
.e-

Report No. FAA~EM·76-2 

I.

... . J . 

COST ANALYSIS 
OF THE AIRBORNE PORTION 

OF THE DISCRETE ADDRESS BEACON SYSTEM. 
INTERMITTENT POSmvE CONTROL 

.(DABS/IPC) CONCEPT 

-, 
FINAL REPORT 

Stanley Kowalski 
J. Kent Haspert 

James Witt h 

U8aA" 

II 57& 

••• 0 __ -

. . 

.. ~ . 
• • 

December 1975 

PREPARED FOR 

DEPARTMENT OF TRANSPORTATION 
FEDERAL AVIATION ADMINISTRATION 

Office of Systems Enlineerinl Manallmlnt
 
Washlnlton, D. C. 20591
 



I

Technical ~eport Documentation Page 

! 1. Report No. 3. Recipient's Catalog No.2. Government Accession No. 
, FAA-EM.., 76-2 

4. Title and Subtitle 5. Report Date 

December 1975Cost Analysis of the Airborne Portion of 
6. Performing Orgoni zation Code

Discrete Address Beacon System Intermittent Positive
 
Control (DABS!IPC) Concept
 

r---:;;--:--:---;-;-----------------------------j 8. Performing Organi zation Report No. 
7. Author l s) 

1306-01-2-1480Stanley Kowalski James Witt 
J. Kent Hasoert 

10. Work Unit No. (TRAIS)9. Performing Organi zat;on Name and Address 

ARINC Research Corporation 
11. Contract or Grant No.A Subsidiary of Aeronautical Radio, Inc. 
DOT-FA74WA-35062551 Riva Road'
 

Annaoolis. Marvland 21401
 
12. Sponsoring Agency Name and Address 

Department of Transportation Final Report
 
Federal Aviation Administration
 

14. Sponsoring Agency Code
Office of Systems Engineering Management 
W",C!h;nnf-r.n n r' ?nc;:al 

15. Supplementary Notes 

16. Abstract 

This report presents the results of the cost and reliability evaluations 
developed for discrete and LSI versions of the airborne portion of the 
DABS!IPC concept. To provide a basis for assessing the economic impact of DABS 
on the various aviation communities, separate cost evaluations have been 
developed for general aviation, commerical aviation, and the military. 

This report presents the expected cost of ownership to the individual 
aircraft owner and the cumulative life-cycle cost to the user communities, 
based on the developed data. 

DABS
 
IPC
 
PWI
 
CAS 

18. Distribution Statement 
Availability is unlimited. Document may be 
released to the National Technical Informa
tion Service, Springfield, Virginia 22151, 
for sale to the public. 

21. No. 01 Pages 22. Price20. Security Classil. (of thi s page)19. Security Classi!. (01 this report) 

Unclassifed 244Unclassifed 

Form DOT F 1700.7 (8-72) Reproduction of completed page authorized 



ACKNOWLEDGMENTS 

Throughout the study described in this report, ARINC Research 
Corporation received enthusiastic and invaluable support from the engi
neering departments of Lincoln Laboratory, developers of the Discrete 
Address Beacon System (DABS) concept, and Bendix Avionics Division of 
Bendix Corporation, a general aviation manufacturer. The Federal Aviation 
Administration furnished the overall guidance for the study, while the 
engineers of Lincoln Laboratory supplied the basic data necessary for an 
evaluation of the concept. Bendix engineers provided assistance in the 
integration of logic required by the DABS Intermittent Positive Control, 
and reviewed the cost data on the general aviation equipments. 

While space does not permit listing the names of all those who con
tributed to the study, we are pleased to acknowledge our indebtedness to 
the following persons for their assistance: Dr. J. D. Welch and P. H. 
Robeck, of Lincoln Laboratory, and W. G. Shear and J. Whalen, of Bendix 
Avionics Division. 

iii 



SUMMARY 

ARINC Research Corporation is under contract to'the Federal Aviation 
Administration (Contract DOT-FA74WA-3506) to provide assistance in the 
development and evaluation of cost factors that will affect the FAA policy 
regarding Collision Avoidance Systems (CAS) as a national standard. The 
Discrete Address Beacon Systems (DABS) with its inherent Intermittent Positive 
Control (IPC) capability represents one method of ensuring safe aircraft 
separations, and this report examines the costs of the avionics required by 
the DABS/IPC system. 

