to the costs of the antennas or indicators necessary for CAS 
operation. This section identifies these additional costs and summarizes 
the overall equipment costs associated with a completely-installed CAS 
system. 
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4.1.1 Antennas 

Each of the CAS concepts operates in the L-Band region and requires 
identical antennas. The antennas are similar to those presently used for 
ATCRBS transponder operation, except that the radiators are designed for the 
higher L-Band frequencies. The antennas required by the high performance 
aircraft are either the blade or flush mount type. This study reflects the 
cost of the blade antenna and assumes the cost to be the same as those for 
the transponder antenna (i.e., $63.00 per antenna). These costs have been 
confirmed through contacts with Collins Radio on their model 237Z-1 antenna 
and TRANSCO Products, Inc. on their type-T25 CAS antenna. The limited 
performance CAS systems require the less expensive quarter-wavelength stub 
antenna which retails for an average price of $13. 

4.1.2 Command Indicators 

Figure 4-1 shows the combined vertical speed and CAS indicator proposed 
by McDonnel-Douglas and used by each of the CAS concepts. The cost of the 
proposed indicator has been substantiated by quotations to McDonnell Douglas 
by Teledyne Avionics, a potential manufacturer of the CAS!IVSI indicator. 
The cost, estimated at $1092 per unit, reflects an increase of approximately 
$300 over the cost of a vertical speed indicator. However, Teledyne Avionics 
has informed McDonnell Douglas that a modification of the existing VSI 
instruments would be economically impractical. Therefore, this study has 
assumed that a new indicator would be required for each aircraft retrofitted 
with high performance CAS equipment. 

Figure 4-1. CAS!IVSI cO~~Nb INDICATOR 
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1547 565 990 1148 

53 0 0 0 

13 13 13 13 

The indicators used in the general-aviation low performance versions 
of CAS would be built-in as part of the electronics box. A typical maneuver 
command indicator is shown on the front panel of the CAS presented in 
Chapter Three. The cost of this indicator is included in the developed 
eosts of the equipment reported in Chapter Three. 

4.1.3 Summary of Electronics Costs 

The common and unique CAS cost elements associated with each concept 
are presented in Table 4-1. Both the manufacturer's suggested costs and 
the independently developed costs from Chapter Three are presented for easy 
co~parison: The principal electronics costs are the suggested OEM (factory 
selling) price without allowances for distribution costs. The effect of 
distribution is identified in the following section. 

TABLE 4-1. CAS EQUIPMENT COST
 

MANUFACTURERS DATA
 INDEPENDENTLY DEVELOPED DATA 

AVOIDS EROS SECANT AVOIDS EROS SECANT 

HIGH PERFORMANCE TYPE I CAS
 

ELECTRONICS*
 4016 4683 5141 4012 4694 5501 

INDICATOR 1092 10921092 1092 1092 1092 

ANTENNA 63 63 63 63 63 63 

127CONTROL 0 0 0 0 127 

LIMITED PERFORMANCE TYPE II CAS
 

ELECTRONICS*
 591 1215 

0INDICATOR 0 

13ANTENNA 13 

*MANUFACTURER'S EXPECTED OEM PRICES 
WITHOU~ MARK-UP FOR DISTRIBUTION 
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904 1584 1837 

0 0 0 

13 13 13 

4.2 DISTRIBUTION COST 

In Chapter Three, emphasis was placed on the identification of the 
factory selling price for the CAS equipments; as a result, no allowance 
was made for the distribution cost associated with marketing the CAS units 
to the general public. It is common practice that the commercial airlines 
and the military will obtain CAS equipments directly from the CAS manufac­
turers, but that the general-aviation community will have to pay additional 
money to avionics distributors as a part of the acquisition cost for the 
CAS units. To account for this added expense, a 100 percent ma~k-up of the 
factory selling price for Type II units has been followed in the study to. 
determine the list price. However, many distributors who are not engaged 
in equipment installations advertise discounts nationally on new factory 
warranted equipment. The advertised discounts vary depending on demand and 
availability but are generally between 10 and 30 percent. A 20 percent 
discount of the list price has been applied to the Type II equipment evalua­
ted in this study, reflecting the mean of the advertised discounting practice 
in the general-aviation community when a unit is purchased separately (in­
stallation would then appear as an additional expense to this user). 

A 30 percent mark-up of Type I units was applied to the full capability 
units installed in general-aviation aircraft. These values are representa­
tive of the distribution costs found in the general-aviation community and 
were considered acceptable by the three CAS manufacturers. The addition of 
these costs to the acquisition costs of each of the three concepts has not 
affected the relative cost evaluation of the three concepts. Table 4-2 
presents the expected cost of equipment to the general-aviation community 
when distribu~ion costs are included. 

TABLE 4-2. EXPECTED SELLING PRICE OF ELECTRONICS-(GENERAL-AVIATION)
 

MANUFACTURERS DATA
 INDEPENDENTLY DEVELOPED DATA 

AVOIDS EROS SECANTAVOIDSSECANTEROS 

HIGH PERFORMANCE TYPE I CAS
 

ELECTRONICS
 71515216 6102668360885221 

10921092 1092109210921092INDICATOR* 

63 6363636363ANTENNA 

1650165 00 0CONTROL 

LIMITED PERFORMANCE TYPE II CAS
 

ELECTRONICS
 24751944946 

850INDICATOR 0 

1313ANTENNA 13 

*THE CAS/IVSI INDICATOR HAS BEEN QUOTED AT THE EXPECTED 
SELLING PRICE, THEREFORE NOT SUBJECT TO DISTRIBUTION MARK-UP 

**INCLUDES 30\ MARK-UP 
***INCLUDES A 100\ :1J'.RK-UPS FOL~OWED BY A 20\ DISCOUNT 
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Distribution costs were also considered as a logistic support cost 
factor associated with the replacement of modules or component parts. The 
distribution costs of the individual replacement parts were computed as a 
percentage of the components' cost, with a distribution cost of 30 percent 
of cost of Type I components and 60 percent of the cost of Type II components~, 

4.3 AIRCRAFT CONFIGURATIONS 

The complement of equipment to be installed by each of the users depends 
on individual needs, the probable flight profiles, the requiredreliabilities 
that affect aircraft availability (especially for the air carriers), and the 
anticipated or required flight crews for special classes of aircraft. 

This section identifies the probable CAS aircraft configurations 
for each class of user based on existing practices in the aviation com­
munity concerning flight-critical avionic equipment. 

4.3.1 Commercial Aviation 

The air-carrier practive of achieving high operational availability through 
system standardization is assumed to be applicable to the CAS implementation. 
Therefore, all certified commercial air carriers are assumed to require the 
following complements of CAS avionics: 

1 set of CAS electronics (Type I) 

2 antennas (top and bottom) 

'2 CAS/IVSI indicators (pilot and co-pilot) 

1 set of control and switching equipment 

The elctronics will be located in the normal avionics bay of the 
aircraft, and the indicators will replace the currently installed vertical 
speed indicators in the flight console. The switching and control systems 
will be tailored to the specific air frame and the system chosen for imple­
mentation. A single set of CAS electronics has been assumed for commercial 
air carriers to be consistent with the installation decisions generally made 
for other important avionics such as transponders. It is recognized that 
some air carrier aircraft may be equipped with dual installations, and the 
economic impact of such a decision is addressed in Chapter Six. 
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4.3.2 Military Aviation 

It is assumed that the military will participate in a National CAS 
program primarily to fly in the National Air Space and not to satisfy any 
special military requirements. Thus the military is expected to employ 
the minimum of required equipment consistent with the level of performance 
and number of pilot positions. Therefore, the configuration considered in 
the study for high-performance military aircraft (i.e., aircraft capable of 
speeds in excess of 250 knots) was the following: 

1 set of CAS electronics (Type I) 

2 antennas (top and bottom) 

2 CAS/IVSI indicators (1 for single seat aircraft) 

1 set of "control equipment 

The single set of CAS electronics was selected since the equipment is 
assumed to be not military-essential and thus represents the minimum requirement. 
However, the Type I CAS was chosen in order to be able to meet the protection 
requirements of the high-performance aircraft. The electronics will be 
located in the normal avionics bay, and the indicators will replace the 
existing vertical speed indicators in the flight console. 

The lower-performance military aircraft considered in the study will 
use the proposed Type II version of CAS with built-in indicators, and these 
units will be located in the flight console of the cockpit. The equipment 
configuration will consist of the following for these types of military " 
aircraft: 

1 set of electronics (Type II) 

1 antenna (top) (MDEC OR RCA) 

2 antennas (top and bottom) (Honeywell) 

The study considers only the inexpensive Type II system available for 
this class of equipment. However, each of the three candidate manufacturers 
has indicated that remote indicators can be incorporated into the system on" the 
basis of the user's requirements. Some of the military piston-engine air­
craft may need remote installations with dual indicators; this variation 
will be available, but it is not evaluated in this study. 

4.3.3 General Aviation 

The private aircraft owner is usually cost-conscious, carrying the 
minimum avionics required consistent with flight regulations and safety. 
Therefore, it has been assumed in this study that almost all (95 percent) 
private aircraft owners will prefer to install the least expensive CAS. The 
assumed installation consists of a single set of electronics with built-in 
indicators intended for installation in the flight console of the aircraft. 
The equipment required for this 95 percent of the population will thus be 
the same as that already specified for the lower-performance military 
aircraft. 
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The rema1n1ngfive percent of the general-aviation aircraft are
 
assumed to be in the high-performance class, requiring the Type I CAS
 
equipment. This study considers the minumum required equipment and
 
recommends a single system for each of the general-aviation users. The
 
equipment will be installed either in the avionics bays of the large air ­

frames or at remote locations peculiar to the particular aircraft type.
 
A single indicator will be required, replacing the vertical speed indicator
 
at the pilot's position. The minimum equipment required by each of the
 
high-performance aircraft will consist of the following:
 

1 set of electronics (Type I) 

1 CAS/IVSI Indicator (pilot only) 

2 antennas (top and bottom) 

The particular needs of some larger general-aviation aircraft (e.g.,
 
cargo or executive jets) requiring additional indicators or redundant
 
systems can be satisfied at additional expense to the owners, but these
 
are not considered in this study in determining the implementation costs
 
of mandatory CAS.
 

4.4 INSTALLATION COSTS 

The cost of equipment installation considered in this study falls into 
two categories: (1) retrofit of the existing fleet, and (2) implementation in 
new aircraft. Installation costs have been developed for each of these two 
categories for the various user categories und general classes of aircraft, 
i.e., the high-performance aircraft capable of speeds greater than 250 knotfi, 
and the low-performance aircraft with speeds lower than 250 knots. For 
purposes of the analysis, it was assumed that the installation costs in new 
commercial carrier and general-aviation aircraft were 60 percent of the 
estimated retrofit installatioil costs. ~he installation costs for new miliTary 
aircraft are discussed in section 4.4.2. J:'ile costs uevelopeu reflect t:he 
equipment con~igurations i~en~i~ie~ in spction 4.3, 

4.4.1 Commercial-Aviation Installation Costs 

The development of CAS installation cost estimates for the commercial
 
carriers was based on the experience gained by United Airlines and Piedmont
 
Airlines in their test and evaluation exercise with the McDonnell Douglas
 
EROS system. These airlines retrofitted a B-727 and B-737, respectively,
 
with collision-avoidance equipment, and, although the equipment was not
 
identical to the proposed production versions, the concepts were sufficiently
 
similar to utilize the data on labor, materials, engineering, and space
 
availability. Considerations were given to the prototype installations,
 
and the results presented in this report have the concurrence of the airline
 

"individuals involved in the retrofit program. 
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The installation costs presented are the expected average costs per 
aircraft with single system implementation. No allowances have been made for 
variations in system packaging. The large new aircraft have adequate space 
to accommodate any of the systems. Some of the smaller commercial aircraf~ 

e.g., the F-227 operated by Piedmont, have no space left in the electronics 
bay and will require expansion of the present areas. At the same time, some 
aircraft have been produced with provisions for the installation of CAS 
(e.g., plates that are intended to be removed and replaced with a CAS 
antenna). Therefore, the costs shown have been assumed to be the average 
costs for any of the commercial aircraft. 

The cost breakdown for system retrofit in the commercial-aviation case 
is as follows: 

Time 
Installation Factor Required Cost 

Shelf Fabrication and Installation 48 hours $1,067 
Antenna Installation 12 hours 267 
Indicator Replacement 4 hours 89 
On-Aircraft Cabling 100 hours 2,222 
Engineering 

(300 hours ~ fleet size of 100) 3 hours 66 
Material (Lot) 516 

TOTALS 167 hours $4,227 

4.4.2 Military~Aviation Installation Costs 

The military fleet has been divided into the two performance classes 
on the basis of aircraft speed as previously discussed. All aircraft of the 
turbine class, except helicopters, are considered to be high performance and 
will require a single Type I CAS. The piston aircraft and helicopters were 
assumed to be candidates for the Type II CAS. 

Installation costs for the military aircraft have been based on data 
provided by the Department of Defense (DOD) and represent the weighted 
average of each cost category associated with installations; these costs are 
governed by the types and numbers of aircraft in the military community. 
Each of the military branches was directed by DOD to develop costs 
associated with the implementation of CAS in existing and new aircraft 
scheduled to remain in the military inventory beyond 1985. The data prepared 
by the installation facilities of each branch of the services reflect the 
costs to retrofit the existing fleet, by aircraft type, and the costs to 
add a CAS to new aircraft during production. The cost categories considered 
by the installation facilities included: (1) the acquisition of the CAS 
electronics, antennas; indicators, and control; (2) the labor hours con­
verted to dollars for installation on the aircraft; (3) the materials required 
to support the installation (Group A); and (4) the non-recurring logistic 
support costs. The latter include: 
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Engineering - design of the installation, EMI/ECM testing, 
prototype testing on each type of airframe, 
and continuing support engineering during the 
eight year retrofit period. 

Initial Spares -	 Introduction of spare parts into inventory. 

Technical Data	 including system technical orders (TO) and 
aircraft manual modifications. 

Test Equipment - special or peculiar support test equipment 
required to maintain a CAS. 

Training - the cost of training personnel at each in­
stallation and maintenance facility to repair 
and operate the CAS. 

Reprocurement ­ the cost of manufacturing drawings and system 
Data details required to permit reprocurement of 

an identical system from different manufacturers. 

The treatment of each element within the non-recurring category varies 
between the services and reflects the operating procedures of each branch 
of service. For example, spares provisioning varies from a percentage of 
the acquisition cost to provisioning based on the number of repair facilities. 
The procedures for computing training costs vary from personnel training at 
depot facilities (NAVY), to training at intermediate facilities with no depot 
training (ARMY), to personnel training ata rate of one man per each aircraft 
in the inventory (AIR FORCE). The non-recurring costs, other than engineering, 
provided by the DOD have been carefully reviewed to insure that each category 
is properly included and evaluated by the Economic Analysis Model used in 
this study. Therefore, these specific costs have not been averaged and 
included in the installation costs presented in this section. The impact of 
non-recurring costs on a per-aircraft and fleet basis is evaluated and presented 
in Chapter Five. 

The cost breakdown for system implementation in the military high-performance 
case, based on the weighted average of the data presented by the three 
branches of the service, is as follows: 

PER AIRCRAFT (HIGH PERFORMANCE) 
INSTALLATION FACTOR RETROFIT NEW 

MATERIAL ACQUISITION (GROUP A)	 $2062 $1301 

INSTALLATION (LABOR)	 5976 9840 

ENGINEERING (DESIGN AND TEST)	 214 o 

TOTAL	 $8252 $11.141 

It should be noted that different organizations within the military prepared 
the installation cost estimates for the new and retrofit aircraft. 
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The low-performance military aircraft will use the Type-II CAS System. 
This study considers the CAS equipment as proposed by the design manufacturers 
and reflects the costs of the equipment (Group B) as developed in Chapter Three. 
The military, however, believe that certain changes in equipment configurations 
will be required for installation on the military low-performance aircraft. 
For example, the ARMY helicopter fleet will require a single Type II CAS but 
with two remotely mounted indicators. The AIR FORCE low-performance aircraft 
will use the Type II CAS but indications will be provided by the Type ICAS/IVSI 
indicator, at each pilot position. The NAVY has used a combination of equip­
ment and displays. In order to provide the true expected costs of system in­
stallation, the data obtained from DOD reflecting the cost of installing the 
modified versions of equipment has been used in this study. The per aircraft 
data has been averaged over the total low-performance military fleet and the 
results (i.e. the weighted averages) are as follows: 

Per Aircraft (Low-Performance) 
INSTALLATION FACTOR RETROFIT NEW 

Material Acquisition (Group A) 

Installation (Labor) 

Engineering (Design and Test) 

$788. 

875. 

816. 

$2479. 

$ 270. 

2042. 

403. 

$2715. 

4.4.3 General Aviation 

The installation costs for the high-performance general-aviation aircraft 
have been developed from the experience of Piedmont Airlines (Piedmont does 
engage in the maintenance and retrofit of avionic equipment for corporate 
aircraft). The resultant costs have been averaged to reflect the various 
classes and configurations anticipated in the high-performance general­
aviation aircraft. 

The following data identify the estimated costs to install the CAS 
system in a high-performance general-aviation aircraft: 

Time 
Installation Factor Required Cost 

CAS Unit Installation 24 hours $ 430 
Antenna Installation 12 hours 215 
Indicator Replacement 2 hours 36 

Cabling 40 hours 715 
Material (Lot) 529 

78 hours $1,925TOTALS 
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The installation costs for the single-engine and light twin-engine 
aircraft were developed through a survey of the maintenance facilities 
supporting the general aviation community. All FAA-certified repair 
facilities were requested to provide an estimate on the installation of 
a NARCO DME-190. The DME-190 was chosen as being similar in size and 
complexity to the proposed Type II CAS~ requiring similar cabling, antenna, 
and power. The questionnaire further requested a breakdown in hours of 
the effort required for unit installation, antenna installation, cabling, 
average material cost, and installation and repair labor rates. The replies 
received reflect more than 25 percent of the repair facilities and are 
considered representative of the entire general-aviation community. A 
summary of the questionnaire replies is contained in Appendix F. 

The following data are the results of the survey. The installation 
costs are the average of the information received and reflect the variety 
of airframes encountered by the responding facilities. A complexity factor 
has been used on the cabling estimate to' allow for the additional labor 
for connecting the encoding altimeter, assumed to be a part of the existing 
~ircraft avionics. 

The following data identify the costs to install any of the three 
proposed Type II CAS systems in general-aviation aircraft*: 

Time 
Installation Factor Required Cost 

GA unit Installation 4.89 hours $ 31 
Antenna Installation 2.50 hours 41 
Cabling 5.00 hours 81 
Material (Lot) 23 

70~ALS 12.39 hours $226 

* It was assumed that this cost will apply to all three Type II CAS designs, even 
though the Honeywell unit requires two antennas and the others require only 
a single antenna. While the requirement for a second antenna in the Honey-
well installation tends to increase the installation costs, the fact that the> 
Honeywell boxes should be smaller and lighter tends to reduce the installation 
costs. For purposes of this study, these two effects were assumed to cancel 
each other. 
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4.4.4 Installation Cost Summary 

Table 4.3 presents a summary of the installation c~sts developed in 
this section and used in the life-cycle cost evaluation of Chapter Five. 
The data for new aircraft installation are those provided by the military 
for their aircraft and the expected ratio to the retrofit costs for Commercial 
and General Aviation aircraft. 

Table 4-3 

SUMMARY OF INSTALLATION COSTS (PER AIRCRAFT) 

COMMERCIAL MILITARY GENERAL 
AVIATION 

RETROFIT INSTALLATIONS 

AVIATION AVIATION 

$8252. $1925.$4227.HIGH PERFOR~NCE 

2479. 226.0LIMITED PERFORMANCE 

NEW AIRCRAFT INSTALLATIONS 

11141. 1155.2536.HIGH PERFORMANCE 
2715.0 136.LIMITED PERFORMANCE 

4.5 AIRCRAFT SCENARIOS 

System implementation has been assumed to begin in 1978. The three-
year time period allowed before the start of CAS implementation would be 
required to pass the necessary legislation, develop the necessary regulations, 
finalize the development of the selected CAS concept, and begin the production 
process. 
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The retrofit period for the entire aviation community has been assumed 
for purposes of this study to be eight years with the commercial carriers 
completing the retrofit after four years. The CAS installation program 
has been assumed to affect only those aircraft not scheduled for retirement 
during the retrofit period. For all user categories, the number of retrofits 
has been assumed to be linear, with all existing aircraft being equipped with 
CAS by the end of 1985. All new aircraft delivered in 1978 and in later 
years would have the CAS implemented as part of the original required avionic 
equipment. 

All aircraft registered in the continental United States, except
 
experimental aircraft, gliders, balloons, and nonmilitary rotocraft, have
 
been assumed to require the installation of a CAS. In reality, many other
 
types of aircraft may not be required to operate CAS equipments, but their
 
inclusion or omission from the assumed general-aviation population should
 
not affect the decision regarding which of the three CAS concepts is most
 
attractive to general aviation from a cost point of view.
 

The aircraft fleet population projections used in this study have been
 
based on available information developed in 1974 by the U. S. Department
 
of Transportation, FAA-Office of Aviation Policy, Aviation Forecast Branch.
 

4.4.1 Commercial Aviation 

It is assumed that the air carriers' retrofit period will be four years, 
and all aircraft not scheduled for retirement within the first four years 
will be retrofitted with the Type I version of CAS. Table 4-4 identifies the 
projected fleet of commercial-carrier equipment, with planned expansioEs and 
retirements that were used in the analysis. 

4.5.2 Military Aviation 

The military-aviation community considered by this study includes all 
U. S. based military aircraft operated by the active Armed Forces, the
 
reserves, and the National Guard.
 

The retrofit period for the military was assumed to be linear over the 
entire eight years. As for the commercial category, any aircraft scheduled 
for retirement during the retrofit period was not considered in the cost 
analysis. All new aircraft scheduled for delivery in 1978 or later were 
assumed to have CAS incorporated in the basic avionics at the factory. 
Table 4-5 identifies the assumed fleet of military aircraft considered in 
this study. All jet and turbine aircraft are assumed to fall in the high­
performance category while all piston and helicopter aircraft are assumed 
to fall into the low-performance category. 
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Table 4-4. COMMERCIAL-CARRIER AIRCRAFT STATISTICS 

Year Existing New Retirements Total 

1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 

2,848 
2,931 
3,019 
3,094 
3,172 
3,243 
3,316 
3,383 . 
3,449 
3,514 
3,578 

133 
157 
142 
180 
149 
142 
130 
119 

65 
64 
65 

50 
69 
67 

102 
78 
69 
63 
53 

° 
° 
° 

2,931 
3,019 
3,094 
3.172 
3,243 
3,316 
3,383 
3,449 
3,514 
3,578 
3,643 

TOTALS 1,346 551 

Table 4-5. CONUS MILITARY AIRCRAFT STATISTICS 

Year Jet and Turbine Piston , Helicopter Total 
(High) (Low) (Low) 

Existing New Ret Existing New Ret Existing New Ret 

1978 10,882 143 53 1,542 ° 154 7,553 13 18 19,908 
1979 10,972 84 4 1,388 ° 170 7,548 61 5 19,874 
1980 11,052 117 5 1,218 ° 102 7,604 52 1 19,935 
1981 11,164 204 35 1,116 ° 65 7,655 118 3 20,154 
1982 11,333 32 1 1,051 ° 5 7,770 72 ° 20,252 
1983 11,364 15 11 1,046 ° ° 7,842 ° ° 20,256 
1984 11,368 0 ° 1,046 ° ° 7,842 ° ° 20,256 
1985 11,368 ° ° 1,046 ° ° 7,842 ° ° 20,256 
1986 11,368 ° 0 1,046 ° ° 7,842 ° ° 20,256 
1987 11,368 0 0 1,046 ° ° 7,842 ° ° 20,256 
1988 11,368 ° ° 1,046 ° 0 7,842 0 ° 20,256 

Totals 595 109 0 496 316 27 
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4.5.3 General Aviation 

The largest and fastest-growing element of the aviation community is 
general aviation The population extends from the large, pure-jeto 

cargo fleets, through executive and corporate aircraft, to the air-taxis 
and the privately owned pleasure aircraft. The sizes and types of aircraft 
are as numerous as the variety of uses to which they are subjected. The 
latest FAA statistics for 1974 list more than 150,000 registered aircraft 
in the general-av5ation community. The general-aviation community has also 
been divided into high- and low-performance categories. For purposes of this 
study, and on the basis of sampled data on new aircraft production, 10 
percent of the multi-engine aircraft were assumed to be in the high-per­
formance category. All single-engine aircraft were assumed to be in the low­
performance category and all turbine aircraft were assumed to be in the 
high-performance category. An eight-year linear retrofit of general-aviation 
aircraft has been assumed for the analysis. 

Table 4-6 GENERAL-AVIATION AIRCRAFT STATISTICS * 

SINGLE ENGH!E 'lIJLTJ Et~GI~"!S TI;R~rNJ~ -­

Year-­-
~xi~tinq !;C\oJ j~x.i stinrJ :·;cw ~:xist:.:i nq- - ::c\·: Total t~C\: T0T.. \i, 

1978 
1979 
1980 
1981 
198? 
'.983 
198·1 
1985 
198(, 
1987 
1988­

, 

140,300 
144,500 
148,500 
152,600 
1S-/,700 
II',? ,hOO 

167,400 
171 ,900 
117,400 
1£12,900 
IBn,400 

4,200 
4,000 
4,100 
5,100 
4,900 
4,800 
4,500 
5,500 
5,500 
5,500 
S, :,00 

22,600 
23,700 
24,900 
2G,000 
27,200 
28,400 
29,700 
31, 300 
32,100 
32,900 
33,70n 

1,100 
1,200 
1, 100 
1,200 
1,200 
1,300 
1,600 

80C 
800 
800 
800 

4,900 
5,300 
'1,900 
6,400 
6,800 
7,400 
8,000 
8,700 
9,000 
9,300 
9,600 

400 
GOO 
50,) 
tJOO 
GOO 
GCl) 

700 
300 
300 
300 
3(,0 

5,700 
5,800 
5,700 
6,700 
6,700 
6,700 
6, :~OO 

6,eOO 
6,600 
6,600 -
(" (,DO 

173,500 
17'),300 
loS,OCJ(', 
J91,700 
]:;8 f .:)OC. 

;,u:';,](lG 

21l, ")~)l 

::'18,:.0':; 
225,10':: 
231.7(;') 

:n~<, 100 

TOTAL.S 53,600 11,900 5,000 70,500 --

Tahle 4-6 presents the projected general-aviation population data on th( 
existing and predicted expansion of the community, by engine configuration and 
totals for the period considered in the life cycle of the study. The eight­
year retrofit program identifies the quantities of both types of CAS equipment 
that will be required to satisfy the needs of the community and represents the 
5~percent Type I and 95 percent Type II CAS deployment dictated by performance. 

* These statistics do not include gliders, experimental aircraft, rotorcraft, etc. 
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CHAPTER FIVE 

INDIVIDUAL AIRCRAFT AND FLEET COSTS 
FOR CAS IMPLEMENTATION 

The cost of implementing the Honeywell, McDonnell Douglas, and RCA 
CAS concepts for the various users of the national airspace are presented 
in this chapter. The economic analyses are based on the data developed in 

» . 
Chapters Three and Four and are performed with the assistance of an 
economic cost model. Implementation-cost data are shown on an individual 
aircraft and a total fleet basis for two sets of data: the manufacturer­
supplied cost and reliability data, and the revised cost and reliability 
data resulting from the critique of the manufacturers' data. 

5.1 COST MODEL 

ARINC Research Corporations' Economic Analysis Model* (EAM) has been 
adapted to evaluate the economic impact of proposed collision-avoidance 
systems and to provide a basis for cost comparison among the several 
competing CAS concepts currently under development. 

The model evaluates the economic impact and provides a basis for cost 
comparison in three different user environments: Commercial Aviation, 
General Aviation, and Military Aviation. Further, within each user 
category and system, the model considers three levels of CAS: full 
(commercial aviation) capability, limited (general aviation) c~pability, 

and remitter (cooperative transponder without threat-detection logic) 
capability.** The distribution of these three CAS levels within a specific 
user category is specified by the input data to the model. 

The mOdel has been programmed in FORTRAN for use with a computer time­
sharing system. It computes the expected annual and cumulative acquisition, 
installation, and logistic support costs for each concept/user combination 
desired. The program is flexible so that data changes can be readily 
implemented, sensitivity evaluations performed, or additional data outputs 
obtained. 

* Developed for cost analysis of a Proposed Defense Navigation Satellite 
System Receiver, prepared for USAF Space and Missile Systens Organization 
under Contract F09603-73-A-0933-TBOl by ARINC Research CorI'oration. 

** The results of the remitter cost evalution are presented il~ Chapter Six. 
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The program features and mathematical formulation of the EAM are
 
documented in Appendix D to this report.
 

5.2 ADDITIONAL INPUTS REQUIRED BY THE MODEL 

The information provided by the manufacturers on costs and reliabilities,
 
together with the statistical data developed in Chapter Four, constitute
 
only a portion of the data required to compare systems or establish the
 
cost of implementation.
 

Many parameters contributing to the evaluation of the systems and life­
cycle costs are dictated by the user communities. For example, the average 
hours flown by a user vary from 17.3 hours per month for the general-aviation 
equipment to 238 hours per month for the air-carrier equipment. These data 
were developed as were other parameters required by the model, through 

contact with the user community, (e.g., United and Piedmont Airlines, AOPA*, 
and ATA**) research work completed through other contracts within the 
corporation, and information furnished by the FAA. 

A complete listing of the parameters influencing the evaluation is presented 
in tabulated format for ready comparison in Appendix E" to this report. All the 
parameters considered influential in evaluating the relative costs and relia­
bilities of the systems have been programmed into the cost model and the 
maintpnance and life-cycle costs determined by the model. 

5.3 RESULTS OF APPLYING THE LIFE-CYCLE-COST MODEL 

The ARINC Research EAM computes annual and cumulative acquisition,
 
installation, and logistic support costs for each concept/user combination
 
desired. The model was programmed to print out data for three additional
 
years beyond the complete aircraft population retrofit period of 1978 through
 
1985 to evaluate the effects of new aircraft production without retrofit,
 
and of maintenance and logistics costs after fleet implementation.
 

This section presents the results derived from the model on the basis of
 
the parametric inputs provided by both the competing manufacturers and
 
independently derived data. The results are presented on a per-aircraft
 
basis to identify separately the costs of acquisition, installation, non­

recurring logistics, recurring logistics, and, finally, the eleven-year life­

cycle cost expected by an aircraft owner in any of the user categories.
 
Costs are presented in Section 5.3.1on the basis of both the manufacturers'
 
supplied data and the independently derived data.
 

The life-cycle cost of system imple~entation is presented graphically
 
on a year-by-year basis for each user community's fleet of aircraft. To
 
make the graphical presentations easy to interpret, Section 5.3.2 presents
 
the life-cycle costs based on the manufacturers' data, and Section 5.3.3
 
presents the costs for the independently derived cost and reliability
 
estimates.
 

*Aircraft Owners and Pilots Association (AOPA) 
**Air Transport Association (ATA) 
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5.3.1 Cost of Ownership per Aircraft 

The cost of ownership of a collision-avoidance system on a per-
aircraft basis consists of the initial acquisition and installation costs, 
a proportion of the nonrecurring logistic support costs (determined by 
averaging over the entire user population in the II-year life cycle), the 
recurring yearly logistics costs attributed to an aircraft, and the cumulative 
life-cycle cost of aircraft maintenance during the 11 years. These costs 
can be combined to provide a competitive evaluation of the sysuems based 
on both initial investment and reliability. One cost factor (amortization 
of manufacturer initial costs) was determined in the data-collection effort 
but is not included in the cost analyses presented in this chapter because 
of the uncertainties regarding the effect that the competitive market will 
have on these costs. However, the possible effects of amortization are 
considered in Chapter Six. 

Acquisition reflects the equipment costs developed in Chapter Three
 
and for aircraft configurations identified in Chapter Four. This section
 
presents the cost of ownership per aircraft for the existing fleet, the
 
majority' of the expected aircraft requiring CAS during the II-year life
 
cycle. New high-performance aircraft introduced into the aviation inven­

tory after 1978 would realize a saving in the acquisition of the single
 
combined CAS/IVSI indicator. An allowance of $800 per unit has been made
 
in the study for the cost of a vertical speed indicator and is reflected
 
in the acquisition cost of new CAS avionics and in the life-cycle costs
 
presented in this chapter.
 

The logistic support costs are divided into two categories: the non­
recurring costs associated with introduction of a new system, and the 
recurring costs experienced from normal corrective maintenance of the 
system. The costs are categorized by the following groupings: 

On-aircraft maintenance 

Off-aircraft maintenance 

Spare parts 

Inventory management 

Support equipment 

Training 

Technical data and failure documentation 

Facilities 
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The composition and application of any category are complex and require 
a detailed review of the economic analysis model for proper understanding. 
However, in identifying those categories influencing the logistic support 
costs, all categories contribute to the recurring logistics costs and all but 
the on-and off-aircraft maintenance contribute to the non-recurring logistics 
cost. For example, spare parts would normally be purchased by a user and 
introduced into the inventory system. This would result in costs associated 
with the spares and the costs of inventory set-up, both considered as non­
recurring. Upon failure of a unit, spares would be used up and replacement 
spares reordered, encountering a recurring cost of parts and documentation. 
The EAM computes these types of cost parameters based on the probability of 
failures controlled by the system reliabilities. 

The logistic support costs for the general-aviation community are 
limited to the recurring costs of maintenance, i.e., on- and off-aircraft 
maintenance costs consisting of labor and materials to repair a failed 
unit. The individual general-aviation owner is not expected to provision 
either spare parts or test equipment, and consequently does not usually 
incur the management or facility costs associated with provisioning. These 
costs are reflected in the general aviation cumulative life-cycle CAS costs, 
however. 

5.3.1.1 Commercial Aviation 

Table 5-1 compares the costs of system implementation on a per-aircraft 
basis for the three competing manufacturers. The table shows the acquisi­
tion, installation, and estimated portions of the nonrecurring and recurring 
logistic costs shown in 1975 dollars, to be incurred for CAS equipment in­
stalled in 1978. The first year of ownership, therefore, applies to a 1978 
installation. These costs will be greater in subsequent years because of the 
effect of inflation. The life-cycle cost represents the total c~st associated 
with CAS installations made in 1978 and maintained through 1988. The exact 
relationship between the first year of ownership costs and the life-cycle 
costs is complex and based on the life·-cycle cost model. However, the life­
cycle costs is essentially the first-year cost, pLus the c~~ulative recurring 
logistic cost, at a zero percent inflation rate. 

The manufacturers' data show that the initial investment favors the 
AVOIDS system, with EROS and SECANT requiring increasing initial costs, 
respectively. The cost aspects of maintaining the equipment for eleven 
years (the duration of ~he assumed life-cycle study) show that the SECANT 
system enjoys the lowest recurring maintenance cost on the basis of the 
manufacturers' data. A detailed review of the influencing parameters 
identified the cause of this effect to the "average material cost per 
repair" data specified by the manufacturers. The acquisition-cost advantage 
enjoyed by Honeywell in the use of a simplified RF section, specifically 
the cavity oscillators, is offset by the high cost of cavity replacement 
over a typical life-cycle period. . 
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System costs for the independently developed data are also shown in 
Table 5-1. In.the.independently derived data, the assumed cost of replacing 
the AVOIDS cav1ty 1S reduced from $97. to $88. with a net effect that the 
Hon7YW711 ~ystem still exhibits the lowest life-cycle costs. The upward 
var1at10n 1n the SECANT recurring logistic and life-cycle costs is attribu­
table to the lower MTBF estimated by ARINC Research relative to that proposed 
by RCA. Based on both the manufacturers' and the independently derived 
data, the Honeywell CAS is the least expensive throughout the II-year life 
cycle. 

Table 5-1.	 COMMERCIAL AVIATION COST DATA COMPARISON 
(Per Aircraft-Retrofit) (Zero Percent Inflation Rate) 

~Costs 

Manufacturers' Data Independently Developed Data 

Honeywell 
AVOIDS 

MDEC 
EROS. 

RCA 
SECANT 

Honeywell 
AVOIDS 

MDEC 
ERO:: 

RCA 
SECANT 

Acquisition * 
Installation 

Non-Recurring 
Logistic 

Recurring 
Logistic 

$6,326 

4,227 

141 

356 

$6,993 

4,227 

159 

309 

$7,578 

4,227 

144 

30J. 

$6,322 

4,227 

103 

337 

$7,004 

4,227 

160 

302 

$7,938 

4,227 

164 

358 

1st Year 
Ownership 

11 ,050 11,688 12,250 10,989 11,693 12,687 

~ife-Cycle 

Cost 
14,633 14,797 

I 
15,278 14,382 14,73(' 16,286 

* Electronics package (1); Antennas (2); Indicators (2); Contlol Unit (1) 

5.3.1.2 Military Aviation 

Table 5-2 presents the cost of ownership and life-cycle costs per 
aircraft for the military high-performance fleet. The initial investment 
costs, similar to those of the commercial-aviation case, favor the 
Honeywell AVOIDS system, with the EROS and SECANT sytems requiring higher 
initial investment. Detailed'review of the recurring logistics costs of 
each system shows that the SECANT experiences the lowest cost, with an 
anticipated LCC for maintenance of $3,225; the EROS is next, with a system 
maintenance cost of $3,253; and the AVOIDS requires the highest cost - ­
$3,478 over the II-year life cycle. However, the reduced average flight 
time per aircraft for the military, 80 hours per month versus 238 hours 
per month for the commercial carriers, results in an overall system cost 
advantage for the Honeywell AVOIDS. The calculated reduced r!~liability of 
the SECANT results in the highest life-cycle maintenance cost for that 
system based on independently developed data. Table 5-2 preSEnts the results 
of the independently developed evaluation for comparison. 
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Table 5-2. MILITARY AVIATION {HIGH PERFORMANCE} COST DATA COMPARISON 
{Per Aircraft-Retrofit} {Zero Percent Inflation Rate} 

~ Costs 

Manufacturers' Data Independently Developed Data 
Honeywell 

AVOIDS 
MDEC 
EROS 

RCA 
SECANT 

Honeywell 
AVOIDS 

MDEC 
EROS 

RCA 
SECANT 

Acquisition* 

Installation 

Non-Recurring 
Logistic 

Recurring 
Logistic 

$6,326 

8,252 

420 

787 

$6,993 

8,252 

519 

, 
768 

$7,578 

8,252 

378 

760 

$6,322 

8,252 

391 

781 

$7,004 

8,252 

514 

767 

$7,937 

8,252 

471 

776 

1st Year 
Ownership 

16,085 16,532 16,968 15,746 16,537 17,436 

Life-Cycle 
Cost 

18,776 19,017 19,433 18,374 19,007 .20,064 

*Electronics package (l);Antennas (2); Indicators (2); Control Unit (1) 

Table 5-3 presents the results of the evaluation for the limited­
performance (Type II) equipment in the military community. The indepen­
dently developed data used in this case represent an average of the cost 
and reliability estimates developed by NARCO and GENAVE and presented in 
Chapter Three. The expected rather than the calculated reliability data 
were used for the Type II equipment based on the experience and recommenda­
tion of the general-aviation manufactureres. 

Table 5-3. MILITARY AVIATION (LIMITED PERFORMANCE) COST DATA COMPARISON 
(Per Aircraft-Retrofit) (Zero Percent Inflation Rate) 

~ Costs 

Manufacturers' Data Independently Developed Data 
Honeywell 

AVOIDS 
MDEC 
EROS 

RCA 
SECANT 

Honeywell 
AVOIDS 

MDEC 
EROS 

RCA 
SECANT 

$1,161 

2,479 
. 