The cost of DABS/IPC avionics are developed for a discrete-component 
version similar to the existing prototype equipment and for an LSI version 
that is more indicative of future design techniques. To provide a basis for 
assessing the economic impact of.DABS 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 the Type I trans
ponder and display equipment intended for the commercial air carriers and 
other high-performance aircraft, the Type II transponder and display intended 
for the general-aviation aircraft, and a modification of the APX-72 transponder 
for the military aircraft. The designs developed herein for evaluation purposes 
were based on the operational concept of DABS/IPC developed by Lincoln Labora
tory for the Federal Aviation Administration. 

To evaluate the costs associated with implementing the DABS concept and 
to permit comparison with other CAS studies, it was assumed that DABS implementa
tion would begin in 1978. The number of DABS/IPC units to be installed each 
year was estimated and DABS/IPC life-cycle costs were developed from 1978 
through 1988. The costs to be borne by the commercial carrier, military, and 
general-aviation user communties were evaluated separately. The cost analyses 
required the development of detailed cost and reliability data peculiar to 
the DABS/IPC system and the development of DABS/IPC impelmentation cost factors 
that apply equally to either ACAS or DABS/IPC concepts. System costs based on 
these data were evaluated with the aid of an economic analysis model. 

The cost and rclidoility data describing the system concepts provided the 
basis for the economic evaluation of the system. These data were critical to 
the overall success of the study and were therefore developed with extreme care. 
The data development was based on designs provided by Lincoln Laboratory for 
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test and evaluation of the DABS/IPC concept and on designs developed by 
ARINC Research utilizing large scale integration of logic functions in an 
attempt to reduce system costs and improve system reliability. Both designs 
were developed reflecting production quality equipment intended for start of 
production in 1978. 

Factors such as aircraft installation costs, equipment distribution 
costs, and the number of aircraft installing DABS/IPC on a year-by-year basis 
were assumed to apply equally to either ACAS or DABS/IPC concepts. They were 
developed so that the total cost of DABS implementation could be determined. 

The individual aircraft costs and the combined user community costs 
of DABS implementation were developed using the independently derived system 
cost and reliability data. A summary of the DABS Cost Analysis is presented 
in Tables 8-1 through 8-3. Table 8-1 identifies the costs of equipment required 
by the various users. The values shown are the expected manufacturers costs 
without mark-up for distribution. Table 8-2 presents the costs per aircraft 
and life-cycle costs to each user community at the three annual inflation 
rates assumed in the study. Distribution costs have been included in the 
data presented. Table S-3 summarizes the total expenditure required to im
plement the airborne portion of DAB8/IPC at the three annual inflation rates. 

TABLE S-l. DABS/IPC COST OF EQUIPMENT* 

System 
Component 

Discrete-Component Version 

Type I Type II Military Type I 

LSI Version 

Type II Military 

Principal DABS 
Electronics 

$6178 $493 
( 641)** 

- $4860 $616 
( 764) 

-

Modification Kit - - $2260 - - $ 941 

IPC Indicator 2099 506 2099 1066 ncluded in 
Electronics 

1066 

Antenna 63 13 63 6'3 13 63 

Control 516 - 300 516 - 300 

ATe Display * * * 1527 - - 1527 - -
*Pr1ces shown are or1g1nal equ1pment manufacturers (OEM) costs, w1thout mark-up 
for distribution. 

**The values in parentheses represent the cost of equipment when 
altitude encoding is included. 

OJ 

'***Optional equipment, not required. 

The report also presents a review of the effects of variations in key 
~t _~~ameters' (e.g., system failure rates) and key assumptions (e.g., 

quantities of equipment to be installed on each aircraft) in a sensitivity 
section. This is followed by a detailed review of the costs of providing 
built-in altitude-encoding capability in the Type II units. This built-in 
altitude-encoding capability would be required by the large majority of 
general aviation aircraft that are not equipped with encoding altimeters. 
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TABLE S-2. SUMMARY OF DABS/IPC COST ANALYSES 

Cost Category 

Commercial Aviation Military Aviation General Aviation 
1 

Discrete 
Version 

($) 

LSI 
Version 

($) 

Discrete 
Version 

($) 

LSI 
Version 

'($) 

Discrete 
version 

($) 

LSI 
Version 

($) 

1077 . 
(1313) 

1176. 
(1434) 

403.5M 
(452.lM) 

Cost of acquiring and installing DABS 
in a single aircraft (zero percent 
inflation) 

15181. 11797. 12251. 8866. 1755. 
(2005) 

Anticipated II-year life-cycle cost 
for a single aircraft (zero percent 
inflation) 

20051. 15989. 13884. 10270. l8f'5. 
(2125) 

Total life-cycle cost for the entire 
user community (zero percent inflation) 67.'6M 53.5M 246.0M l85.2M 606.8M 

(655.4M) 

Total life-cycle cost for the entire 
user community (six percent inflation) 95.3H 75.3M 359.9M 270.6M 929.4M 

(996.2M) 
6l9.2M 

(687.0M) 

Total life-cycle cost for the entire 
user community (ten percent inflation) 114.2M 90.0M 440.4M 325.4M l2l6.4M 

(1305.2M) 
809.6M 

(899.8M) 

<:.... .... 

NOTES: 1. The individual aircraft data presented apply to the low performance aircraft which is the major 
category of general aviation aircraft. 

2. The user community life-cycle costs include the combination of high and low performance aircraftt. 
3. The values in parenthesis represent the cost of DABS/IPC when altitude encoding is including in 

the General Aviation community. 



TABLE S-3. TOTAL COST OF DABS/IPC IMPLEMENTATION
 

Inflation Rate Discrete Version* LSI Version* 

Total Life-Cycle Cost for 
the entire community. 
(Zero Percent Inflation Rate) 

$ 920.4M 
(969. OM) 

$ 642.2M 
(690. 8M) 

Total Life-Cycle Cost for 
the entire community. 
(Six Percent Inflation Rate) 

1384.6M 
(1451.4M) 

965.1M 
(1032.9M) 

Total Life-Cycle Cost for 
the entire community. 
(Ten Percent Inflation Rate) 

1771. OM 
(1859.8M) 

1225.0M 
(1315.2M) 

*The values in parentheses represent the total cost of implementing DABS/IPC 
including altitude encoding in the entire general-aviation community. 

The result presented in this report provide important data needed in 
FAA planning regarding future ATC systems, but the study was limited to 
avionics considerations only and will have to be augmented by cost 
predictions for the ground equipment costs associated with the DABS concept. 
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CHAPTER ONE 

INTRODUCTION 

1.1 BACKGROUND 

The Federal Aviation Administration (FAA) has been engaged in an in
tensive evaluation of both air-derived and ground-derived 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 collision avoidance. 
The most promising ground-derived concept under consideration is the Discrete 
Address Beacon System (DABS) with Intermittent Positive Control (IPC). Both 
the ground-derived and air-deriv3d collision-avoidance system concepts have 
been subjected to exhaustive technical examination to ensure that the approaches 
are technically sound and feasible. Flight-test programs are being conducted 
with prototype hardware to demonstrate the capability of alternate versions 
of each concept. These flight tests have shown, thus far, 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 economic 
aspects of each alternative. Therefore, the FAA initiated this economic 
analysis to provide the necessary additional cost data essential to a policy 
decision on the 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 ground-derived CAS concept 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. This report does not address the costs 
associated with modifications to existing ATC ground facilities or expansion 
of the ATC facilities which might be required to support the Discrete Address 
Beacon System/Intermittent Positive Control (DABS/IPC) concept of CAS. 