196 

918 

Acquisition** 

Installation 

Non-Recurring 
Logistic 

Recurring 
Logistic 

$ 617 

2,479 

51 

810 

$1,228 

2,479 

143 

809 

$1,613 

2,479 

98 

812 

$ 591 

2,479 

100 

882 

$1,003 

2,479 

208 

952 

1st Year 
Ownership 

3,906 4,659 5,002 4,052 4,642 4,754 

7,888Life-Cycle 5,922 6,635 7,070 6,786 8,051 

* Based on average of data developed by GENAVE and NARCO 
** Electronics package, including indicator (1); Antennas (1) MDEC and RCA 

(2) Honeywell 
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5.3.1.3 General Aviation 

The data in Table 5-4 identify the cost of ownership and the anticipated 
life-cycle costs for each CAS concept for high-performance GA aircraft. The 
rationale presented for the cost advantages in AVOIDS for the military high­
performance-aircraft costs are equally appropriate to the high-performance­
aircraft costs for general aviation. The acquisition costs include the 
distribution costs expected in a competitive market fol;' the fUll-capability 
CAS. Nonrecurring costs (e.g., spares inventory) are not identified since 
they are considered inappropriate for the private general-aviation owner. 
The low recurring logistics costs for each system are based on a limited 
flight-hours-per-month average. For some classes of the high-performance GA 
community-- e.g., corporate or cargo jet aircraft--these costs will increase 
considerably. However, the typical aircraft owner equipped with a TYPE I - CAS 
is expected to experience the indicated maintenance costs on the average. 
The data are generally confirmed through the independently developed costs 
shown in the table. 

GENERAL AVIATION (HIGH PERFORMANCE) COST DATA COMPARISON
 

TABLE 5-4. (PER AIRCRAFT-RETROFIT) (ZERO PERCENT INFLATION RATE)
 

COST 
FACTOR 

MANUFACTURERS' DATA INDEPENDENTLY DEVELOPED DATA 

HONEYWELL 
AVOIDS 

MDEC 
EROS 

RCA 
SECANT 

HONEYWELL 
AVOIDS 

MDEC 
EROS 

RCA 
SECANT 

l'.CQUISITION* 

INSTALLATION 

RECURRING 
LOGISTIC 

$:5439 

1925 

23 

$7306 

1925 

20 

$8066 

1925 

20 

$6434 

1925 

22 

$7320 

1925 

19 

$8533 

1925 

24 

1st YEAR 
OWNERSHIP 8,387 9,251 10,011 8,471 9,264 10,482 

LIFE~YCLE 

COST 8,621 9,448 10,210 8,691 9,439 10,719 

*ELECTRONICS PACKAGE (1) i INDICATOR (1); ANTENNAS (2); CONTROL UNIT (1) 

Table 5-5 reflects the anticipated costs of ownership for the majority 
of the general-aviation community (i.e., the owners of limited-performance 
aircraft). On the basis of information presented by the manufacturers, the 
cost-of-ownership analysis favors the AVOIDS II system, with EROS II GA and 
SECANT GA reflecting the higher costs in proportion to the acquisition costs. 
The maintenance per aircraft is low but reasonable because of the 17.3-hour 
average flight time per month. The NARCO and GENAVE reliability and maintain­

ability data confirm the low maintenance costs that a private owner can 
anticipate from CAS implementation. The unconfirmed cost of the RCA Remitter 
is included to show the expected life-cycle cost of this device based on the 
manufacturer's data. 
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GENERAL AVIATION (LIMITED PERFORMANCE) COST DATA COMPARISON 

TABLE 5-5. (PER AIRCRAFT-RETROFIT) (ZERO PERCENT INFLATION RATE) 

COST 
FACTOR 

MANUFACTURERS I DATA INDEPENDENTLY DEVELOPED DATA 

HONEYWELL 
AVOIDS 

MDEC 
EROS 

RCA 
SECANT 

RCA 
REMITTER 

HONEYWELL 
AVOIDS 

MDEC 
EROS 

RCA 
SECANT 

ACQUISITION** 

INSTALLATION 

RECURRING 
LOGISTIC 

$972 

226 

6 

$1,957 

226 

6 

$2,573 

226 

7 

$1,301 

226 

5 

$930 

226 

23 

$1,597 

226 

39 

$1,850 

226 

32 

1st YEAR 
OWNERSHIP 1,204 2,189 2,806 1,532 1,179 1,862 2,108 

LIFE "1:YCLE 
COST 1,267 2,246 2,879 1,582 1,407 2,253 2,425 

* BASED ON AVERAGE OF DATA DEVELOPED BY GENAVE AND NARCO.
 

** ELECTRONICS PACKAGE, INCLUDING INDICATOR (1); ANTENNAS (1) MDEC AND RCA
 
(2) HONEYWELL 

5.3.2 Life-Cycle Fleetwide Costs Based on Manufacturers' Data 

The per-aircraft costs identified in the preceding section are informa­
tive and important to the general-aircraft owner and the small-fleet commercial 
carriers. However, the commercial air carriers and the military support large 
fleets of aircraft and are more concerned with the cumulative costs of system 
implementation which include the total costs of acquisition, installation, 
recurring, and non-recurring logistics, rather than the proportional costF 
per aircraft. 

The total general-aviation expenditures, as well as the cumulative 
totals, are presented to identify the cost of a CAS implementation for the 
entire aviation community. 

The cost-model outputs based on data provided by the competing manu­
facturers are shown in Figures 5-1 through 5-9. The graphs reflect the 
impact of inflation, assumed to increase at zero, six, and ten percent per 
year, for the entire life cycle of the study. (All figures are presented at 
the end of this chapter for ease of comparison. The presentation is organized 
so that for each user category and inflation rate, CAS costs based on manu­
facturers' data are ;uxtaposed with those based on independently developed 
data. ) 
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5.3.2.1 Commercial-Aviation Costs Based on Manufacturers Data 

Figures 5-1 through 5-3 represent the expenditures required to imple­
ment each of the three systems in the air-carrier community. The effect of 
system retrofit in the first four years of implementation is evidently 
controlled by the acquisition cost of the system. 

The logistic support costs required to maintain the systems are the 
highest for the Honeywell AVOIDS, but the initial cost advantage of the 
AVOIDS over the other systems is retained through the end of t~e eleven­
year life cycle. 

5.3.2.2 Military-Aviation Costs Based on Manufacturers D~ta 

Figures 5-4 through 5-6 identify the total annual cost and the cumulative 
life-cycle cost to the military population in implementing any of the three 
systems on CONUS aircraft. The advantage of the lower initial cost of 
acquisition of the AVOIDS system is maintained throughout the life cycle. 
The effect of maintenance, i.e., the slope of the curves after acquisition 
is complete, is not as strong as in the commercial-carrier case because 
of the lower utilization of the military aircraft. Maintainability is a 
factor in the EROS and SECANT systems, but insufficient to overcome the 
lower acquisition cost advantage of the AVOIDS systems. 

This study presents results on only the CONUS-based military aircraft 
as defined in Chapter Four. However, it is recognized that a large number 
of military aircraft are based overseas and are subject to periodic rotation 
through the U.S. and the National Air Space. It has been assumed that the 
military would not operate CAS units in aircraft stationed at overseas 
bases, but that these aircraft would be modified for a CAS installation 
when they were restationed in the u.S. (presumably, the CAS units themselves 
could be exchanged between aircraft being sent overseas and those returned 
to the U. S.). Unfortunately, ARINC Research was unable to determine the 
number of aircraft that would fall into this category. Therefore, the 
following formula is recommended to establish the added installation costs 
to be borne by the military when the required number of additional aircraft 
installations is determined: 
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(!+et) i-I 
(5.1)Added Cost -f [8-1 [If+Efl +(_N~) III+EI)] 

i=l 

where N = a total number of military high-performance aircraft stationed 
~ overseas in the i th year 

N = total number of military limited-performance aircraft stationed 
~ overseas in the i th year . 

=	 installation cost of Type I-CAS in 1978 -- $8,252*If 

=	 installation cost of Type II-CAS in 1978 -- $2,479*II 

E = cost of CAS/VSI indicator and two antennas -- $1,218*
f 

E cost of Type II antennas -- $13* 
l 

i = year of retrofit, 1 through 8 

a	 = inflation rate 

*	 All cost are shc\·m in 1975 dcllars and should be inflated befol.<'; 
being used in equation 5.1. 

5.3.2.3 General Aviation Costs Based on Manufacturers' Data 

Figures 5-7 through 5-9 illustrate the total cumulative life-cycle costs 
for the general-aviation community to implement any of the three CAS concepts. 
The primary costs associated with CAS implementation in the general-aviation 
community are system acquisition and installation, with acq\lisition costE; 
being the predominant reason for the cost difference among the three con­
cepts. The high reliabilities for each of the CAS equipments and the lo~ 

average aircraft utilization (e.g., approximately 200 hours per year) conmine 
to result in maimtenance costs that are less than five percent of the total 
life-cycle costs for each of the three concepts. 

5.3.2.4 Total Aviation-community Manufacturers' Data 

Figures 5-10 through 5-12 present the, cost of system implementation for 
any of the manufacturers in the entire aviation community for the eleven-
year life cycle. The required expenditure for acquisition, installation, 
and maintenance costs varies from 659.6 million for the Honeywell system to 
1067.4 million for the RCA system at a zero rate of inflation. The McDonnell 
Douglas costs total 905.3 million for the same period. The comparative 
expenditures for each system are presented in Table 5-6, which identifies 
the major categories comprising the life-cycle costs. The total aviation 
life-cycle costs associated with the use of a remitter by 70 percent of the 
general-aviation aircraft as proposed by RCA are presented. The remitter costs 
are discussed more completely in Chapter Six. 
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TABLE 5-6. LIFE-CYCLE COSTS FOR TOTAL AVIATION COMMUNITY
 
(IN MILLIONS OF DOLLARS) (ZERO PERC'ENT INFLA'rION RATE)
 

TOTALIACQUISITION INSTALLATION TOTALSYSTEM LOGISTIC
COST COST COSTSCOST 

MANUFACTURERS DATA 

HONEYWELL 406.2 195.8 57.6 659.6 

MCDONNELL-DOUGLAS E51.9 195.8 56.1 903.8 

RCA 812.0 195.8 58.8 1065.9 

(REMITTER) 610.2 195.8 56.4 862.4 

INDEPENDENTLY DEVELOPED DATA 

HONEYWELL 394.8 195.8 87.9 678.5 

MCDONNELL-DOUGLAS 571.4 195.8 120.5 887.7 

RCA 654.1 195.8 1l0.3 960.2 

5.3.3 Life-Cycle Fleet-Wide Costs Based on Independently Developed Data 

The results of Section 5.3.2 were based on data provided by the com­
peting manufacturers. Although the evaluation of their data by ARINC 
Research showed general agreement, especially in the initial acquisition 
costs, some variations in system reliability and cost per repair action 
were identified in Chapter Three. The effect of these variaticns on the 
life-cycle costs of each user community is presented in this s('ction. 

5.3.3.1 Commercial Aviation Costs Based on Independent Data 

Figures 5-13 through 5-15 present the life-cycle costs for the 
commercial-aviation community. The life-cycle costs for implementing 
three CAS concepts would result in expenditures of 46.9 millior, for the 
AVOIDS, 48.3 million for the EROS, and 53.• 5 million for the SECANT, 
assuming a zero rate of inflation. The variations in costs between these 
data and the manufacturers' provided data are the results of differences 
in the system acquisition costs and the logistic support costs. 

The AVOIDS costs changed primarily because of a slight increase in 
system reliability and a decrease in the average material cost per repair 
action. The slight change in the system acquisition reflected in inde­
pendent cost analysis of Chapter Three produced only a $0.6 million dollar 
decrease in the system life-cycle costs. 
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The change in the EROS system costs is uniform over the life cycle 
and caused by a re-evaluation of the average material costs per repair 
action. A significant variation in repair costs between the manufacturers' 
data and ARINC-developed data is noted for the exciter and the receiver. 
The MTBF of the exciter is calculated at 15,000 hours by both sources, but 
the cost of material per repair action is quoted at $2.10 by the manufacturer, 
and only $0.48 by the statistical probability method used by ARINC Research. 
In the case of the receiver, McDonnell Douglas has quoted a $1.47 cost per 
repair action. The equivalent cost based on ARINC Research-developed data 
is only $0.45. These changes result in a decrease in logistic support cost 
in excess of $0.2 million dollars over the life cycle. The slight change 
in the system acquisition cost reflected in the independent cost analysis 
resulted in a $0.3 million decrease in the system life-cycle costs. 

As with the other two systems, higher material costs per repair action 
have been proposed for the SECANT system than can be justified by mathe~ 

matical analysis. RCA has quoted a material cost of $21 per repair action 
for the IF Detector. Review of the RCA parts lists identifies the highest 
cost component in the detector subject"to failure to be the SAW filter, 
estimated by RCA to cost $4.24. ARINC Research evaluation of the detector 
identifies the probable cost per repair action to be $1.04. A similar 
variation in cost per repair action is noted for the microwave module, 
reducing the anticipated cost from the RCA quote of $27 to the mathematically 
derived cost of $9.61. However, in Chapter Three, significant disagreements 
with the MTBFs and the logic module costs for the RCA system were identified 
in the independent data development. The overall system MTBF was changed 
from 3000 hours to 2475 hours, and the overall system cost was changed from 
$5,141 to $5,501. These two factors combined to produce the significant 
increase in life-cycle costs for the SECANT system. 

5.3.3.2 Military Aviation Costs Based on Independent Data 

Figures 5-16 through 5-18 present the life-cycle costs in the military 
community based on the parameters calculated by ARINC Research and the 
GENAVE!NARCO estimates. Thp life-cycle costs for this community are $219.8 
million for the AVOIDS, $237.2 million for the EROS, and 3247.8 million far 
the SECANT. The variations between the manufacturers' data and the in­
dependently developed data result in an increase of $4.5 million in the A'IOIDS 
system, an increase of $9.3 million in the EROS, and an increase of $10.9 
million in the SECANT life-cycle costs, where zero inflation is considere'l. 
The cost changes are a result of the variations in the unit acquisition costs 
and the reliability and maintainability estimates. The effect of the re­
liability and maintainability of the Type I CAS is not as evident to the 
military as in the commercial air carrier community because of the reduced 
aircraft utilization. However, the effect of the expected reliability of the 
Type II systems results in the higher predicted life-cycle costs based on the 
independently developed data. The unit acquisition variations presented in 
Table 5-3 for the Type II CAS are off-set by the estimated higher costs o:~ 
maintenance required by the limited version CAS. 

5-12 



5.3.3.3 General Aviation Costs Based on Independent Data 

Figures 5-19 through 5-21 present the life-cycle costs based on the 
independent evaluation of system costs, reliability, and maintainability. 
The unit cost and reliability figures developed by GENAVE and NARCO have 
been averaged and used in the cost analysis. The life-cycle costs for 
implementing these CAS concepts would result in expenditures of$411.9 million 
for the AVOIDS, $602.2 million for the EROS, and $658.8 million for the 
SECANT, with zero rate of inflation. 

The life-cycle costs for the GA community based on the independent1y­
developed data are lower than the life-cycle costs based on the manufacturer 
supplied data, due primarily to the lower independently-developed acquisi­
tion costs for the Type II CAS equipments reported in Chapter Three. However, 
the lower expected*re1iabi1ity proposed by the general-aviation manufacturers 
has resulted in logistic support costs higher than those based on manu­
facturers' data, overcoming the lower acquisition cost of the AVOIDS and 
increasing the AVOIDS life-cycle costs by $16.6 million when compared with 
data presented in Figure 5-7. The differences for the other two systems 
revealed cost reductions of $25.2 million for the EROS, and $119.9 million 
for the SECANT. The lower acquisition costs are the result of the more 
economic manufacture of the general-aviation products, lower overhead of 
the general-aviation manufacturers, the utilization of separate existing 
microwave components, and standard packaging techniques used in the genera1­
aviation market. 

5.3.3.4 Total Aviation Community Independent Data 

Figures 5-22 through 5-24 present the life-cycle costs to the entire 
aviation community based on the costs developed by ARINC Research, GENAVE, 
and NARCO. A comparison of these costs with the manufacturers' data 
presented in Figure 5-10 shows that overall cost changes ranging from an 
increase of $18.9 million (AVOIDS) to a decrease of$105.7 million (SECANT) 
can be expected by the total aviation community. These changes are based 
on the projected costs of the Type II units as developed by the genera1­
aviation manufacturers. 

* As opposed to calculated. 
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Figure 5-1. CUMULATIVE CAS CO<;T f'ROM MANUf'ACTIIRERS' DATA Figcw 5-11. CUMULATIVE CAS COST FROM INllEPENDENTLY DEVELOPED DATA 
(COMMERCIAL AVIATION. ZERO-PERC~'N" INf'LATION RIITEI (COMMERCIAL AVIATION. ZERO-PERCENT INFLATION RATE) 
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CHAPTER SIX 

SENSITIVITY OF THE CAS COST ANALYSES TO
 
PARAMETER VARIATIONS AND ALTERNATIVE ASSUMPTIONS
 

In developing data in Chapters Three and Four for the cost analyses 
of the CAS system concepts, assumptions had to be made regarding opera­
tional scenarios and system parameters. ~fuile a major effort was made 
to develop accurate data on the three CAS systems, it was considered 
advisable to review the cost analyses for any sensitivities they might 
exhibit to parameter variations and alternative scenarios. 

The cases considered in this review were as follows: 

The sensitivity of life-cycle costs to variations in 
system MTBFs 

The effect of various assumptions regarding the mix 
of Type I and Type II CAS in the military fleet 

The effect of including amortization costs in the analyses 

The cost impact of the remitter 

The effect of providing redundant electronics in the 
commercial air carrier community 

The reasons for conducting each of these additional analyses and the 
results of the analyses are presented in the following sections. 

6.1 SENSITIVITY OF LIFE-CYCLE COST TO MTBF VARIATIONS 

In an economic analysis of any system, the meant;me between 
failures (MTBF) is usually difficult to predict accurately, and it has 
a major impact on the life-cycle cost. Therefore, the effect of MTBF 
variations on CAS life-cycle costs has been evaluated. Figures 6-1 
through 6-3 illustrate the effect of variations inmanufacturers-~rovided 

system MTBFs on the life-cycle costs predicted for the commercial, 
military, and general-aviation fleets, respectively. The figures 
indicate the system MTBFs developed in Chapter Three and present the 
life-cycle costs for wide variations in MTBF about these values. 
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Figure 6-1. LIFE-CYCLE COSTS AS A FUNCTION OF CAS ELECTRONICS MTBF 
(COMMERCIAL AVIATION, ZERO-PERCENT INFLATION RATE) 

For the commercial air carrier community, the life-cycle costs. for 
the Honeywell, McDonnell Douglas, and RCA systems remain relatively close 
as long as the MTBFs for the three systems are approximately equal. 
However, it can be seen that the predicted MTBFs previously developed 
are near the knee of the cost curves. As a result, a significant error 
in the predicted MTBF of ope of the systems would result in that system's 
becoming extremely uncompetitive with the other systems. For example, 
if the MTBF of only the lowest cost system has been overestimated by a 
small factor (e.g., less than 50 percent), then it is no longer the 
least costly CAS alternative for the commercial air carriers. However, 
the independently-developed reliability data provide equal confidence in 
each of the reliability estimates. 
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Figure 6-2 presents the effect of variations in system MTBFs on 
the military-aviation fleet costs. Because the military fleet was 
assumed to have installed Type I CAS units in the high-performance aircraft 
and Type II CAS in the low-performance aircraft, the MTBFs in Figure 6-2 
represent a weighted average MTBF according to the mix of aircraft oper­
ating the Type I CAS (56 percent) and Type II CAS (44 percent). The appearance 
of the cost curves shown in Figure 6-2 is similar to that of the cost 
curves in Figure 6-1. As a result, the observations just developed for 
the commercial air carrier fleet would apply to the military. 
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The variations in life-cycle costs for the general-aviation 
community are shown in Figure 6-3. The MTBFs represent a weighted 
average of 5 percent Type I CAS and 95 percent Type II CAS installations. It 
can be seen that the relative relationship of the life-cycle costs for 
the general-aviation community are virtually unaffected by MTBF varia­
tions. Therefore, for the general-aviation community, the Honeywell 
CAS appears to be the most attractive on a cost basis almost regardless 
of the MTBF values assumed for the Honeywell, McDonnell Douglas, and RCA 
systems. 

':'he lo'''er initial acquisition cost o~ t:.e HoneY"=ell ~ype I.I. c:.s 
provides a sufficient cost margin when applied over the entire general­
aviation population to totally dominate the life-cycle costs of the 
entire aviation community even if with large variations in the sy~tem 

MTBF's. Therefore, it can be concluded that the Honeywell CAS concept 
represents the least expensive CAS alternative (based on total costs to 
all users) almost regardless of the variations in system MTBF's. 

6.2 THE EFFECT OF VARIOUS MIXES OF CAS IN THE MILITARY FLEET 

During the study is was assumed that a 250-knot performance capability 
would be a reasonable basis for deciding whether a military aircraft would 
be outfitted with a Type I CAS or Type II CAS. However, it is possible that 
all military aircraft will carry a sophisticated unit such as the Type I CAS 
or that all military aircraft will carry the minimum-capability Type II CAS. 
In the first case, it might be argued that the total cost of installing and 
operating CAS would be so large as to make it pointless to install anything 
other than a high-capability Type I CAS unit. On the other hand, the CAS 
legislation might allow military aircraft to install Type II CAS units in all of 
their aircraft. Therefore, the military costs associated with CAS im­
plementation using only Type I CAS units and using only Type II CAS units 
have been developed. The results of these additional analyses are depicted 
in Figure 6-4. It can be seen that the Honeywell CAS exhibits the lowest 
life-cycle cost regardless of the mix of Type I and Type II CAS adopted by 
the military. T~ere is no crossover in the cost curves that would affect 
the relative costs of the three concepts as the percentage mixture of Type 
I and Type II units in the military is varied. 

6.3 THE EFFECT OF INCLUDING AMORTIZATION OF MANUFACTURER START-UP COSTS 

Each manufacturer was asked to identify and amortize the costs of 
system development (e.g., the development of LSI logic circuits), pro­
duction startup and tooling costs, and the engineering costs associated 
with equipment production. Based on the agreed-upon Uniform Ground 
Rules, these costs were assumed to be am?rtized during the first two 
years of production. In reviewing possible ways to evaluate the amor­
tization costs, it was recognized that a competitive marketplace having 
multiple manufacturers would likely modify and reduce the amortization 
costs identified by the manufacturers. Therefore, amortization costs 
were eliminated from the cost analyses in Chapter Five. Nevertheless, 
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it was considered desirable to reevaluate the life-cycle costs with the 
effects of amortization included in order to determine if any of the cost 
evaluations would be altered. 

The resulting costs identified by the manufacturers to be amortized by 
each of the three systems are identified in Table 6-1. These costs were 
presented for each Type of CAS to identify the variations in manufacturing 
costs among the full capability and general-aviation capability manufacturers. 
Since a linear retrofit period was assumed for all user categories, and 
quantities to be produced by anyone manufacturer were limited to 3000 units 
of the Type I CAS and 1000 units of the Type II CAS, during the total imple­
mentation period, each manufacturer was allowed to amortize costs during the 
first two years to retrofit over the maximum number of 1500 units of the 
Type I CAS and 2500 units of the Type II CAS. These quantities assume a 
maximum demand for the Type I CAS by the commercial carriers during the four 
year retrofit period for this use category and a maximum production by any 
one manufacturer for the Type II CAS over an eight year linear retrofit 
period in the general-aviation community. 

Table 6-1. Amortization Costs, Manufacturer's Data 

Honeywell MDEC ~A 

Total to be Amortized 
CA CAS 
GA CAS 
Per A/C, CA-CAS 
Per A/C, GA-CAS 

1,073,000 
473,000 
600,000 

315 
240 

2,519,000 
2,099,000 

420,000 
1,399 

168 

795,000 
397,500 
397,500 

265 
159 

The amortization costs have been converted into per-aircraft costs 
based on limited production quantit~es of 1500 Type I CAS units and 2500 
Type II CAS units that would be subject to amortization by anyone manufactur­
er during the first two years of the CAS installation program. The 
resultant increased cost per unit was applied to all systems manufactured 
and installed during the first two years of system implementation under 
the assumptions that there would be multiple manufacturers ~nd any m~n~­
facturer engaged in the production of a system would be subJect to s1~11ar 
startup costs. The resulting total costs to be amortized by the mult1ple 
manufacturers during the first two years of production became $15.4 
million for the AVOIDS, 21.0 million for the EROS, and 10.7 million for 
the SECANT system, at a zero rate of inflation. 
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Figures 6-5 through 6-8 present the life-cycle costs of each system 
with amortization costs included. Figure 6-5 shows the effect of amor~ 

tization in the commercial-carrier community. The EROS system expe~iences 

the highest amortization costs and shows the greatest change in life-cycle 
costs. The ,costs of amortization in the commercial-carrier community 
based on the manufacturers' recommended division of the costs between the 
Type I and Type II CAS increase the life-cycle costs of EROS by $2.2 million, 
AVOIDS by $0.5 million, and SECANT by $0.4 million. The effect of 
amortization results in almost identical life-cycle costs for the EROS 
and SECANT systems and identifies the AVOIDS system as being 4.8 percent 
less costly than the other two concepts for the commercial-carrier 
community. The military-community costs with amortization included are 
shown in Figure 6-6 with the following cost increases: $4.4 million for 
EROS, $1.5 million for AVOIDS, and $1.1 million for SECANT. However, the 
relative cost differences between the three systems are changed very 
little from the results presented in Chapter Five. 

The general-aviation community will be required to absorb the 
greatest amortization costs (based on the assumption that all Type II CAS 
manufacturers would amortize the amounts recommended by the three CAS 
competitors). The resulting system life-cycle cost increases are $13.0 
million for the AVOIDS, $12.2 million for the EROS, and $8.8 million 
for the SECANT. Figure 6-7 presents the results of the effect of 
amortization on life-cycle costs. Although the cost increases in each 
system are appreciable, they are not evident when compared with the 
total expected expenditures required by this community. Amortization 
has little effect on the relative costs of the system because the 
life-cycle costs are dominated by the equipment acquisition costs. 

Figure 6-8 presents the total aviation community life-cycle costs, 
including amortization. The actual effect of including amortization 
costs in the economic analyses can be seen by closely comparing Figures 
5-10 and 6-8. However, Figure 6-8 indicates that the Honeywell concept 
remains the lowest cost alternative when amortization costs are included 
in the overall cost analysis. 

6.4 THE COST IMPACT OF THE REMITTER 

RCA has proposed the use of a collision-avoidance device (CAD) 
which would provide an electronic signal to be used by CAS-equipped 
aircraft to detect a CAD-equipped aircraft as an intruder and initiate 
the necessary maneuvers for collision avoidance. The system, called a 
remitter by RCA, is similar to the limited version of SECANT but omits 
the logic required to detect; track, and command escape maneuvers. The 
remitter provides no protection to two similarly equipped aircraft. In 
order to obtain a ,substantial reduction in CAS costs, RCA has proposed 
that the remitter be used by 70 percent of the general-aviation aircraft. 

Figure 6-9 presents the life-cycle costs to be experienced by the 
total general-aviation community for a 5/95 mixture of the Honeywell 
and McDonnell Douglas Type I and Type II CAS and a mixture of RCA equipment 
consisting of 5 percent Type I CAS, 25 percent Type ~I CAS, and 70 percent 
remitter. The total life-cycle expenditures become $575.7 million ~or the 
SECANT system (which is a considerable reduction of the cost for the 
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RCA concept discussed in Chapter Five) , resulting in a cost advantage 
over the EROS system of $52.1 million, but still $180 million more than 
the least expensive AVOIDS-GAsystem. Therefore, the remitter makes the 
RCA concept more competitive on an economic basis, but it does not make 
the RCA the lowest-cost alternative considered in the present study. 

6.5	 THE EFFECT OF PROVIDING REDUNDANT ELECTRONICS IN THE CDMMERCIAL AIR 
CARRIER COMMUNITY 

In Chapter Five data were developed on the cost of ownership and life­
cycle costs to the commercial air carrier community for implementation of a 
single CAS unit in each air frame. The results present the expected cost 
to this community based on the minimum equipment required for the successful 
implementation and operation of the CAS concept. However, historically the 
commercial carriers have followed the practice of achieving high operational 
availability through system redundancy. This section presents the results 
of an evaluation of the CAS concepts when redundant equipment is implemented 
in each air carrier aircraft. 

The equipment required by a certified commercial air carrier to provide 
system redundancy consists of the following complements of collision-avoid­
ance avionics: 

2 sets of CAS electronics (Type I)
 
2 antennas (top and bottom)
 
2 CAS/IVS indicators (pilot and co-pilot)
 
1 set of control and switching equipment
 

The additional CAS electronics will be located in the normal avionics bay of 
the aircraft. The indicators and antennas required for a single system will 
be switched to operate with either of the redundant electronics. 

The installation costs associated with dual system implementation will 
increase over those presented in section 4.4.1 by the following: 

Time 
Required Cost 

Shelf Fabrication and 48 hours $ 1067. 
Installation 

On-Aircraft Cabling 
Material 

20 hours 444. 
54!. 

Total Increase 68 hours $ 2052. 
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The estimated increase in time to install and the associated costs assume 
that the implementation of a dual system would be accomplished at one time, 
rather than by addition of a second system. The total cost of system 
implementation in an existing aircraft would be $6279. 

Table 6-2 compares the costs of the dual system implementation on a 
per-aircraft basis for the three competing manufacturers and for the 
independently developed data. The results show the same relationship among 
the three systems as presented in section 5.3.1.1 except that the costs of 
each influencing parameter are higher. Based on both the manufacturers' 
and independently derived data, the Honeywell CAS remains the least expensive 
throughout the II-year life cycle. 

TABLE 6-2.. COMMERCIAL AVIATION COST DATA COMPARISON-DUAL SYSTEMS 
(Per Aircraft-Retrofit) (Zero Percent Inflation Rate) 

~Costs 

Manufacturers' Data Independently Developed Data 

iHoneywell MDEC 
EROS 

RCA 
C;l·:rl\.N'T' 

Honeywell 
AVOIDS 

MDEC 
EROS 

RCA 
SECANT 

Acquisition* 

Installation 

Non-Recurring 
Logistic 

Recurring 
Logistic 

$10,342 

6,279 

204 

571 

$11,676 

6,279 
244 

477 

$12,719 

6,279 
189 

463 

$10,334 

6,279 
199 

533 

$11,698 

6,279 
243 

462 

$13,437 

6,279 
254 

578 

1st Year 
Ownership 

17 , 396 18,676 19,650 17 ,345 18,682 20,548 

Life-Cycle 
Cost 

$23,126 $23,465 $24,303 $22,696 ~23, 325 $26,342 

*Electronics package (2); Antennas (2); Indicators (2); Control Unit (1) 

Figures 6-10 through 6-12 identify the total annual cost and the cumu­
lative life-cycle cost of implementing a redundant configuration of any of 
the three systems in the air-carrier co~~unity based on manufacturers' data. 
Figures 6-13 through 6-15 present the same information based on independently 
developed data. The graphs reflect the impact of inflation, assumed to in­
crease at zero, six, and ten percent per year for the entire life cycle of 
the study. 
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Figures 6-10 through 6-12 identify the total annual cost and the 
cumulative life-cycle cost of implementing a redundant configuration of any 
of the three systems in the air-carrier community based on manufacturers' 
data. Figures 6-13 through 6-15 present the same information based on 
independently developed data. The graphs reflect the impact of inflation, 
assumed to increase at zero, six, and ten percent per year for the entire 
life cycle of the study. (All figures are presented at the end of this 
chapter for ease of comparison. The presentation is organized so that for 
each user category and inflation rate, CAS costs based on manufacturers' 
data are juxtaposed with those based on independently developed oata.) 
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CHAPTER SEVEN 

CAS OPERABILITY EVALUATION 

The flight test evaluations have shown that a properly operating 
CAS system will provide appropriate warnings in a threat situation. 
However, since any system must experience failures from time to time, 
consideration must be given to those occasions when the system is not 
operating properly. For this condition, the effects of failure on 
the overall system performance must be evaluated. 

This chapter addresses this question by defining and evaluating 
a characteristic termed "Operability" for each CAS candidate. As the 
term is used here, Operability is concerned with the consequences of 
failure on the overall system. The operability evaluation examines 
both the total incidence of failures for each of the CAS concepts and 
the percentage of failures ~hat could occur without the knowledge of 
the pilot. Both total failures and failures that are unknown to the 
pilot should be kept as infrequent as possible and both failure types 
have been examined, based on the design data provided by the three 
CAS manufacturers, to provide operational inputs to be used in identi ­
fying the preferred CAS concept. 

The chapter begins with a review of the relative roles of CAS and 
the ATC system to provide an overall perspective on CAS operability. 
The operability observations developed at this point can be applied 
equally to any CAS concept. Following this, a general discussion of 
failures associated with CAS operation and the methods that can be 
used to detect failures is presented. These failure detection methods 
are based on present practices associated with other avionics systems 
and can potentially be applied to any independent air-derived CAS 
concept. 

The remainder of this chapter is concerned with evaluation of the 
operability features inherent in the manufacturer supplied CAS designs 
(i.e., the inherent reliabilities and failure detection methods). The 
severity of the total incidence of failures associated with each 
concept is assessed and the various classes of failures and failure 
detection methods included in each design are described. The total 
failure rates have been compared using the 1982 L. A. Basin Model to 
determine the total number of CAS failures to be expected from a 
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typical mix of aircraft. However, evaluation of the operational limi­
tations of the CAS failure detection methods (i.e., failures that would 
be unknown to the pilot) was more difficult, and it was necessary to 
develop three special analysis tools (i.e., failure prediction equations) 
to permit the evaluation of the various failure detection methods 
suggested in each of the manufacturer-supplied CAS designs. These were 
applied to each of the CAS ,candidates to determine the percentage of 
systems in a given population that would have failures that would be 
unknown to the pilot. Of the various operational factors considered, 
these unknown failures proved to be the major operational difference 
among the three CAS candidates. 

7.1 RELATIONSHIP OF CAS TO THE ATC SYSTEM 

The CAS hardware and the ATC system hardware are designed to 
operate totally independently, but the fact that both affect the safety 
of aircraft movements makes an understanding of the relationship of 
CAS to ATC an important factor in the CAS operability evaluation. 

7.1.1 The Functions of CAS and the ATC System 

The CAS has the sole function of providing a totally air-derived 
method of detecting potential airborne collisions and providing the 
necessary commands to the aircraft involved t~ prevent actual collisions 
from occurring. The CAS is intended to serve as a backup for other 
methods of preventing mid-air collisions such as the pilot's use of 
"see-and-avoid" techniques and the ATC system's issuance of traffic 
advisories and separation commands. 

The ATC system is designed to provide for the safe and orderly 
flow of air traffic. However, not all airspace is included within the 
ATC system, and not all aircraft that fly through controlled airspace 
are under the control of the ATC system. The ATC system can and does 
effectively prevent collisions within controlled areas and to a lesser 
extent within mixed airspace. However, it does not possess effective 
control over aircraft operating outside controlled airspace. While 
it is conceivable that all aircraft could be required to oper~te under 
the control of the ATC system, such a policy is not only overly restric­
tive to many aircraft operators, but it would be quite expensive to 
expand the ATC system to cover all of the airspace. 

7.1.2 CAS and ATC Methods for Collision Protection 

The CAS represents a way to provide collision protection to all 
aircraft with a minimal impact on'the ATC system. To be generally 
effective CAS would have to be installed on essentially all aircraft. 
The CAS concepts considered in the present study are all cooperative 
and require that both aircraft invo~ved in a potential encounter 
have operating CAS units* if either CAS is to detect the presence of 

*or CAD's as discussed in Chapter 6 
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the other aircraft. If a threatening aircraft is detected, appropriate 
climb or dive commands are displayed to the pilot to eliminate the 
collision threat. The climb or dive will be continued until the air­
craft are separated by either a safe lateral or vertical distance. An 
aircraft following a CAS maneuver command would do so without seeking 
permission from an ATC controller. 

Because both CAS and' the ATC system would be directing aircraft 
movements, there is always a concern that the two systems may conflict. 
However, if a CAS is operating properly, it should not generate aircraft 
climb or descent commands that would conflict with the ATC system unless 
the ATC system had either erred or failed to detect a potentially 
threatening aircraft.* Therefore, a properly operating CAS should 
appear as a silent backup to the ATC system unless a true threat 
existed. If a CAS unit fails, this may no longer be true. Therefore, 
the CAS operability evaluation must be concerned with the interaction 
of failed CAS units on the ATC system. 

7.1.3 Impact of CAS Failures on the ATC System 

The CAS units potentially could fail in such a way as to create 
unnecessary and unsafe aircraft climb and descent commands, although 
it will be shown in a later section that this is a remote possibility. 
The more common problem with CAS is likely to involve a single CAS 
unit becoming inoperative. This would not necessarily create a hazar­
dous situation so long as the separation assurance methods used today 
by pilots and controllers are strictly followed. However~ it is 
reasonable to assume that the existance of CAS as a backup to present 
separation assurance methods may result in a relaxation on the part of 
pilots and controllers so that an aircraft with an inoperative CAS may 
represent a larger threat to other aircraft than it would if it were 
operating in today's ATC environment. 

As a result of the above considerations, it is apparent that 
failure of a CAS unit could create unsafe conditions unless the pilots 
and controller are aware of failures when they occur. If an aircraft 
is being operated with a CAS unit that is known to be inoperative, 
then the pilot and controller can exercise particular care to compen­
sate for the failed system. If the aircraft is not flying under the 
control of the ATC system when the failure occurs, it would be reason­
able to expect the aircraft to obtain special traffic advisories from 
ATC for the remainder of the flight. This special handling of aircraft 
by the ATC system can only be accomplished, however, if either the 
pilot or the controller or both are given an indication that the CAS 
unit has failed. Therefor~ the CAS operability evaluations must focus 
on an examination of the probability of failure of the candidate CAS 
system and on its ability to indicate the existance of a system failure 
when one does occur. 

*The ANTC 117 CAS threat logic will require that warnings, as opposed 
to commands, be generated routinely. 
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7.1.4 Independence of CAS to the ATe System 

As mentioned above, the CAS is designed to operate wholly indepen­
dently of the ATC system. This feature is a major benefit. of the CAS 
concepts so long as the systems are working properly because it provides 
a completely independent backup to the ATC system. However, when the 
CAS units fail, this potentially creates a major problem because the 
ATe controller has no way of detecting a CAS failure directly.· This 
means that the CAS failures must either be detected by the pilot's 
monitoring of the equipment performance or through special FAA operated 
ground stations that inform the controller of a CAS failure. This inde­
pendence of CAS and the ATC system means that the ATC system in its 
present form cannot assist in informing the pilot of the malfunctioning 
of the CAS. 

7.2 CAS FAILURES AND FAILURE DETECTION METHODS 

There are two categories of CAS failures that must be considered 
in the operability analysis and there are a number of ways to ensure 
that these failures are detected and corrected. 

7.2.1 CAS Failure Categories 

The most serious types of failures that could occur with a CAS are 
"System-Wide" failures in which the failure of a single unit causes the 
improper operation of one or more other CAS units. These system-wide 
failures could be produced by a unit transmitting signals that provide 
improper range or altitude information to other aircraft (i.e., phantom 
targets), create receiver saturation or interference, or result in 
some form of logical lockout in otherwise properly functioning systems. 
These failures are serious because they magnify the impact of CAS 
failures on the overall effectiveness of the system. The specific 
situations that could produce system-wide failures will be discussed 
in Section 7.3.2 for each of the candidate CAS concepts. 