1.2 CONTRACT OBJECTIVES 

The primary objective of the contract effort is to develop and evaluate 
dotailed cost data on theATC DABS transponders and the IPC display as de
fined by the FAA Engineering Requirements (ERs) prepared by Lincoln Laboratory. 
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The costs associated with the acquisition, installation, operation,
 
and support of the proposed 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 aviation community. Separate cost data
 
have been developed for general aviation, the military, and commerical air
 
carriers.
 

1.3 SCOPE 

To provide fair and expeditious cost evaluations, the contract has 
required establishing a set of uniform rules that can be used in the evalua
tion of any collision-avoidance system. ARINC Research participation in the 
air-derived coliision-avoidance system studies has resulted in the formulation 
of the necessary assumptions concerning such items as time frame of implementa
tion, the aircraft retrofit requirements, and maintenance scenarios. These 
assumptions have been approved by the FAA and the manufacturers of the air 
derived CAS system. These assumptions have been documented and adapted to the 
DABS/IPC evaluation and are presented as the Uniform Ground Rules for the 
Evaluation of DABS/IPC. A copy of the latest revision of the rules in included 
as Appendix A to this report. 

It does not appear practical to start implementation of the DABS/IPC 
concept before the mid-1980's, with retrofit dictated by an individual or cor
porate desire to p~ovide collision-avoidance protection to the equipped air 
craft. However, the avionics equipment could be designed and marketed by 
1978 and, for purposes of this analysis the DABS/IPC implementation has been 
scheduled to begin in 1978. This will permit the DABS/IPC analysis to be 
comparable with the other CAS analyses. Therefore, cost of implementation 
and life-cycle costs of ownership have been computed for each user community 
for the period 1978-l988~ FAA supplied aircraft population data and mutually 
agreed upon aircraft retrofit schedules were used in these computations. The 
assumption of an ll-year impelmentation and life-cycle cost period for DABS/IPC 
provides a uniform basis for comparing the costs with air-derived CAS im
plementation. 

The equipments defined by the FAA ERs were used by ARINC Research and 
selected general-aviation manufacturers as the basis for assessments of the 
unit costs and reliabilities. 

1.4 REPORT ORGANIZATION 

This report has been prepared in much the same way as the cost analysis 
the air-derived CAS concepts to permit ready comparison of acquisition, 

i..•stallation, and life-cycle costs between the various collision-avoidance 
..... ~::"s. 

The report consists of eight chapters, describing the technical approaQh, 
data acquisition, analyses conducted, and results and conclusions obtained. 
The appendixes present supporting detailed data and results. 
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Chapter Two describes the overall approach to developing the economic 
evaluations, the assumptions and constraints employed, and the modeling 
methology used in obtaining the desired cost-of-implementation and cost-of
ownership values. 

Chapter Three describes the development of the cost, reliability, 
maintainability, and design data for the commercial-aviation, general
aviation, and military-aviation equipment. It also describes the develop
ment of the data on costs and reliability that can be expected to result 
from maximum large-scale integration (LSI) of the logic required for DABS/IPC. 

The cost of implementing the DABS/IPC concept requires the development of 
certain data that' are common to all concepts. These data include installation 
costs, aircraft population statistics, and equipment configurations reflec
ting the practices and trends of the specific user communities that would 
ultimately be participants in a national collision-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 discrete-component 
and LSI configuration. Acquisition, installation, and maintenance support 
costs of the equipment and user populations ar~ ~valuatedand summarized 
for the individual aircraft and fc~ the total user communities. These 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 exerciese, a number of 
additional evaluations were developed in which certain input parameters and 
assumptions were varied in order to determine the sensitivity of the projected 
life-cycle cost to these parameters. The results of these special cases 
are presented in Chapter Six. 

Chapter Seven presents a refinement in the overall DABS/IPC cost analysis 
to include the cost of providing altitude encoding data to all aircarft. 
Without a mandatory requirement, only the commercial 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 refinement in the 
overall cost analysis, ARINC Research has incorporated a modiifed, built-in 
altitude-encoding version of the Type II DABS/IPC for use in general aviation 
aircraft that lack an altitude-encoding system.' 

Chapter Eight summarizes the results of the investigation and presents 
specific conclusions derived from the. economic analyses performed. 
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CHAPTER TWO 

A:tJPROACH 

The evaluation of the cost of the DABS/IPC concept was intentionally
 
developed in a manner that parallels the evaluation of airborne CAS* to
 
provide easy comparison between the concepts in the costs of acquisition,
 
installation, and logistic support. Where possible, identical scenarios
 
were employed, e.g., time of implementation and aircraft statistics, to
 
assure that economic benefits associated with the concepts would be readily
 
comparable.
 

The development of detailed and accurate cost analyses for avionic 
equipment that currently exist only in prototype form can pose a number of 
formidable problems, including the following: 

Conversion of Engineering Requirements to Production Configura
tion of Equipment. The system concepts are in various stages 
of evaluation and employ existing technology levels. Evaluation 
criteria that take into account these limitations are needed to 
ensure that the study results will provide an evaluation of 
production-quality equipments. 

Anticipation of the Needs of the Aviation Community. The costs 
of any new equipment are controlled by the demand for the 
product. The demand for DABS/IPC transponders must be identi 
fied over a given time frame to permit estimation of production 
quantities and to justify development of the microelectronics 
necessary for cost-effective manufacture of these transponders. 
Therefore, it has been necessary in the study to limit the 
implementation schedule to a time frame that is realistic for the 
introduction of new avionics. The time frame has also been 
selected to be comparable to life-cycle-cost studies of alternate 
collision-avoidance concepts. 

Development of the Necessary Additional Data Required for a 
Comprehensive Cost Analysis. Although the development of data 
(such as aircraft fleet sizes) that apply equally to any CAS 
concept is of the lowest criticality in a comparative cost 
evaluation, it is extremely important to the accurate develop
ment of total implementation costso 

*	 Cost Analysis of Airborne Collision Avoidance (CAS) Concept, prepared for 
Department of Transportation, FAA, Office of Systems En?ineering Management. 
FAA-EM-76-1, December 1975. 
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The general approach followed by ARINC Research Corporation in resolving 
these problems and obtaining the economic evaluations of the DABS/IPC concept 
is illustrated in Figure 2-1. The basic criteria for the evaluation were 
established through the adaptation of a set of Uniform Ground Rules for 
analysis of the air-derived collision-avoidance systems. 

Adapt Adapt 
CAS Uniform Economic Collect 

Ground - Analysis "Common'! 
Rules Model (EAM) Data 

~ 
Identify and Develop Exercise Project Systen 

DABS/IPC --.. .... Costs by A/C 
Equipment Configuration EAM and User 

Community 

Figure 2-1. DABS/IPC ECONOMIC ANALYSIS APPROACH 

An existing ARINC Research economic analysis model was adapted to 
evaluate the DABS/IPC implementation scenario. 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 from representative commercial, 
general, and military aviation users. The specific system data were 
developed from FAA ERs and from consultation with staff members of 
Lincoln Laboratory, developers of the DABS concept. These latter inputs 
provided the basis for the initial exercises of the economic analysis model 
(EAM). The definition of the DABS/IPC concept resulted in an equipment 
specification that was used as a basis for unit cost and reliability 
assessments by ARINC Research and a selected general-aviation equipment 
manufacturer. In addition, the model was exercised for several key para
meter-variation cases in order to investigate the sensitivity of the results 
obtained to the input data and to the assumptions employed in the analysis. 
The outputs of each model exercise were the resultant acquisition, instal
lation, support, and total costs, on a per-aircraft and total user-community 
basis, for each year and on a cumulative basis over the 1978-1988 period 
(an eleven year period). 