The more likely types of failures are "Single Unit" failures that 
cause a single unit to becom~ inoperative, but have minimal impact on 
other CAS units. The only impact a single-unit. fai]ure would have on 
other CAS units would occur as a result of the aircraft with the failed 
unit becoming involved in a potential mid-air collision. The aircraft 
with the failed unit would be unprotected from other aircraft and 
would be invisible to the CAS units on these aircraft. 

7.2.2 The Failure Detection Problem 

With any system, failures are inevitable, and 1.[; is important to 
minimize both the relative frequency and the operational impact of these 
failures. The failure rates for the system affect the overall frequency 

*An ATe controller can detect problems in other aircraft systems. For 
example, he can detect malfunctions in the aircraft's navigation equip­
ment if the aircraft is seen to be wandering off course. 
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of occurrence of failures, while the inherent ability to determine
 
inoperative systems controls the operational impact of the failures.
 
From a safety of flight point of view, undetected failures are parti ­

cularly hazardous and methods are needed whereby failures can be detec­

ted when (or soon after) they occur.
 

7.2.3 Failure Detection Methods 

Existing practice with avionics is to use one of four methods to
 
ensure proper equipment operation. These methods, and combinations
 
of them, have been considered as the basis for detecting failures in
 
the three candidate CAS concepts.
 

The following is a discussion of the four general methods; the
 
actual failure detection methods proposed by the CAS manufacturers
 
are discussed in Section 7.3.4.
 

Built-in-test (BIT) provides a method to monitor system performance 
continuously and indicate when a system failure occurs." Usually BIT 
monitors most but not all functions of a system so it represents an 

.	 imperfect method for detecting system failures. For the present 
discussion BIT has been assumed to be an automatic and continous method 
of monitoring system performance. BIT would provide an immediate indi­
cation of a CAS failure and would thereby minimize the impact of these 
failures on the CAS operability. 

Confidence tests or pilot initiated checks are used or required
 
for some avionics and could be used by the various CAS concepts. The
 
pilot initiated checks could be performed through a self test feature
 
in the equipment or through operational checkout with another piece
 
of equipment. An example of the latter type of checkout is the use of
 
VOR test facilities to verify the accuracy of VOR receivers on a
 
periodic basis. Pilot initiated checks mayor may not provide a
 
complete system checkout depending upon the thoroughness of the test.
 
Because pilot initiated checks are performed periodically, a unit could
 
be in a failed condition for a period of time before the failure is
 
detected.
 

Periodic bench checks represent the most thorough form of system 
checkout. However, bench checkouts are inconvenient to the aircraft 
operator, and the tendency is to allow long times to occur between 
these checks. For example, transponders must now be bench checked on 
an annual basis. Bench checks are ~ssumed to be able to detect any 
failure in the CAS avionics-although aircraft installation problems that 
would not be a part of the avionics failure rate but would affect overall 
operability might still go undetected. 

Special ground stations to monitor CAS operation and notify the pilot 

when his equipment has failed could be operated by the FAA. As a 
part of its ATC mission the FAA presently observes the performance of 
certain avionics (e.g., the transponder or encoding altimeter) and 
advises the pilot if any discrepancies are noted. However, CAS will 
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not interact directly with any system being operated by an ATC controller. 
Consequently, special facilities designed primarily to monitor CAS 
operation would be required if the method is to be used. 

Each of the above four potential methods for detecting CAS failures 
has both desirable and undesirable features. To take maximum advantage 
of the desirable features and to minimize the undesirable features, a 
combination of the above techniques should be used to ensure a high 
level of operability for a system such as CAS that is critical to flight 
safety. 

7.3 EXAMINATION OF FAILURES IN THE THREE CANDIDATE CAS CONCEPTS 

The failure rate data for the three candidate CAS concepts presented 
in Chapter Three provide a basis for the operability analysis. However, 
it has been necessary to review the relative frequency of occurrence 
of system-wide failures and single-unit failur~s and the relative 
detectability and undetectability of system failures. 

7.3.1 Preliminary Evaluation of Candidate System Failures 

The failure rates for the Type I and Type II units (i.e., the 
commercial air carrier (CA) and the general aviation (GA) units, respec­
tively) have been developed separately. An overall assessment of the 
reliability impact of each of the three CAS candidates on system 
operability requires that a composite reliability figure be based on 
the anticipated relative populations of the Type I and Type II units 
for each of the candidate concepts. For this purpose, the 1982 Los 
Angeles Basin Air Traffic Model provides both a convenient tool for 
specifying a mix of aircraft (and thus CAS equipments) and a method 
to obtain a high-side estimate on the severity of the CAS operability 
problem. The 1982 Los Angeles Basin Air Traffic Model, as supplied 
by the FAA, contains a peak load of 797 aircraft broken down by types 
and altitudes as shown in Table 7-1. 

TABLE 7-1.	 AIRCRAFT BY TYPE AND ALTITUDE 
IN THE 1982 LOS ANGELES BASIN MODEL 

Type of Aircraft 
Altitudes thousands of feet 

0-5 5-10 10-15 15 Total 

General AVN WR 
General AVN IFR 
Air Carrier 
Military 

312 
27 
21 
16 

236 
14 

8 
4 

0 
85 

2 
6 

0 
42 
13 
11 

548 
168 

44 
37 

376 262 93 66 797 
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The proportional distribution·of systems based on the mix of Type I 
and Type II units installed in the commercial aviation, military, and 
general aviation aircraft is presented in Table 7-2. 

TABLE 7-2. ACAS SYSTEM MIX BY CATEGORY OF AIRCRAFT 

Type II .. Type I Systems Total 

Mix Category Systems Aircraft 

Military 
(44% Type II-56% 16 21 37 
Type I) 

Commerical 0 44 44
(100% Type I) 

General Avn 
(95% Type II-5% 
Type I) 680 36 716 

. 

When the CAS System Mix for the Los Angeles Basin MOdel is computed, 
it is found that 87% of the population will be outfitted with the Type II 
version of the CAS and 13% will have the full capability or Type I version 
of the selected CAS. 

The expected numb
mix of aircraft in the 
following equation. 

er of failures 
Los Angeles B

after 
asin Model 

a given 
can be 

int of 
computed 
erval time 

from 
for 
the 

the 

696P (T) + 101P f (T) (7-1)
f 

GA CA 

Where E ( F expected number of aircraft with failed CAS
LA 

units in the L.A. basin 

T = time interval of interest 

- 1 - e - T/MTBFGA , bab'l't f . 1Pf ( T ) - pro 1 1 Y 0 a slng e 
GA Type II unit failing 
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- T/MTBF 
( T )	 = 1 - e CA, probability of a single 

Type I unit failing 

The uniformly derived Values of MTBF, the mean times between failures for 
the Type I and Type II units, and the expected number of failures after one 
hour for the three candidate CAS concepts are presented in Table 7-3. 

TABLE 7-3. PRELIMINARY CAS FALURE ASSESSMENT 

MTBF 

Honeywell 

McDonnell 
Douglas 

RCA 

Type I 

2138 hrs 

1813 hrs 

2475 hrs 

Type II 

3101 hrs 

3631 hrs 

3227 hrs 

Expected Probability 
Failures* of more than 
during the 2 failures 
first hr (EQ 7-2) 
(EQ 7-1) 

.272 .0027 

.248 .0021 

.257 .0023 

The expected number of failures are quite low and are very close to each 
other, indicating little difference among the three CAS candidates based 
on this initial analysis. However, it should be recognized that Equation 
7-1 is based on the assumption that all units are operating at time zero-
a situation that is unlikely in a real-world environment and will be explored 
more completely in a later section. 

The expected number of failures in Table 7-3 represents the average 
number of failures that would be observed if repeated one-hour flights 
were conducted. However, it should be recognized that the actual number 
of failures must be an integer quantity (i.e., 0,1, 2 ..... failures at 
any instant in time). By using the cumulative Poisson distribution it 
is ~ossible to compute the probability that more than N failures will 
occur for a specified expected number of failures. The equation is given 
below: 

*The expected failures can be considered to be an overall failure 
rate for a composite system consisting of CAS installations in 
the L.A. Basin aircraft mix. 
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N

E i-x 
peN) = I-

x 
(7-2)e i!i=o' 

where P (N) = probability that more than N failures occur 

x = E (F ), the expected number of failures in the L~A. 
LA Basin 

N = the number of failures 

As an example, Table 7-3 presents the probability that more than 2 
failures will occur in the L.A. Basin for each of the three candidate 
systems based on the expected number of failures computed from 
Equation 7-1. 

7.3.2 Assessment of System-Wide Failure Mode Possibilities 

System-wide failures are those failures that occur in one system 
that result in the inability of two or more good units to detect 
threats between these good units. After careful examination of the CAS 
concepts and designs, three types of system-wide failure possibilities 
have been identified. However, none appears to create a serious CAS 
operability problem. 

ror each of the candidate CAS concepts it is possible that a unit 
could transmit incorrect range or altitude data to other aircraft. For 
example, the logic that controls the pulse positioning of the altitude 
pulse in the Honeywell or McDonnell Douglas concepts or the pulse train 
encoding in the RCA sys r.em cou] d result in a pha "tom targf t bfd ng 
created at an impr~)er altitude. However, this failure wo~ld not create 

~ 

a 
serious problem with the operation of a properly functioning CAS ~IliL unless 
this phantom target would conflict with the maneuvers that might be required 
to evade an actual threat. Because of the very low probability of encounter­
ing the complex set of conditions that would have to be met for a phantom 
target to create a system-wide problem and because the phantom target 
problem would clear up as aircraft move along their tracks, it was decided 
that there is no need to perform a special evaluation of this potential 
failure mode. 

Each of the candidate CAS concepts could be affected by continuous 
wave (CW) interference generated by a continuously transmitting transmitter 
in one of the CAS units. This would seriously affect the ability of two 
properly operating CAS units to evaluate the threat they represent to each 
other. However, this CW transmission would place a heavy load on the CAS 
transmitter, and the transmitter would most likely burn out after a short 
period of time. For this reason and in view of the fact that OW generation 
tends not to be a problem with other avionics, such as transponders or DMEs, 
it has been decided that no special evaluations of this failure mode is 
warranted. 
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For the McDonnell Douglas system, there is a unique type of system­
wide failure that could occur involving the time synchronization process. 
It is possible that a CAS unit could attempt to provide invalid synchroniza­
tion to other units if it fails in a particular manner. However, an examina­
tion of the McDonnell Douglas system designs indicates that the properly 
operating units should be able to reject virtually all erroneous synchroniza­
tion signals. Because a very special and unlikely set of circumstances would 
have to occur to create system-wide synchronization problems and because the 
system is such that synchronization problems should clear up within a short 
period of time (i.e., three minutes), it has been decided not to perform a 
special evaluation of this failure mode either. 

As a result of the above observations, it has been decided that all 
failures of a CAS unit will be assumed to affect that unit only and will be 
termed single-unit failures. 

7.3.3	 Degraded Failure Modes 

with most systems, it is possible for some performance degradation to 
occur before the total system fails, and the CAS concepts appear to be no 
exception. For example, the transmitter power output or the receiver sensi­
tivity could vary by several decibels and the system would still provide 
collision protection. However, the overall capability of the unit would be 
affected (e.g., the fade margin would be lowered with a resulting decrease 
in communications reliability between units). As a result, the degraded 
failure modes would compromise the ability of the CAS to provide full colli ­
sion protection to the aircraft. For this reason, it has been decided that 
any degraded failure mode occurring in a CAS will be tantamount to a complete 
system failure. 

7.3.4	 Development of Operability-Related Failure Rate Data for each of
 
the Candidate CAS Units
 

The operability characteristics of the CAS concepts are a function of 
both the total failure rates and the ability of the user to determine that 
a system has failed after the occurrence of the failure. Section 7.3.1 
has shown that there is little difference among the candidate systems when 
total failures are cons.idered. Therefore, the failure detection characteris­
tics of each of the candidate CAS equipments must now be examined. As noted 
earlier, unit failures can be detected through BIT, pilot-initiated confi­
dence checks, and bench checking. The FAA-operated ground monitoring 
possibility discussed in Section 7.2.3 has not been considered because: 
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1.	 It would provide redundant system checking with the other 
three metnods of detecting failures. 

2.	 No equipment of tnis type has been proposed by either
 
Honeywell or RCA.
 

3.	 McDonnell Douglas has proposed equipment of this type but the 
BIT inherent in the McDonnell Douglas designs represent a 
suitable method for continuously monitoring the performance 
of most of the systems. 

The following discussion of each of the candidate CAS concepts is 
based on the design data provided by the manufacturers and used in the 
cost analyses. Each manufacturer has been given full credit for the capa­
bility claimed by the BIT or confidence testing. Although additional test 
capability could be designed into each of the systems, to do so at this time 
would result in an operability analysis based on system designs that are 
different from those used in the cost analysis. 

The Honeywell concept employs a pilot-initiated confidence check for 
both the Type I and Type II CAS units. The confidence check circuitry 
indicates the status of the following portions of the CAS units: 

Receiver 

Logic 

Power Supply 

Additionally, the confidence check circuitry checks 70 percent of the trans­
mitter and RF front-end modules. 

The remaining portions of the Honeywell units are not monitored and
 
can only be checked on a periodic basis using bench checkouts.
 

The McDonnell Douglas designs employ BIT extensively to check all por­
tions of the Type I CAS units and the following portions of 'the Type II CAS 
units: 

Receiver 

Exciter 

Oscillator 

Logic 

Power Supply 
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In the Type II CAS units, the transmitter and RF front end modules are 
not checked by the BIT, but proper pilot attention to the performance of 
the units will provide an indication of failures in these modules as well. 
Because the McDonnell Douglas concept requires time synchronization from 
the ground or other airborne systems, it must be able to transmit and re­
ceive properly to retain synchronization. Although synchronization may be 
unattainable in remote areas and the system will have to use a backup mode 
of operation, the system should be able to attain synchronization in most 
areas of the country. (Synchronization can be retained so long as a commer­
cial air carrier aircraft or ground station is wi thin 90 n. mi.) Therefore, 
the continued failure to attain synchronization can serve as an indication 
of a malfunctioning transmitter or RF front end. In assessing the fault 
detection capability" it has been assumed that at least 50% of the transmit­
ter and RF front end failures can be detected through the synchronization 
status indic~tion by proper pilot awareness of system performance. 

The RCA systems as proposed and evaluated in the cost analyses of
 
Chapter Five do not include any BIT or confidence check capabilities.
 
However, it has been assumed that the pilot would be aware of power supply
 
failures.
 

The portions of the failure rates for those portions of the CAS systems 
representing failures that can be detected in flight are presented in 
Table 7-4. Also shown is the portion of the total failure rate representing 
failures that can be detected only by bench checks. 

7.4 FORMULATION OF THE OPERABILITY ANALYSIS EQUATIONS 

As a result of the proposed BIT and confidence test features for the 
three candidate CAS concepts, three different operational scenarios consist ­
ing of periodic bench checking, periodic bench checking combined with 
continuous monitoring of portions of the CAS, and periodic bench checking 
combined with periodic pilot-initiated confidence tests must be considered. 
This Section presents the mathematical formulation of the analysis equa­
tions required to assess the operational impact of these scenarios. In 
Section 7.5, the equations will be applied to each of the CAS concepts. 

7.4.1 Periodic Bench Checking 

The most reliable method of determining system operational status is 
obtained through a detailed system checkout under controlled test condi­
tions, such as a bench check, with appropriate test equipment. When bench 
checkout is employed, it is assumed all system failures will be detected 
and corrected. Bench checkouts typically are required on a calendar time 
basis (e.g., annually), but for the present analysis it is assumed that 
bench checks will be performed on an operating time basis (e.g., every 100 
hours of flying time). The following analysis develops an equation that 
relates the probability that a system will be in a failed state at any point 
in time as a function of the operating hours between bench checks. 
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TABLE 7-4. FAILURE RATES EMPLOYED IN THE OPERABILITY EVALUATIONS
 

System Failure Rates (failures/l06 hrs.) 

System 
MTBF 

(hrs. ) 
Failure Rate 

of Total System 

Failure Rate 
of Components 

checked by 
Confidence Tests 

Failure Rate 
of Componeht~
checked by 

BIT 

!Failure Rate 
pf Components 
Ionly found by 

Bench Checks 

Honeywell Type I 

Honeywell Type II 

McDonnell Douglas Type I 

McDonnell Douglas Type II 

RCA Type I 

RCA Type II 

2138 

3101 

IB13 

3631 

2475 

3227 

46B 

323 

552 

275 

404 

310 

36B 

25B 

-­
-­
-­
-­

-­
-­

552 

240* 

20 

20 

lOa 

65 

-­
35 

384 

290 

--.J 
I ..... 

Lv 

* Assumes that 50% of Transmitter and RF Front End failures can be detected. 



If a bench check interval of t hours is used, then at any instant in c
 
~ime the CAS unit will have between 0 and t hours of operation since its
 

c
 
last bench check. The time since the last bench check is, therefore, a
 
uniformly distributed random variable with a value between o and t hours.
 

c
 
The resulting probability that a unit is in a failed state at any point in
 
time can be expressed by·
 

1 
t 

c (7-3 ) 

Where: 

P = Probability that a unit is in a failed 
f state at any point in time when a bench 

check interval of t is employedc -

t = Time between bench check 
c 

At = System failure rate 

For a system that is monitored only through periodic bench checks, the
 
probability of failure computed above is equal to the probability that an
 
undetected failure exists in the unit.
 

7.4.2 Periodic Bench Checking Combined with Continuous Monitoring. 

Full-time monitoring of system operational status is an additional 
acceptable method of ensuring system availability. Monitoring can be 
accomplished by one of two techniques: either by use of built-in-test 
(BIT) equipment, or by external monitors. In either case, the objective 
of monitoring is the same, to 'provide an immediate indication when a failure 
occurs. 

The ideal monitor system would be one which would provide continuous 
surveillance of every component in a unit, and identify failures as they 
occur. However, the average BIT provides failure information on only por­
tions of a unit. Failures in the remaining portions of the system would go 
undetected until a bench check is performed. Therefore, the probability of 
failure developed in the operability analysis is a function of the undetected 
failures when continuous monitoring is employed. 

* This formula has been derived by mathematically convolving the exponential
 
reliability function with a rectangular probability function for the time
 
since the system was last bench checked.
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Assuming that the BIT will immediately appraise the pilot of any failure 
in the monitored portions of the unit, the probability that an undetected 
failure exists in a system is a function of the bench checking interval, 
t c ' and the failure rate for the unmonitored portions of the system (i.e., 
those portions that are only checked during a bench check). The equation 
required to compute the probability of an undetected failure is identical 
to equation 7-3 with At replaced by AI' the failure rate for those unmonitored 
portions of the system. For a given operating time, the probability of an 
undetected failure for bench checking with continuous monitoring will be 
less than the probability of an undetected failure if bench checking alone 
is employed. 

7.4.3 Periodic Bench Checking Combined with Periodic Confidence Tests . 

Perodic confidence testing provides another method for detecting some, 
but not all, failures in a system without waiting for a bench check to be 
performed. For a combination of bench checks and confidence tests, the 
probability of an undetected failure in a system will again be less than if 
bench checks alone are employed. 

The probability of an undetected failure in a system using pre-takeoff 
checks can be expressed as: 

Probability that any Probability of failure 
(t ) = items checked only + during flight of items (7-4)c 

by bench checkout are checked at the start of 
in a failed state the flight 

(7-5)] + 

Where: 
Al = failure rate of item not checked 

until a bench check is performed 

failure rate of items checked onA2 =
 
pre-takeoff check
 

t = time between bench checks (in hours) 
c 

= time of a typical flight (e.g., 2 hours)t f 
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In determining the probability of failure in a population for which 
pre-takeoff confidence.testing is performed, the average flight times of 
the population can be used for the value of the time into flight. The 
'probability of failure of the untested portion of the system was de­
termined by the use of Equation 7-3. 

The probability of undetected failure of a system using a pre­
takeoff confidence check should follow the form shown in Figure 7-1. The 
saw-tooth nature of this curve reflects the periodic performance of pre­
takeoff checking. 

7.5 ANALYTICAL ASSESSMENT OF CANDIDATE CAS OPERABILITY 

The operational risk associated with a CAS concept can be directly 
related to the expected number of undetected failures that would exist 
at anytime. While the total expected number of failures (both detected 
and undetected) should be as low as possible, an undetected failure represents 
the most serious form of failure. By mUltiplying the probabilities of un­
detected failure determined from Equations 7-3 or 7-5 by the population of 
equipments, the expected number of equipments with undetected failures may 
be determined. using the L. A. Basin scenario, the expected numbers of 
failures for each of the candidate equipments can be calculated. 

7.5.1 Operability Analysis of the Honeywell Concept 

The Honeywell CAS concept employs periodic confidence checks that must 
be supplemented with periodic bench checks. Therefore, Equation 7-5 must be 
evaluated separately for the Type I and Type II systems and the individual 
results multiplied by the numbers of Type I and Type II installations in 
the L.A. Basin Model (see Table 7-2) to obtain the following expression for 
the expected number of failures for the Honeywell systems. 

E ) = 696P (t ) + 101P (t )(FLAH c c (7-6)f GA f CA 

Where: E (F ) = expected number of undetected 
LAB failures in the L.A. Basin for 

the Honeywell system with a bench 
check interval of t 

c 

P (tc ) = Equation 7-5 withf GA Al = 65/106 hours, and 

A2 258/106 hours, 

(t ) = Equation 7-5 with c 
Al 100/106 hours, and 

A2 = 368/106 hours 

The results of this evaluation are shown on Figure 7-2 as a function of 
time between bench checks. 
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Region I: Failures detected by confidence tests 

Region II:	 Failures undetected until the next confidence 
test is performed 

Region III:	 Failures undetected until the next bench 
check is performed 

Operating Time 

Figure 7-1.	 PROBABILITY OF AN UNDETECTED FAILURE USING PRE-TAKEOFF 
CONFIDENCE TESTING AND PERIODIC BENCH CHECK 
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7.5.2 McDonnell Douglas Operability Analysis 

The McDonnell Douglas CAS concept employs continuous BIT monitoring 
of the majority of the system components in the Type II CAS and all of the 
components in the Type I CAS. Therefore, there will only be undetected 
failures associated with the Type II CAS units. By using Equation 7-3 and 
the population of Type II units, the undetected-failure rate for the 
McDonnell Douglas concept based on the design data supplied by McDonnell 
Douglas becomes: . 

(7-7) 

Where: E (FLA ) expected number of undetected 
M failures in the L.A. Basin for the 

McDonnell Douglas system with a 
bench check interval of t c 

P f (t) = Equation 7-3 with A = 35/106 hours.
GA ct. 

These results are also shown on Figure 7-2. 

7.5.3 RCA Operability Analysis 

The RCA CAS concept does not employ either BIT or confidence testing. 
Although either of these features could be added, their addition would result 
in a more costlY system than the one proposed and evaluated in Chapter Five. 
Therefore, it. has been assumed that the RCA system can only provide a 
continuous monitoring of the power supplies (as presently proposed by RCA). 
From Equation 7-3, the resulting undetected-failure rate for the RCA concept 
is: 

E (F ) = 696 P (t ) + 101p (t ) (7-8)LAR f GA c fCA c 

Where: E (F ) expected number of undetected
LAR failures in the L.A. Basin for 

the RCA system with a bench check 
interval of t c 

P (t ) = Equation 7-3 with At = cf GA 290/106 hours 

p (t ) Equation 7-3 with Atcf CA 384/106 hours . 
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These results are also shown on Figure 7-2 as a function of the time between 
bench checks. 

7.5.4 Comparison of CAS Operability Analyses 

Examination of Figure 7-2 shows'that the McDonnell Douglas CAS concept 
as proposed with i~s extensive level of built-in testing exhibits a clear 
advantage over the other CAS candidates. For the McDonnell Douglas concept, 
a requirement for bench checks once every 100 hours would result in less 
than one-half of one percent of the airborne population having undetected 
failures. On the other extreme, more than one and one-half percent of the 
aircraft would have undetected failed CAS units if the RCA concept is em­
ployed with a 100 hour requirement for periodic bench checks. 

7.6 OVERALL CAS OPERABILITY 

Evaluation of the operability of the candidate systems has produced the 
following observations: 

Ability to accomplish the CAS Separation Mission - Each concept 
has been flight tested and found capable of accomplishing the 
CAS Mission. 

Overall Reliability - There is little difference in the inherent 
reliability of the systems in the mix ratio used in the model. 
None of the three systems exhibit system-wide failure modes. 

ATC Workload - The ATe system can accommodate the burden of 
providing separation services to anyone of the three candidate 
systems when failures are detected since all three systems 
exhibit only single unit failure modes. 

Combination of System Checks - The inability of BIT or confidence 
tests to check all portions of the systems and the general incon­
venience of excessive periodic bench checks indicate that a 
combination of techniques to detect system failures should be used. 

undetected Failures - There is a significant difference in the 
probability of an undetected failure between the systems. Based 
on the designs proposed for the cost analysis, the McDonnell 
Douglas system exhibits the lowest probability of undetected 
failure. 
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No attempt has been made to determine the preferred time interval for 
requiring bench checks of the CAS units. However, Figure 7-2 can be used 
to indicate the percentage of undetected failures that would result from 
various time intervals. It is recommended that a separate study be performed 
to determine the allowable percentage of CAS units with undetected failures 
that can be tolerated from an overall safety of flight point-of-view. 
Using this percentage and Figure 7-2, it would be possible to determine the 
best time interval for periodic bench checks on the basis of operational 
impact of CAS on flight safety. 
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CHAPTER EIGHT 

THE COST OF AtTITUDE ENCODERS FOR THE GENERAL-AVIATION COMMUNITY 

The preceding chapters of this study were concerned with the develop­
ment of system acquisition costs and implementation costs of each of the 
three CAS concepts based on system designs provided by the CAS manufacturers. 
However, modified CAS ullits with built-in altitude encoding have been suggested 
as a possible refinement to the designs proposed by the three CAS manufacturers. 
This Chapter examines these potential modifications to the original CAS 
designs. 

The satisfactory operation of each CAS concept requires accurate altitude 
information as provided by encoding altimeters, and the CAS manufactures 
designs assumed that there would be a separate encoding altimeter installed 
on all aircraft to support other avionics functions (e.g., altitude reporting 
from the transponders). All commercial air carriers and the majority of the 
military aircraft have this information available from the various encoding 
altimeters installed in the aircraft. The small portion of the military 
which does not presently have encoding altimeters has an active program for 
equipment implementation. The general-aviation community, however, has only 
a small percentage of its aircraft equipped with encoding altimeters. There­
fore, a modified CAS with built-in altitude encoding has been suggested for 
these aircraft, and this chapter develops the costs associated with this 
modified equipment. Revised cost ?f ownership and' life-cycle costs for the 
total general-aviation community are presented to reflect the use of the modi­
fied CAS units by a portion of the general-aviation fleet. 

8.1 ALTITUDE ENCODING 

All aircraft are equipped with altitude indicating devices which operate 
from barometric pressure or electronic pulse information. This information 
is displayed to the pilot by a mechanical indicator and provides the re­
quired readout for a safe flight. In 1960 the FAA started a program which 
was to lead to the present automatic altitude reporting using the ATCRBS 
system. In order to provide this automatic reporting, the altitude infor­
mation in each aircraft had to be converted into digital data for trans­
mission by the ATCRBS transponders. This was accomplished by the addition of 
an altitude encoder device. An altitude-reporting transponder system is now 
required to operate in portions of the airspace, but since the general­
aviation pilot has no requirement to ente~ these areas he has not equipped 
his aircraft with an encoding altimeter. 
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Recently the general-aviation manufacturers have developed inexpensive 
blind encoders which provide the existing pressure altimeter systems with 
the necessary digital code for use in automatic altitude-reporting trans­
ponders (or any other avionic systems). The encoders are advertised at 
list prices under $600 and are available from several leading manufacturers. 
This report evaluates the economic benefits of two of the available designs, 
a Honeywell-proposed encoder and the NARCO AR-500 Altitude Reporter. Both 
would provide the "GREY" code required by CAS and other avionics, and could 
be incorporated directly into any of the CAS electronios. 

8.2 THE HONEYWELL BLIND ENCODER 

The Honeywell Corporation, the developer of the AVOIDS CAS concept, has 
proposed a blind encoder which could be incorporated into the production 
version of the AVOIDS-II system. The encoder system utilizes a single­
crystal silicon sensing element, which measures absolute pressure relative 
to a vacuum, and attendant calibration circuitry, which was first developed 
for use on the DC-IO air data computer and more recently used for the 
barometric altitude rate computer for the ground proximity warning system 
(GPWS). The addition of the encoder to the AVOIDS-II system would provide 
the necessary altitude information for the proper operation of the CAS. 

Figure 8-1 is a block diagram of the Honeywell altitude encoder evalu­
ated in this chapter. The concept is adaptable to all three proposed CAS 
systems, taking advantage of existing timing systems, power supplies, and 
packaging. However, the AVOIDS-II system already uses a micro-processor 
and has the associated peripheral electronics as a part of the basic CAS; 
therefore, it does not require the duplication of that portion of the en­
coding system. The EROS and SECANT systems on the other hand, will require the 
addition of all the functions shown ~xcept the oscillator and timing subsystems. 

8.3 HONEYWELL ENCODER COST DEVELOPMENT 

The proposed Honeywell encoder uses standard, commercially available 
components with the exception of the sensor and one LSI. Table 8-1 identi ­
fies the components required to assemble the encoder and the expected costs 
of components based on large quantity purchasing for each of the three CAS­
concepts. The sensor and LSI cost estimates were obtained from Honeywell, 
and the remaining estimates are based on standard electronic components. 
The components required to modify the AVOIDS-II to provide built-in altitude 
encoding cost $75.42, while the components required to modify the other two 
CAS concepts cost a total of $135.42. 

The manufacturing and assembly times required for each encoder module 
are shown in Appendix C for both versions of the encoder. The total time 
required is estimated at 1.45 hours per encoder suitable for the AVOIDS-II 
system and 1.55 hours for the EROS and SECANT encoder systems. An additional 
1.91 hours are required for sensor testing, read-only-memory (ROM) program­
ming, and system calibration. The additional testing is necessary to de­
termine sixteen unique constants for each sensor element that are used by 

8-2
 



.......... VOLTAGE TOANALOGPRESSURE 
SCALER i>ULSEWIDTH 

CONVERrER 
PRES SURE/ 
TEMPERATURE ANALOG VOLTAGE TOSENSOR TEMPERATURE 

SCALER - PULSEWIDTH 
CONVERrER 

156Hz
CRYSTAL TIMING	 MICRO-

...... PULSEWIDTH 
TO DIGITAL t- ­ • These FUl	 ombinedCONVERrER 

With Elel viously 
Presentee 

PULSEWIDTH 
r-

TO DIGITAL t----­.... CONVERrER 

• 
~ 

.J. IJ 
~ 

20MHzOSCILLATOR CHAIN PROCESSOR t2M1!~ 
OJ	 -­ OUTPUT
I 

DATA B[ISS!.oJ LATCH I---+'	 BUFFER/ 
DRIVERS 

SENSOR ADDRESS BUSS
 

CONSTANTS
 
1­~PROM , 1\ 
I'"' GREY 

OUTPUT 
-

• 
PROGRAM
 

ROM
 -', ,­
- I'"' 

* 
SCRATCH­
PAD
 

RAM 

Figure 8-1. HONEYWELL ALTITUDE ENCODER BLOCK DIAGRAM 



TABLE 8-1. HONEYWELL ENCODER PARTS BREAKDOWN 

ENCODER MODULE 

PARTS 

SENSOR 

LSI 

IC 

TRANSISTORS 

DIODES 

RESISTORS 

CAPACITORS 

POTENTIOMETER 

PRINTED C~RCUITS 

MISC. ELECTRICAL 

MISC. HARDWARE 

QTY 

1 

1 

9 

8 

8 

39 

6 

1 

1 

1 

Lot 

COST 

5.00 

13.00 

35.75 

6.40 

1.04 

1.61 

1.02 

3.65 

5.00 

1. 00 

1.95 

75.42SUB-TOTALS 

ADDITIONAL COMPONENTS REQUIRED FOR EROS AND SECANT 

MICROPROCESSOR 10.001 

2 20.00ROM 

2 20.00RAM 

10.001PERIPHERAL 

135.42TOTALS 
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the micro-processor to produce the desired calibration. These constants 
must be determined for each sensor and stored in a programmable ROM. The 
testing and programming equipment which would be required by each manu­
facturer has been estimated at $60,000 and amortized over production quanti ­
ties during the first two years resulting in an increase in module costs 
of $7.50 per encoder. The expected cost of the Honeywell encoder module 
for the AVOIDS-II system should be: 

Material Cost $75.42 
Less Altitude Decoder LSI (6.50) 
(Removed from Basic AVOIDS-II) 

Total Material Cost $68.92 

Labor: 3.36 hours @ $2.75/hour 9.24 

Direct Cost $78.16 

Manufacturers Burden Overhead 
and Profit at 67% $ 52.36 

Special Equipment Amortization 7.50 

Factory Selling Price $138.02 
List: Price 276.04 

The expected cost of the Honeywell encoder module when incorporated in 
the EROS and SECANT CAS equipments should be: 

Material Cost $135.42 
Labor: 3.46 hours 2 $2.75/hour 9.50 

Direct Cost $144.92 

Manufacturers Burden, Overhead 
and Profit @ 67% 97.10 

Special Equipment Amortization 7.50 

Factory Selling Price $249.52 
List Price 499.04 
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8.4 NARCO BLIND ENCODER 

NARCO Avionics has developed an "Altitude Reporter", the NARCO AR-500, 
which converts the barometric pressure used by the aircraft altimeter to the 
"GREY" code required by transponders through the use of a sealed aneroid 
capsule which operates a transducer. The transducer ipformation is converted 
into the correct altitude code electronically. 

ARINC Research has reviewed the published data on the AR-500 and has 
evaluated·the use of the pressure sensor and electronics in the three CAS 
designs under the assumption that the general-aviation manufacturers would 
attempt to develop a single-package CAS containing the necessary avionics. 
Price-competitive blind encoders of other manufacturers would be similarly 
applicable to the CAS concepts. 

8.5 NARCO ENCODER COST DEVELOPMENT 

The NARCO encoder uses standard, commercially available components. 
Table 8-2 "identifies the components required to assemble the encoder module 
and the expected costs of components based on large quantity purchasing 
common to most avionics manufacturers. Again, it is assumed that the encoder 
module could be incorporated into each of the three proposed CAS concepts, 
thereby utilizing the available power supplies and timing systems inherent 
in each CAS concept. 

The manufacturing and assembly times required for each encoder module 
are shown in Appendix C. The total time required is estimated at 4.45 hours 
per encoder module, with an additional 1.0 hours for calibr.ation and testing. 
The expected cost of the encoder module for any of the CAS concepts ~hould 

be: 

Material Cost 73.39 

Labor: 5.45 hours @ $2.75/hour 14.99 

Direct Cost 88.38 

Manufacturer's Burden, Overhead 
and Profit @ 67% 59.21 

Factory Selling Price 147.59 
List Price 295.18 
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TABLE 8-2. NARCO ENCODER PARTS BREAKDOWN 

PARTS 
ENCODER MODULE 

QTY COST 

SENSOR 

IC 

TRANSISTORS 

DIODES 

RESISTORS 

CAPACITORS 

POTENTIOMETERS 

PRINTED CIRCUITS 

MISC. ELECTRICAL 

MISC. HARDWARE 

1 

15 

13 

1 

48 

11 

5 

1 

3 

Lot 

35.00 

9.03 

4.09 

.37 

5.69 

1.45 

-4.75 

5.00 

1. 56 

6.45 

TOTALS 73.39 

This list price reflects the cost of a module without a power supply, timing 
systems, and aircraft packaging (all of which are already available in the 
CAS electronics),and the cost also reflects large production quantities 
expected for CAS. Therefore the list price is considerably lower than the 
presently advertised AR-500 "Altitude Reporter". 

8.6 APPLICATION OF ENCODERS TO THE CAS CONCEPTS 

The expected costs of encoder modules developed in this chapter show that 
the most economical approach to prOViding altitude information to the CAS 
systems is by incorporating the encoders into the CAS electronics. The 
encoder based on the NARCa design is the least expensive alternative for two 
of the three concepts and is recorrmended for the EROS and SECANT systems. 
The AVOIDS system, however, should incorporate the Honeywell-developed en­
coder because of the availability of the micro-processor in the AVOIDS and 
the ability to achieve a more compact design at a slightly lower cost. The 
addition of the encoder to any of the CAS concepts should be possible without 
an increase in case size and only a nominal increase in weight. Table 8-3 
presents the expected selling price of each of the CAS concepts with built-in 
altitude encoders, based on the independently developed CAS costs. The 
pri.ces shown include the expected distribution costs as developed in Chapter 
Four. 
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PER AIRCRAFT COST OF EQUIPMENT INCLUDING 
TABLE 8-3.	 ALTITUDE ENCODERS FROM INDEPENDENTLY DEVELOPED 

DATA (GENERAL AVIATION-LOW PER~OR~AN~F,) 

EQUIPMENT 

TYPE II CAS WITH ALTITUDE ENCODERS 

AVOIDS EROS SECANT 

ELECTRONIC* 

ANTENNA** 

1124. 

26 

1820 

13 

2073 

13 

TOTAL 1150. 1833 2086 

*Costs Shown Include Mark-Up For Distribution 

**One Antenna For EROS and SECANT, Two Antennas Fpr AVOIDS 

8.7 ENCODER RELIABILITY AND MAINTAINABILITY 

The reliability of the encoder modules was evaluated using similar 
techniques to those presented in Chapter Three. Failure rate data of cornmon 
components were dervied from FARADA.and the curves and data tables of MIL­
2l7A. The predicted reliability of the sensors was based on information 
provided by Honeywell on their reliability prediction for the Barometric 
Altitude Rate Computer System. The Honeywell data show that a cornrnercial­
grade solid-state pressure sensor has an expected failure rate of 16 failures 
per million hours of operation. The reliability of the aneroid capsule and 
transducer, "the sensor" used in the NARCO encoder, was assumed to be the 
same as for the Honeywell solid state sensor. These data were used with the 
FARADA data to establish the encoder reliability and are documented in 
Appendix C to this study. The predicted reliability for the encoder module 
to be used with AVOID-II is estimated at 12000 hours and the encoder reli ­
ability for the EROS and SECANT systems is estimated at 19461 hours. 

Maintainability of either the Honeywell-designed or the NARCO-designed 
encoder module has been estimated at two hours per repair action. The estimate 
was based on the probability of failure·of the sensor, the highest failure 
1"'-"'.t:P. ; t:p.m ;11 t:hp module, and the test FInn cFllihrFlt;.nn t:i.mp 'Y.'P(J1}i.n'?n whp.n t:hp 

ncn30~ is 7.cplQccd. 
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8.8 COST OF OWNERSHIP AND LIFE-CYCLE COSTS 

The cost, reliability, and maintainability data developed in this
 
chapter were combined with the independently developed CAS cost and reli ­

ability data of Chapter Three and applied to the Economic Analysis Model to
 
determine cost of ownership and life-cycle costs in the general-aviation
 
community. The introduction of the encoder does not affect the life-cycle
 
costs of the commercial aviation, the military, or the high performance
 
general-aviation aircraft, since all are assurred to have encoding
 
altimeters. The CAS installation data developed in Chapter Four should
 
also apply to the CAS units with altitude encoding. The. CAS with built-in
 
altitude encoding will require a static pressure line connection in lieu of
 
an electrical connection to a separate encoding altimeter. It is assumed
 
that the costs of these two types of installation are identical. .
 

Table 8-4 presents the cost of ownership and the anticipated life-cycle 
costs for the general aviation limited performance aircraft for each CAS 
concept with the required altitude encoding, based on independently developed 
data. The costs are shown in 1975 dollars, for equipment installed in 1978. 
The acquisition costs are the average costs developed by NARCO and GENAVE 
with the addition of the altitude encoding as developed in this chapter. 
Consistent with Chapter Four, the distribution costs represent a 60 percent 
mark-up. The first year of ownership shows the expected cost for implementation 
and maintenance for the private aircraft owner, and the life-cycle cost 
identifies the expected cost of the system installed and operated for eleven 
years. 

~r.!\:'''''N... r,c:'\TION (LIMITED PERFORAMNCE) COST DATA 
COMPARISON INCLUDING ALTITUDE ENCODING -(PER 
AIRCRAFT) (:?;ERO PERCENT INFLATION RATE) 

TABLE 8-4. 

SYSTEM IINDEPENDENTLY DEVELOPED SYSTEM COST DATA 

COSTS 

ACQUISITIOl'i 

INSTALLATION 

DISTRIBUTION 

RECURRING LOGISTICS 

HONEYWELL 

AVOIDS 

7"cL. ;J • 

226. 

422. 

23. 

MDEC 

EROS 

115l. 

226. 

683. 

39. 

RCA 

SECANT 

1309. 

226. 

777 

32. 

1st YEAR OF OWNERSHIP 1400. 2099. 2344. 

LIFE-CYCLE COST 1632. 2489. 2665. 
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Figures 8-2 through 8-4 present the life-cycle costs to the entire
 
general-aviation community. for implementing each of the CAS concepts when
 

. altitude encoding is provided. Of the total general-aviation fleet, all of 
the high performance aircraft (5\ percent) are assumed to have encoding 
altimeters and ten percent of the low performance aircraft are assumed to 
have either altitude encoders or encoding altimeters. The remaining 85 
percent of the population will require the CAS equipment with built-in 
altitude encoders. The cumulative CAS cost figures reflect this div.ision 
of capability and present the life-cycle costs at the three annual inflation 
rates used in the study. The results based on independently developed data, 
show that the addition of altitude encoding capability to the CAS concept 
will result in an increase of 46 million dollars in life-cycle costs to ~he 

AVOIDS concept and 48 ~illiondollars to the EROS and SECANT concepts, at a 
zero percent inflation rate. The variation in cost increase between the 

..	 AVOIDS and the other CAS concepts is caused by the slightly lower acquisition 
cost of the altitude encoder used in the AVOIDS concept. 
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CHAPTER NINE 

RESULTS AND CONCLUSIOOS OF CAS COST AND OPERABILITY ANALYSES 

The cost analyses of the Honeywell, McDonnell Douglas, and RCA CAS 
concepts have shown that the Honeywell CAS concept exhibits the lowest 
overall costs. The cost advantage enjoyed by the Honeywell CAS equip­
ments is the direct result of the lower acquisition costs for the Honeywell 
equipments. 

The operability analysis of the Honeywell, McDonnell Douglas, and 
RCA proposed designs has shown that the McDonnell Douglas CAS exhibits an 
operational advantage due to the extensive use of built-in testing in the 
proposed McDonnell Douglas designs. 

9.1 REVIEW OF THE CAS COST ANALYSES 

The primary results of the CAS cost analyses are summarized in Table 
9-1. The results are presented both on an individual aircraft basis and 
for the entire user communities. The individual aircraft costs are likely 
to be the most important costs to general aviation, while the total user 
community life-cycle costs will be most important to the commercial and 
military aviation interests concerned with the overall costs of implementing 
CAS. Life-cycle costs developed for each user category are also presented 
at an annual inflation rate of six and ten percent to identify the probable 
and maximum anticipated expenditures in the introduction of CAS. Based on 
either the manufacturer-supplied data or the independently developed data, 
the Honeywell system exhibits the lowest overall costs. 

A key element in the CAS cost analyses reported herein has been the 
cost and reliability data developed by the three competing CAS manufac­
turers. The manufacturers were asked to develop cost and reliability 
data based on production versions of their CAS concepts under the assump­
tion that production is to begin in 1978. The manufacturers responded 
to this request and provided data on both the commercial-aviation and the 
general-aviation versions of their proposed production systems. The thorough­
ness of the data provided by the manufacturers is sufficient to place a high 
degree of confidence in the relative economic evaluations of the three con­
cepts based on thesedata.' 
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Table 9-l. SUMMARY OF CAS COST ANALYSIS (INDEPENDENTLY DEVELOPED DATA) 

COST 
CC»~·IERCIAL AVIATlOO MILiTARY AVIATION GENERAL AVIATICN 

CATEGORY SECANT 
AVOIDS EROS SECANT AVOIDS EROS SECANT AVOIOS EROS SECANT WITH RE.'lITrER 

COst of Ac­
quirinq and $ 1055.1 ~ 11220 $ 11805 14578 $. 15245 $ 15830 $1198 $ 2183 $ 2799 $ 1527 
Installinq CAS 
in a Sln91e (10549) (11231) (12165) (14574) (15256) (16189) (1156) (1823) (2076) 
Aircraft • 
. (ZERO Psrcent 
Inflation) 

• 1377 2060 -­ 2312- ­

Anticipated 
ll-Year Life 14633 14797 15278 18776 19017 19433 1267 2246 2879 1582 
Cycle COst 
foz: a Single 
Aircraft. 

(14382) (14730) (16286) (18374) (19007) (20064) (1407) (2253) (2425) 

(ZERO Percent 
Inflation) 

1632 2489- ­ 2665- ­
Total Life 
Cycle Coat 48.6M 49.6M 51.4M 215.• 3M 227.9M 236.9M 395.7M 627.8M 779. 1M 575.7M 
for the Entire 
User com.~lty 

(ZERO Percent 
(46.9M) (48.3M) (53.5M) (219.8M) (237.2M) (247.8M) (411.9M) (602.2M) (658.8M) 

Inflation Rate) 464.1M -- ­ 650.6M 
-- ­ 708.1M -- ­

Total Lif. 68.5M 69.2M 71.6M 3l6.9M 334.7 347.8M 609.7M 962.4M 11n.2M 
Cycle Cost 
for the Entire 
User COIlIIIunity 
(Six Percent 
Inflation Rats 

(67.5M) (68.8M) (76.3M) (316.1M) (338.5M) (357.4M) (598. 21~) 

709.7M 

(873.9M) 

993.1M 

(975.9M) 

1081.9M 

Not 
Evaluated 

Total Life 87.5M 407.9M 792.4M84.1M 84.2M 385.7M 425.3M 1257.9M 1563.6M 
Cycle C08t 
for tbe Entire Not(829.4M) (1218.411) (1280.9M(82.6M) (83.8M) (93.4M) (395.4M) (42!1. OM) (438.5M)User Cooaunity 

Evaluated 
IIlflatiOil Rate) 
(Ten Percent 

1316.lM934.2M ~ 

Notes 1. The values in parenthesis represent the costs based on independent 
evaluations of the CAS designs 

2.	 The individual aircraft data for the military apply to high perfor­
mance aircraft which· is the major category of military aircraft. 
The user community life cycle costs include the combination of high 
and low performance aircraft. 

3.	 The individual aircraft data for general-aviation apply to'the low 
performance aircraft which is the major category of general aviation. 
The user community life-cycle costs include the combination of high and 
low performance aircraft. 

4.	 Life cycle costs for the users of EROS systems do not include the 
cost of the five mandatory ground stations, required for system 
synchronization. 

5.	 Underlined values represent the costs of CAS inclUding altitude encoders 
based on independently developed data. 
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In addition to the cost and reliability data provided by the manu­
facturers, independent cost and reiiability analyses were conducted to 
provide an additional basis for identifying the most economical CAS con­
cept~ The independent analysis of the commercial-aviation CAS equipments 
consisted of an independent verification of the CAS equipment cost and 
reliability data based on the equipment designs provided by the manufacturers. 
The ipdependent analysis of the general-aviation equipments, however, in­
cluded the consideration of potential redesigns of the systems to obtain 
the lowest possible system costs. The general agreement between the manu­
facturers l data and the independently developed data provides strong sub­
stantiation of the costs provided in Table 9-1. 

Numerous additional data inputs (e.g., installation costs, distribution 
costs, aircraft scenarios, etc.) were developed to permit a realistic total 
cost of CAS i~lementation to be determined. Although these factors are not 
critical to the comparative cost analysis of the three CAS concepts, accurate 
total cost projections will be needed to determine if implementation of' any 
of the three CAS concepts can be cost-justified. 

9.2 DISCUSSION OF THE SENSITIVITY ANALYSES 

Major variations in the reliability data and alternative assumptions 
for the implementation of CAS were considered to determine if there were 
any condition~ that would cause a change in the relative economic ranking 
of the three CAS concepts. The areas investigated were system reliabilities, 
military mix of Type I and Type II CAS, amortization costs, impact of the 
remitter, and redundant electronics in commercial-carrier aircraft. The 
results of each sensitivity analysis are discussed below and their effect on the 
relative evaluation identified. 

Variations in system MTBFs - A significant error (e.g., 50 percent) 
in the predicted MTBF of any of the systems would result in a 
change in the relative economic ranking of the system in the com­
mercial carrier category. However, because of the reduced average 
flight hours for the other two communities, a comparable error in 
the predicted MTBF would have no effect on the relative economic 
ranking when the entire aviation community is considered. 

Military mix of Type I and Type II CAS - Although a choice by the 
military to use only the Type II CAS would result in a very com­
petitive life-cycle cost, of any of the systems, the results still 
show that the Honeywell CAS exhibits the lowest life-cycle invest­
ment. If the military were to choose the Type I CAS for all aircraft, 
the life-cycle cost advantage to Honeywell would be greater for this 
community than it is for the assumed mix used in the study. 
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Amortization of start-up costs - The effect of including amortiza­
tion costs is evident in the commercial-carrier community by 
narrowing the total cost difference between the EROS and SECANT 
systems. However, when the entire aviation community is considered, 
the effect in relative ranking of the systems is negligible, in­
creasing each system's total costs by the amounts amortized. 

Impact of,the remitter - When the remitter (a device that protects 
CAS-equipped aircraft from remitter-equipped aircraft but provides 
no protection to remitter-equipped aircraft) was considered, there 
was a change in the relative ranking of the three CAS concepts. 
The remitter concept has been proposed by RCA alone and, as a re­
sult, the remitter evaluation produced substantially lower costs 
for the RCA concept when compared with the cost originally deveioped 
for the RCA systems. The net effect of the remitter-cost evaluation 
was that the RCA concept exhibited lower costs than the McDonnell 
Douglas CAS concept, but the RCA costs were still higher than those 
projected for the Honeywell CAS concept. 

P~dundant electronics in commercial-carrier aircraft - The addition 
of a second set of electronics at time of CAS implementation in the 
commercial-carrier community will increase the cumulative life­
cycle costs in proportion to the acquisition cost of the second 
system and provide the air carriers the desired operational avail ­
ability common in this community, but the effect on the competitive 
evaluation of the CAS concepts will remain unchanged, with the 
Honeywell concept exhibiting the lowest life-cycle costs." 

The results of the sensitivity analysis show that for any reasonable 
variation in the assumptions made in this study, there is no change in the 
relative ranking of the three CAS concepts. 

9.3 DISCUSSION OF THE OPERABILITY ANALYSES 

The operational consequences of CAS can be directly related to the 
interaction of CAS failures with the ATC system. The basic reliability 
data for the three CAS concepts indicate only small differences in the 
number of failures that could be expected with each CAS candidate. How­
ever, there are major differences among the three candidate systems in 
their ability to indicate system failures to the pilot so precautions 
(e.g., providing notification to ATC and having the CAS repaired prior to 
the next flight) can be taken to minimize the hazards associated with the 
operation of failed systems. The built-in test features incorporated in 
the McDonnell Douglas design give it a clear advantage in the ability to 
detect system failures as soon as they occur. The Honeywell design 
employs pre-takeoff confidence tests that would generally prevent a flight 
from being initiated with a CAS unit that is inoperative but would not 
help to detect failures that occur during a flight. The RCA design, as 
proposed by RCA, does not include any special system test features. 
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Although these system test features could be added to the RCA design, they 
would most likely result in the 'RCA systems becoming slightly more expen­
sive. 

9.4 DISCUSSION OF THE ALTITUDE ENCODERS FOR GENERAL-AVIATION 

Tl'feavailability of altitude encoding equipment has been investigated 
and cost-effective alternatives developed. Although blind encoders are 
presently available at prices acceptable to the general-aviation community, 
a more cost effective solution would be to design the altitude encoding 
capability into the Type II CAS concept. Of the two types of encoder 
concepts evaluated, the adaptation of the NARCO developed system offers 
the lowest cost alternative for EROS and SECANT CAS, although the Honeywell 
concept is the most economical for the AVOIDS CAS. The slight variation in 
costs of the two concepts allows adaptation of either concept for the AVOIu~ 

CAS. However, the Honeywell concept provides the benefits of a properly in­
tegrated system which would result from the merging of the AVOIDS CAS with 
the Honeywell altitude encoder. 

9. 5 RELATION. OF THE CAS COST AND OPERAB ILITY ANALYSES TO THE DEVELOPMENT
 
OF A NATIONAL CAS STANDARD
 

The present study has been concerned with the comparative economic and 
operational evaluations of the Honeywell, McDonnell Douglas, and RCA CAS 
concepts. It has not addressed other key issues that will most likely 
affect the development of a national CAS standard. For example, critical 
performance parameters such as false-alarm rates and missed-alarm rates for 
each of the systems have not been considered. It is felt that in any over­
all CAS decision, these performance factors must be given the same careful 
consideration as the economic data reported herein. 

In addition, the analyses and conclusions reported herein have been 
based on the assumption that all aircraft will be required to install and 
operate CAS equipments. However, if there is a significant change from 
this policy whereby only a portion of the total aviation community will 
have to be CAS equipped, then the cost advantage attributed to the Honey­
well CAS concept virtually disappears. For example, if only commercial 
air carrier aircraft are required to install CAS equipments, then the life 
cycle costs predicted for the AVOIDS, EROS, and SECANT systems are 
sufficiently close so as to make the projected cost differences rela­
tively unimportant. 

While there are many factors such as the above that must be considered 
by the FAA, it is felt that the cost and operability analyses of the three 
CAS concepts will nevertheless remain key elements in the ultimate selec­
tion of a national CAS standard. 
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STUDY OF LIFE CYCLE COSTS OF AIRBORNE CAS 

A critical factor in the selection of an airborne Collision 
Avoidance System (CAS) is the costs of the systems, which must be 
borne by the government and the aviation community. The purpose of 
this study is to make that factor available by determining the potential 
costs of each of the competing CAS concepts. 

The study will be conducted in three phases, each of approximately 
three months duration. In the first phase, a set of ground rules 
acceptable to the concerned parties will be drawn up, the primary effort 
of data collection from the developers of each of the competing concepts 
will be accomplished and the life cycle cost model will be exercised to 
obtain a preliminary analysis of life cycle costs. In the second phase 
data voids will be identified and filled, supplementary data will be 
obtained from additional sources and life cycle costs will'be analyzed 
in detail. Since failure rates and failure modes data will be obtained 
in conduc~ing the cost analysis, the third phase will be an operability 
analysis of each of the concepts to identify and evaluate equipment 
failures that can extend beyond the failed unit by causing improper 
operation or degraded protection in other units, and to identify the 
requirements for periodic recertification and for pre-flight checks to 
assure system integrity. 

In order to accomplish the study fairly, without favoring or­
penalizing any of the competitors, it will be necessary to have a set 
of ground rules for the conduct of the study. The ground rules are 
predicated on there being multiple manufacturers, producing compatible 
but not necessarily identical designs, using a common level of tech­
nology, and experiencing a level of reliability that is a function of 
the technology used and the design complexity imposed by the system 
concept. Certain other assumptions are made as shown by the attached 
list of ground rules. 
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1. GROUND RULES FOR THE CAS LIFE CYCLE COST STUDY 

1.1 Classes of Equipments 

The classes of equipments to be studied will be limited to a CAS, i.e., 
one that follows ANTC 117 vertical threat logic, intended for commercial air 
carriers and other high performance aircraft and a limited capability CAS 
intended for general aviation aircraft. This is in keeping with the conclusions 
that in certain encounters involving high performance aircraft, the beacon 
and PWI versions of a CAS will fail to perform their intended function 
satisfactorily. However, where a manufacturer feels that a remitter concept 
is technically feasible, he may submit costing data on the system and it will 
be evaluated as an addendum to the study. 

1.2 Technology Levels of the Production Designs 

Due to the size of the market, should CAS be made a national 
standard, the production quantities will be large enough to make the 
use of LSI designs the most economical. Therefore it is assumed that 
the production designs will make maximum use of LSI circuitry, with 
MSI circuits, ICs and discrete components used where they are most 
appropriate. 

1.3 Quality Level of Components 

Present commercial practice in selection of avionics components will 
be used for both classes of CAS equipments. For military aircraft i~ is 
assumed that commercial equipments will be used. For those military 
aircraft which provide a hostile environment for the equipment, i.e., an 
unpressurized avionics compartment, an appropriate cost differential will 
be applied to account for pressurized packaging. 

1.4 Quantities Produced Per Manufacturer 

It is assumed that there will be multiple manufacturers of each 
class of equipment and that each manufacturer will produce sufficient 
quantities to complete the production learning curve (assumed to be 
85%) and to amortize start up costs. It is assumed that each manufacturer 
of full systems will produce at least 3,000 units and each manufacturer of 
limited systems will produce at least 10,000 units. 

1.5 Time Span Under Consideration 

The time span considered under the study will be from 1978 as the 
start of deployment to 1988 as the end of the period for determination 
of life cycle costs. Full deployment for commercial air carriers is 
assumed to be approximately four years (1982) and for military aircraft 
and general aviation aircraft, is assumed to be approximately eight 
years (1986). These time spans for full deployment were selected as a 
basis for the study and are not intended as a representation of FAA 
intent or policy. 
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1.6 Computation of Equipment Costs to the Users 

In addition to the developers of the competing concepts, other 
potential manufacturers of each class of equipment will be consulted 
in order to develop estimates of the equipment costs to the users. 
The estimated costs will include the effects of inflation and learning. 
The annual rate of inflation will be 6%. L~arning curve factors and 
quantities will be averaged from the values used by the consulted 
manufacturers. start up costs will be amortized over the first two 
years production. The assumed production rates, quantities and .number 
of manufacturers will be consistent with other assumptions stated 
elsewhere in the ground rules on target dates, rates of deployment and 
numbers of installations. 

1.7 Installation Costs 

Aircraft will be categorized as air carrier, military and general 
aviation and installation costs will be developed for each category for 
the appropriate type CAS for that category of aircraft. Separate 
installation costs will be developed for production line installation 
in hew aircraft and for retrofit installation in existing aircraft. 
Installation cost estimates will be validated by comparing them against 
installation costs of comparable equipments such as DME and transponders. 

1.8 MaiBtenance 

It is assumed that air carriers and the military will apply present 
maintenance practices to the CAS equipment. The designs of the general 
aviation equipments will be examined for maintenance requirements to 
determine the distribution of service facilities that will be likely to 
add CAS equipment maintenance to their present capabilities. The 
expansion of the availability of general aviation service facilities 
will be commensurate with the cumulative installations of the CAS 
equipments. 

1.9 Pre-Flight and In-Flight Performance Checks 

In conjunction with the FAA and the developers of the concepts, the 
need for and a methodes) of accomplishing, pre-flight and in-flight 
performance checks will be identified. In view of the potential 
interaction with the ATC system, the FAA can be expected to require an 
effective method of identifying when an airborne equipment is not 
operating or is operating improperly. 

1.10 Ground or Auxiliary Equipment 

The distribution and costs will be estimated for the ground or unique 
auxiliary equipments required for each system concept for proper operation 
of the system or for pre-flight and in-flight performance checks. 



1.11 Ground Equipment Performance Checks 

A method of certifying and/or monitoring proper operation of the 
ground equipment identified above will be selected and the operating 
costs will be estimated. . 

1.12 Operating Scenarios 

Descriptions will be developed of typical operations of the various 
classes of aircraft to obtain estimates of peak and average monthly 
operating hours and of other factors required for life cycle cost 
estimating. 

1.13 Equipment Description 

The airborne equipment that will be the subject of this study consists 
of the following main components: (1) the principal electronics, i.e., 
transmitter, .receiver, BIT and logic circuit-ry, (2) pilot's maneuver 
indicator, (3) control panel and (4) antenna(s), antenna cabling and 
antenna switch. Any other displays such as for range and altitude of an 
intruder are considered to be optional. They will be costed separateIv unless 
the manufacturer considers them to be an essential part of the system. 
The purpose here is to maintain comparability between the concepts. 

1.14 Numbers of Aircraft 

The numbers of aircraft installations involv~d will be based on 
FAA information on the number of existing aircraft and projections of 
increases. A straight line installation rate is assumed for retrofit of 
aircraft existing in the start year of 1978. Subsequent to the start date 
all new aircraft are assumed to have CAS equipment installed during 
manufacture. 
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2. CAS LIFE CYCLE COST MODEL 

2.1 CAS Cost Model Description 

A common cost model which is applicable to all three categories 
of aircraft being considered within the study, i.e., military, commercial 
and general aviation, is planned for the study. Individual cost elements 
which may differ among the categories will be handled through specification 
of the input parameter values. For example, the times required to fill 
out forms for the maintenance management systems of the military represent 
a cost producing element which one would not expect to incur in the GA 
category. Hence, in the GA evaluation, these and other similar input 
parameters would be zeroed out. 

The cost model will compute for each CAS concept in each aircraft 
category on an annual and cumulative basis beginning with the year 1978 
and extending through at least 1988 the following major cost elements: 
acquisition cost, installation cost, logistic support cost and FAA 
support cost. These costs will be displayed on a total category fieet 
basis and on a per aircraft basis. In addition, the logistic support 
costs will be broken down into eight constituent elements and displayed 
in terms of their non-recurring, annual recurring and total v~lues. 

These cost elements are: 

• Initial and replacement spares. 

• On-aircraft maintenance. 

• Off-aircraft maintenance. 

• Inventory and supply management. 

• Test equipment. 

• Training. 

• Data management and technical documentation. 

• Facilities. 

2.2 CAS Cost Model Inputs 

Evaluation of the cost model will require specification of. numerous 
data items. Where such data elements are unknown or estimated with 
uncertainty, the model will be evaluated over the range of possible values 
of the element in order to ascertain the sensitivity of the projected cost 
to its value and to identify the expected range of results. For example, 
in computing the cost of spares, a key element is the expected pipeline 
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delay. If this quantity is unknown for a given category but is expected 
to be somewhere between two weeks to two months, then the model would be 
evaluated over this range. The following discusses some of the principal 
inputs and assumptions considered within the model. 

2.2.1 It is assumed that the number of aircraft in each category
 
is known for each year in the interval 1978 - 1988. The retrofit
 
schedule will be approximated with a straight line between the retrofit
 
initiation and completion dates.
 

2.2.2 The unit acquisition costs will include on a parameterized 
basis, the effects of learning and inflation. Similarly, the installation 
and logistic support costs (where applicable) will include the effects of 
inflation. 

2.2.3 Weighted cost estimates will be used for the initial and 
retrofit installation costs in each category of aircraft and for each 
type of CAS. 

2.2.4 On-aircraft maintenance is assumed to be limited to remove 
and replace actions. 

2.2.5 Off-aircraft maintenance costs will include labor, material 
and shipping costs, with the latter corresponding to the expected 
percentage of the removals where repair cannot be completed at a base 
location. 

2.2.6 For costing purposes, all maintenance actions are treated as 
failures with the MTBF's being adjusted to MTBR's as discussed in the 
definitions (paragraph 3.2) and the m~terial costs similarly adjusted to 
allow for the expected percentage of repair actions having "no trouble 
found" results. 

2.2.7 Test equipment and training costs will be attributed only 
to those factors directly attributable to the CAS system, i.e. general 
support equipment costs will not be factored into the cost element. 

2.2.8 The number of repair sites for the military and commercial 
CAS systems is assumed constant over the time interval. However, the 
number of GA repair sites is assumed to increase with time according to 
a model input specified distribution to be developed. 

2.3 Data Sources 

As noted earlier, there are a large number of cost and performance 
data element inputs to the cost model. Many of these, as also 
previously discussed, can only be bounded at this time, and their 
sensitivity determined accordingly. As many as possible of the 
elements will be initially established through discussions with the 
three producers and through contact with a limited number of users in 
each category. These data elements will be refined as applicable as 
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the study progresses. For example, initial estimates of the MTBF and 
MTTR of the systems will be obtained from the producers. Then, as 
better and more complete design information becomes available so that 
Rand M predictions can be made, these estimates will be updated. 
Similarly, cost estimates will be updated as additional potential 
producers and users are contacted and initial sensitivity exercises 
are completed. 

3. DEFINITION OF TERMS 

3.1 Mean Time Between Failure (MTBF) is the expected operating time 
between verified failures of the equipment. 

3.2 Mean Time Between Removals (MTBR) is the expected operating time 
between suspected failures of the equipment. It is assumed that MTBR = 
k MTBF, where k is a factor less than one which is to be established 
for each category of users during the study. 

3.3 Mean Time To Repair (MTTR) is the expected ~ime required to verify 
a failure, isolate its cause and perform the necessary repair actions. 

3.4 Mean Maintenance Man Hours (MMMH) is the expected man hours required 
to complete a maintenance action. For purposes of the cost model, it is 
assumed that MMMH = MTTR i.e. a single maintenance man will be performing 
the repair action. It is also assumed for the purposes of the cost model 
that the MMMH will be the same for a verified failure as for a "no trouble 
found" situation. This latter assumption may require reducing the 
predicted MTTR in accordance with the expected percentage of "no trouble 
found" occurances. 

3.5 Reliability is the probability that an item will perform its intended 
function for a specified interval under stated conditions.* 

3.6 Mean Down Time (MDT) is the expected time during which the item is 
not in condition to perform its intended function. This time includes 
expec~ed administrative and logistic delays as well as active repair times. 

3.7 Maintainability is a characteristic of design and installation which 
is expressed as the probability that an item will be retained in or 
restored to a specified condition within a given period of time, when 
the maintenance is performed in accordance with prescribed procedures and 
resources. * 

3.8 Availability is a measure of the degree to which an item is in the 
operable and commitable state at the start of the mission, when the mission 
is called for at an unknown (random) point in time.* 

* MIL-STD-72lB 
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3.9 Intrinsic Availability is defined as the ratio of the MTBF to the 
sum of the MTBF and MTTR. 

3.10 Operability is defined to be the capability of the participating­
systems to continue proper operation in the event of failure or 
improper operation of any of the airborne or ground units. 

3.11 Critical Failures are defined to be failures that adversely affect 
the operability of the overall system. A failure that merely removes the 
failed system from participation is a non-critical failure. A failure 
in one airborne or ground unit that causes improper operation of one or 
more other units in the overall system is a critical failure. 

3.12 Learning Curve is defined, for purposes of this study, by the 
following expression: 

LC. A(R + P/2)b 

A = Price of first production unit 

R = Cumulative number of units produced in past 

P = Production lot size under consideration 

b = Ln q/Ln 2, slope of the learning curve 

q = Constant percentage of decrease = .85 
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4. Summary Table of CAS Study Groundrule Assumptions 

Item Paragraph Assumptions 

1 1.1 There will be two classes of CAS 
and general aviation) 

(commercial air carrier 

2 1.2 Maximum use of LSI technology will be made in 
the designs 

3 1.3 Commercial quality components will be used 

4 1.4 
Learning and inflation factors will be applied to 
the costs. Learning curve at 85% and inflation at 
an annual rate of 6%. 

5 1.4 Manufacturers of full systems will produce at least 
3000 units 

6 1.4 Manufacturers of limited systems will produce at 
least 10,000 units 

7 1.5 The deployment of units will begin in 1978 with full 
deployment of commercial users rea~hed in four years 
and military and general aviation users in eight years 
Retrofit for all users will be linear .. 

8 1.6 Start up costs will be amortized over the first two 
years production 

9 1.8 Existing military and commercial maintenance phil­
osophy and procedures will be followed 

10 1.9 There will be a method for pre~flight and in-flight 
performance checks 

11 1.11 There will be a method for certifying and/or monitoring 
operation of ground equipment 

12 1.13 Equipment consists of the principal electronics, pilot's 
indication control panel, antenna, antenna cabling 
and antenna switch 

13 1.14 Aircraft numbers in each user category will be based 
on FAA estimates for the time period of interest 

14 2.1 A common cost model will be used for all three user 
categories 
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Item 

15 

16 

17 

18 

19 

20 

21 

22 

Paragraph 

2.1 

2.1 

2.2.1 

2.2.4 

2.2.6 

2.2.7 

2.2.8 

3.4 

Assumptions 

The cost model will compute annual and cumulative 
values in each major cost element for each user 
category 

Elements of the logistic support costs will also be 
divided into non-recurring and recurring costs 

A linear retrofit schedule is assumed 

On-aircraft maintenance is limited to remove and 
replace actions 

All maintenance actions are treated, for costing 
purposes, as failures with the MTBF's being 
adjusted to MTBR' s (MTBR) = k (MTBF), k<.l 

Only training and test equipment peculiar to CAS 
will be costed 

The number of repair sites for the military and 
commercial users is assumed constant with time, 
whereas the number of general aviation sites is 
assumed to be time dependent 

A single maintenance man will be used per repair 
action (m1HR = HTTR) 
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APPENDIX B 

MANUFACTURERS' DATA 

The data presented in this appendix are the cost and reliability 
quotations and performance characteristics provided by each competing 
manufacturer in response to data requisition forms provided by ARINC 
Research. certain parameters have been updated throughout the study 
and either the updates or the latest data packages are included. Where 
necessary, data parameters have been changed prior to programming into 
the Cost Model data files based on the extensive supplemental data fur­
nished by each manufacturer. Information contained in the supplemental 
data is considered proprietary by each manufacturer and not presented 
in the appendix. 

CONTENTS 

1. Honeywell Cost and Reliability Data 

2. McDonnell Douglas Cost and Reliability Data 

3. RCA Cost and Reliability Data 
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COLLISION AVOIDANCE SYSTEM 

DATA SHEET 

1. Transmitter 

1.1 Power Output 
Duty Cycle 

Commercial 
':~rrier 

800 
.001 

General 
Aviation 

200 wtts 
.0005 

1	 Cavity Osc.1.2	 Amplifier: No. of stages
 
approx. 9db N/A
1.3	 Amplifier: Gain 
Tube Type Tube Type Osc.1.4 Amplifier: Solid State 

or	 Tube Type 
Transistor Switch1.5 Modulator: Type 

IF	 Frequency 
N/A1.6 UP Converter: No. of 

mixers	 & frequency 
Modulator1.7 Packaging Modular or Hard Wired 

-11.S	 Number of Modules
 
Vacuum Tube Triode
1.9	 Tech. Level: LSI, MSI, T_L, etc.
 

±5:r.hz
1.10 Freq. Stability 
Microwave OscillatorHow Derived 

2.	 Receiver 
-so dbm -73.5 dbm2.1 Sensitivity 

30mhzRF Bandlvidth 
50 db Dynamic Range 

Transistor2.2	 Type of Preamp
 
12db 9db
2.3 Gain of Preamp 

2.4 Noise Tempe'rature of Preamp 

2.5 Down converter: 
No.	 of mixers 

75mhzFrequency 

2.6 Demodulator: 
Logarithmic DetectorType 

Vide:> base bandFrequency 
10mhz 

Modular2.7 Packaging:
 

2;S Number of Modules
 3 

Stripline PCB2..9 Tech Level
 
+.15 mhz
2.10	 Frequency Stability
 

Crysta 1 Osc.·
HoW derived 
30mhz2.11 IF: Bandlvidth 
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·Page Two - COLLISION AVOIDANCE SYSTEM (DftTA SIIEET) 

Commercial General 
3. Signal Processor/Logic Circuitry	 Carrier Aviation 

3.1 Type of construction	 ~Iodular
 

3.2 Number of modules	 1 1
 

3.3 Required Bandwidth	 N/A
 

3.4 Re~uired s+n
 14 db 
n 

3.5 No. of type of filters	 N/A
 

3.6 Tech. Level	 LSI
 

3.7 Pulse Generator: Type & No.	 N/A
 

3.8 Clock Source and Stability	 N/A
 

4. Assembly (Items 1, 2 & 3) 

4.1 Weight in Kgms	 3.62 1.13
 

4.2 Volume in cu. em.	 5933 2565
 

4.3 Size in ATR Terminology	 3/8 N/A
 

5. Indicator 

5.1 Weight Kgms	 91 N/A
 

5.2 Volume in cu. em.	 787 N/A
 

5.3 Size in cu.	 8.28X8.28Xll.43 N/A
 

5.4	 Type lDe-55G N/A
 

Part #18417-502
 

6. Control Panel 

6.1 Weight	 N/A N/A
 
II	 II6.2 Volume
 
II	 II6.3 Size
 
II	 II6.4 Idnetify electronics, if any
 

7. Antennas 

7.1 Type	 Blade 1/4 w STUB
 

7.2 Polorization	 Vertical
 

7.3 Number Required
 2 

7.4 Gain Forward & Omn.	 3db
 

7.5 Preamp (if required)	 no remote preamp
 

7.6 Recommended Location (s)	 N/A
 

7.8 Max Dist~nce from Tx/Rx	 N/A
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SU~~RY OF PARAMETER INPUTS DESIRED FROM PRODUCERS 

LEVEL PARAMETER CA GA 

3ystem Initial sell price 
of initial sell price 
due to Amortization 

Cost of special support 
equipment . 

New inventory coded items 

Total inventory coded items 

Est. Pages of base level T.O·s 

Est. Pages of depot level T.Ojs 

subsystem 
principal Initial sell price 
Electronics 

No. of modules 

Time to isolate failure* 
to module level 

MTBF 

Weight 

Pilot's Initial sell price 
Maneuver 
Indicator MTBF 

weight 

Control . Initial sell price 

MTBF 

Weight 

None 

$~Ol') 

5 

1.0 hr 
(.68) 

4,213 hr 
(4051 hr) 

3.62 kg 

.91 kg 

N/A 

N/A 

N/A 

* Values in parenthesis include cavity wearout 
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None 

584
 

2
 

8,843 hr 
(3,194 hr) 

1.13 kg 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 
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LEVEL PARAMETER
 

Antenna
 
System
 

Principal 
Electronics 
Modules 

Module 1 

Receiver 
Assy 

Module 2 

Power
 
Supply
 

Module 3 

Transmitter 
Assy 

Module 4 

Chassis 

Initial sell price (1)
 

MTBF (1)
 

No. of Antennas
 

Allocated of principal 
electronics sell price 

Allocated MTBF 

MTTR 

Av. Material cost per 
repair action 

Allocated· of principal 
electronics sell price 

Allocated MTBF 

MTTR 

Av. Material cost per 
repair action 

Allocated of prinicpal 
electronics sell price 

Allocated MTBF 

MTTR 

Av. Material cost per 
repair action 

Allocated of principal 
electronics sell price 

Allocated MTBF 

MTI'R 

Av. Material cost per 
repair action 

. B-7 

CA GA 

41.30 

2 2 

25% 

17,677 hr 13,400 hr 
(2,451 hr) 

1.2 hr 

$12.28 

6% 

50,787 hr 

1.2 hr 

1. 50 

8% 

16,779 hr 
(1,746 hr) 

1.2 hr 

85.90 

24% 

33,036 hr 

2.0 hr 

15.58 
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LEVEL PARAMETER CA GA 

Module 5 

Digital 
Module 

Allocated· of principal 
electronics sell price 

Allocated MTBF 

MTTR 

Av. Material cost per 
repair action 

37% 

14,029 hr 

1. 7 hr 

$11.10 

26,001 hr 

1. 7 hr 

* Values in Parenthesis include cavity wearout 
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MATERIAL REPAIR COSTS & MTBFs 

AVOID-I AVOID-II 

BY 

DEVICE 

Without Cavity Wearout 

With Cavity Wearout 

MTBF 
(hrs) 

Avg. Mat'l. 
Repair Cost 

MTBF 
(hrs) 

Avg.Mat'l. 
Repair Cost 

4213 

2051 

$24~94 

65.84 

8843 

3194­

$ 4.78 

12.59 

BY 

MODULE 

Receiver 

Power Supply 

*Transmitter 

Digital Mod. 

Chassis 

17677 

50787 

3230 

14029 

33036 

12.28 

1.50 

97.28 

11~ 10 

15.58 

*Figures include effects of cavity wearout. 
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AVOID-I NON-RECURRING COSTS 
DATA PROCESSOR ASSEMBLY 

(MICRO-PROCESSOR-CUSTOM LSI CONFIGURATION) 

Non-Recurring Used On 

1 ea 40 pin CMOS Custom LSI Interface/Latch Chip $10,000 I & II 

1 ea 40 pin DCTTL Custom LSI Interrogation and Response Timing Chip 42,000 I & II 

1 ea 40 pin DCTTL Custom LSI Interrogation and Response Control Chip 41,000 I & II 

1 ea 40 pin DCTTL Custom LSI Input/Output Control Chip 41,000 I & II 

1 ea 40 pin DCTTL Custom LSI Adder/Latch Chip 41,500 I only 

1 ea 40 pin DCTTL Custom LSI High Speed Data Accumulator Chip 41,000 I. &. II 

1 ea 16 pin DCTTL Custom LSI Pulse Pair Decoder Chip 38,500 I &II 

1 ea 1·6 pin DCTTL Custom LSI Antenna Switch Control Chip 37,000 I only 

1 ea 40 pin CMOS Custom LSI Data Processor Control Chip 10,000 I &11 
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MCDONNELL DOUGLAS ELECTRONICS COMPANY 

Box 426, St. Charles, Missouri 63301 (314) 232-0232 

1161-35466 
27 January 1975 

To:	 Arinc Research Corporation
 
2551 Riva Road
 
Annapolis, Maryland 21401
 

Subject:	 Arinc Life Cycle Cost Study 

References: (a)	 L. J. Robertson's Letter 0050-LJR-342, dated
 
27 September 1974
 

(b)	 L. J. Robertson's Letter 0050-LJR-359, dated 
3 January 1975 

Attachment:	 (1) Revised Life Cycle Cost Parameters 

Gentlemen: 

The attachment to this letter supersedes the estimated cost informa­

tion provided in the referenced letters. Please call if you have
 
any ~uestions regarding the enclosed material.
 

Very	 truly yours, 

.-1P~~@~ 
Walter N. Weiss
 
Specialist
 
Contract Pricing
 

WNW:crl 

A SUSSIDIARY OF r-x/' 
MCDONNEL.L. DOUGl~A~ 

'-~ 

CO.~O.Ar'ON 
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REVISED LIFE· CYCLE COST PARAMETERS
 

McDONNELL DOUGLAS ELECTRONICS COMPANY
 

NUMBER OF UNITS 

AVERAGE SYSTEM PRICE 

INDICATOR (AVERAGE PRICE) 

ANTENNA(s) LAVERAGE PRICy 
PRINCIPAL ELECTRONICS 

PRINCIPAL ELECTRONICS MODULES: 

COMMERCIAL 
AVIATION 

3,000 

$ 8,900 
$ 1,500 
$. 150 

$ 7,250 

GENERAL
 
AVIATION
 

10,000 

iii 1,456 

N/A 

$ 8 

$ 1,448 

%ELECTRONICS
 
COMMERCIAL GENERAL 

AVIATION AVIATION 

LOGIC 20 30 

RF FRONT END 35 22 

RECEIVER 5 3 

OSCILLATOR 3 8 

POOER SUPPLY 4 10 

EXCITER 8 8 

TRANSMITTER 25 19 

ALL PRICES ARE IN 1978 DOLLARS. 