The remaining sections of this chapter give details of how these steps 
were accomplished and how the key problems enumerated above were addressed; 
they also present the important assumptions that provide the basis for the 
entire study. 
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2.1 SYSTEM CONCEPT 

The Discrete Address Beacon System (DABS)*is a cooperative surveillance 
and communications system for air traffic control. It employs ground-based 
interrogators and airborne transponders. Data-Link communications are accom
modated integrally with the surveillance interrogations and replies. DABS 
has been designed as an evolutionary replacement for the current Air Traffic 
Control Radar Beacon System (ATCRBS) to provide surveillance and communica
tions capability required for air traffic control in the 1980s and 1990s. 
DABS uses the same frequencies for interrogation and replies as ATCRBS. 
Interrogations are transmitted by differential phase-shift keying (DPSK) 
at a 4-mbps rate, and replies are transmitted by binary pulse-position modu
lation (PPM) at a l-mbps rate. 

The communications link provides an exchange of data that allows the 
ground equipment to perform intermittent positive control (IPC) functions, 
such as automatic proximity warning indication (PWI) and conflict resolution, 
for DABS/IPC-equipped aircraft. 

The DABS transponder must reply to both ATCRBS and DABS interrogations, 
and it provides an interface with a variety of data-link message display and 
input devices-

Chapter Three of this study describes the development of the DABS trans
ponder, IPC display, and the cost and reliabilities associated with the equip
ment. 

2.2 REQUIRED AVIONIC EQUIPMENT 

This study is limited to an evaluation of the cost and reliability of 
the airborne equipment required to provide the DABS/IPC functions associated 
with collision avoidance. The additional costs associated with data read
out devices such as the ALEC (altitude echo) and ATC Message Display are 
treated as special cases in Chapter Six of the study. 

The equipment considered consists of one of several DABS transponders 
(suitable for each class of user), control unit, antennas, IPC indicator, 
and miscellaneous hardware required for proper installation and operation in 
an airborne environment. The transponders have the operational characteris
tics defined by FAA documents ER-240-27 and ER-240-28, and the IPC display 
conforms to requirements defined by FAA document ER-240-30a. Equipment design 
allows for expected technological advances through the start of implementation 
in 1978 and utilizes proven existing transponder concepts where economically 
advantageous. 

*DABS: A System Description, Report No. FAA-RD-74-l89 
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2.3 EQUIPMENT PRODUCTION 

The expected quantities of production affect the cost of any avionic 
equipment. In order to maintain comparability to the airborne CAS, the 
total production quantity for a single manufacturer was limited to 3000 units 
of the commercial-carrier equipment and 10,000 units of the general-aviation 
equipment. These quantities were chosen in accordance with the normal indus
try experience with new avionic equipment, in which the production by any 
one manufacturer is limited to approximately one-third the total quantity 
required by commercial carriers. 

It was assumed that implementation would begin in 1978 and would be 
completed in four. years for commercial carriers and eight years for general 
and military aviation. These implementation periods, chosen after consulta
tion with industry leaders; are consistent with the past experience of the 
aviation industry in introducing new equipment. 

The proposed ARINC Research approach to defining equipment costs, in
stallation costs, maintenance philosophies, and operating scenarios is 
contained in the Uniform Ground Rules. The latest version of the Rules, 
adapted to the DABS/IPC evaluation, is included as Appendix A to this report. 

2.4 DEVELOPMENT OF THE ECONOMIC ANALYSIS MODEL (EAM) 

The specific means of assessing the projected costs associated with 
the DABS/IPC concept was to refine and exercise a computer-based cost model 
developed for the evaluation of the airborne CAS. This model determines the 
annual and cumulative costs associated with a system and user category and 
tabulates those costs on a per-aircraft and a total user community basis. 
The model was developed by tailoring an existing ARINC Research cost model 
to the specific characteristics of the collision-avoidance concepts and the 
three categories of users (commercial, military, and general aviation). 

The input data to the EAM consist of two types: data that are unique 
to a particular concept being evaluated and data that are common to any 
avionic equipment installed. The specific requirements for each type of 
data were defined concurrently with the development of the model, and a 
data-collection effort (described in the next two sections) was initiated. 

Upon completion of the data-collection effort, the model was exercised 
for each user community. These exercises were conducted on both the discrete
component and LSI data sets. In addition, the EAM was exercised to determine 
the sensitivity of the results to variations in key parameters (e.g., MTBF) 
or assumptions (e.g., amortization). 