PRICES EXCLUDE DISTRIBUTION COSTS AND AMORTIZATION OF NON-RECURRING.
 

1/27/75 
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ATTACHMENT (1) 

REVISED LIFE CYCLE COST PARAMTERS 
MCDONNELL DOUGLAS ELECTRON! CS COMPANY 

% 
ELECTRONI CS ALLOCATED 

MODULE NAME SELL PRICE MTBF 

C. A. : 

Transmi tter 
Recei ver 
Exciter 
Logic
Osci 11ator 
R.F. Front End 
Power Supp ly 
Misc. 

34 
7 
3 

14 
2 

29 
11 

5,265 
14,768 
15,083 
7,086 

100,000 
47,736 
28,377 
49,799 

TOTAL 100 1814 

(Distribution costs are 10% of price for C.A.) 

G. A~ : 

Transmitter 
Recei ver 
Exciter 
Logic 
Osci llator 
R.F. Front End 
Power Supply 
Misc. 

19 
5 
8 

33 
7 

20 
8 

19,991 
25,713 
16,436 
10,918 

100,000 
47,736 
34,276 
47,356 

TOTAL 100 3007 

(Distribution costs are 14% of price for G.A.) 
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1. Transmitter: 

1.1 Power Output &Duty Cycle 

1.2 Amplifier: No. of Stages 

1.3 Ar.~plifier: Gain 

1.4 Amplifier: Solid State or Tube &Type 

1.5 ~odulator: Type 

1.6 UP Converter: No. of mixers &Freq. 

1.7 Packaging: Modular or Hard Wired 
!Jj 

I-'
I 1.8 ilumber of Modules 

lJ1 

1.9 Tech. Level: LSI. MS!, TTL. etc. 

1.10 Freq. Stability &How Derived 

2. Receiver'; 

2.1 Sens itivity. RF Band'''i dth. & Dynami c Range 

2.2 Type of Preamp 

2.3 Gain of Preamp 

2.4 Noise Figure of Preamp 

2.5 Down Converter: No. of Mixers &Freq. 

TECHNICAL DATA 

COMMERCIAL CARRIER 

+1000 Watts - 3dB 
0.002 Duty Cycle
 

3 Tube P.A.
 

30 dB
 

Solid State to 1 Watt.
 
Tube Above 1 Watt
 

Transistor
 

(See Item 8)
 

Modular
 

4 Modules in 1 Module
 

Tubes &Discretes
 

.002% Using Crystals
 

3dB BW ,. 30 MHZ 
ldB BW = 20 MHz 
-15 to -88 dUm 

Solid State 

lOdB 

6dB 

One Mi xer - Freq 1"540/1545/
1550/1555 

ENCLOSURE (1) 

GENERAL AVIATION 

100 Watts ! 3 dB 
0.00008 Duty Cycle 

2 Tube P.A. 

20dB 

Solid State to 1 Watt. 
Tube Above 1 Watt 

Transistor 

(See Item 8) 

Modular 

2 110dules 

Tubes 

.002%Usir.g C~stals 

3 dB BW = 30 MHz 
1 dB BW ,. 20 MHz 
-15 to -78dBm 

None 

NA 

NA 

One Mixer - Freq. 1540/1545
1550/1555 . 



2. P.e ce f vel'": Continued 

2.6 Demodulator: Type and FreQ. 

2.7 Packaging: r.odular or Harctw1red 

2.8	 ;~lJr.:ber of ro\(ldules 

2.9	 Tech. Level: LSI. MSI. TTL. etc. 

2.10 Freq. Stability &Ho~ Derived 

2.11 IF: Bandwi dth 

3. Sional Processor/Lo~ic Circuitry: 

3.1	 Type of Construction: Modular or 

OJ 3.2 Nur~er of Modules 
I 

>-' 
C\ 3.3 Re~uired Ban~width 

3.4	 Required S+~!N 

3.5	 No. and Type of Filters 

3.5	 Tecil~ic,J1 Lc','el: LSI. MS!, TTL. 

3.7	 Pulse Generator: Type and No. 

3.8	 Clock Source and Stability 

4.	 Assem~: {Items 1. 2 &3)* 

4.; ~:c:ight in 1bL 

,~. 2 Vol U'11e in C;J. in. 

?4 Size in ATR Terminology• oJ 

Fixed 

etc. 

Amplitude &Bl~. 60 MHz 

Mcdular 

3 t-:odul es 

1C & Di scretes 

.002% Using C~stals 

2 MHz 

Modular 

2 

NA 

l5dB 

NA 

LSI. MS! &D1scretes 

NA 

5MHz.SxlO-8 (3xlO-9 ~fth VeO) 

25 1bs. 

1120 

3/4 ATR 

Amplitude, 60 MHz 

Modular 

2 "1odules 

lC & D1scretes 

.002% Using Crystals 

2 ~1~z 

Modular 

NA 

15dB 

M 

LS!.	 MSI &D1scretes 

NA 

5HHZ. 5xlO-B (3xlO-9 with 
VeO) 

10 lbs. 

275 

<Short 3/8 ATR 

Ie 
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sm~U\RY OF LIFE CYCLE COST PARA}.IETERS Sheet 2 of 2 
NcDONl\TELL DOUGLAS ELECTRONICS CONPANY 

0/
/0 AVERAGE Ki\TERIAL 

NODULE NAHE 
ELECTRONICS 
SELL PRICE 

ALLOCATED 
HTnf MTTR 

COST/REPAIR 
ACTION 

C.A. : 

TPJ\NSNITTER 12 3,400 Hrs 1.0 Mhrs $ 1.50 

RECEIVER 9 10,000 II 1.0 " $ 1. 75 

EXCITI::R 10 6,700 " 1.0 " $ 2.50 

LOGIC 60 5,000 " 1.0 " $ 2.00 
OSCILLATOR 2 100,000 II 0.5 IT $60.00 

R. f. fRmJT END 4 10,000 II 1.5 " $15.00 
to 
I 

POI~ER SUPPLY 3 6,700 IT 1.0 IT $ 2.50 
t-' 
-J 

C. :\. : 

TE/\NSHITI'ER 17 10,000 lIrs 1.0 Mhrs $ 1.50 

RECEIVER () 14,000 11 1.0 " $ 1. 75 

EXCITEH 21 6,700 " 1.0 " $ 2.50 

LOGIC 31 7,100 " 1.0 " $ 2.50 

CSCILLATOR 6 100,000 " 0.5 " $60.00 

R.F. FRONT El\'D 10 25,000 " LO " $15.00 

rovER SUPPLY 9 6,300 n 1.0 ~ ! $ 2.50 
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RCA IGovernment and Commercial Systems IElectromagnetic and Aviation Systems Division 
8500 Balboa Boulevard IVan Nuys, California 91409 iTelephone (213) 894-8111 

ARINC Research Corporation 
2551 Riva Road 
Annapolis, ~1.ary]and 21401 

Attention: S. 1-1. Kowalski Hi Septemher 1974 

Dear Stan: 

Attached herewith we are submitting the technical Data Summar} Sheets 
and Stunmary of Parameter Sheets covering the RCA SECANT equipments. 

Concerning the cost data submitted, we wish to reiterate that the costs are 
our current projectiolls based on a future product design fully utilizing LSI 
and advanced manufacturing techniques. The cost. projections are given in 
1974 dollars, at O.E.1\1. (original equipment manufacturer's) price. 

Should you have any questions concenling our equipment, please call me. 

Very trulv }'ours, 

/<I~/~ /oP_
1.'B. Korda 
SECANT Program Manager 

Attachments 
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RCA-SECANT
 
SUMMARY OF PARAMETER INPUTS
 

LEVEL PARAMETER 

System Initial sell price (0. E. M.) 
Less amortization 

Amortization per system 

Cost of special support equip. 

New inventory coded items 

Total inventory coded items 

Est. pages of base level T .0. 's 

Est. pages of depot level T .0. 's 

Subsystem Initial sell price less 
Principle Amortization (0. E . M. ) 
Electronics 

No. of modules 

Time to isolate failure to 
module level (min) 

MTBF 
redundant system 

Weight 

Pilot's Indicator Initial Sell Price (O.E.M.) 

MTBF 

Weight 

Control Panel Initial Sell Price (O.E.M.) 

MTBF 

Weight 

Antenna System Initial Sell Price (0. E .1\1. ) 

MTBF 

No. of Antennas 

Principle Elec­
tronics Modules 

Microwave Mod. %of Sell Price 

Allocated MTBF 

MTTR 

AV. Mat'!. Cost per 
Repair Action 

B-21 

CA 

$10,900 
(fully redundant) 

$500 

90 

110 

$4850 

8 

6 

3000 brs 
700k hrs 

$500-(X2) 

1 KG 

$120 

1 KG 

$40-(X2) 

2 

57.7 

3.0 

$25 

GA 

$1550 

$150 

REMITTER 

$800 

$150 

70 

90 

40 

50 

$1460 

7 

5 

4000 hrs 

$740 

5 

3 

4500 hrs 

$50 N/A 

.4 KG 

N/A 

N/A 

$20 

N/A 

$40 

.4KG 

$40 

1 1 

41.0 53.7 

2.5 

$20 

2.2 

$15 



RCA-SECANT 
SUMMARY OF PARAMETER INPUTS (Continued) 

LEVEL PARAMETER CA GA REMITT"If..Ii.._ 

IF Detector Mod. %of Sell Price 9.3 10.3 10.8 

Allocated MTBF 

MTTR 

Av. Mat'l Cost per $20 $20 $20 
Repair Action 

Control Logic	 %of Sell Price 4.1 8.4 16.4 -
Allocated MTBF 

MTTR . 1.3 1.3 LS 

Av. Mat'l Cost per $12 $12 $12 
Repair Action 

Threat Logic	 %of Sell Price 4.1 8.4 N/A 

Allocated MTBF N/A 

11'11'n 1.3 1.3 N/A 

Av. Mat'l Cost Per $12 $12 N/A 
Repair Action 

Tracker/Data	 q of Sdl Price 4.7 11. 0 N/A 

Allocated l\lTBF N/A 

MTTR 1.3 1.3 N/A 

Av. Mat'l Cost Per $12 $12 N/A 
Rep1ir Action 

Tracker ';0 of Sell Price -l. r; NIA KIA 
Expansion Allocated TlITBF' N/A N/A 

J\l1'TH 1.3 N/A N/A 

Av. Mat'l Cost PCI' $12 N/A NIA 
Repair Action 

Power Supply	 cit of Sell Price 6.2 10.3 8.1 

Allocated MTBF 

1 .-)
~MTTR	 1.5 1.3 

Av. :\1at'l C'ost Per $50 $30 $20 

Repair Adion 
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RCA-8ECANT 
SUMMARY OF PARAMETER INPUTS (Continued) 

LEVEL 

Housing Assem. 

PARAMETER 

%of Sell Price 

Allocated MTB F 

MTTR 

Av. Mat'l Cost Per 
Repair Action 

CA 

8.2 

1.0 

$5 

GA 

10.3 

.9 

$5 

REMITTER 

.10.8 

.9 

$5 
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TECHNICAL DATA COMPARISON - CO~ll~RCIAL CARRIER CAS 

EOUI P!'1ENT RCA SEC.r...NT 

1. TAANSHI'ITER
 

1.1 
1.2 
1.3 

1.4 
1.5 

1.6 
1.7 

':P 1.8 
t...J 
I 

1.9 
"'" 

PovJer. Output 
Duty Cycle 
Amplifier: Gain 

: Type 
Hodulator 'fype 
Up Converter/Exciter 

No. of Mixers 
Packaging 
Number of Hodules 
T~chnology Level 
FrequencJ Stability & How Derived 

2. RECEIVER
 
2.05 
2.1 
2.2 
2.3 

2.4 
2.5 

2.6 
2.7 

.2.8 
2.9 

2.10 

* 

Noise Figure
 
Sensitivity
 
RF Band~idth (3dB)
 
Preamp: Type
 

: Gain 
Down Converter, Number 
Demo6ulator: Type 

Frequency 
Packaging 
Number of Modules 
T3chnology Level 
Frequency Stability 

Ho'..., Der i vad 
IF Bandwidth 

50% Crossing Threshold 

of Mixers 

+ 4,1 dl3L"1 
0.01 
44 dB 
Selid State 
Pulse 

r, 
'­

~nc** 
~ ..... 
HIe 
• 005% x'r},~L 

5d.3 
-95 dDm* 
50 MHz 
Solid State 
10 dB 
2 
Amplitu6e Coherent 
60 MHz 
HIe , 
~ 

I1IC/NSI 
.005% 
X'l'AL 
1 MHz 



EQUIPHENT 

3. SIGNAL PRCCESSOR/LOGIC CIRCUITRY 

3.1 Type of Construction 
3.2 Number of Modules 
3.3 Bandwidth 
3.4 Required S+N/N 
3.5 Number & Type of Filters 
3.6 Technical Level 
3.7 Clock Source 
3.8 Stability 

4. ASSEMBLY (Items 1, 2, & 3) 

4.1 Weight in Kgrns 
ttl 4.2 Volume in cu.cm 
I 4.3 Size in ATRN 

U'1 

5 • AN'l'ENi'll\S 

5.1 'l'ypa 
5.2 Polarization 
5.3 Number Required 
5.4 Gain: (Forward) 
5.5 Preamp 
5.6 Location 
5.7 Cable LOSD (dB) 

RCA SECANT 

Modular 
4 
Digital 
8 dB 
8 SAW*** 
MSI & LSI 
10 MHz Xr..rAL 
10ppm 

10.5 
16000. 
1 ATR Short 

Blade ()Y4) 
Vertical 
2 
2 dB 
none 
Top and Bottom 
4 dB . 

*** Surface Acoustical Wave 



lli),UIPMENT 

1. TRANSMITTER 

1.1 
1.2 
1.3 

1.4 
1.5 

1.6 
1.7 

txl 1.8 
I 

(\.) 1.9 
(jI 

Power Output
 
Duty Cycle
 

. Amplifier Gain 
Type 

Modulator Type 
up Conv./Exciter 

No. of Mixers 
Packaging 
Number of Modules 
Tech-Level 
Frequency Stability 

and How Derj.ved 

2. RECEIVER
 

2.05 
2.1 
2.2 
2.3 
2.4 

2.5 
2.6 
2.7 
2.8 
2.9 

Noise Figure 
Sensitivit.y 
RF Bandwidth (3dB) 
D/e Number of Mixers 
Demodulator: Type 

: Frequency 
Packaging 
N".mbe:::- of Hodules 
Technology Level 
Frequency Stability 

TECHNICAL DATA :OI-iPARISON 
GENERAL AVIATION CAS 

R~ SECll~T GA & REMITTER 

+42 
.01 
42 dB 
Solid 'State 
Pulse 

2 
HIC**. 
1 
MIC 
.005% XTAL 
.005% XTAL 

5dB 
-90 dB!ll * 
100 MHz 
2 
Amplitude Coherent 
60 r~1Hz 

MIC 
1 

,MIC/MSI 
.005% 

IF Bandwidth 1 MHz 

* 50% crossing Threshold 
** Microwave Integrated Circ~its 



EQUIPMENT RCA RE~iITTER SECANT Gl\ 

3. SIGNAL PROCESSOR 

3.1 Type of Construction Modular lvlcdular
 
3.2 Number of Modules 1 1
 
3.3 Bandwidth Digit"al Digital"
 
3.4 Required s+N/N 8 dn 8 dB
 
3.5 Number & Type of Filter 4 SA~-l ~ SA~'1
 

3.6 Technology Level LSI LSI
 
3.7 Clock Source 1 MHz XTAL 10 1'-Ulz XTAL
 
3.8 Stability 10 ppm 10 ppm
 

tJj 4. ASSEM13LY 
I 

'"--.J 
4.1 Weight in kgms 6,000 8,000 
4.2 Volume in cu.cm 3/8 SHT " 1/2 SHT
 

"4.3 Size in ATR
 

5 • AN'l'ENNAS 

5.1 Type 1'4 Stub ?y4 Stub"
 
5.2 Polarization Vertical vertical
 
5.3 Number Required 1 1
 
5.4 Gain (Forward) 2 dB 2 dB
 
5.5 Location Top Top
 
5.6 Cable Loss (dB) 2 dB 2 dB
 



PERFOHHANCE: C01'1PARISON 
FULL CAP1~BILITY Cj\S 

RCn• 

1. Frequency of Operation 1595 -	 1620 ~.Hz 

2.	 No. of Frequencies (Discrete) 24 

3.	 Maximum Range 15.1 nm 

4.	 Altitude Limit 126,000 ft. 

5.	 Maximum Closure Rate 1200 Knots - TAU 2 

III 6. 5 ignal Formal Query 
I 1 us pulses, 1 pulse-pair"J 

00	 Reply 
1 us pulse 

7.	 Epoch Duration or Round Time 5.1 Seconds 

8.	 Minimum number of transmissions per
 
Epoch or Round Time (no intruder) 450 Q
 

9~	 Maximum number of transmissions per
 
Epoch or Round Time (l intruder) 754 Q
 

10.	 Maximum number of Transmissions per
 
Epoch or Round Time (> 1 intruder) ·2274 Q
 

11.	 Number of Intrud~rs Capability 288 nearest per round 



PERFORMANCE CHARACTERISTICS 
GA CAS 

RCA 

1. Frequency of Operation	 1595 - 1620 l-U-rz 

2. Number of Frequencies	 24 

3. Maximum Range	 11.5 nm 

4. Altitude Limit	 126,000 ft. 

5.	 Maximum Closure Rate TAU 2 - 875 knots 
TAU 1 - 1600 knots 

to 

tv 
I 6 •. Signal Format 1 us p'J.lses, 1 pulse-pair

\0 Reply 
1 us Pulse 

Epoch Duration or Round Time	 5.1 Seconds7" 

8.	 Minimum number of transmissions per
 
Epoch or Round Time (no intruder) 350 Q
 

9.	 Maximum.number of transmissions per
 
Spoch or Round Time (no intruder) 654 Q
 

10.	 Maximum number of tr~nsmissions per
 
Epoch or Round Time (:> 1 intruder) 1414 Q
 

,, ....-.	 ~:'':='~= o~ I:-.truders capability 144 neares~ per ro~nd 



APPENDIX C 

INDEPENDENTLY DEVELOPED COST AND RELIABILITY 

1. 

2. 

3. 

Final Report 

. \ 

GENAVE CAS Cost and Reliability Study 

NARCO CAS Cost and Reliability Study 

ARINC Research Cost and Reliability Data 
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G ENE R A L 
AVIATION 
ELECTRONICS 

INC. 

MArch 3, 1975 

4141 KINGMAN DRIVE 

INDIANAPOLIS, IND. ~1221 

ARIA 317· SCt·1111 

Mr. Stanley H. Kowalski 
ARINC Research Corporation 
2551 RivaRoad 
Annapolis, MD 21401 

Dear Mr. Kowalski: 

Enclosed is the final report on our study of the three CAS Systems. 
It is slightly different than the preliminary data which I gave to you by 
telephone, but not enough to change the results in any significant manner. 
Primarily, I neglected to include the labor figures in the retail estimates 
when I gave you the preliminary figures. Also, slight revisions in a few 
prices and an addition error have caused the RCA and McDonnell oouglas systems 
to change places in terma of the cost of building them today. The differential 
is so slight, however; that little significance can be assigned to it. 

Stan, I have shown below the man-days expended on the project. You 
can see that we exceeded our 11 day estimate by a considerable amount. We 
agreed not to exceed the quoted price, however, and we will live by that 
agreement, but any further work or time we put in beyond this report will 
have to be billed at the published rates. 

Person Time (man-days) 

Rice, E. W. 0.2 
Henderson, C. L. 0.3 
Boelter, D. A. 2.0 
Atkinson. N. D. 5.75 
Bovard, L. R. 6.5 
Clerical .7 

Total 15.45 man':'days 

I hope that you are pleased with the results of our study and that they 
will help you in your effort. It has been a pleasure working with you, and 
we look forward to further associations. 

Sincerely, 

DAB/th 
Enc. 
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CAS COST & RELIABILITY STUDY
 

FINAL REPORT
 

ARINC CONTRACT NO: DOT-FA74WA-3506
 

GENAVE JOB NO: 7093900
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At the request of ARINC Research-Corporation, supported by their Purchase 

Order No. Y-8947, Genave has performed a study of the cost of producing three 

varieties of Collision Avoidance Systems and their estimated reliabilities. 

Our study was limited to units which would be used in the General Aviation type 

aircraft which our company would service. Since detailed information, such as 

schematics, was not made available, the estimates were based, in some areas, 

on our "best guess" of what would be required to provide the desired function. 

Most areas of this type were in the RF or microwave sections of the units and 

as such were well within our realm of experience and we feel as a result -that 

the estimates are quite accurate. Some sections of the units were well defined 

by parts lists and with these we computed prices and labor figures based upon 

our current production parts costs and labor rates making them also very accurate. 

In several spots, we found items such as cables and shield assemblies which were 

not called out, but which we felt would be required and these items were added 

to the parts costs where appropriate. 

Table 1 shows a breakdown of each system and the parts and labor costs 

for each subassembly or subsystem. Please note that all costs are in "1975 

Dollars" without regard to future inflation. 

-.,." 
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TABLE 1
 

1915:PAllTS &LABOR COSTS
 

HONEYWELL
 

Item' Parts Labor 
.',<: 

Transmitter $ 29.00 $ .55 

Receiver 41.02 1.51 

Data Processor 520.46 1.32 

Power Supply 19.16 .90 

Packaging Misc. 51.45 2.93 

Final Assembly 15.00 

Test & Inspection 25.00 

Total Costs 661.09 47.21 

RCA 

Item Parts Labor 

Transmitter Synthesizer $ 64.08 $ 5.17 

Receiver 233.11 11.23 

Microwave Ci"rcuits 236.50 8.07 

Data Processing 347.10 1.35 

Power Supply 20.80 .64 

Packaging &Misc. 27.00 2.00 

Final Assembly 15.00 

Test & Inspection 30.00 

Total Costs 928.59 73.46 

C-7 



McDONNELL DOUGLAS 

Item Parts Labor 

RF Front End $200.00 $ 8.25 

Exciter 93.32 3.13 

Transmitter 141.00 .25­

Oscillator, Crystal 150.00 .15 

Receiver 28.90 1.78 

Data Process.ing 188.37 1.95 

Power Supply 25.30 .93 

Packaging & Misc. 71.30 5.05 

Final Assembly 15.00 

Test & Inspection 30.00 

Total Costs $898.19 66.49 

The costs listed in Table 1 above were combined in Table 2 below and 

a retail price computed for each system assuming that it were built today. 

The "out-of-house" or factory price would be twice the parts and labor cost 

which, of course, represents a 50% gross margin. 

Table 2 

1975 SYSTEM COSTS 

System Total Cost Retail Price 

Honeywell $ 708.30 $2351.55 ,.~ 

RCA 1002.05 3326.80 

McDonnell Douglas 964.68 3202.73 

,'. 
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In our evaluation of the' probabl.e system costs for production in 1978,. 

we felt that, not including inflation, the costs of the parts and labor would 

remain stable with one major exception. This exception is the LSI complement 

of each system. We therefore broke out the LSI costs independently of the 

other costs and estimated the 1978 prices in' terms of the expected reduction 

in LSI costs for the next three years. Table 3 shows the current costs of 

the LSI in relation to the other costs. Table 4 indicates the expected 

reduction in LSI costs by 1978 and the resulting cost and retail prices of 

the units based on 1975 dollars. 

Table 3 

LSI BREAKOUT 

System LSI Costs Other Costs 

Honeywell $493.98 $214.32 

RCA 324.00 678.05 

McDonnell Douglas 159.95 804.73 

Table 4 

1978 SYSTEM COSTS (In 1975 Dollars) 

System LSI Costs Other Costs Total Cost Retail Price 

Honeywell $164.66 $214.32 $378.98 $1258.21 

RCA 97.20 678.05 775.25 2573.83 

McDonnell 
Douglas 

47.99 804.73 ,852.72 2831.03 

C-9 



None of the systems, in our opinion, could be called unfeasible even 

with today's technology. Some of the borderline approaches, such as the surface 

acoustic wave filters, are not the most suitable for lo~-cost units today, but 

will more than likely be quite suitable by 1978. Wha~ IS significant in comparing 

the three systems is the overall costs involved and the projected reliability 

of each. Reliability is closely tied to component type and count and also 

to the number and type of interconnections required. Component couhts were 

made, insofar as possible, for each of the systems. Reliability estimates were 

then made based on the frequency and type of repair records which we have-

accumulated over the'years on equipment. of similar type and/or complexity. 

Table 5 lists the results of that analysis in terms of frequency of repair 

and probable cost per repair cycle. These figures assume that the "Infant 

Mortality" problems are eliminated for the most part by factory burn-in pro­

cedures prior to shipment. 

Table 5 

RELIABILITY ESTIMATES 

Total Frequency * 
Electronic of Cost/Repair· 

System Components Repair Cycle 

Honeywell 181 3860 hours $100 

RCA 325 2150 hours· $150 

McDonnell Douglas 340 2050 hours $150 

A cursory g~ance at the data shows that the obvious system preferred for 

the General Aviation fleet would be similar to the Honeywell approach. Cost 
.,.;­

and reliability both heavily favor that design. There seems to be insufficient 

Ji:fc_~nce between the other two systems to justify a second and third choice 

and we therefore will not indicate	 a preference. 

* This is NOT an MTBF figure. It	 is a figure based on our proprietary warranty 

repair	 information. Several problems may be fixed in one repair cycle.
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We believe that the above data supplies all of the essential information 

desired and requested under this contract. 

Donald A. Boelter 
Chief Engineer 

DAB/th 

Date: March 3, 1975 
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21 March 1975 

ARINC Research Corporation
 
2551 Riva Road
 
Annapolis, . MA 21401
 

Attn: Mr. Stanley H. Kowalski 

Dear Mr. Kowalski: 

We have evaluated per your request the following Collision
 
Avoidance Systems:
 

1. Aviods II 
2. Eros II GA 
3. Secant GA 

The evaluation was made using the data supplied by ARINC Re­
search with particular attention to areas of difference in the 
different systems. Areas of similarity are assumed to be identical 
in cost; I. E. packaging, readout, logic. This evaluation results 
in the following differences: 

Aviods Secant Eros 
1. RF Generator (Synthesis)	 1 xtal 13 xtals 7 (170) 
2.	 RF Power 1 tube xistorized (120)2 tubes (60) 

no mulit- power amp- multipliers 
pliers lifier 

3.	 IF Designs 1 IF 2 IF (20) 1IF 
8 Saw Filters 

(80) 
Sell Differences 0 510 230 
List Prices 1000 2220 1460 

The list price of the Avoids System is based on Narco list prices 
in 1975 dollars and is approximately $350 price increase over 
selling price of Narco AT-50A Transponder which utilizes similar 
techniques with less integrated logic and RF Receiver inputs and 
less stability in the Oscillator as well as wider bandwidth techniques. 
Some cost increase is a result of the more complex display in 
Collision Avoidance Systems. All other costs and list prices 
are derived by adding to this Avoids IT System cost. 

COM MER C E D R I V E. FOR 1 WAS HI'" (j ·1 0 N. l' EN'" S Y L V A N I A I 9 0 , 4 
TELEPHONE: (215) fl4'·2900 lELEX: 11451,7 
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Page 2 

Failure Analysis; 

The MTBF is prese:lted as a classical ().1il) analysis as well 
as expected based on experience of similar .systems such as AT-50A, 
DME-190 systems. 

Calculated Expected 
AT-50A 4900 1500 
DME-190 2914 1500 
Avoids II 4900 1500 
Secant GA 3800 1500 
Eros II GA 3400 1200 

I hope the above data is what you need in your study. If you need 
additional data please let us know. I am looking forward to 
completing a similar study for the DABS IPC study. 

Very Truly Yours, 
. ") 

, 

'H ward Kaufmann 
Chief Engineer 

HLK/csk 
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SYSTEM AVOIDS I SHEET 1 OF ---=5:1..-__ 

SUB-ASSEMBLY TRANSMITTER 

() 
I 

f-' 
ex> 

ITEM NAME OR QTY UNIT TOTAL LABOR HOURS PER 1000 UNITS 
CATEGORY COST COST 

MANUFACTURING ASSEMBLY 

2N4949 1 2.00 2.00 6 

2N2222 2 .16 .32 12 

2N4300 1 ,6.80 6.80 6 

2N5682 1 1.30 1.30 6 

1N4531 4 .03 .12 20 

1N753A 1 .10 .10 5 

52-F 2 1.00 2.00 10 

NE-555 1 .68 .68 8 

54221 1 2.10 2.10 8 

54304 1 .75 .75 8 

',l'ransformer 1 .50 .50 315 
I 

' Inductor 3 .44 1.32 45 

Potentiometer 3 6.50 19.50 15 

Capacitor 10 .47 4.68 50 

Resistor 17 .13 2.26 85 

Cavity Osc. 1 100.00 100.00 25 

Insulator 5 .13 .65 25 
Heat Sink 1 .16 .16 20 

PC Board 1 10.00 10.00 818 10 

TOTALS 155.24 818 X 2 679 x 2 

UNIT
 
FAILURE
 

RATE
 

2.498 

1.266 

3.749 

4.688 

.155 

.4 

.155 

.715 

.715 

.715 

2.309 

2.309 

.664 

.55 

.013 

250.00 

-
- . 

,.-

. 

=­

TOTAL QTY X FAIL. RATE 
FAILURE X UNI'r'COST 

RATE 

2.498 4.996 

2.532 .405 

3.749 25.493 
4.688 6.094 

.62 .019 

.4 .04 

.31 .31 

.715 .480 

.715 1.502 

.715 .530 

2.309 1.155 

6.927 4.295 

1.992 12.948 

5.5 2.574 

.221 .029 

250.00 25,000.00 

-
-
-

25060.7 = 88 29 
283.891 283.891 • 
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SYS~~ AVOIDS I SHEET 2 OF __~5~ _ 

SUB-ASSEMBLY RECEIVER 

n, 
t-' 
\,;) 

ITEM NA!>I.E OR QTY UNIT TOTAL LABOR HOURS PER 1000 UNITS UNIT 
FAILURE 

RATE 

TOTAL 
FAILURE 

RATE 

QTY x FAIL. RATE 
X UNIT COST CATEGORY COST COST 

MANUFACTURING ASSEMBLY 

MC1590 2 1.05 2.09 16 .715 1.43 1.502 

MC1733 6 .81 4.83 48 .715 4.29 3.475 

NE521 2 .57 1.14 16 < .715 1.43 .815 

54S02 2 1.42 2.84 16 .715 1.43 2.031 

2N4134 2 1. 75 3.50 12 .316 .632 1.106 

2N2707 6 .60 3.60 36 1.192 7.152 4.291 

1N4454 16 .05 .80 80 .155 2.48 .125 

Capacitors 64 .23 14.72 320 .55 35.2 8,096 

Resistors 84 .09 7.15 420 .013 1.092 .104 

PC Board 1 11.99 11.99 818 10 - -
RF Head 1 424.64 424.64 25 - -
IF Cover 6.69 781 3/ 

TOTALS 483.99 1599 x 2 1036 x 2 55.136 
21.545 
55.136 = .39 



----SYSTEM AVOIDS I SHEET 3 OF 5

SUB-ASSEMBLY LOGIC 

() 
I 

N 
o 

ITEM NAME OR QTY UNIT TOTAL LABOR HOURS PER 1000 UNITS UNIT 
FAILURE 

RATE 

TOTAL 
FAILURE 

RATE 

QTY x FAIL. RATE 
x UNIT COST 

-

CATEGORY COST COST 
MANUFACTURING ASSEMBLY 

LSI-Custom 9 11. 22 100.99 180 .4 3.6 40.396 

Multiplexer 3 2.50 7.50 24 .715 2.145< 5.363 

IM5508 2 10.00 20.00 16 .715 1.43 14.3 

MM6255 1 30.00 30.00 8 .715 .715 21.45 

DM7488 1 4.00 4.00 8 .715 .715 2.86 

DM74187 1 5.00 5.00 8 .715 .715 3.575 

74393 1 2.00 2.00 8 .715 .715 1.43 

NE553 1 1.50 1.50 8 .715 .715 1.073 

NE556 2 1.00 2.00 16 .715 1.43 1.43 

NE555 1 .50 .50 8 .715 .715 .358 

MA747 2 3.00 6.00 16 .627 1.254 3.762 

Crystal 1 5.00 5.00 15 .226 .226 1.13 

2N4949 2 1.00 2.00 12 2.498 4.996 4.996 

lN4531 20 .03 .60 100 .155 3.1 .093 

Capacitors 14 .36 5.10 70 .55 7.7 2.805 

Resistors 25 .56 13.90 75 .013 .325 .181 

8101 10 11.00 110.00 12 . 4 4 . 44.00 

8308 1 11.00 11.00 120 .4 .4 4.4 

8080 1 11.00 11.00 20 .4 .4 4.4 

PC Boards 2 25.00 50.00 1294 25 

Connector 4 3.00 12.00 80 

Testina 1000 

TOTALS 400.09 1294 1829 35.296 
158.002 
35.296 = 4.48 
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5SY3r:E:~ AVOIDS I SHEET 4 OF 

SVE-.l..SSE:13LY POWF.R SIIPPLY 

: :"~~.! ~U~"E 0R I QTY tJiHT 
Cl~TEGCJRY COSTI 

52710 1 .92 

2N3716 1 1. 33 

2N2905 1 .33 

2N3700 ? .49 

IN5615 .117 

IN5550 1 1.13 

I IN5326 2 1. 50 

I IN938B .751 
,IN753A .1n ._--1 .I. I­n 

I ITransformer 2 i .55
~-J 

f--' 

~7805 1 1. 50 

MC7812 1 I 1. 50 

r l1C790S 1 1. 50Ir-MC7915 1. 501 

MC7912 I 1. 'iii1 

potentiometer~ , 1 
I 

< :~Inductor 2 

1 

Capacitor 12 ql 

Resistor 

Relav L1 1 <:; 

8 

UNIT
 
FAILURE
 

R!\TE
 

a") .715 

., aa 3.749 

.31611 

qA .316 

. 35877 

1 1 < .358 

.358'1 nn 

.47C, 

.4.10 

1 10 1.5 
I 

.7151. 50 

.7151. 50 

1.50 1 .7l.5 

.715i.50 

.7151.S0 

.664Lfl', ---i 

I 
! 

2.3041.00 : 

4.35 8.002 

10.92 .55 
I 

I3.48 
-,• I .013~ 

IpC Board 10. - 818-1 

5.277.64Misc. Hard.& Testl ~556 

O• 687n = 1.62
TOTALS I 2910. 143.843 43.843I I I 59.24 I 818. I 

Ll\BOR HOUR~ PERI TOTAL 
COST i 

r-tJl.t:UFACTURl NG 

100J UNITS 

ASSEMBLY 

R 

lA 

6 

12 

35 

5 

10 

5 

') 

1240. 

8 

8 

8 

8 

8 

15. 

830 

15. 

60 

TOTAL 
Fl,ILL;RE 

RATE 

I .715 

11. 247 

.316 

.632 

2.506 
I 

.358 

.716 

.4 

.4 

3.0 

.715 

, .715 

\ .715 
I 

.715 

.715 

.664 

I 4.608 

8.002 

6.6 

.104 

I QTY x FAIL.~~Ti:: 
x UNIT COST 

I .658 

-J 14.959 

i .104
 

.310
 

.276 •
 

I 

-~ 

.405 

1.074! 
.3 

.04 

1.65 

1.073 I 
1.073 

1. 073i I
 
I I1.073 

1. 073 

2.424 

2.304 

34.809 

6.006 

. .003 



SHEET 5 OF _5=---__SYSTEM AVOIDS I 

SUB-ASSEMBLY HOUSING w/RF 

() 
I 

f\.) 
f\.) 

ITEM !'AME OR QTY UNIT TOTAL LABOR HOURS PER 1000' UNITS UNIT 
FAILURE 

RATE 

TOTAL 
FAILURE 

RATE 

QTY x F.~IL. RATE 
X UNIT COSTCATE.GORY COST COST 

MANUFACTURlNG ASSEMBLY 

RF Preamp 2 8.24 16.48 8.447 16.894 8.385 

BP Filter 2 5.00 10.00 .692 1. 384 6.92 

RF Switch 2 15.00 30.00 PIO RF HEAD 3.490 6.98 104.7 

Bal. Mixer 2 15.00 30.00 1.000 2.00 30.0 

L.a. 1 12.43 12.43 12.303 12.303 7.916 

PWR Divider 2 5.00 10.00 5.00 10.00 50.0 

Hardware 176.32 176.32 3791 8175 . 

. 

• 

TOTALS 176.32 3791 8175 49.561 207.921 = 4.20 
49.561 



---SYSTEM EROS II SHEET 1 OF 9 

SUB-ASSE:1BLY TRANSMITTER 

n
I 

N 
W 

ITEM NAME OR QTY UNIT TOTAL LABOR HOURS: PER 1000 UNITS UNIT 
FAILURE 

RATE 

TOTAL 
FAILURE 

Rt'\TE 

QTY x FAIL. RATE 
x UNIT COSTCATEGORY COST COST 

MANUFACTURING Jl.SSEMBLY 

RRLl7n 3 44.50 133.50 1,000 75 30. 90. 4005. 

EMI-Filter 4 .55 2.20 15 5.127 20.508 11.28 

Transformer 3 9.24 27.72 945 2.309 6.927 64.01 

Choke 1 5.04 5.04 15 2.12 2.12 10,68 

2N3227 2 .92 1.84 12 1.266 2.532 2.33 

2N3507 3 5.25 15.75 18 3.749 11. 247 59.05 

2N5337 1 3.90 3.90 6 3.749 3.749 14.62 

2N2222A 4 .34 1.36 24 1.266 5.064 1. 72 

1N4148 6 .11 .66 30 .155 .93 .10 

1N746A 1 .41 .41 5 .4 .4 .16 

1N751A 1 .41 .41 5 .4 .4 .16 

5M3.32 1 1. 07 1.07 5 .358 .358 .38 

M5B774132 1 .92 .92 8 .715 .715 .66 

M6A994531 1 .92 .92 8 .715 .715 .66 

M6A9J4631 2 1. 06 2.12 16 .715 1.43 1.52 

Capacitor 35 .97 33.95 175 .55 19.25 18.67 

Resistor 74 .15 11.10 370 .013 .962 .14 

2N 2905A 4 .51 2.04 ,24 2.124 8.496 4.33 

2N3879 . 2 1. 26 2.52 12 3.749 7.498 9.45 

2N2819A 1 .63 .63 6 3.749 3.749 2.36 

2N2907 1 .29 .29 6 2.124 2.124 .62 

·2N2957 1 1. 26 1. 26 6 18.518 18.518 23.33 

TOTALS 



SYSTEI1 ~)S II _ SHEET 2 OF __~9 _ 

SUB-ASSEMB"Y TRl NSMITTER (Cont' d) 

n 
I
 

N
 
,j::> 

---­
ITEr·1 NJI_ IE OR QTY UNIT TOTAL LABOR HOURS PER 1000 UNITS UNIT TOTAL QTY x FAIL. RATE 

CATEGORY COST COST FAILURE FAILURE X UNIT COST 
MANUFACTURING ASSEMBLY RATE RATE 

-
2N2222A 3 .29 .87 18 1.266 3.798 1.10 

2N1778 2 3.57 7.14 12 2.412 4.824 17.22 
-

1N5415 2 1.13 2.26 10 .358 .716 .81 

1N5550 2 .71 1. 42 10 .358 .716 .51 

1N4002 6 .10 .60 30 .358 2.148 .21 

1N914 3 .10 .30 15 .155 .465 .05 

1N4740A 1 .17 .17 5 .4 .4 .07 

1N965B 1 .34 .34 5 .4 .4 .14 

1N5251A 1 .34 .34 5 .4 .4 .14 
~ 

11N5254 ? 'lLl .68 10 .4 .8 .27 

VB50X 2 .84 1.68 10 .155 .31 .26 

-
LM105 2 8.40 16.80 16 .715 1.43 12.01 

U5R7723312 2 2.18 4.36 16 .715 1. 43 3.12 

Potentiometer 3 4.55 13.65 45 .664 1.992 9.06 

1N4625 4 .50 2.00 20 .4 1.6 .80 

Filter Cables 3 1.67 5.00 45 2.859 8.578 14.33 

Connector 6 1. 31 7.86 150 

Hardware set 50.00 50.00 4.00 4.00 200.00 

Housing for Hi-Vo t - 1,000 

TOTALS 365.08 2,000 x 2 2208 x 2 237.699 4490 
238.7 

= 18 85 
. 