2.5 SYSTEM DATA ELEMENTS 

On the basis of the data requirements specified during the model devel
opment, detailed cost and system-performance data were developed. These data 
included physical characteristics, costs, re1iabi1ities, and maintainabi1ities 
down to the smallest replaceable assemblies. Chapter Three describes the 
specific data developed during this effort. 
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2. 6 COMMJN DATA ELEMENTS 

The data common to any avionics implementation (i.e., either air-derived 
CAS or DABSjIPC) 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, and pipeline times). Chapter Four describes 
the specific approach to developing these data and presents the data obtained. 

Estimates for installing equipment on commercial air carriers were 
derived from experiences by two carriers in installing transponders in 
different types of aircraft. The general-aviation installation costs were 
developed through a questionnaire survey of general-aviation certified 
radio repair shops. The shops were asked to estimate the costs of installing 
a unit in single- and twin-engine aircraft. These estimates were based on 
quotes for installing a system similar to the DABS transponder in complexity 
and functions -- a modern general-aviation DME. Military-aircraft installa
tion costs were developed by installation agencies of each of the three 
branches of the military for the airborne CAS equipment, and adapted to the 
DABSjIPC concept by ARINC Research. 

Aircraft-fleet size projections for the commercial, military, and 
general-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. 

The specific technical parameters considered for each category of user 
were based on the recommendations of FAA and Lincoln Laboratory personnel 
and on ARINC Research's knowledge of typical aviation practices. 

Estimates of the common data elements that were peculiar to the indi
vidual user communities were developed from contacts with representative 
users within each category, consultation with the FAA, and ARINC Research 
personnel's prior knowledge gained from similar studies of these aviation 
user environments. 

2. 7 APPROACH SUMMARY 

The preceding sections have provided an overview of the technical 
approach used in the study, outlined the capabilities of the Economic 
Analysis Model, described its use, 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 of the study. 
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CHAPTER THREE 

DABS/EQUIPMENT COST AND RELIABILITY DEVELOPMENT 

The equipment cost and reliability data developed in this chapter 
provide the basis for an economic analysis of the DABS/IPC concept and an 
economic comparison of a discrete-components system with an LSI version. 
Careful development of these data was an essential step in the overall 
economic analysis of the airborne portion of the DABS/IPC concept. 

The development procedure used was to identify the required equipment, 
(the DABS transponder and the IPC display); establish the most probable 

mode of data transmission; and configure the production versions of the 
.equipment for the various classes of users to establish production costs 
and system reliabilities. 

ARINC Research conducted the analysis of the commercial-aviation, 
and general-aviation versions of the DABS/IPC concepts, and obtained the 
assistance of a general-aviation manufacturer to provide an additional 
analysis of the general-aviation version of the system. The assistance 
provided by the general~aviation manufacturer resulted in a redesign of the 
commercial-aviation system's logic. 

In order to provide accurate data on costs and reliabilities, it was 
necessary to develop detailed equipment design data. Therefore, this chapter 
presents the background on the DABS system, the data and electrical 
characteristics of the proposed DABS transponders based on the design devel
oped by Lincoln Laboratory, and LSI version of the DABS transponders 
developed by ARINC Research. Cost and reliability data are developed for 
the commercial-aviation Type I and general-aviation Type II transponders 
and displays, and additional cost and reliability data are developed for an 
LSI version of the Type I and Type II systems in an attempt to reduce the 
unit costs and improve system reliabilities. Finally, the peculiar needs of 
military aviation are addressed and a modification package designed which 
will allow the military to be active participants in the DABS concept without 
losing the existing tactical capabilities inherent in military transponders. 
The data developed in this chapter wili provide a base for the economic 
analysis of the DABS/IPC concept. 

3.1 DESIGN FEATURES OF THE DABS/IPC TRANSPONDER 

The Air Traffic Control (ATC) Transponder was developed to provide 
ATC controllers aircraft identification and positioning information when 
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used in conjunction with the primary surveillance radar and secondary radar
 
systems. Certified a:ir carriers, military, and many general-aviation aircraft
 
are equipped with a version of the ATCRBStransponders. The growth in the
 
aviation community has resulted in a traffic load on the secondary radars
 
that causes garbling of the transponder data when received messages are
 
overlapped. This condition.is expected to increase as more aircraft are
 
transponder-equipped and the total aviation population increases, as predicted
 
by the U.S. Department of Transportation, FAA, Office of Aviation Policy,
 
Aviation Forecast Branch.
 