SHEET 3 OF __9__SYSTEM EROS II 

SUB-ASSEMBLY RECEIVER 

(1 
I 

N 
Ul 

ITEM Nl--,'lE OR 
CATEGORY 

MC1550 

MC1702 

QTY 

4 

1 

UNIT 
COST 

.50 

.50 

TOTAL 
COST 

2.00 

.50 

LABOR HOURS PER 1000 t.."NITS 

MANUFACTURING ASSEMBLY 

32 

8 

UNIT 
FAIWRE 

RATE 

.4 

.4 

TOTAL 
FAILURE 

RATE 

1.60 

.40 

QTY x FAIL. R;;TE 
X UNIT COST 

.80 

.20 

MCl7l0 

5400 

1 

1 

.42 

1.68 

.42 

1.68 

8 

8 

.4 

.03 

.40 

.03 

.168 

.050 

56142 1 1.26 1. 26 8 ~715 .715 .901 

U5~7710393 

I ?"'C;?.IlC; 

1 

1 

.63 

21 

.63 

21 

8 

6 

.715 

1.266 

.715 

1.266 

.450 

.266 

I?MQl A 

2N2857 

MP~082-2800 

IN914 

IN5242 

? 

2 

8 

2 

1 

1 . ?h 

1.43 

.42 

. 10 

.29 

? <;? 

2.86 

3.36 

.20 

.29 

12 

12 

40 

10 . 

5 

1.266 

1.266 

.155 

.155 

.4 

2.532 

2.532 

1.240 

.310 

.40 

3.190 

3.621 
• 

.521 

.031 

.116 

11N5233B 

IN753A 

Potentiometer 

1 

1 

4 

.42 

.38 

.96 

.42 

.38 

3.82 

5 

5 

' 60 

.4 

.4 

.664 

.40 

.40 

2.656 

.168 

.152 . 
2.550 

Ind. Core 

Cap. Ad;. 

k;apacitor 

Delay line 

rr30-65F 

!Resistors 

.Q 

5 

4 

59 

1 

2 

53 

C;Q 

.04 

.92 

.03 

20.99 

.04 

.03 

4.7? 

.20 

3.68 

1.95 

20.99 

.08 

1. 59 

h4 

40 

60 

295 

10 

16 

265 

2.309 

2.309 

1.58 

.55 

.226 

2.309 

.013 

18.472 

11.545 

6.32 

32.45 

.226 

4.618 

.689 

10.898 

.462 

5.814 

9.74 

4.744 

.185 

.021 

TOTALS 



SHEET 4 OF _ .....9 _SYSTEM ERO~ II 

SUB-ASSr~BLY RECEIVER (Cont'd) 

o 
I 

N 
(j\ 

ITEM eJA.'1E OR 
CATEGORY 

QTY UNIT 
COST 

TOTAL 
COST 

LABOR HOURS PER 1000 UNITS UNIT 
FAILURE 

RATE 

TOTAL 
FAILURE 

RATE 

QTY x FAIL. RATE 
x UNIT COST 

MANUFACTURING ASSEMBLY 

PC Board 1 6.72 6.72 600 10 - -
Hardware set 5.12 5.12 25 - -
Misc. Elect. lot .17 .17 - -

" 

TOTALS 64.54 600 1012 x 2 89.916 
44.848 = .49 
89.916 

.,
 



SYSTE:1 EROS II SHEET 5 OF __~9 ___ 

SUB-ASSEMBLY EXCITER 

() 
I 

N 
--..J 

-
lTD! NAME OR QTY UNIT TOTAL LABOR HOURS PER 1000 UNITS UNIT TOTAL QTY x FAIL. RATE 

CATEGORY COST COST FAILURE FAILURE x UNIT COST 
MANUFACTURING ASSEMBLY RATE R.n.TE 

MC835 2 .61 1. 22 16 .715 1.43 .872 

MC1812 1 .71 .71 8 .715 .715 .508 

CA3028F 4 1.05 4.20 32 .715 2.860 3.003 

2N918 7 .34 2.38 42 1. 266 8.862 3.013 

2N3646 1 .29 .29 6 1.266 1.266 .367 

')~nQ"'''' 1 All All 6 3.749 3.749 3.149 

2N5641 1 1.09 1.09 6 3.749 3.749 4.086 

-01 A2 ? "in 1 nn 10 .155 .31 .155 

MA43000 1 10.08 10.08 5 .155 .155 1. 562 

IN914 9 .10 .90 45 .155 1.395 .140 

Potentiometer 3 .29 .87 45 .664 1.992 .578 

Inductor 7 .59 4.13 35 .069 .483 .285 

Ind. Core 11 .04 .44 55 .069 .759 .030 

Cap. Aj. 7 .50 3.50 ,105 1. 59 11.130 5.565 

Cap. 40 0.09 3.72 200 .55 22.00 1.980 

Crystal 8 1. 68 13.44 160 .226 1.808 3.037 

1 15.95 15.95 5 .155 ,155 2.472 

Sub-Strate 1 16.79 16.79 32 - -

Resistor 58 .04 2.3 Q 290 .013 .767 .030 

PC Board 1 4.20 4.20 818 - -
Misc. Hard. lot 20.99 20.99 500 50 - -

30.833 
TOTALS 109.10 1318 1153 63.585 63.585 = .48 



SHEET 6 OF __~9 ___SYSTE~ EROS II 

SUB-ASSEMBLY RF AND HOUSING 

n 
I 

IV 
(J.) 

ITEM Ni !·lE OR QTY UNIT TOTAL LABOR HOURS PER 1000 UNITS UNIT 
FAILURE 

RATE 

TOTAL 
FAILURE 

RATE 

QTY x FAIL. RATE 
x UNIT COST CATECORY COST COST 

M.l\NUFACTURI NG ASS~MBLY 

RF Front End 1 504 504 500 

*Reliability and I aintaina ility of RF Front Ene 

-MC1550 4 N/A .627 2.508 

-MC1702 1 N/A .627 .627 

-MCl710 1 N/A .627 .627 

-MPS3646 1 N/A 1.266 1. 266 

-2N5245 1 N/A .290 .290 

-MP2800 8 N/A .155 1.240 

-IN914 2 N/A .155 .31 

-IN5242B 1 N/A .4 .4 

-IN5233B 1 N/A .4 .4 

-Pots 3 N/A .664 1.992 

-Ind. 2 N/A .069 .138 

- Cores 5 
. 

N/A .069 .345 

-Bends 12 N/A .069 .828 

-Caps 34 N/A .55 18.7 

-Adi. Cap. 4 N/A 1. 58 6.32 

-Resistor 26 N/A .013 .338 

Misc. Hardware 

and Conn. 195 401 401 425 737 

TOTALS 905 425 x 2 1237 x 2 36.329 



.'
 

SHEET· 7 OF 9SYSTEM EROS II 

SUB-ASSEMBLY LOGIC 

() 
I 

IV 
\!) 

ITEM NAME OR 
CATEGORY 

QTY UNIT 
COST 

TOTAL 
COST 

LABOR HOURS PER 

MANUFACTURING 

1000 UNITS 

ASSEMBLY 

. UNIT 

FAILURE 
RATE 

TOTAL 
FAILURE 

RATE 

QTY x FAIL.Rl\TE 
x UNIT COST 

LSI 8 16.79 134.32 160 .4 3.2 53.728 

2502 8 8.40 67.20 160 .715 . 5.72 48.048 

1302 1 8.40 8.40 60 .715 .715 6.006 

TMS2300 1 8.40 8.40 6 .715 .715 6.006 

MN3004 1 16.79 16.79 6 .715 .715 12.005 

54L505 3 .50 1. 50 24 .035 .105 .053 

MS935 2 .58 1.16 16 .715 1.430 .829 

54107 . 1 .63 .63 8 .035 .035 .022 

5417 

:MH0026 

3 

, 
.50 

1.05 

1. 5(; 

1. 05 

24 

6 

.715 

.715 

2.145 

.715 

1.073 

.751 

CD4049 1 .59 .59 6 .035 .035 .021 

CD4050 2 .59 1.18 12 .715 1.43 .844 

,...,..,Ll".,o: ., 17R 11 14 18 .715 2.145 8.108 

?1\l???2A 

2N2369A 

4 

1 

.29 

.32 

1.12 

.32 

24 

6 

1. 266 

1. 266 

5.064 

1.266 

1.469 

. 405 
. 

2N2907A 

2N5783 

2. 

14 

.29 

.50 
. .58 

7.00 

12 

84 

2.124 

2.498 

4.248 

34.972 

1. 232 

17.486 

IN74Q~ 1 .40 .40 5 .4 .4 .160 

1N750A 1 .40 .40 5 .4 .4 .160 

11\lQ14 

Resistors 

Caoacitors 

TOTALS 

18 

38 

17 

.10 

.03 

.03 

i 
!I 

1.80 

1. 74 

.70 

i 

-1 
90 

290 

8:; ~ 

.155. 

.013 

_:'·C· ~ 

2.79 

.754. 

9.35 

.279 

.022 

.281 



SHEET 8 OF 9SYSTEM EROS II 

SUB-ASSEMBLY LOGIC (Cont'd) 

n 
I 

Vol 
o 

ITEM NA:"1E OR QTY UNIT TOTAL LABOR HOURS PER 1000 UNITS UNIT 
FAILURE 

RATE 

TOTAL 
FAILURE 

RATE 

QTY x FAIL. RATE 
x UNIT COSTCATEGORY COST COST 

MANUFACTURING ASSEMBLY 

Connector 2 2.94 5.88 125 - -
PC Board 2 5.88 11. 75 1303 20 - ;:.. 

-

I 

~. 

158.99 = 2.05
78.08TOTALS 285.75 1303 1252 x 2 78.07 



SYSTEM EROS II SHEET 9 OF _~9:...-__ 

SUB-ASSEMBLY POWER SUPPLY 

n 
j 

W 
I-' 

ITEI·~ NAI1E OR 
CATEGORY 

2N3055 

IN4002 

! IN4738A 

IN5401 

Capacitors 

I Resistors 

QTY X FAIL. RATE 

COST 
TOTALUNITLABOR HOURS PER 1000 UNITSUNI l' TOTALQTY 

FAILURE X UNIT COST 
MANUFACTURING 

FAILURECOST 
RATE RATEASSEMBLY 

2.52.843 3.749 9.45 

14 

11.24718 

.10 1.40 .35870 5.012 .501 

1 .25 .25 .4 .45 .100 

8 .35840 2.8642.00 .716 

17 

.25 

12.47 85 .55 9.35 6.826 

11 

.73 

2.75 55 .013 .143 .036"S 
I1 

Transfomer I 3 36.10 83.332· 

150 

945 2.309 6.92712.01 

20
 

Chassis
 

PC BoaTd 1 2.52 2.52 

15
 

Connector
 

1001. 4.20 4.20 

25 

25 

1 2.182.18 

1. 261Fuse & Holder I1.26 

I 

=j 

100.958 = 2.821303.25067.65 35.943TOTALS 35.943 .. 



SECANT' SHEET 1 OF 5SYSTE:1 

SUB-ASSEMELY MICROWAVE MODULE 

() 
I 

W 
t\.) 

ITE:1 NA!1E OR 
CATEGORY 

QTY UNIT 
COST 

TOTAL 
COST 

LABOR HOURS PER 

MANUFACTURING 

1000 UNITS 

ASSEMBLY 

UNIT 
FAILlJRE 

RATE 

TOTAL 
FAILURE 

RATE 

QTY x FAIL. R..=\.TE 
x UNIT COST 

MC1350 25 .67 16.75 150 .715 17.875 11. 980 

MPSH81 45 .21 9.45 270 1.266 56.97 11.964 

MMT8015 6 3.07 18.42 36 1.266 7.596 23.320 

7403 6 .35 2.10 36 .030 .18 .063 

7442 
I 

9582 

1 

3 

1.45 

1.45 

1.45 

4.35 

6 

18 

.030 

.7:1.5 

.03 

2.145 

.044 

3.110 

UP ni"r'lA 6 ,<; ? 1 n 30 .155 .93 .326 

Limit er Pin-Dind 2 v; 70 10 .155 .31 .109 

2N6389 

I Q("'nLll n 'HI 

CA3083 

?Nh?hh 

i 2N6267 

Cap. Var. 

5 

1 

1 

1 

2 

12 

2.67 

? ,a 

.42 

62.54 

69.96 

.11 

13.35 

? 19 

.42 

62.54 

139.92 

1. 32 

30 

6 

6 

6 

12 

60 

3.749 

1. 266 

.715 

9.76 

6.48 

1.58 I 
I 

18.745 

1.266 

.715 

9.76 

16.96 

18.96 

50.049 I 
3.026 I.----< 

.300 ! 
610.39 i 

1186.522 

2.086 i 

I Coils 

H3302 

Mixer I 

111 

10 

8 

.06 

3.02 

3.02 

6.66 

30.20 

24.16 

555 

250 

200 

.069 

.93 

.379 

7.659 

9.3 

3.032 

.460 

28.086 

9.157 
J 

Crystal 12 1. 06 12.72 240 .226 2.712 2.875 

Potentiometer 3 .37 1.11 45 .664 1.992 .737 

ro"_~.. ,~ ..~_ ? <;.-; a? 11, ALl 50 5.00 10.00 569.200 

Filter' 

Diode Switch 

TOTALS 

. 2 

1 

3.18 

3.02 

6.36 

3.02 -l 
40 

10 

4.43 

.155 

8.86 

.155 

28.175---­
.468 I 



5SHEET 2 OFSYSTEM SECANT 

SUB-ASSEMBLY MICROWAVE MODULE 

n 
I 

W 
W 

ITEM NA.'E OR QTY UNIT TOTAL LABOR HOURS PER 1000 UNITS UNIT TOTAL Q'IY x FAIL. ~.TE 

CATEGORY COST COST FAILURE FAILURE x UNIT COST 
M.lI.NUFACTURJNG ASSEMBLY RATE RATE 

no "';1"~¥ 1 3.18 3.18 20 4.43 4.43 14.087 

~~trate <; .., 1 Q 1<; an ..,n 1 n c; nn 1 c; ann 

Capacitors-T 19 .27 5.13 95 .55 10.450 2.822 

Capacitors-M 450 .05 22.50 2250 .11 49.50 2.475 

Resistors 21:0 .02 4.20 1050 .013 2.73 .055 

PC Board 
, 

2 5.29 10.58 1636 20 

Misc. Hardware Lot 340.04 340.04 500 

connectors Lot 31.80 31. 80 3000 50 ===3l I 

Chassis - - - 500 200 i 
Testing 1500 I 

I'I 
I ~ I 

..,-I
I 

I 
I 

I 

I 

TOTALS 906.66 5136 
2577.786 = 9.61 

7781 x 2 ,268,262 268.262 



5 SECANT SHEET 3 OF 

SUB-ASSEMBLY 

SYSTEM 

DETECTOR 

() 
1 

W 
.l'> 

ITE:-1 NA."1E OR 
CATEGORY 

MSI 

Potentiometer 

Inductor 

Cap. Adj. 

Capacitor D 

Capacitor T 

Saw Filter 

By-Pass Cap. 

1C Amp. 

P.C. Boards 

Housing 

TOTALS 

QTY 

8 

8 

24 

8 

16 

16 

8 

4 

1 

10 

1 

UNIT 
COST 

2.12 

.37 

.85 

.11 

.05 

.27 

4.24 

.16 

2.12 

.53 

9.00 

TOTAL 
COST 

16.96 

2.96 

20.40 

.88 

.80 

4.32 

33.92 

.64 

2.12 

5.30 

9.00 

97.30 

r~BOR HOURS PER 1000 UNITS 

MANUFACTUR1NG ASSEMBLY 

48 

120 

120 

120 

80 

80 

200 

20 

8 

. 2000 100 

400 125 

2400 1021 x 3 

UNIT 
FAILURE 

RATE 

.4 

.664 

.475 

1. 58 

.55 

_ .55 

1.18 

• J:> 

.715 

-

-

TOTAL 
FAILURE 

RATE 

3.2 

5.312 

11.400 

12.64 

8.8 

8.8 

9.44 

:l.:l 

.715 

-

-

.61. 792 

QTY x FAIL. RATE 
x UNIT COST 

6.784 

1.965 

9.690 

1.390 I 
.440 

2.376 

40.0:lb -­

..jJ:l 

1.516 

-

-

64.539 
61. 792'= 1.04 



----SYSTEM SECANT SHEET 4 OF 5

SUB-ASSEMBLY LOGIC 

() 
I 

W 
l,'l 

ITEM NAME OR QTY UNIT TOTAL LABOR HOURS PER 1000 UNITS UNIT TOTAL QTY X FAIL. RATE 

CATEGORY COST COST FAILURE FAILURE X UNIT COST 
1".ANUFACTURING ASSEMBLY RATE RATE 

LSI-Custom 42 12.70 533.20 252 .4 16.8 213.36 

Crystal 1 1.06 1.06 15 .226 .226 .240 

Diode 1 .35 .35 5 .155 .155 .054 

Transistor 1 2.39 2.39 6 1.266 1.266 3.026 

Resistor 4 .02 .08 20 .013 .052 .001 

Capacitor 4 .OS .20 20 .55 2.2 .1l0 

Tuned Coil 1 .OS .06 15 .475 .475 .029 

1. C. " 1 .55 .35 6 .715 .715 .250 

p.e. BoarJ .. 5.29 21.1u 78,] 40 

P.C. Connector 4 3.71 14.:'34 60 

i 

- i I 
I 

I -, I I 

1-1 
l 

I 
\ - II I 

I 
. 

t-
I 

I 

I 

573.65 700 
217 .27 

TOTALS 439 X 2 21.889 21.889 = 9.93 



---
'''ECANT . SHEET 5 OF 5SYSTEM 

SUB-ASSE -IBLY HOUSING 

() 
I 

W 
(j\ 

ITE:-l NA.."lE OR QTY UNIT TOTAL LABOR HOUR~; PER 1000 UNITS UNIT 
FhILURE 

RATE 

TOTAL 
FAILURE 

RATE 

QTY x FAIL. RATE 
x UNIT COST 

-
-
-
-
-
- I 

CATEGORY COST COST 
HANUFACTURING ASSEMBLY 

Front Panel 1 26.50 26.50 
-

150 75 - -

P. C. CardhoIde! 1 64.00 64.00 250 - -

Assembly - -
HW 40D2 4 3.50 14.00 200 - -
Fan 1 7.50 7.50 120 - -

Dust Cover Slide 10.60 10.60 130 25 - -
I 

MS3102 1 15.90 15.90 25 - - - J 

~ 
PC02A 14-195W 1 14.84 14.84 25 - -

PC02A 14-195 1 14.84 14.84 25 - -
N-Conn. 2 1.44 50 - -

wiring Lot .72 - 400 - - ~--

TOTALS 169.62 280 1195 x 2 

~ 



SHEET 1 OF 3SYSTEM HONEYWELL 

SUB-ASSEMBLY ENCODER MODULE 

n 
I 

W 
-.-J 

ITE:·! NAME OR QTY UNIT TOTAL . h~BOR HOURS PER 1000 UNITS UNIT TOTAL QTY x FAIL.RrlTE 

CATEGORY COST COST FAILURE FAILURE X UNIT COST 

MANUFACTURING ASSE~IBLY RATE RATE 

PRESSURE'SENSOR 1. 5.00 5.00 125. 16. 16 80. 

LM 124 2 3.15 6.30 16. .715 1.43 4.505 

"N 7400 1 .30 . 30 8. .12 .12 .036 

2N 2907 4 .35 1. 40 24. 2.124 8.496 2.974 

2N 4857 4 1. 25 5.00 24. 11. 904 47.616 59.520 

IN 4148 8 .13 1. 04 40. .155 1. 24 .161 

. LSI-CUSTOM 1 13.00 13.00 20 . .4 .4 5.200 

POTENTIOMETER 1 3.65 3.65 15. .664 .664 i 2.424 IRESISTORS 37 .03 1.11 185. .013 .481 .014, 

RES ISTORS-WW 2 .25 .50 10. .013 .026 .OOd 
CAPS - DISC 2 .05 .10 10. .291 .582 .029 

CAPS - TANT 4 .23 .92 20. .55 2.20 .05~ 

PROM 93434 1 10.00 10.00 12. .4 .4 4.00 I 

ILM 3612 4 4.00 16.00 ,40. .715 2.86 n.440 

SN 74273 1 3.15 3.15 8. .715 .715 I 

PC BOARD 1 35.0Q 5.00 818 25. :~~ 
PRESSURE FITTING i 1 

. 
.45 . 45 5 . 

CONNECTOR 1 1. 00 1. 00 15. 

MISC. HARDWARE LO'r 1. 50 1. 50 25. 

75.42 818 627 83.23 173.067 = 2. OE 
TOTALS 83.23 



SHEET 2 OF _-=-3 _SYSTEM HONEYWELL 

SUB-ASSEM' LY ENCODER MODULE 

(") 
I
 

W 
0: 

QTY x FAIL. RATETOTALUNITLABOR HOURS PER 1000 UNITSTOTALUNITQTYITEM NAME OR 
x UNIT COSTFAILUREFAILURECOSTCOSTCATEGORY 

RATERATEASSEMBLYMANUFACTURING 

173.06783.2383.23627
818
75.42 75.421
RAc;I(' (PAr-F) 

4.000.4
.4
20
10.001
 10.00INTEL 8080
 . 
14.3001.43.715
32
10.00 20.008216
 2
 

i 14.3001.43.715
32
20.0010.008111-2 :< 

7.150.715
.715
16
10.0082]2 
i 

1 .., 10.00
 

SENSOR TEST 200
 
1710
CALIBRATION 

I
 

I
 
f 

. 

I 212.817 == 2.4487.2052637
135.42 818
TOTALS 87.205 



SYSTEH _N"""A..,RC"""'O _ SHEET 3 OF 3 

SUB-ASSEMBLY ENCODER MODULE 

\) 
I 

W 
~ 

ITE:-l NMI£ OR QTY UNI'!' TOTAL LABOR HOUR£: PER 1000 UNITS UNIT TOTAL QTY x FAIL. RATE 
CATEGORY COST COST FAILURE FAILURE x UNIT COST 

NANUFACTURING ASSEMBLY RATE RATE 

RESISTOR - PREC. 11 .25 2.75 55 .013 .143 .036 

RESISTOR - POT 5 .95 4.75 75 .664 3.32 3.154 

RESISTOR -TEMP. 1 1. 50 l. 50 5 1. 35 l. 35 2.025 

"''''''''' 1 1. 35THER1I1ISTOR .56 .56 5 1. 35 .756 

OPTICAL COUPLER 1 .75 .75 8 1.35 1. 35 1.013 

THERMAL CUT-OFF 1 .25 .25 15 

PC BOARD 1 5;00 5.00 818 25 

CONNECTOR 1 1.00 l.00 15 

PNEUMATIC CONN. 1 .45 .45 5 

MISC. HARDWARE LOT 1. 50 1. 50 25 

25 CONDo CABLE 1 2.50 2.50 1042. 

ALIGNMENT & TEST 1000. 

6 CONDUCTOR CABLE 
w/PLUG 1 1. 00 l.00· 2,50. 

-

TOTALS 
73.39 818 3088xl.5 51. 385 597.575 11.24 

51.385. 
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1. GENERAL DESCRIPTION 

ARINC Research Corporation's life cycle cost model (LCCM) has been 
adapted to evaluate the economic impact of proposed collision avoidance 
systems (CAS) and to provide a basis for cost comparisons among the 
several competing CAS concepts currently under development. The specific 
concepts being evaluated within the current ARINC Research study are: 

(1)	 AVOIDS (Minneapolis-Honeywell) 
(2)	 EROS (McDonnell-Douglas) 
(3)	 SECANT (RCA) 

The model evaluates each of these c0ncepts in three differentpser environ­
ments: Commercial Aviation, General Aviation, and Military Aviation. 
Further, within each user category and concept combination evaluation, the. 
model considers (as appropriate) three levels of CAS: a full or commercial 
aviation capability, a limited or general aviation capability, and a 
remitter capability. The distribution of these three levels within a 
specific user category is specified by the input data to the model. 

The model itself is an expected value model which has been programmed 
in FORTRAN for evaluation using the COntrol Data KRONOS 2.1 Time Sharing 
System. The model computes the expected acquisition, installation and 
logistic support costs by year and cumulative for each concept/user com­
bination desired. The program is designed for flexibility so that data 
changes can be readily implemented, sensitivity evaluations can be per­
formed, or additional data outputs can be obtained. 

2. PROGRAM FEATURES 

The CAS LCCM implementation consists of a common main program, called 
CASCOST, and six input data files called AVOIDS, EROS, SECANT, COM, GEN, 
and MIL. (Differences due to the specific user categories are handled 
through appropriate modification of the data files.) At the beginning 
of the program's exercise, the system and user file names are specified 
from the teletype terminal keyboard. The program then calls the designated 
files and reads them to obtain the specific data parameters used in the 
evaluation. 

In addition to calling the user and system files, the inflation rate 
and the type of evaluation to be performed (i.e., whether for full only, 
limited only, remitter only, or the composite of all three) are also specified 
as inputs from the teletype terminal keyboard. 

.." 

The specific outputs of the model are as follows: 

(1)	 The total acquisition cost for the designated user category
 
and system by year and cumulative.
 

(2)	 The total installation cost for the designated user category
 
and system by year and cumulative.
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(3)	 The total non-recurring logistic support cost for the
 
designated user category and system by year.
 

(4)	 The total recurring logistic support cost for the
 
designated user category and system by year.
 

(5)	 The total logistic support cost for the designated
 
user category and system by year and cumulative.
 

(6)	 The total cos~ for the designated user category and' system
 
by year and cumulative.
 

(7)	 The cost per aircraft for, the designated user category and
 
system by year (e.g., the cumulative total cost in year I
 
divided by the number of CAS equipped user aircraft in year I.)
 

(8)	 The ratio of average cumulative total logistic support cost to . 
cumulative acquisition cost in percent for the designated 
user category and system by year (e.g., 100 times the cumulative 
total logistic support cost in year I divided by I times the 
cumulative acquisition cost in year I.) 

(9)	 The detailed cost element breakdowns of the non~recurring,
 

recurring and total logistic support costs for the designated
 
user and system by year.
 

(10)	 The cost per aircraft per year to the aircraft owner and the
 
corresponding average annual logistic support to acquisition
 
cost ratio (General Aviation case only).
 

3. MODEL FORMULATION 

The following describes the mathematical formulation of the CAS LCCM 
which has been implemented into the program CASCOST. The parameter defini­
tions used in the model are presented in Attachment A and correspond to 
those previously submitted to the FAA.· As noted earlier, the model computes 
on a yearly and cumulative basis the acquisition, installation, logistic 
support costs, and their totals for a given CAS system concept and user 
category combination in the time period 1978-1988. Inflation factors are applied 
to all of the cost categories over the time period of interest . 

•	 Submitted in conjunction with the revJ.sJ.on of the "Recommended Uniform Ground
 
Rules for the Evaluation of Life-Cycle Costs, Systems Operability and Relia­

bility of Alternative Collision Avoidance Systems"prepared for the FAA by
 
ARINC Research on 9 August 1974.
 

D-5 

" 



3.1 Acquisition Costs 

The acqui~ition costs are determined by the number of CAS systems
 
purchased for a given user category each year, the average unit cost
 
of the systems during the year (reflecting learning and·amortization
 
factors), and the effects of inflation. The acquisition costs for the
 
ilth year are given by:
 

# 

r
 

ACOS.
]. 

= jF(FUCOS + AFCOS) + L(LUCOS + ALCOS)
 
i 1
 
-+ E (EUCOS + AECOS) I (1 + XINF) i-I; i ~ 2
 

I 

= TF(FUCOS + L(LUCOS) + E(EUCOS~ (1)

! _J 

where: 

F = Q(Ql) (IRAC. + NNAC.) (2)
]. ~. 

L = Q(l-Ql) (l-FREM) (IRAC. + NNAC.) (3)
]. ]. 

E Q(l-Ql) (FREM) (IRAC. + NNAC.) (4)
]. ]. 

lRAC. 
]. 

= the number of aircraft retrofitted in year i 

NNAC. 
]. 

= the number of new aircraft in year i 

All other variables are as identified in Attachment A. 

The cumulative acquisition cost is simply: 

i 
\' 

TCOSA. = L ACOS . (5)]. -' J 
j=l 
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3.2 Installation Costs 

The installation cost in the i'th year is determined simply by the 
number of CAS units installed in new aircraft or retrofitedinto existing 
aircraft that year times the appropriate per unit installation rate and 
modified by the inflation factor. The resultant installation cost is given 
by: 

Icas. = Q r~l (lRAC. • Rlcas + NNAC. . FICaS) + (l-Ql) 
1 1 1t 

(l-FREM) (lRAC.. LRCOS + NNAC. LlCOS) + (l-Ql)
1 1 

i-I (6 )(FREM) (IRAC . . ERCOS + NNAC. (1. + XINF)
1 1 

EICOS)] 

The cumulative installation cost is simply: 

~ 
TOCI. lcas. (7 )

1 L J
j=l 

3.2 Logistic Support Cost 

The. logistic support cost is considered to be composed of the sum of 
eight cost elements, each having a non-recurring and recurring cost 
component. Hence, the logistic support cost in the i'th year and the cumu­
lative logistic support cost to that year are given by: 

r 
I

LCOS. = ,'NRCOS .. + RLCaS 
1 , 1.,J (8 ) 
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~ · TCOSL. 
1. 

= LeOS.	 (9)j;i J 

The following paragraphs present the methodology for determining the 
individual codt elements and their components. 

3.3.1 Initial and Rep1~cement Spares 

This cost element consists of the expenses associated with the procure­
ment of the spares inventory•. The nonrecurring component is the expenditure 
in the i'th year to purchase the additional spares required to satisfy the 
demand with a given level of spares sufficiency. In determining the non­
recurring costs, there are several assumptions and constraints which should 
be noted: 

(1)	 A minimum of one spare at each base is assumed for the
 
principal electronics, pilot's maneuver indicator, and
 
control panel for each level of CAS capability.
 

(2)	 A minimum of one spare of each type of principal
 
electronics module is assumed for each ~epot.
 

(3)	 No spares are assumed for the complete antenna systems. 

The recurring spares cost represents the cost of purchasing additional spares 
to replace those which. are lost to the logistic system through condemnation 
actions. Inflation factors are applied to both components. Theresu1tant 
components are given by: 

0-8 



NFMOD 

= { L [ (PFOH) (Q) (Ql)NRCOS. 1	 [ DRCT(I-RTS.) + BRCT(RTS.) I 
1.,	 , J J ' 

j=I'	 FMTBF j 

+ SUF \ _o'(PFOHl (Q) (Ql) ·~-RC~-(l-~~~~-~-BRCT(RTs.)l-TSPRF.l FUC. 

\'	 FMTBF. - J J-J JJ J 
J 

NFMOD 

+ ): r (PFOH) (Q) (1-Ql) (I-FREM) r'DRCT (l-RTS.) + BRCT (RTS.) 1 
j=1	 [ LMTBF. J J ' 

J 

(PFOH) (Q) (l-Ql) (I-FREM) IDRCT(l-RTS.)	 1+	 SUF \ J + BRCT (RTS j ) 
LMTBF. 

J 

NEMOD 

'1 + L (PFOH) (Q) (l-Ql) (FRE1-1) I DRCT (l-RTS.)- TSPRL.; LUC. j
 

J i J
 
-' j=l '-0 EMTBF . ~. J 

J 

+ BRCT (RTS.) 1 + SUF J(PHciHT-(Q)-Ti=-Ql) (FREM) I 

J	 .. EMTBF. 
J 

i-I
(l+XINF) (10) 
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NFMODr (FUCj ) (COND
j 

) 
RLCOS. 1 = (TFOH) (Q) i Ql L1, 

j=1 (FM'I'BF )j 

= 

NLMOD 
-- (LUC.) (COND.)+ (l-Ql) (I-FREM) . J JL'. 

(LMTBF, )j=1 J 

NEMOD 

\' (EUC. ) (COND. )
+ (l-Ql) (FREM) 1_, J J 1 (l+XINF) i-I (11)

I 
j=1 (EMTBF. ) ! 

J 
.J 

where: 

PFOH = (PHR) (NAC. - (IT-i) lIT) i $. IT 
o 1 

i ~ IT (12 ) 

TFOH = 12 (AHR) (NAC. - (IT-i) lIT) i.~ IT 
1 

= 12 (AHR) (NAC. ) i > IT (13)
1 

NFMOD = NMODF + 4 

NLMOD = NMODL + 4 

NEMOD = NMODE + 4 

TSPRF., TSPRL. and TSPRE. represent thetotal number of the j'th
J J J 

type of spares purchased prior to the year i. 
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3.3.2 On-Aircraft Maintenance 

This cost element represents the expected expenditure in performing 
on-aircraft corrective maintenance. This element contains only a 
recurring cost component, i.e., NRCOS. 2 = 0, and represents the labor 

J., 

cost associated with remove and replace actions. It is assumed that no 
individual principal electronics modules will be removed and replaced on 
an on-aircraft basis. The cost element is given by: 

.. 
4 

(Ql) (FRMH.) (l-Ql) (l-FREM) (LRMH.)\ J + " .....:;..J__
RLCOS. 2 = (TFOH) (Q) (BLR) L__. 

J., (FMTBF. ) (LMTBF. )
L j=l J J 

(l-Ql) (FREM) (ERMH ) \
j i-I 

+ --------~-- ( (l+XINF) (14) 
(EMTBF.) i 

J 

3.3.3 Off-Aircraft Maintenance 

The expected labor, materiel, and shipping costs associated with per­
forming corrective maintenance at base and depot locations are represented by 
this cost element. Like the preceeding element, this element is a recurring 
cost only, i.e. NRCOS. 3 = O. The element is given by: (the factor 1.125 

J., 

shown in the equation represents the additional weight due to packaging for 
shipment. ) 
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NFMOD 

RLCOS. 3 = . (TFOII) (2) {21 L [ (FDMH.) [(RTS.) (BLR) + (l-RTS.) (OLR)]
1,	 . J J J.j=l 

+ FOMC. + 1.125	 (SHC) (FWT.) [2(1-RTS.) (l-FCOND.)+ FCONO.-D /(FMTBF.)
J	 J - J J J] J 

+ (1-Q1) (l-FREM) ~~ fLCLDMH .) [(RTS.) (BLR) + (l-RTS.) (OLR) 1 . 
1_'_ J .. J J" 
j=l 

+ LOMC, + 1.125	 (SHC) (LWT,) r2(1-RTS,) (l-LCONO.) + LCONDJ.lJl/ LMTBF ,)
)	 J.- J J ~ J

NEMOD r 
+	 (l-Ql) (FRE1-i») . : (EOMH j ) [(RTS j ) (BLR) + (l-RTS j ) (OLR) ~ 

j=l 

+ EDMC. +1.125	 (SHC) (EWT.) [2(1-RTS.) (l-ECOND.)
J	 J - J J 

(15) 
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3.3.4 Inventory Entry and Supply Management 

This cost element represents the management cost associated with
 
introducing and maintaining new coded supply items into the user inventory
 
and the management cost of maintaining a supply inventory for all of the
 
coded items for the system that are stocked at the repair sites. The
 
first year's inventory entry cost is treated as a nonrecurring cost and is
 
then treated as part of the recurring cost in subsequent years. The
 
supply management cost is treated as a recurring cost throughout. The
 
resultant components are given by:
 

NRCOS. 4 = (lAC) [(PPF) (PPFB) + (PPL) (PPLB) + (PPE) (PPEB)_l i = 1 
1, 

= 0 i)l (16) 

r 
RLCOS.

1,
4 = SA 14 (PPFB+PPLB+PPEB) (NBASi ) + [(TPF) (PPFB) + (TPL) (PPLB) 

+ (TPE) (PPEB)l (NDEPi~ i = 1 

I 

= ..: (lAC) r(PPF) (PPFB) + (PPL) (PPLB) + (PPE) (PPEB) 

+ SA 4 (PPFB+PPLB+PPEB) (NBAS.) + (TPF) (PPFB) + (TPL) (PPLB)
1 

i 1 (17 )
+ (TPE) (PPEB)] (NDEPi~ }(1+XINFJ - i::> 1 

I 
) 

where: 
PPFB = 0; Ql = 0 

= Ii Ql 1" 0 

PPLB 0; Ql = 1 or FREM = 1 

= 1; Ql 1" 1 and "FREM 1" 1 
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PPEB = 0, Ql = 1 or FREM= 0 

= 1, . Ql ~ 1 and FREM t- 0 

3.3.5 Special Support Equipment 

This cost element includes the nonrecurring cost of purchasing special 
test equipment (NRCOSi,S) and the recurring cost of operating the test 

equipment (RLCOS.·) • It is assumed in the model that the test equipment 
will be unique to1 t6e principal electronics and will only be operated at 
depot level facilities. It is further assumed that there will be a minimum 
of one such unit at each depot facility. The nonrecurring and recurring 
costs of special support equipment in the i' th year, assuming NSUPF, NSUPL, 
and NSUPE units of support equipment have been purchased prior to year ii 
are given by: 

r 
= ,:.; [(PFOH) (Q) (Ql) (FDMH1 ) (OUR)NRCOS. 5 - NSUPF (CADF) 

1, l 
(FMTBF1) (ATE) (OAA) 

, (PFOH) (Q) (l-Ql) (l-FREM) (LOMB ) (OUR)1
+ - NSUPL: (CADL) 

_. (LMTBF1) (ATE) (OAA) 

r- (PFOH) (Q) (l-Ql) (FREM) (EOMH ) (OUR)
1

+ - NSUPE (CADE)· 

(l+XINF)i-l (18) 
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(PFOH) (Q) (DUR) [ (Ql) (FDMB ) (CODF)
l

RLCOS. 5	 = 
1, (ATE) (DAA) (FMTBF1) 

(l-Ql) (l-FREM) (LOMB ) (CODL)
l+
 

(LMTBF1)
 

(l-Ql) (FREM) (EDMH ) (CODE)
l+	 (l+XINF) i-I (19) 

(EMTBF )
l 

3.3.6 Training 

The training cost consists of the specialized maintenance training 
to meet the expected corrective maintenance demands (NRCOS. 6) and the 

.	 1, 

recurrent cost of additional specialized training resulting from turnover of 
personnel (RLCOS. ). It is assumed that training requirements are 
associated with 6n~y the principal electronics and are common to all three 
levels of systems. It is further assumed that this training cost is only 
incurred for depot level personnel and that a minimum of one person per 
depot will receive training. The training costs in the i'th year are then, 
assuming NPERS have been trained prior to year i: 

NRCOS. 6· 
1., 

I" (TFOH) (Q) 
= . 

L (PMD) 

r 
, (Q1) 

NFMOD,-­
L, 
j=l 

j~2,3,4 

(FDMH. )
J 

(FMTBF. )
J 

+ (l-QI) (l-FREM) 

NLMOD 
\" 

L 
j=l 

j~2,3,4 

(LDMHj ) 

(LMTBF. )
J 

NEMOD

f,+ (l-Ql) (FREM) 

j=l 
j~2,3,4 

(EDMH. )
] 

(EMTBF. )
J 

'1 

'\• 
- NPERS :. (TeD) (I+XINF) 

i 
" 

i-1 (20) 
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NFMOD (FDMH. )
(TFOH) (Q) (TRD) (TCD) [ (Ql) JRLCOS. 6 = 

~'. 

1., (PMD) J 
(FMTBF. )j=l J 

j~2,3,4 

NLMOD 
~. (LDMH. )

J+ (l-Ql) (l-FREM) 1_., 
(LMTBF. )j=l J 

j~2,3,4 

NEMOD 
(EDMH. ) 

+ (l-Ql) (FREM) \ J (1+XINF) i-I i > 1L_. (EMTBF. )
j=l J 

j~2,3,4 

= 0; i = 1 (21) 

3.3.7 Data Management and Technical Documentation 

This cost element consists of the recurring costs arising from the 
labor time involved in filling out the necessary forms associated with each 
maintenance action (RLCOS. 7) and the nonrecurring cost (NRCOS. 7) associated 

. 1., 1., 

with the preparation of base and depot level documentation. These are 
given by: 

NRCOS. 7 = TD rNBDF+NDDF) (PPFB)+(NBDL+NDDL) (PPLB) + (NBDE+NDDE)
1., 

(PPEB) i = 1 

= 0; i:> 1 (22 ) 
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RLCOS.
1., 

7 = (TFOH) (Q) (BLR)} (Ql) (OR+FR+SR+(l-RTS.)TR)
I j=l . J 

L (FMTBF.) 
] 

+ (l-Ql) (l-FREM) (OR+FR+SR+(l-RTS.)TR)
J 

(LMTBF. )
J 

+ (l-Ql) (FREM)(OR+FR+SR+ (l-RTS. )TR) i-I 
___________----.Jd.J'----+j . (l+XINF) (23) 

(EMTBF.) :)
J 

3.3.8 Facilities 

The facilities costs are considered to consist of the recurring operating 
costs of the repair facilities (e.g., space rent, electricity, general tools, 
telephone, etc.) It is assumed that no new support facilities will be needed 
for the system and hence no nonrecurring costs will be required, i.e., 
NRCOS. 8 = O. The recurring cost is then given by:

1., 

RLCOS. 8 = [(FIB) (NBAS ) + (FlO) (NOEPi)J (l+XINF) i-I (24)
1., i 

4. SAMPLE RESULTS 

In order to demonstrate the application of the model and its resultant 
outputs, the program was exercised for a sample system (File Name TEST) and 
a sample user (File Name USE). Attachments B through 0 present the data files 
used for this exercise as well as the listing of CASCOST. The resultant 
output obtai~ed from the program exercise i~ presented below. 
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TYPICAL LIFE CYCIE COOl' PROFIlE PRINI'OtJI' 

"TEST" CAS IN A "USE" CAlffiGORY 

.. 
7 4/0'V:;l~. I I). 1<1. :31. 
p~aGRA~ CASr.0ST 

- - - - - - - C 1'\ S I.. t r i:.': r. y C'_ ~ C1 S T ~ V ~I.I , '\ T t"'l \1- - - - -
SYSn::~ ? TF:ST 
USER? USE 
YF:!.\~~r." el1ST r,I!"1 r."Ic;T T\I~T r."c;r 
19?J:t 1711774 1711774 LJI71:,4')<:l 
1979 l?lQQ7':i 101174'1 "1I"7n45 
19~O .1175~n<1 4"n95';~ 4/., ?"/.,I,q 

19~1 115nf.,9Q ')1I:,n?'i7 4"174??R 
1 9~? 114Q4<).1 1,<;')97')/) ')'.>7'u.Q" 
19R:1 IIe,o;;>~11 71,7Iq~1 ,)5R'ln41 
I<1R4 IIR4':>n9 R~5"4'1n S'P41R5 
19~,) 1?14')f.,4 lon70')54 /""7QRII<1 
19~6 1~11'1~ 10?'i1"l<11:, SSI19'.> 
19R7 1<11410 I '')/1 /I 11':> I:, 'i~4475 

19R~ ~r)o;;>r)9"l I/)" Lj') 4" 1 1:,19';4.11 

YEl\R \I~-:C Lf~~ST ~~c 1..1;1 q TilT U~lc;T 

197~ ?Ll?5f)f) 41711 ::> /.,7QQI'> 
1979 ISI~Rr) 1:,4S9 Cn 7Q7,,)71 
19RO 1f.,1?(,)'1 C-<71In, In1'.>111 
I 9R I 1ROP.10 II '.>n9 11 11/)11.111 
19R? 1"151)4~ 11<17RS{, 15Q"Qf'\1 
1<)~3 1<1"11"1 17/)1'\1:, 4 'R?'1I:,~" 

1<1~4 '.>17510 ':>/)'11 171 ':>?5 1:1: 7if'\ I 
1<1<:l5 "1n.~~~ "1l111Q7 "1:,/"/J~7"l 

19% 1"I,~" "1, 1 I, 11:1: '; "/"47/)/"7 
I<1R7 1,)77~ ?::ll?5<:lt) '.>~4~157 

19~R 1545<1 1')??qn4 1n5Rl/.," 

YF:~~ r.!l.S C1ST r.'l"1 r:'" s r '\I r. 
197~ 1,59(')/)44 f.,59nn44 9<;>tl1 
1979 1,':i?4')<1Lj 11114f.,1~ Q"n1 
19"1(') 6<1(')'"17<11 "nn''1LJ?~ '")1/.," 

19~1 74?1:,07I ?744ILj9<1 <1" '.> '1 

19"1? ~()O')1')7~ 1')44f.,S77 9Q"? 
19~3 ~65nq'i,) 44n'17'111 1"'11') 
19134 93675<)') ';141,')1?<:l I ()71 Q 

19R5 1/)15RI~1 I,:V;~11In I 1 I /.,? 

1 <1~ f., 117<1Rr)/) f.,7n/)1111 1 155" 
19R7 '~6 ::>'4~1,? 7'1/"'.>7171 I 197 I 
19~~ 3~I:lI)OOI 74507174 1?41R 

- ­

~q-.1 r."Ic;T 
I'd 7" "'l~
 

R/""l1')"l1
 
'1?Q"'7" 
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ATTACHMENT C 

TYPICAL USER FIIE FOR "USE" CATEGORY 

74/0~/~6. If,el7.?I. 
PR0GRI\'''1. USE 

10 IJ 51:: D~TI\ F"ILF::
 
20 nc~s 5000. Llcns 2'Jnn. n C?I" I nnf'l.
 

30 RI CC3 5 RnoO· L RCOS ')OOn. I'.: ~r.1" ?nnn.
 

40 197~ ~AC .5001,) \J ~~ S 50 \JOO:P
 
50 1979 NAC 5100 \Jql\s ')0 \JD~P
 

60 19~0 ~~C )?nl) '1R~S 51) \JIJEP 
70 19~1 \J~C 5300 \J8~S ')11 \JJ")F:P 
~O 198? ~I\C 5400 \J C!~ S ')0 \In;;:p 
90 19R3 N!\C 55no '1gtlS Sf'l \JD~P I 
100 19R4 \Jf\C "i600 ;\J8~S 5n \JOO:P 
I 10 19~5 \Jf\C	 570n \J8AS "in ,\JOJO:P ? 

')ROO ')0 \Jno:p (>120 19~1, \JlI.C \J ~~"
 
130 19R7 \JAC 59 no \J RI\ S ')f) \Jn~p ?
 

140 19~~ ~~C 6n()() \JR~S 50 \JDF:P ?
 

150 \J R!'\C 49nO IT R q I • ! r:'l! • 1 P1TY "'1nn.
 
I I, 0 lI.TJO: • q
 

170 ORCT 2.
 
IRO RRCT ~ 13
 
19() lI.4R ~o.
 

200 P4R Ion.
 
?IO SI!F" I).
 

220 RI_R
 I ". 
230 S4C .31 
240 J")L R 'I '). 
2')0 RTSE o. 
21, 0 RTSI I • 
270 iHSC I • 
2RO i.H51\ I • 
~9Q Il'lC 105. 
300 DU~ .9') 

110 Sf\ ! 2. 
320 l)~tI I I, n. 
330 reg If,O(). 
340 TCD 11,00. 
3')0 PIIiIR II,Rf). 
360 PMD 17~R. 

370 JR .OR 
3~0 F'R .24 
390 SR .25 
400 TR • 16 
410 TRR .33 
420 T'~J") • 15 
425 TO 160. 
430 nR 5000. 
440 no 10f'l00. 
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ATTACHMENT D 

LIFE CYCIE	 COST IDDEL PROGRAM 
CAS COOT 

LNI-{ 
10 P~r.,GR~'1 C~SC1ST ('\lP'JT."IIJTP'JT.T~P~"".T~PF.1) 

20 DI'1ENS'0~ ~YR(I?).~~C(I?).~R~~(I?).~n.f.P(I?).~r~~(I?).'C"I~(I?) 

30 I) t '1 E~ S I 0 ~ • IJC ( ~ 5 ) •• "1 T q. ( ~ 5 ) • ii" \.1 T ( ? 'i ) •• R"" 4 ( ? ') ) •• 11 '" '"' ( ? 5 ) •• 11 .... C ( ? 5 ) • 
31 + F" C0I\JD (~5) • I. UC (~5) • E:IJ C ( ~5) • T')P~F" (?"i ) • T S P RI. (? 'i) • T c;P~1O ("'5 ) 
40 DIME~St0~ .... ,",(?'i).~'1r8F"(?5)~EM·rR.(~'i).LWT(?5).~WT(~'i).L~""4(?'».lOq

41+LD'1I-{(25).f.DM4(~5).Ln'1C(?'i).~n""C(?'i).LC1~~(?'i).~~"I~11(?5),~.(ln). 

42 + ~L ( 1() >. AF. ( I () ) • ~ ~ ( "'i >. 'II RC 1 S ( 1 1• ~ ) • ~I. r,1 S ( I I , ~ ) • '. C'l S ( I ?) • ~T ') ( 4 ) 
50 REAI_ UJC1S.1. I C'2lS. I. ,~O:, S.I_ ". TC~ S.I.UC. L "'TRIO .'."'T .1. ~"'4".1)"14.1.'l'1C 

60 REI\I. LC'/l'\.IJ). t!\C.~~C0S.I_C0S,I.l.,.? 

61 RE~L I\JRDF".~qDL.~RDE.I\JODF".~DOL.~110~ 

62 Dt'1EIo.JSIW\l T~RC'1S(I?).T~U~"IS(I?).rl.l.C0C;(I?) 

63 DIME~St~~ CRF"T(I?) 
10 53 PRt~T.*-------C~S '.IF"~ CYC1.~ C"IC;T ~VI\I."'\TT1~-------* 

RO P~t~T.* SYSTEM*. 
90 RE~D. Sii"tLF. 
100 PRINT.* 'JSF.~*. 

110 RF:An. qlO'!." ­
1~0 C~'.I. G~r ('i4TI\P>:?c;.p.>:.n.n) 
130 CALJ_ GET (')I·HI\P:;:1.U.".F".().() 
140 RE~I) (2.) '•• L.I•• I. 
ISO ~E~I) (~.) I•• '.' F"1]CIJS.'•• '.'JC'1S,I••• 'IC"IS 
160 REI\I) (~.) L.L,I.\.r.'1S.'•• I'II.C"IC;.I_. "Fr.""') 
110 RE~D (3.) L.I•• I•• I. 
lRI) READ (3.) 1•• L.F"IC"IS,'•• '.Ir."IS.'•• -tr.?IS 
19() ~EI\O (1.) I•• L. ~tC'lS".".'H~1~.I•• FI~r.1S 

?()O RE~D (1.) CI•• ~yr~(T),I•• \lI\CCI).,_.'lqI\SCT).I •• ~I1F.PCT).r=',l" 

210 DATI\ F"~F."" la\/.XI.R\l/.R'i/.X,\lIO/.'1t,1 
~P.() READ (3.) '•• L.~'~!\r..I•• t r.'•• '1.,.• ll.I•• P'1TY 
230 IRAC=\l~I\C/tr 

24() PRI'lT.* Y"-I\R I\C1 r."IST C:J..., c"Isr 
~50 TC0S!\=TC1St=TC"ISL=\l\l~r.T=TC"IC;~=TC~~'l=n 

26 () q= A'_ 1 G(XI. R~ ) II\L "I G ( ? () 

210 Fl=Ll=El=O
 
2RO ErJUtVA1.E'JCF. (.IJCr,S.FI:\>. (L"C1S.'.'\), (.IIC'1~.·'\)
 

290 I'M?JI~F=A.C'1S/? er;A"""I:~I_="Lr,"'S/?
 

300 A"10RF.=AEC"IS/~.
 

3 1 () D0 I t = I • I I
 
321) AC~S(T)=tC1S(t)=~
 

330 ~~AC=~~r,(T)-~'l~CT-~~Ar.
 

335 C~F"T(t)=~!\C(T)-~~!\C*(Tr-T)/tT
 

33 f> t F" ( t • GT. t T ) C I~F" r ( t ) =~ 6 r: ( t )
 
331 IF(I.GT.TT)t~l\c=n
 

340 F"=t~T(~*ql*(T~Ar:+N~AC)}+1
 

350 L=I~T(~*(I-~I)*(I-.RF.'1)~(TRAC+'lI\JAr:»+1
 

360 E=t~T(Q.(I-Ql).~RE'1.(IR~C+~~AC»+1
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370 F"?=F' 1+F" 
380 L 2=L 1+L 
390 E2=E 1+E 
400 IF'C~I.GT.pqTY) G0T~ ~ 

410 IF'CF'~.GT.P1TY) G~T3 3 
420 XDUM=F'A*CF'~~*C~+I)-F'I**C9+1»/C~*Cq+I)) 

430 G~T0 4 
440 3 XDUM=~A*CCPQTY~*C9+1)-~I*~Cq+1 )/cn+I)+C~?-pnTY)*CP1Ty~*q))/~ 

450 G0.r~ 4 
460 2 XDUM=~A*CPQTY**8) 

470 4 I~CI.GT.~) G~T1 5 
4~O XDIJM=XJ)UM+AM3~~/F' 

490. 5 Ac~scn=I\C0SCl)+~*'<DU""" 

son IF' CL I. Gr. pqTYl GYlT'1 t, 

SID IF'CL~.Gr.P9TY) G1T~ 7 
520 XDU~=LA*CL~**Cq+I)-LI**cn+I»/CL*Cq+I»
 

530 G0H R
 
540 7 Xf)U~=LA*CCP(:)Ty~*cn+I)-Lli"I<C~+I)/C~+I)+C'.?_DI)TY)*(P'1TY'IH,Q))/,_
 

550 G0H ~ 

5~0 6 XDU~=LA*CPQTY**R) 

570 R IF'CI.GT.?) G~T0 q 

5~0 Xl)U"1=XD!J"1+A....,IJ~'-/L 

590 9 ACJSCI )=I\C~SCI1+I_*'l(I)II"1 

600 IF'CF.I.GT.PQTY) G1T0 In 
610 IFC~?.GT.PI)TY) G~T1 I I 
~~o XDiJM=F.I\* C~~** CR+ I) -F.I *~ Cq+ I)) / (F* C9+ 1)) 

630 G"r~ I? 
640 II ~~n),/~XDUM=F.A*CCPI)TY~*Cq+I)-~I**Cq+l)/C~+l).(~?-P~TY'~(D'1TY

65() G0T0 I ~ 

660 10 XDU.....,=F.A*CPQTY~*q) 

A70 I? IFCl.GT.?') C;''IT'1 11 
A~O X[)u.....,=Xf)IJ"1+A.....,I1~F./F. 

690 13 '\CQJSCI1=CAC'~SCl)+~.... X'}IJ"'H'CCI·'<T\J;;)~*(f-l1) 

700 TC0SI\=rCJS~+~C1SCI) 

7 I n I ~ CI • I. ":. IT) G~ T11 I II 
7?0 IRAC=O 
730 14 IC0SCI)=Q*CQI*CIR~C*~IC1S+~~AC*~Tr,~S).CI-'1I)*CI-~D~"').(TR~r* 

731+LRC0S+~~AC*'-IC~S).CI-Ql)*F~~M*CI~nC*~~C1S.\J\J~C*~TC1S))~(( 

73?+I+XT~F')**CI-I)) 

740 TC0ST=TC1ST+IC0SCI) 
750 P~I"JT qOI.~YRCI1.I\C1SCI).TCIJSI\.TC'1"CI)'TC1ST 

760 901 F'~R~l\r CI5.4~1~.n) 

770 F'I=F'? 
780 L I =L 2 
790 F:I=E? 
R()O I NNACT=~"JACT+~\JI\C 

~I() RF.AD C~.) L.L.~M0DF.L."JQ\JTF 

~2() ~F'M00=NM1J)F.4 

~30 oa 15 I=I.~F'''''''~D 

840 RF:AO C?.) 1_.I~.L.F1JCCI).1.• F"""Tq~CT).I_.n"TCn 

R50 RF:AO C2.) 1_.I_.F'R.....,4Cl).I_.F'f)"14Cr).I .• ~f).....,CCn.I.• ~C"'l~l)(T) 

~51 15 C~NTI~UE 

860 RF:AD C?.) L.L.,~.....,0f)l_.I_.~I\~Tl_ 

~70 NL"10D="JM(Jf)L+4 
BRO 00 16 1=1.\1L....,1D 
~90. READ C2.) l.• L.L.L!ICCl ).l_.l_~TJ:I~CI ),l_ ••. t·'TCI) 
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900 16R~AD C2.> L.L.LRM~CI>.L.LO~~CI'.L.LO~~Ct'.L.LC'~~C"
 
910 ~~~D. C2.> L.L.~~0DE~L.~~~T~ .
 
920 ~r.~0D=~~0DE+4
 

930 00 17 I=I.~E~~O
 

940 .~E~D C2.' L.L.l_.~UC<t"L.E~TqJ;<t'.I_.IO:"IT<t,
 

950' 17 Rr.~D C2.> 1_.L.~R~I-/<t'.L.ED~~CI>.I_.r.f)~CC".L.~~"I··mCt'
 
960 RE~D C~.)(L.L.I\F"Cn.L.~LCn.L.I\r.C.n.t=I.I,'
 

9RO E0UtVALE~CF. C~F"Cl'.C~OF"'.C~LCI'.C"DL',C"r.CI'.C~n~,.c"J;C~,.C~f)J;'.C
 
981+~LC2'.C00L,.C~EC~'.C0DE'.C~fC1'.PP~'.CI\LC1'.P~_'.C~~C".pp~'.CAJ;C~"
 

9R~+TPF"'. C~LC4'.TPL'. C~F.:C4'.TPE'. C"~C5,.'\IqDJ;', CA1_C,;,.'IIqnL'.• C"~Cc;,.
 

9R3+~RDE'.C"F"C6'.'\IDOF"'.C"LC~,.~nDL'.C"~C~'.'\IDn~'
 

990 RF.:"D C3.'CL.L.A~C".t~I.3n,
 

1000 EQWtVALE~Cr. C"RCI'.~TE,.C"~C~'.DRCT,.C~~C1,.q~r.T'.CA~CA,.I\~~'.C
 
1001 +~ RCC;, • PH q,. C~R C~ ,. SUF"' • C" RC7? • q,_ ~,. CI\I~ uo • C;~C,. C~ Q Cq, • nL s:n • C" q C
 
1002+ 10' • RT SCI' ,. CAR CI 1,. RT S C?, ,. C1\ RC1~, • RT C; Cl' ,. C1\ RCl :n. IH C; C4' , • C1\ ~ .
 

1003+ C14 ,. t AC, •.C"R C1C;' • DI JI~ ,. C""I\ ~ CI ~ ,. Sl\ ,. C"RC17 ,. r)" 1\ , • CAR C1~ , • Tr. q, • C
 
1004+ARCI9'.TCO'. C~~C~0'.P~R'.C~~C?I,.p~f),.CI\RC??,.~R,.C~~C?1'.J;R"
 

1005+CARC?4,.SR>.C~RC?5'·.TR'.CA~C?~'.T~R,.C~~(?7,.T~D'.C"RC?~,.Tf)', 
1006+C"RC29'.~I~'.CARC~0'.F"ID' 

1009 PRI"JT.* ... 
1010 PRI~T.ic y~,,~ '\IRF:C LC~~T 

I 0 I 5 f\J c)UPF"=~ SU PL =~ c;u PJ:: ='II PF. ~C;= n 
1020 F"~TAF"C4'=F"~TB~C4'/~~~TF" 

1021 F"~ILF"=F""tLL=F"~ILr.=O. 

1022 D0 4(, 1(=?.4 
1023 F"~JLF"=F"AILF"+I/~~T~F"C~' 

1024 F"~ILL=F""ILL+l/L~TqF"C~' 

10?5 46 F"AI(E=F"ATLE+I/E~TRF"CI(' 
1030 L~TR~C4'=L~TRrC4'/'\I~~TL 

1040 E~TRF"C4>=F.~TR'C4>/~"~T~ 
1042 D0 21 1(=1.?5 

RF"C U~I'lIC;T T""T V~I1IC;T r:1J'o1 U~'lIC;T'" 

1044 21 TSPRF"CI('=TSPRLC~'=TC;PR~CI('=O
 

1050 D0 1~ 1=1.11
 
1060 ~1f\JSPR='\IR"SCI'
 

1070 ~I~SPD=~DEPCI>
 

1072 Tf\JRC0SC I >=TRLC~SC T'=0
 
lORD IF"CUF"ILF.:.EQ.3~G~'\I'RTC;CI'=F"L1ATC'\In~PCI)'/~LI'lI~TC'\Iql\C;Ct"
 

1090 PF"~I-/=PI-/R.CRF"TCI'
 

1100 TF"01-/=1?."I-/R.CRF"TCt,
 
I 110 00 1q .J= I • ~
 

1120 19 ~~C0SCt •. "=RLC~C;Ct•. J)=0
 
11 30 110 ~" I( = 1• 4
 
1 I 40 I'll DU~ =PF" ~ ~. I)'" Q 1• Cn1~ r: T'" C1- RT C; CO(, )+ ~~ CT. ~ TC; CI( , , I ~ '>1 TQJ; CI( , + C; 'I ~ ...
 
1141+SQRTCPF"0I-/.Q.f)1"'CD~CT.Cl-~TC;CI()'+RRr:T*RTC;CI("/~~TQ~CI("
 

1150 IF"Cf\JDU~.LT.~I'\ISPR' ~DlI~='1I~C;pq
 

1155 IF" CQ 1. F.q. O. '~DIJ~=O
 

1160 f\JSPRF"='IIDU~-TC;PR~CI('
 

1170 TSPRrCI('=f\JDU~
 

11 ~O 'II DU~= PF'01-/ *Q* C1- Q 1,. C1- F"Rr. ~,... Cn RCT* CI - RT C; CI( , >+RRCT'" RT SCI( , , II.'IIIT Q~ C1('
 
IIR1++SUF'.~QRTCPF'01-/*q.Cl-gl'.Cl-~RF.M'.CDRCT"'Cl-~TC;CI(')+RRr.T"'RT5C~"
 

11 ~2+/L~TRF' ('<) >
 
1190 IF'(NDU~.LT.'1INSPR> '\IDU~='1INSPq
 

1195 I'«Ql.F.g.l.).0R.CF'R£~.£Q.1.»NDu~.n
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1200 NSPRL=~DUfol-TSPRLCI() 
1210 TSPRLC~)=NDU~ 

1220 ~DUM=P~~y*q*CI-~I)*~~~~*CORCT*CI-~T~C~»+~~r-T.~TSC~»1~~Tq"C~)+ 

1221+SU~*SQRTCPF0Y*Q*CI-~I)*~~f.M*CD~CT*CI-RT~(~»+qRr.T"'~T~C~»/-~Tq-(~» 

1239 IFC"'DUM.LT.~I"'5P8) "'DIJ"'=""I"'~PR 
I 235 IF CCQ 1 • E ~. I • ) • ~ R. (F qE.., • F: I). n. ) ) \I 1)1/..... = 'l
 
1240 NSPRE=\JD'J~-TSPRF.: Clo<)
 
1250 TSPRECK)=\JOU..,
 

.. 1260 NRC13SCl,1 )="'RC~SCl,1 )+"l~PRF."rJCC~)+"'5PR14*'4'I~C~)+"'~PRF*F'J(~C~) 

127 () XDlJ..., = TF 2'1-l* rl* C1;)1 *-'/ C C\{) *- C~\J I) C~) I "~p~~ C~ ) + C1 - g 1 ) *1. 'Ie (t< ) *'4 r:"''ll) C'( ) 
1271 +* CI-FREM) IL "'T·q~ CI<)+ C1- ~ I H~ ~ro:...,*~"r: C~) .J::C"''''I) CIO 1.'-'ITq- CI<) ) 
12RO 20 RLC~SCI,I)=RLC~SCI,I)+'\(f)UM 

1290 D0 22' 1(=5,\J"~0D 

1300 "'DUM= PFQlH*t1*f.3 1* :mCT 1i'''!T qF Cl<) + ~!/"* ~"RT CP"""IY*f)* f) 1* QRCT llO'~T"~- (\.() ) 
1310 IFOWU~.LT.MI'l.JSPD)\JI)"M="'T"'~Pf) 

1315 IFCQ1~Ef).n.)'l.JDU"!=O 

1320 ~SPR~="'DUM-TSPRFCI() 

1330 TSPRFCI()~\JDU"" 

1340 XD!J""=TF01-1.Q*~I *FUC (I() *~C~,\Jf)CI()'"""Tq~ (I() 
1350 "'RC21SCl, 1 )="IRC0SCl,1 )+\JSPRF*1O"'JCC\{) 
1360 22 RLC~c)CI,1 )=RLC0SCI,l )+)(1)'/'-1 
1370 00 23 ~=5''''L''''1f) 
13~0 NDU'...,=PF01-1*c1*C 1-1:)1 )*C l-FqF:"1)*8Rr:T/I.~Tq:;-('<)+C;!J-*C;f)RT(P1O"'14*'1*C1­
13~I+QI)*Cl-FRE"1)*qRCT/L"1T~1O"C\{» 

1390 tF(NDU"".LT.~I\JSpn)\InU"!=""I\J5PI) 

1395 IFCCOl.Ef.3.1. ).'i\~. C~RE"'.F:r).l. »'\Jf)II~=n
 

1400 !l.JSPRL="IDU"'1-TSPRI_CI()
 
1410 TSPRLC~)="'DI!M
 

1 4 20 . Xf)U"1 = TF:J y*g* C1- t11 ) '" C1- - RE"") *UJ r: CI( ) ""4 C'" \J D(\{ ) 11. "" T RlO' (l( )
 

1430 NRCP.lSCl,l )=\I~C0SCl,l )+\J~P~4*UJCC\'()
 

1440 23 RLC'1SCl,l )=R'_r-1~Cl,l )+)(1)11""
 
1450 D~ ~4 1(=5,'l.Jro:M~D
 

1460 '\J DU.., = p-r;, y* '1* C1- 0 I ) *F ~F:"'''' q~CT I EM T R~ Cl{ ) + C;' /_ ... <;'1 qT ( P"" 1 Y* '1'" ( I. - '11 ).."
 
1461+FREM*RRCT/E'1T8FCI(»)
 
1470 I~ C"'DIJ"".L T.~I\JSPO"'Jf)!J~=~T\Jc;pn
 

1475 IF CCQ 1. Ef.). 1 .). :J~. (j:'~E'1. F:I:). n.) ),JI)!/"'1e('l
 
1480 "'SPRE="'DU~-TSPRECI()
 

1490 TSPRECI()=\JDU~
 

I 5 0 0 XDUM = T F '"1-1. f)" C1 - ~ I ,. ~ :~ fo!: '1 * F.: IJ C O( )it lO' C~ \J [) CI( ) I ~ "" T q - C\()
 
1510 "JRC0SCI,l )=\IRC21SCI,l )+\JSPRF*lO'IICCI()
 
1520 24 RLC'~SCl, 1 )=RLC0SCI,1 )+'\(f)i/~
 

1530 I\JRC0SCI,I )=\JRC~~CI,l )"CC1+)(I\J~>*"'(T-l»
 

IS 40 RL C~ SCI, 1 ) = RL C0 SCI, 1 ) it( C i + l( I \J ~) ** C1- 1 ) )
 
1550 DIME\JSI0'I.J L\I~~~C~)
 

1560 D4T~ (L~4""ECI),I=l,~)/~~SP~R~S,7~1\J'14I~T,~~~-lO'~~T~T.~~T~V~r,T.
 

1561+7HSUPP0RT,~I-ITR~I~I~G,R~T~C~O~T~,Iny-~r-ILtTI~~1 

1510 D0 25 K=I,4 
15ijO XOU~=TF01-1*Q*C11.FR""I-ICI()/F'1TR~C\{)+CI-nl)~Cl--~~"1)*LQ""4C\{)I 

15BI+LMTBFCK)+CI-1;)1).FRE'1.ER'14C~)/E""Tq1O"C~».~~~ 

1590 2S RLC0SCI.2)=RLC~~CI,2)+)(DIJ"'1 
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1600 RLC0S(t.2'=RLC~S(t.2'*«I+~I~~'•• (1-1"
 
1610 o~ ~6 ~=I.N~~00
 

1620 IF"(~.GT.~'G~T~ ~7
 

16 30 '<DU~=TF"QlI-{*Q*rH* (F'O'11-{ (I.(' * (RT S (I.( "'''~L ~+( 1- RT <j (~, , .nl~ R'+C'I')IIIJC (I( l+
 
1631+1~1~5*SI-{C*F"WT(I.('*(~.(I-RT~(I.("*(I-~C'~O(I.("+~C'~~
~K"" 
16 32+F"fWlTBF' (~, 

16~0 G0T0 26 
1650 27 XDU'1=TF"0H*Q*QI*(F'D~H(K'.OLR+~DIIIJC(I.("/~'1T~F"(I.(' 

1660 26 RLC0S(I.3'=~_C~~(1.3)+,<nu'1 

1670 D0 28 ~=I.~L'1~D 
1680 IF"(~.GT.~)G0T~ ~9 . 
1690 XbU"I=TF'01-{*Q*(I-QI).(I-F"RF:"I'*(Ln"'I-{(I.('*(RT~(l.(l~~.~+(I-~T<j(l.(ll. 
1691 +DL R' +L O"'C (I.(' + I • I ?5* SI-{C*L '1JT (I.( , .. (~* ( 1- RT S (I( l l* ( I-U~!ll~ I) (I(' l+ 
1692+LC~ND(~»"L~TgF"(I.() 
1700 G0T0 2~ 
1710 29 XDUM= TF'~I-{*Q* (1-1} l' H l-F"~F.:I>1'. (LO"l1-{ ('.( l*nL ~+Ln..,C(I() , II. 'IIIT~~ (I(' 

1720 2~ RLC~Sn.3'=RLC!JSq.3'+)(DIJIIIJ 

1730 D0 30 ~=I.~E~~D 

17~0 IF"(I.(.GT.~'G~T0 31 
17 50 XDU"'1= TF'0H*Q* ( I - Q I HF" R~"'. (F:fJ"1l-{ (~,., (RTS (I( '* q,~ R+ ( 1-l:n C;(K ') ,... 
1751+DLR'+F.:I)"IC(I('+1.125.SHC*~WT(I('*(?*(1-~TC;(I("*(I-r.r,!ll~n(I("+ 

1752+EC~ND(I(')"EIIIJTqF"(~' 

1760 G~T0 30 
1770 31 XDU~=TF"0H*q·(1-81'*~R~IIIJ·(EDIIIJI-{(I.('*I)L9+~f)"'~(I("/~'IIITq~(I(' 

17RO 30 ~LC~SCl. 3'=RLCi(lSCl. 3l+XOU'lil 
1790 RLC~S(I.3'=RLC~S(t.3'.«I+Xt~~'*.(t-I" 

1800 PPF" 13= PPL A= PPF: B= 1. 
IRIO IF"(F"Rf-~.EQ.0"32.33 

1820 32 PPE=TPr.=PPF:A=n. 
IR30 33 IF'(~~E"I.E9.1.'34.3~ 

1R~O 3~ PPL=TPL=PPL q= O. 
1850 35 IF"(Ql.EI}.O.'36.37 
IR60 36 PPF"=TPF"=PP~R=O. 
1870 37 TF'UJ1.EQ.l.)3R.39 
IRRO 3R PPL=TPL=PPLR=PPE=TP~=pp~q=n. 

IR90 39 I~CI.GT"'~O.41 

1900 40 ~RC~S(I.4'=0. 

1910 RL C~ S (I. 4' = 1 t\C* (PPF"* PP~ R+ PPL .... PP'_ A+PPF: *PPF:~ ,.+ <ill.. ( 4. (PP~ q+pPl_ P+ 
19 II +PPEq) *IIJ Rt\ S ( I , +(TpF"* PPF" q+T Pl. *PPL I~+TP~. PP~ ql *IIJI)F:PC T, , 
1920 G0T0 42 
1930 41 ~~C0S(I.4)=It\C*(PPF".PPF"R+P~.*PPLq+PPE.PPF:q, 

1940 RL C0 S (I. 4' = C;I\* ( 4* (PPF" R+ PPl. R+PP~ Cll *~'H\·C; ( r , + (TP~" ppnl+TPL * PPl. Cl+ 
19~I+TPE*PPER'*~D~P(I" 

1950 42 ~.C0S(T.4'=R'-C1S(T.4'.«I+XTIIJ~'.*(T-l" 
1960 ~DU~=PF"~I-{.q.l}l*nUR*~D"'1I-{(I"(~~Tq~(I'*I\T~.n~~"~O~P(T'l 

1970 ~DUIIIJ=I~T(,<nUM'+1
 

19~0 .IF" (~nU~.l_ T.~DF:P.( I' '~I)IJ"'=~f)F:P(T)
 
19R5 tF"(Ql.E~.O.'~DU~="
 
1990 NNDU~=~DU~-~5UP~
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2000 'IISUPF'='oIDU~ 

2010 ~RC0S(I.5)::'oI'oI8U~*r-~O~ 

2020 RI_C~S(I.5)=,)(DIJIIII"'C(JO~ 

20 30 XDU~= P~ ,;:, 4"'')* ( 1- Q' ) 'fc ( 1- ~ RI':I111 ) "'Oil R "'L 0'111 4 ( 1 ) I (V" T81O' ( 1 ) * 1\ T F* I) 0, 0, *'ll)F P ( T ) ) 
2040 ~DU~=I~T(,)(OU'II!)+I 

~050 IF"C"IDU'II!.LT.'oIDEP(I» \IDIJ'II!='oIOEP(l) 
2055 I F C«(.) 1 • E f.J. 1 • ) • ~ R. C~ RF: "1 • F.: '1. 1 • ) ) ~ I) U'II! = () 
2060 NIIIDUIIII='JDU~-'11SIJPL 
2070 NSUPL='JDU:'<1 
20RO III RCeS (1.5 )::'01 RC0S C1,5) +''oI'oIDIJ:I1'''Co,Ol. 
2090 RLC0SCI,5)=~_C0SCI,5)+')(OU"1"'C~I)L 

21 00 )( DUM:: PF' Ql4"'1)'" ( 1-!) 1 ) "'~ RI':·"1 'fc 01 J ~"'~ f)M 4 ( \ ) I ( .."',q q~ ( 1 ) * f.\ T- '" n 0 .H'l nt: p ( I ) ) 
2110 ~DU""'::I~TCX8IJ"'!)+1 

2120 IF' ('oIDUIIII.L T. \lDI':P( I) )'oIfJlJ"1::'\JO"-P( I) 
2125 IF"«I)I.EQ.I. ).(JR. (FR""1.F:f:l./').) )'\JOU!II\=/') 
2130 ~'oIDIJ"'1="ID!JIIII-'JSlJPE 

2140 NSUPE='JDU"1 
21 5 0 \l RC0 S U , 5 )= C"I RC:) SCI. ') ) +'01 '01 f) 1""1 *C f.\ f)~ ) * ( ( 1+ '\( I '01- ) * ... ( I - I ) , 
21 60 RL C0 S ( I , ,):: CR'_ C0 S ( I • ,) + ')( I) I 1'1 '" C .?\ I) ~ , ... ( ( 1+ l( I \J - ) '" l< ( I - 1 ) , 
2170 l(DU~=O 

21~0 D0 43 ~=','J~M0D 

2190 IF'CC~.GToI).o,"ID'(~.LT.5»G'1T"41 
2200 XDUIIII=l(DU"1+TF04*Q*gl*FD"'!4(~'/(F"1Tq-(~)*P"1I) 

2210 43 C21'lTI\lUF.: 
2220 D0 44 ~=I.~L'1~D 

2230 IF(CI(.GT.I).0,'oID.(~.LT.5»)G"JT0411 
2240 X DLJ'1 = XDU'" + TF'0 4 * ·1* ( 1-11 ) '" ( 1- F RF.:"1 ) *,_ O"1IH lo( , I C1~ ,"1 rr~F (1.< , '" P"" ') 
2250 44 C(J'lTI\lUE 
2260 00 45 ~=1.~F.:"1(J0
 

2270 IF«~.GT.l).0,~n.(~.LT.5»G1T14,
 
22~0 ,)(DU"'1::,)(OUIIII+TF~4*Q*(1-01)*F'RE"1*ED"14(~)/(~"1TqF(~)*P"1f)'
 

2290 45 C0\1TI'oIUE 
2300 "IDUM::INT(XDU"'1)+1 
2305 IF (~DU"1.LT. \JDEPC I) PJDIJ"1='JOF:P( I) 
~31 0 N\lDU"1='JDIJ'1-:'oIP"-!~S 

2315 RLC0S(I.I,)=\IDU'''1'''TRDl<Tr-O*«I+'<I\JF''''*(I-I'' 
2320 ~Pt:RS::'\IOU"1 

23~5 IF'CI.F:Q.I )RLC0SU,(,)=O. 
2330 ~RC~S(I,I,'='J'JOU'1"'TCD"'«I+'\(T\JF''''*(I-I') 

2340 ')( DUM = C0 ~+ ~ R+ SR) -4< (~ 1 "'~ 0, TL F + ( 1- () 1 , * ( 1- - RF"1 , ... - 1\ 11_'. + ( 1- f) 1 ) '" 
2341 +F'RE'1*F' LULF:) 
2350 ,)(DU'1::C,)(DU"'1+C0R+~R+SR+(I-RTS(I)*T~)*(/')\/F""'Tq-(1)+(1-0')*(1­
235'+~RE"'1)/LIIIITRF(I)+(I-(')I)*F'RF:"1jF:""'TRF(1»)*TF'14"''1*~_R 

2360 RLC0SCI,7)=')(D\J"1*CC\+XI\JF)*HI-I» 
2370 III ~C0 SCI. 7) = TD* (\I ADF '" PPF g+'oI ROL '" pp,_ q+"I Rl)f* PPF: g+'ll)I)~* Pp. Q+"II)f)'. *P Pl_ q
 
2.37' + +N DDF:*PPE A)
 
23RO IFCI.GT.I )"J~C0SCI.7)=O.
 

2390 RLC0S(I.q)=CFIA*~R~S(t)+FID.'lD"P(I»"'CC\+,)(I"I~)"'*(I-I»)
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2~OO 00 ~7 J=IIR . 
2410 TNRC0SCI )=TN~C0SCl )+\JRC~SCII ,J) 

2420 47 TRLC0SCJ)=TRtC~~CJ)+I~C~SCl•. J) 

2430 TLLC~SCI)=T~~C~SCI)+TRLC~SCI) 

2440 TC0SL=TC~SL+TLLC~SCI) 

2450 18 PRINT 9011 ~YRCI)IT\JRCgSCI)IT~t~~~CT)ITLl~~~CI)ITC'~l 

2470 CLCC=TC0S~=TC0SL=0 

2~75 PRI~TI* * 
24~OPRINT.* YE~R CAS C1~T CU~ C1ST 
2490 D1 4~ I = II I I 
2500 TLCC=TLLC0SCI)+~CASCI)+IC~SCI) 
2503 TC0SA=TCjSA+AC~SCI) 

2504 TC~SL=TC0SL+TLLC~SCI) 

2505 XXX=100*TC0SL/Cl*TC~SA) 

2510 CLCC=CLCC+TLCC 
2515 'l(X=CLCC/CRF'TCl) 
2520 48 PRI~T 9021\JYR(I)ITLCCICLCC.'I(~.~~~ 

2525 PRI~TI* * 
2530 902 F'0~~AT C1513F'12.01~16.~) 

2540 PRINTI* DO Y01J WI\\JT L0GISTtC SUPPORT C"ST~ ~RF:~l(n~!.:~ ~Y YF'l\~?* 

2545 PRI~TI* TYPE Yf.S ~~ \J~*I 

2550 RE~DI~~ 

2560 IF'~AA.NE.34YES)G~T0 50 
2570 PRI~TI* YEAR ~L~~F:NT NREC '-C~~T 

2580 00 5 I I = II I I 
2590 PRI~T 903INY~CI) 

2600 903 F'0R~AT CIS) 
261n 00 52 J=II~ 

2620 XX=NRC~SCIIJ)+RLC~S(ll'.J) 

2630 52 PRINT 904IL~A~EC.'h\Jf~C1~ClI.J).1~1_r.~SClI 1>1'('1( 
2640 904 F'~R~~T C~15"~I?.n) 

2650 51 C0'NTtNIJF: 
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ATTACHMENT A 

CAS Life Cycle Cost Model Parameter Summary 
r---r-

'y""" DESCRIPTION SOURCES VALUES 

J. I .:iF!LE System File Name Input N/A AVOIDS, EROS, SECANT 

~ I UFlLE User File Name Input N/A MIL,· COM, GEN 

) FUCOS Sell price less amortizAtion of first unit off line MIt, MD, RCA 
of CA CAS (L e. value to which learninq factors may 
be applied 

4 LUcos Sell price less amortization of first unit off line MIl, MD , RCA 
of GA CAS 

5 EUCOS Sell price less amortization of first unit off line MIl, lID, RCA . of remitter 

6 AFCOS Total amount to be amortized on CA CAS production MH, MD, RCA 

7 ALCOS Total amount to be amortized on GA CAS production MIl, MD, RCA 

8 AECOS Total amount to be amortized on remitter production MIl, MD, RCA 

9 • FICaS Installation cost in new Ale of CA capabili~y CAS Mil, CA, Users & Ale Mfqrs. 

10 RlCOS Retrofit cost of CA capability CAS Mil, CA users & support orgs. 

11 LICOS Installation cost in new Ale of GA capability CAS GA users & Ale Mfgrs. 

.. LOCOS Retrofi t .::;:ost of GA capability CAS GA user~ & support orgs. 

.'.3 EICOS Installation cost in new A/C of >:"f':I_i ~~_er IGA users .; A,Ie Mfgrs. 
, 

I ._- _ ..-1. , 

COMMENTS 

Oet. by sources 

" "" 

.. .. .. 

" " " 

l' 
" " " w .... 
.. " " 

Oet. by ARC 

.." " 

.. .. .. 

.. .. .. 

.." " , 



CAS Life Cycle Cost Model Parameter Summary 

o, 
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ITEM VARTART.'" DESCRIPTION SOURCES VALUES COMMENTS 

".14 EIlCOS I Retrofit cost of remitter GA users & suppo~t orqs. ' Det. by ARC 

15 NrR(I) Year I N/A 1978 - 1988 " " " 

16 !lAC (I) 110. of AlC in each user category in year· I FAA " " · 
17 IIIIAS (I) No. of bases in each user cateqory in year I FAA · · " 

Ie IiDEP (I) No~ of depots in each user cateqory in year I FAA · · · 
19 FREM Fraction of GA AlC with remitters FAJ' o and .5 

20 NRAC 110. of AlC in each user category to, be retrofitted FAA 
RIA 

21 XLlUI Learninq curve parameter ARC .85 

22 • XINF Inflation parameter ARC .06 

23 IT Retrofit cOlllPletion period ARC 4 yr•• CA and 8 yr•• Mil .. GA 

24 Q Av. No. of CAS units per AlC in each user category FAA Det. by ARC 

25 Ql Fraction of AlC in each user category with CA FAA · · · 
capability CAS 

26 IlIlODF No. of modules in CA caPability CAS principal MH, MD, RCA Det., by source. 
electronics 



CAS Life Cycle Cost Model Parameter Summary 

l' 
w 
w 

ITO! VllRTIIRT,F. DESCRIPTION SOURCRS VALUES .COMMENTS 

27 ~DL No. of modules in GIl capability CAS principal 
electronics 

MIl, MD, RCA Det. by sources 

28 ~E No~ of modules in remitter principal electronics MIl, lID, RCA .. .. .. 

29 IWlTF IIQ. of antennas in CA capability CAS colTfiguration MIl, MD, RCA .. .. .. 

JO IIANTL No. of antennas in GA capability CAS configuration· MEl, MD, RCA • .. .. 

31 Ill\IITE No. of antennas in. remitter confiqur.ation HU, MD, RCA .. .. .. 

J2 FUC(l) Initial selling price of CA capability CAS principa 
electronics 

MIl, MD, RCA .. .. .. 

JJ LUC(l) Initial ·selling price of GIl capability CAS principa 
electronics 

MIl, MD, RCA .. .. " 

J4 WC(l) Initial selling price of remitter principal 
elec"tronics MIl, MD, RCA .. .. .. 

J5 PIlC(2) Initial selling price of CA capability pilot's 
maneuver indicator 

MIl, MD, RCA .. .. .. 

J6 LUC(2) Initial selling price of GIl capability pilot's 
maneuver indicator MH, MD, RCA .. .. " 

J7 EUC(2) Initial selling price of remitter pilot I s 
maneuver indicator 

ARC 0.00 MIA 

J8 PIlC (J) Initial selling price of .CA capability control 
panel 

MH, MD, RCA Det. by·sources 

J9 LUC(J) Initial selling price of GA capabi1ity control pane MH, MD, ·RCA .. .. " 



CAS Life Cycle Cost Model Parameter Summary 

~ 
ITEK VALUESVARnRt." DESCRIPTION SOURCES 

EUC(3140 Initial selling price of remitter control panel MR, MD, RCA Det. by 

(l FUC(41 Initial selling price of CA capability antenna MIl, MO, RCA · 
system (11 

LUC(4141 Initial selling price of GA capability antenna MR, MD, RCA · 
syst.... (1) 

f.UC(4)43 Initial selling price of '"emitter antenna system (11 MR, MD, RCA · 
44 FUC(JI MIl, MD, RCAAllocated' of initial selling price of J'th · 

ur;>dule of CA capability principal electronic.s 

LUC(JI MIl, MD, RCA45 Allocated' of init·ial selling price .of J'th · 
module of GA capability· principal electronics 

EUC(JI MIl, MD, RCA46 Allocated' of initial selling price .of J'th · 
module of rliUa.1tter principal electroni~s 

FKTBF(l) MR, MO, RCA41 KTBF of CA capability principal eIectronics · 
MTBF of GA capability pr incipal electronics MR, MD, RCA48 UI'l'BF (11 · 

MIl, MD, RCAEIlTB1' (11 KTBF of remitter principal electronics49 · 
MR, MD, RCAFMTBF (2) MTBF of CA capability pilot' s maneuver indicator50 · 

MTBF of GA capability pilot' s maneuver indicator MR, MD, RCALHTBF(2)51 · 
MTBF of remitter pilot's maneuver indicator ARC 

I~
52 EMTBF(21 MIA 

. COIlIlEN'rS 

.ources 

9 
w 
ol::­

·
 
..
 
·
 
·
 
· 
· 
· 
· 
· 
·
 
·
 

·
 
·
 
·
 
·
 
·
 
·
 
·
 
·
 
·
 
·
 
·
 



CAS Life Cycle Cost Model Parameter Summary 

FMTBF(3)53
 

LMTBF(3)54
 

EM'!'BF(3)55
 

FMTBF(4)56
 

LMTBF(4)57
 

EMTBF(4)58
 

t:I 
I
 FMTBF(J)59
 

W 
\J1 

"65
 " " 

1
L_L
 

ITEM VI"n",RT." DESCRIPTION SOURCES VALUES COl'.MENTS 

MTBF of CA capability control panel MIl, MD, RCA . Det. 'by sources 

MTBF of GA capability control panel MH, MO, RCA .. .. .. 

MTBF of remitter control panel MIl, MO, RCA 
.. .. .. .. 

MTBF of CA capability antenna system (ll MIl, MD, RCA .. .. .. 

MTBF of GA capability antenna system (1) MR, MD, RCA " .. .. 

MTBF of remitter antenna system (1) MM, MO, RCA " .. .. 

Allocated MTBF of J'th module of CA capability MH, lID, RCA " " " 
principal electronics 

60 LMTBF(J) Allocated IITBF of J'th module of GA capabiLity MIl, MO, RCA " .. .. 
pr incipal electronics 

61 EMTBF(J) Allocated MTBF of 'J'th module of r~mitter principal MH, lID, RCA .. " " 
electronics 

62 FWT(l) Weight of CA capabi~ity principal electronics MH, MD, RCA " " " 

63 LWT(l) Weight of GA capability principal elect.ronics IIH, lID, RCA " " " 

1 

64 EWT(l) Weight of remitter principal electronics MH, lID, RCA " " " 

FWT(2) Weight of CA capability pilot's maneuver indicator MH, MD, RCA 
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ITEM VARIllRLE DtiCRIPTION SOURCES VALUES • COMMENTS 

66 LlIT(2) ~ight of GIl cllpability pilot' s lIIlIIleuver indicator MR, MD, RCA . Det. by sources 

67 ElIT(2) Weight of remitter pilot's lIIlIIleuver indiclltor ARC 0 

68 FIIT(]) Weight of CA cllpability control panel MIl, MD, RCA Det. by sources 

69 LlIT(]) weight of GIl cllpability control panel MIl, MD, RCA 0 0 0 

70 ElIT(]) Weight of r-.itter control Pllnel MR, MD, RCA 0 0' 0 

71 PW'l'(4) weight of CA cllpability llntenna system (1) ARC 0 HlA 

72 LlIT(4) Weight of GIl cllpability llntennll system (1) ARC 0 HlA 

73 ElIT(4) Weight of remitter llntel\llll system (1) ARC 0 ' HlA 

74 FIIT(J) weight of J'th module of CA capability principal 
electronics 

ARC 0 HlA 

75 LW'1'(J) weight of J' th module of GIl ,cllpabil'ity principal 
electronics 

ARC 0 HlA 

76 ElIT(J) weight of J'th lIlO4ule of remitter principd 
electronics 

ARC 0 HlA 

77 FltIlH (II Av. tu. to r8lllOve and rephce CA cllpability 
principal electronics 

Users Det. by ARC 

78 LRlGIlI) Av. time to r8IIIllVS llnd rephce GIl cllpability 
principal electronics 

Users . 0 0 
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ITEM VARTABLE DESCRIPTION SOURCES VALUES COMMENTS 

I 
79 BRIGI(l) I Av .. time to remove and replace remitter principal Users Det. by ARC 

electronics 

80 FRIGI(2) Av. time to remove and replace CA capabili ty pilot'. Users .. .. .. 
maneuver indicato.r 

81 LRIGI(2) Av. time to remove and replace GA capabl:lity pilot's Users .. .. .. 
maneuver indicator 

82 ERIGI(2) Av .. time to remove and replace remitter pilot' s ARC 0 N/A 
maneuver indicator 

83· FRIGI(3) AVe time to remove and replace CA capability contro users' Det. by ARC 
~el 

84 LRIGI(3) Av.. time to remove and replace GA capability Users .. .. .. 
control panel 

85 ERIGI(3) Av. time to remove and replace remitter control Users .. .. .. 
panel 

86 FilMH(4) Avo time for on A/C repair Of CA capability Users .. .. .. 
antenna system 

87 LRIGI(4) Av. time for on AlC repair of GA capability Users .. .. .. 
antenna system 

88 ERIGI(4) Av. time for on Ale repair of remitter antenna Users .. .. .. 
system 

89 FRIGIIJ) Av. time to remove and replace JI th module of ARC 0 N/A 
CA capability principal el.ectronics 

90 LRIGIIJ) Av. time to remove and replace J'th module of ARC 0 N/A 
GA capability principal electronics 

BRI!II (J) Av. time to remove and replace JI th module of ARC 0 N/A 
remitter principal electronics 

91 
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ITEM UllRtaftT... DESCRIPTION '"nItRCES ,V/IWES C:oMMENTS 

92 nJIIII(l) Av. time to isolate to module level in the ell 
Capability principel electronics 

MIl, MD, RCA Det. by .ouces 

93 UlIlII (1) , Av. time to isolate to module level in the GA 
c~ility principel electronics 

MIl, 10), RCA · . . 
94 EDIIIl(l) Av 0 time to isolate to module level in tbe 

remitter principel electronics 
MIl, MD, RCA · . . 

95 nJIIII (2) Av. time to repeir ell capability pilot's 
lBlUleuver indicator 

Users Det. by All: 

96 UlIlII (2) Av. ,tt-e to repeir CiA capability pilot' s. 
~euver indicator 

userS' · . · 
97 EDIIIl (2) AVo tt-e to repeir remitter pilot's lIIlIIleuver 

indicator 
ARC 0 Il/A 

98 PDIIH(3) Av. time to repeir cA capability control penel Users Det. by All: 

99 UlIlII (3) Avo time to repeir GA capability control penel Users · .. · 
100 EDIIIl (3) Avo time to repeir remitter control penel Users · . · 
101 PDIIH(4) Avo time to repeir ell capability antenna system ARC 0 Il/A 

102 LIIIGI (4) Av. time to repeir GA capability antenna system ARC 0 Il/A 

103 EDIIIl (4) Av. tt-e to repeir remitter antenna system ARC 0 H/A 

104 PDIIH(J) Av. time to repeir J' th module of ell capability 
principel electronics 

MH, MD, RCA Det. by sources 



CAS Life Cycle Cost Model Parameter Summary 

ITEM VARTARLE DESCRIPTION SOURCES li'lWJES COMMENTS 

lOS LDMH(J) Av. time to repair .! I th module of GA capability 
pr:incipal electronics 

MIl, MD, RCA Det. by sOurces 

106 EDMH(J) Av. time to rePAir J'th module of remitter 
principal electronics 

MIl. MD. RCA · • . 
107 l'IlIIC (1) Av. material cost per repair action of eA 

capability principal electronics 
ARC 0 It/A 

108 LOMC(l) Av. material cost per repair action on GA 
capability principal electronics 

ARC 0 It/A 

109 EDMe(l) Av. material cost per repair action on remitter 
principal electronics 

ARC 0 N/A 

110 FDMC(2) Av. material cost per repair action on CA 
"'apability pilot I s mane~ver indicator 

Users Det. by ARC 

111 LDMC(2) Av. material cost per repair action on ,GA pilot's 
Rijlneuver indicator 

Users " · · 
112 EDMC(2) Av. material cost per repair action on remitter 

.maneuver indicator 
ARC O· N/l( 

113· POMe(3) Av. material cost per repair action on CA 
capability control panel 

Users Det. by ARC 

114 LOMe (3) Av. material cost per repair action on GA 
capability control panel 

Users " · · 
11S EIlMC (3) Av. material cost per repair action on remitter 

control panel 
Users · · " 

116 POMe(4) Av.. material cost per repair action on CA 
capability antenna system 

Users · " · 
117 WMC(4) Av. material cost per repair action on GA 

capability antenna system 
Users " " · 

t:I 
I 

Lv 
\0 
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ITEM "".u....."' DF.SCRIrTION SOU......." VllLUES : CONIlEN'I'S 

118 1!DIlC(4) Av.....terial cost per repair action on remitter 
antenna ..ys_ 

Users !let. by AJlC 

119 FIlIC(J) Av. material cost per repair action on J' th 
lIOdule CA capability principal electronics 

MIl, lID, RCA !let.' by sources 

120 UlMC(J) Av.....terial cost par repair action on J'th 
lIOdule of GA capability principal electronics 

MR, MD, RCA !let. by_cu 

121 I!DIlC(J) Av. _terial cost per repair action on J'th 
module of remitter principal electronics 

181, MD, RCA 
.. . .. 

122 PllOm(l) Fraction of CA capability principal electronics 
failures nsul ting in condemnations 

ARC .001 

123 LCOIID(l) , Fraction' of GA capability principal electronics 
failures resultill9 in condemnations 

ARC .001 

124 BCOIIIl (1) Fraction of remitter capability principal 
e~ectron1cs failures resulting in cond.......tions 

ARC .001 

125 PCOND(2) Fraction of CA capability pilot's 'maneuver 
indicator failures resulting in condemnations 

. ARC .01 

126 LCtlIlD(2) Fraction of GA capability pilot' s maneuver 
indicator failures resulting in condemnations 

ARC .01 

127 ECOND(2) Fraction of remitter capabiiity pilot's maneuver 
indicator failures resulting in condemnations 

ARC 0 II/A 

128 FCOND(3) Fraction of CA capability control panel failures 
resulting in cond.......tions 

ARC .01 

129 LCOND(3) Praction of GA capability control panel failures 
resulting in condemnations 

ARC .01 

130 ECOND(3) Praction of remitter capability control panel 
failures resulting in condemnations 

ARC .01 
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CAS Life Cycle Cost Model Parameter Summary 

ITEM 

131 

VARTMILE 

FCOND(4) 

DESCRIPTION 

I Fraction of CA capability antenna 
resulting in condemnations 

system failures ARC 

SOURCES 

0 

VALUES COMMENTS 
~ 

I 

132 LCOND(4) ­ Fraction of GA capability antenna 
resulting in condemnations 

system failures ARC 0 

133 ECOND(4) Fraction of remitter capability antenna . system 
~ailures resulting in condemnations 

ARC 0 

134 

135 

FCOND(J) 

LCOND(J) 

Fraction of J'th module failures in CA capability 
p~incipal electro~ics resulting in condemnations 

Fraction of JI th module failures in GA capability 
principal el'ec.tronics resulting in condemnations 

ARC 

ARC 

.10 

.10 I 
136 ECOND(J) Fraction of JI-th, module. failures in remitter capab­

ility principal electronics- resulting in condem­
nations 

ARC .10 

137 CAOF Unit acquisition cost of special support 
equipment for CA capability 

MH, MD, RCA Det. by sources 

138 CAOL Unit acquisition Cost of spec 1a1 support 
equipment for GI\ capability 

MH, MD, RCA " " " 

139 CAOE- unit acquisition cost of special support· 
equipment for remitter capability 

MR, MO, RCA .. .. " 

140 CODF Annual operating cost rate of special support 
equipment for CA capability 

Users Det. by AIlC 

141 COOL Annual operating cost rate of special support 
equipment for GA capability 

Users " " " 

142 CODE Annual operating cost rate ·of special support 
equipment for remitter capability 

Users " " " 

143 PPF New inventory coded items in ~ CAS MH, MO, RCA Det. by sources 

l' 
~ '"
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ITEM ....D •• a ..• DESCRIPTION ""'''''''.." VALUES COMIIEII'1'S 

144 PPL lIew inventory coded items in GA CAS MIl, MD, RCA , Det. by lIOUrce. 

145 PPE !lew inventory coded items in remitter MIl, MO, RCA · · · 
146 TPP Total inventory coded items in CA CAS IGI, MD, RCA · · · 
147 TPL Total inventory coded items in GA CAS IGI, MD, RCA · · · 
148 TPE Total inventory coded items in remitter MIl, ltD,' RCA- · · · 
149 RIIDF 110. of pages of base level Tech. docUmentation for MR, MO, RCA · · · 

CA CAS 

150 IIBDL 110. or pages of base l·evel. Tech. documentation for MH, MO, RCA · · · 
GA CAS 

151 IIBDE 110. of pages of base level Tech. documentation. for MH, MO, RCA · · · 
remitter 

152 NIlIlF 110. of pages of depot level Tech. documentation MH, MO, RCA · · · 
for CA CAS 

153 NIlIlL 110. of pages of depot level Tech. documentation MR, MO, RCA · · · 
for GA CAS 

154 NIlIlE 110. of pages of depot level Tech. documentation MR, MO, RCA · · · 
for remitter 

155 PIBF IIase facilities coets for CA CAS Users Det. by A1lC 

156 FIBL Base facilities costs for GA CAS Users 
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ITEM I DESCRIPTION SOURCES VALUES COMMENTSVARtIUILF~ I I 
157 I PIBE I Base facilities costs for remitter . Det. by ARCUsers 

.. ..158 

I
UsersPlOP IDepot facilities costs for CA CAS · 

..159 Depot fac~lities costs for GA CASPIDL Users. · · 

0 
I 
~ 
IN 

I., 

160 

161 

I 

I 

PIDE 

ATE 

I Depot facilities costs for remitter 

I Support equipment availability figure for each 

Users 

Users I I 
· 
· 

· 
· 

· 
· 

162 DRCT 

user c:at890ryIAv •. Depot level response time (pipel ine) for each Users I 2 mo. (Mil) I · · · 
1163 I BACT 

use}.· category 

Av. Base level response time (pipeline) for each Users I .33 DlO. (Mil) I · · · user cateqory 

164 

165 

I 

I 

liHR 

PHR 

. I Av. flight hours per mo. for each user category 

I Peal< flight hours per Il1O. for each user category 

Users 

Users I I · 
· 

· 
· 

· 
· 

166 SUF ISpares sufficiency factor (standard deviations from I ARC I 0 

I 
mean) 

SlO.OO/hr. (Hil) Det. by ARCBase labor rate for each user category Users1167 BLR 

..S.33/lb(Mi1)Users168 I SHC I Shipping costs per lb. for each user category · · 
..$IS.OO/hr. (Hil)Users169 I DLR I Depot labor rate for each user category · · 
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VALUES,ITEl4 VARIARLE DESCRIPTION CO!I!IENTSSOURCES 

170 

171 

172 

173 

174 

o 
I 

175tI::­
tI::­

17& 

177 

178 

179 

180 

181 

182 

RTS 

lAC 

OUR 

SA 

DAA 

'!'CB 

'!'CD 

PMB 

PHD 

l/lR 

FR 

SR 

TR 

I P~action of maintenance actions repaired at base Users 
level for each user category 

Cost of introducing and maintaining each new Users 
inventory coded item for user category 

Sup~rt equipment utilization factor for each Users 
user category 

Annual supply mgt cost for each inventory coded.e Users 
item for each user category 

Support equipment time available per month for Users 
e~ch user categor~ 

Cost oer man of base level training for each user Users 
.category 

Cost per man of depot level training for each user , Users 
category 

Direct base productive man hours per man year for I Users 
each user category 

Direct depot productive man hours per man year for I Users 
each user category 

Av. time to complete on A/C maintenance records I Users 
for each user category 

Av. time to complete off A/C maintenance records I Users 
for each user category 

Av. time to complete supply transaction records for I Users 
each user category 

Av. time to complete transportation forms for each I Users 
user category 

Det. by ARC 

$105/yr. (Mil) 

$12/item/yr. (Ki1) 

Sl&OOIMi.1) 

$1&00 (Mil) 

1&"80' hrs. (Mill 

1788 hrs. (Mil) 

.08 hrs. (Mill 

.24 hrs. (Mill 

.25 hrs. (Mil) 

.1& hrs. (Mil) 

c 
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ITEM VARTART.R DESCRIPTION SOUIlCM VALUES " COMMENTS 

183 

184 

18S 

TR8 

TRD 

'I'D 

Av .. annual turnover rate at base for each user 
category 

Av .. annual turnover rate at depot for each user 
category 

COst per page. of original technical doc_ntation 
for each user category 

. 

.. 

Users 

Users 

Users 

.33 per year(lIil) 

.1S·per year(Mil) 

$160UU1) 

Det. by A'RC 

. . . 

. . . 

-,
 

I 
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ITEM VARIABLE DESCRIPTION 
COMMERCIAL 
CARRIER MILITARY 

GENERAL 
AVIATION 

l. SFlLE System File Name Input AVOIDS 
EROS 
SECANT 

AVOIDS 
EROS 
SECANT 

AVOIDS 
EROS 
SECANT 

2. UFILE User File Name Input COM COM COM 

3. FICaS Installation cost in new 
capabili ty CAS . 

A/C of Type I $2536 1114l. $1155 

4. RICOS Retrofit cost of Type I capability CAS 4227 8252. 1925 

5. LICOS Installation cost in new A/C of Type II. 
capabi lity CAS 

N/A 2715 135 

6. LRCOS Retrofit cost of Type II capability CAS N/A 2479 226 

7. EICOS Installation cost in new A/C of remitter N/A N/A 135 

t<:l 
I 

N 

8. 

9. 

ERCOS 

NYR (I) 

Retrofit cost of remitter . 
Year I 

N/A 

1978 

N/A 

1978 

226 

1978 

10. NAC (1) Number of A/C in each user 
in Year I 

category in 
2693 19,501 173,500 

11. NBAS (I) Number of bases in each user 
in Year I 

category 
15 166 146 

12. NDEP (I) Number of depots in each 
in Year I 

user category 
3 8 5 

13. FREM Fraction of GA A/C with remitters N/A N/A .7* 

14 NRAC Number of A/C in each user 
be retrofitted 

category to 
2560 19,345 167,800 

15. XLRN Learning curve parameter 

16. XINF Inflation parameter 0, .06, .1 0, .06, .1 0, .06, .1 



~ 

COMMERCIAL GENERAL 
ITEM VARIABLE DESCRIPTION CARRIER MILITARY AVIATION 

17 I'l' Retrofit. completion period 4 8 8 

18 Q Average number of CAS units per AlC in each 
user category 1 1 1 

19 Ql Fraction of A/C in each user cateqory with 
Type I capability CAS 1 0.56 0.05 

20 NMODF Number of modules in Type I capability CAS AVOIDS 5 AVOIDS 5 AVOIDS 5 
'principal electronics EROS 7 EROS 7 .. EROS 7 

SECANT 8 SECANT 8 SECANT 8 

21 NMODL Number of modules in Type II capability CAS 
principal electronics N/A AVOIDS 4 AVOIDS 4 

EROS.7 EROS 7 
SECANT 7 SECANT 7 

22 NK>DE Number of modules in remitter principal 
electronics N/A N/A .SECANT 5 

tt:1 
I 23 NANTF N~~er of antennas in Type I capability CAS 

W Configuration 2 ,. 2 2 

24 NANTL Number of antennas in Type II capability CAS 
configuration N/A AVOIDS 2 AVOIDS 2 

EROS/SECANT 1 EROS/SECANT 1 

25 NANTE Number of antennas in remitter configuration N/A N/A 1 

26 FUC(2) Initial selling price of Type I capability 
pilot's maneuver indicator $1092 $1092 $1092 

27 LUC(2) Initial selling price of Type II capability 
pilot's maneuver indicator N/A SECANT $53 SECANT $53 

28 FUC (3) Initial selling price of Type I capability 
control panel SECANT $127 SECANT $127 SECANT $127 

29 FUC(4) Initial selling price of Type I capability 
antenna system (1) $63 $63 $63 



alMMERCIAL GENERAL 
ITEM VARIj>.BLE DESCRIPTION CARRIER MILITARY AVIATION 

30 LUC(4) Initial selling price of Type II capability antenna 
system (1) N/A $13 $13 

31' EUC (4) Initial selling price of remitter antenna 
system (1) N/A N/A $13 

32 FMTBF 
(2) MTBF of Type I capability p~lot's maneuver 

indicator 7500 hours 7500 hours 
.. / 

7500 hours 
..; 

33 LMTBF 
(2) . MTBF of Type II capability pilot's ~neuver 

indicator N/A 10,000 hours 10,000 hours 

34 FMTBF 
(4) MTBF. of Type I capability antenna system (1) 50,000 hours . 50, 000 hours 50,000 hours 

35 LMTBF 
(4) MTBF of Type II capability antenna system (1) N/A 50,000 hours 50,000 hours 

tt:I 
I 36 EMTBF 
~ (4) MTBF of remitter antenna system (1) 50,000 hours 

37 FWT(2) WeigHt of Type I capability pilot's maneuver 
indicator 2.2 Ibs. 2.2 1bs. 2.2 Ibs. 

38 FRMH(l) Average time to remove and replace Type I 
capability principal electronics .25 hours .25 hours .25 hours 

39 LRMH(l) Average time to remove and replace ~ype II 
capability principal electronics .5 hours .5 hours .5 hours 

40 FRMH(2) Average time to remove and replace Type I 
capability pilot's nKUleuver indicator .5 hours .5 hours .5 hours 

~ 
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CAS LIFE ~CLE COST MODEL ~ARAMETER SUMMARY - COfI!«)M DATA 

ITEM VARIABLE DESCRIPTION 
COMMERCIAL 

CARRIER MILITARY 
GENERAL 
AVIATIOli 

41 FRHH(4) Average time for on A/c repair of Type I 
capability antenna system 2 hours 2 houris 2 hours 

42 LIUUI (4) Average time for on A/C repair of Type II 
capability antenna system .25 hours .25 hours .25 hour. 

43 FDMH(2) Average time to repair Type I capability 
pilot's maneuver indicator 1 hour 1 hour 

I.. 
..; 1 hour 

44 

45 

FDHC(2) 

FCOND 
(1) 

Average material cost per repair action 
on Type I capability pilot's maneuver 
indicator 

Fraction of Type I capability principal 
electronics failures resulting 
in condemnations 

. $109 
I 

.001 

$109 

.001 

n09 

.001 

ttl 
I 

U1 
46 LCOND 

(1) 
Fraction of Type II capability principal 
electronics failures resulting in 
condemnations MIA 

L 
.001 

, 

.001 

47 ECOND 
(1) 

F;action of remitter capability principal 
electronics failures resulting in 
condemnations 

N/A N/A .001 

48 FCOND 
(2) 

Fraction of Type I capability pilot's maneuver 
indicator failUres resulting in Condemnati.ons .01 .01 .01 

49 FCOND 
(4) 

Fraction of Type I capabilit~ antenna system 
failures resulting in condemnations 1 1 1 

50 LCOND 
(4) 

Fraction of Type II capability antenna system 
failures reSUlting in condemnations NIA 1 1 

51 ECOND 
(4) 

Fraction of remitter capability antenna 
system failures resulting in condemnations 

NIA N/A 1 
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CAS LIFE CYCLE COSTS MODEL PARAMETER SUMMARY-COMMON DATA 

ITEM VARIABLE DESCRIPTION 
COMMERCIAL 
CARRIER MILITARY 

GENERAL 
AVIATION 

52 CODF Annual operating cost rate of special $1058 $1058 $1058 

53 CODL Annual operating cost rate of special 
support equipment for Type II capability N/A $ 529 $ 529 

54 CODE Annual operating cost rate of special 
support equipment for remitter capability MIA N/A $ 529 

55 FIBF Base facilities costs for Type I CAS N/A $ 529 N/A 

56 FIBL Base facilities costs for Type II CAS MIA $ 529 N/A 

57 FIDF Depot facilities costs for Type I CAS $529 $ 100,000 N/A 

58 FIEL Depot facilities costs for Type II CAS N/A $ 100,000 N/A 

t<:l 
I 

0'1 

59 

60 

ATE 

DRCT 

Support equipment availability figure 
for each user category 

Average depot level response time 
(pipeline) for each user category 

1 

0.1 months 

0.9 

2.0 months 

1 

.25 months 

61 BRCT Average base level response time 
(pipeline) for each user category 0.1 months 0.33 months 0.1 months 

62 AHR Average flight hours per month for 
each user category 238 hours 80 hours 17.3 hours 

63 PHR Peak flight hours per month for 
each user category 298 hours 100 hours 20 hours 

64 SUF Spares sufficiency factor 
deviations from mean) 

(standard 
0 1.65 0 

65 BLR Base labor rate for each user category 22.29 13.00 16.28 

66 SHC Shipping costs per lb. 
category 

for each user 
.35 .35 .35 

67 DLR Depot labor rate for each user 
category 22.29 15.80 17.90 

.\. '. 
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CAS LIFE cYCLE COST MODEL PARAMETER SUMMARY-COMMON DATA 

ITEM VARIABLE DESCRIPTION 
COMMERCIAL 
CARRIER MILITARY 

GENERAL 
AVIATION 

68 RTS Fraction of maintenance actions repaired 
at base level for each user category 

Electronics 
Indicator = 
Antenna .. 1 

= 
1 

0 Electronics =0 
Indicator .. 1 
Antenna = 1 

Electronics 
Indicator = 
Antenna = 1 

= 0.2 
1 

69 lAC Cost of introducing and maintaining 
each new inventory coded item for user 
category $16 .$990. NIA 

70 DUR Support equipment utilization factor for 
each user category 3 3 3. 

71 SA Annual supply management cost for each 
inventory coded item for each user 
category $6.35 $12.72 NIA 

tr:I 
I ..... 

72 

73 

DAA 

TCB 

Support equipment time available per 
month for each user category 

Cost per man of base level training for 
each user category 

160 hours 

N/A 

160 hours 

NIA 

160 hours 

MIA 

74 TeD Cost per man of depot .level training for 
each user category $1695 $8000. MIA 

75 PMB Direct base productive manhours per man 
year for each user category NIA 1456 hours MIA 

76 PMO Direct depot productive manhours per man 
year for each user category, 1788 hours 1456 hours 1788 hours 

77 f3R Average time to complete on AIC maintenance 
records for each uSer category 0.08 hours 0.25 hours 0.08 hours 

78 FR Average time to complete off AIC maintenance 
records for each user category 0.24 hours 0.5 hours 0.24 hours 

79 SR Average time to complete supply transaction 
records for each user category 0.24 hours 0.5 hours 0.25 hours 



CAS LIFE CYCLE COST MODEL PARAMETER SUMMARY-COMMON DATA 

COMMERCIAL GENERAL 
ITEM VARIABLE DESCRIPTION CARRIER MILITARY AViATION 

80 TR Average time to complete transportation 
forms for each user category 0.16 hours 0.5 hours 0.16 hours 

81 TRB Average annual turnover rate at base 
for each user category· N/A .2 NfA 

82 TRB Average annual turnover rate at depot 
for each user category 0 •05 .06 NfA 

83 TO Cost per page of original technical 
documentation for each user category N/A $170 ~/A 

t:z:l 
I 

<XI 



APPENDIX F 

RESULTS'OP GENERAL AVIATION INSTALLATION 

, FACILITIES RESPONSE TO QUESTIONNAIRE 
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DEVELOPMENT OF GENERAL AVIATION INSTALLATION COSTS 

The large population of the general aviation community dictated that 
detailed installation costs of CAS be developed accurately if the study 
results were to be valid. Several methods were considered and tried but 
the results showed that there exists a large variation in installation 
costs betweep the many installing sho~s because of labor rates, geographi­
cal locations, and competition. Finally a decision was made to. query all 
the installation facilities in the continental US and average the 
influencing data such as hours, labor rates, material costs and total 
installation costs. The DOT/FAA Consolidated Listing of FAA Certified 
Repair Stations advisory circular was used to identify all the repair facil ­
ities involved in.radio repair and a questionnaire asking for detailed. 
installation data was sent to each facility. The advisory lists in excess 
of 500 repair facilities and replies were received from more than 25% of 
these facilities providing a good average from allover the country. 

The que·stionnaire requested the cost of installation; in hours and 
dollars, of a piece of avionics considered similar to CAS for installation 
complexity but one with which all the repair facilities Were familiar with­
the NARCO DME-190. The DME-190 was chosen because it is approximately the 
same size as the proposed CAS systems, is mounted in the flight console of 

•	 a small aircraft as will be CAS, requires similar aircraft power and wiring, 
.and uses an L-band stub antenna similar to that required by CAS. The results 
of the questionnaire .have been averaged and are shown in this section. In 
addition, charts showing the distribution of labor rates and· total instal­
lationcost quoted have been prepared and are included. 
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--\~~r-A.:I:U.:rsI'C 
October 31, 1974 

A Sut)~Ic1Ii:tr y of Aeronautical RadiO, Inc. NDCG/TSP-74-76 
w. O. 1306 

ARINC Research Corporation is currently under contract to 
the Federal Aviation Administration to develop estimates of the 
life cycle cost of implementing a Collision Avoidance System in 
the totaL aviation community. General aViation, with which you 
are concerned, represents a very large portion of the total costs~ 

In order that we may provide the most realistic estimate of costs, 
we are requesting your cooperation in completion cfthe attached 
questionnaire pertaining to the costs of retrofitting existing 
general aviation aircraft. 

Although some variations exist among the equipment proposed 
by the three competing mQnufacturers for the CAS, for purposes 
of this estimate we request that you consider the installation 
to be comparable to that of a DME similar to the NARCODME-l90. 
The CAS will consist of a package (including the transmitter, 
receiver, logic circuitry and display) designed to fit in the 
aircraft console, sized approximately the same as the DME-l90, 
an antenna CA/4 stub) mounted on centerline of fuselage on top 
of the aircraft, and cabling to prOVide a connection to the air ­
craft power supply and encoding altimeter. Hardware and cabling 
would be provided by the installing agency. 

You are requested to consider only single and twin en~ine
 

aircraft, unpressurized, and limited by existing regulations
 
to normal flights below 10,000 feet.
 

Your cooperation in this study is appreciated. Information
 
prOVided will be held in strict confidence, with only community
 
averages becoming a part of the published study.
 

J 
e"r~Ul,.IftYOUI'1,' 

. / . 
. ~;?£

Stanley H.,'Kowalski 
Pro~ineer 

Enclosure F-5 
.----..- .-,.. -... _.', --. - r -.,. -.' ----- .. ---, 

S.nla An•. C."l, 114-547 7~94 I TWX' Ann.pol" 710-8678~~JPhoM" Ann.polis 301·268·4000 Washington, D.C. 261·1600
L.- __ __.. __--'_.... ". . . I Sanla Ana, Calif. 910·595·1110 .•..•"_ .. 

F-5 



-------

RESULTS OF REPLIES RECEIVED. FROM 125 REPAIR AND INSTALLATION FACILITIES 

DATA SHEET 

COMPANY _ 
DATE ---- ­

ADDRESS _ 

.' 
CERTIFICATION: COMM NAV RADAR ----'----'__ 

PRESENT LABOR RATE $ 1_5_._4_0__~/hr. (INSTALLATION) 

SINGLE TWIN 
ESTIMATE OF INSTALLATION: ENGINE A/C ENGINE Alc 

CAS UNIT 
(APPROX. 2-1/2" x 6-1/4" x 12") 4.5i hours	 6.43 hours 

ANTENNA (A/4 STUB)	 2.32 hours 3.21 hours 

CABLING (AVERAGE MANHOURS)	 3.92 hours 5.31 hours 

MATERIAL	 (AVERAGE) $ 26.39 $ 35.48 

TOTAL INSTALLATION COST $213; 54	 $261.69 * 

1.	 If CAS, is made a mandatory, national standard, would you stock complete 

spare units? (YES 40.5% -), spare parts? (YES 82.5% -) 

2.	 Would you purchase test equipment to maintain the CAS-GA at a unit price 

of $5,000? (YES 58% -) 

3.	 What percent of aircraft that you service have encoding altimeters? 

20.2% 

*NOTE:	 TOTAL INSTALLATION COSTS ARE THE MEAN OF COSTS QUOTED BY
 
125 FACILITIES. HOURLY ESTiMATES ARE THE MEAN FOR 90% OF
 
FACILITIES RESPONDING.
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