.:.tThe development of the Discrete Address Beacon System was undertaken to 
provide the enhanced surveillance and communications capability required 
for air traffic control in the 19805 and 1990s. The capability of DABS to 
address and interrogate each aircraft discretely eliminates the channel 
interference currently experienced by ATCRBS. The communications capability 
(Datalink) inherent in the DABS concept provides the necessary transfer of 
IPC and PWI data from the ground equipment to each aircraft. 

Introduction of the DABS transponder must be evolutionary, requiring 
operation in a mixed environment of DABS and ATCRBS equipment. Therefore, 
the design considered in this study reflects equipment capable of responding 
to normal ATCRBS interrogations, in addition to the discrete DABS functions, 
as defined in Reference 1.* 

3.1.1 Transponder Data Characteristics 

Several data transfer modes have been recommended and are being 
evaluated by Lincoln Laboratory. Sufficient evaluation has been performed 
such that Lincoln Laboratory can recommend the Differential Phase Shift Keying 
(DPSK) modulation technique at a 4-mbps rate for the ground-to-aircraft (Uplink) 
data link, and the Pulse Position Modulation (PPM) technique at a I-mbps rate 
for the aircraft-to-ground (Downlink) data link for purposes of this analysis. 
The DABS transponder must include conventional ATCRBS Mode A and C capability, 
as defined in Reference 2, plus full DABS capability. The DABS modes handled 
by the transponder will include ALL-CALL and SURVEILLANCE as well as single
segment uplink (Comm-A) and downlink (Comm-B) communications transmissions. 
The extended-length uplink (Comm-C) and downlink (Comm-D) communications trans
missions are not being considered in this economic evaluation. 

The provisional signal formats considered in the equipment definition
 
are identified in Reference 3.
 

3.1.2 Transponder Electrical Characteristics 

The equipment considered in this study meets the general requirements 
of the Department of Transportation, FAA-ER-240-27, FAA-ER-240-28, and 
FAA-ER-240-30a (References 4,5, and 6). However, the ERs reflect equipment 
intended for test and evaluation of concepts. Therefore, certain latitude 

*References are offered at the end of Chapter Eight. 
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has been exercised in interpreting the ER specifications. With the 
concurrence of the engineering staff of Lincoln Laboratory, all specifica
tions considered unique to a te~t and evaluation program were omitted from the 
equipment considered and certain electrical parameters were changed to 
reflect available components .in the .transponder design. Every change was 
evaluated to ensure that the resultant equipment would operate satisfactorily 
in.the planned DABS environment. Tabl~ 3-"1 identifies the characteristic 
parameters of the equipment evaluated in the study for both the co~ercial 

aviation (Type I) and general-aviation (Type II) DABS transponders. The 
parameters of the military APX-72 system remain unchanged except for the mod
ulation and demodulation techniques associated with the DABS modification; 
these will be the PPM and DPSKtechniques, respectively. 

The slight variations in operational paramet~rs between the study and ER 
specifications, (e.g., Output Power, and Sensitivity) are a result of comparing 
existing components to the theoretical requirer~ents of the ER's. The 
power output of the Type II unit has been specified at 355 watts to allow for 
cable losses between the unit and antenna. A radiated power of 150 watts is 
sufficient for proper operation of the DABS concept, according to Lincoln 
Laboratory ,mgineering~ The cable run in an average general-aviation aircraft 
is sufficiently short to insure the required radiated power with exisitng 
transmitters. 

, r ,_ TABLE 3-1. DABS TRANSPONDER CHARACTERISTICS 

Characteristics 'Iype I T'l e II 
study FAA ER-240-28 Study FAA ER-240-27 

Transmitter: 

OUtput Power 

Modulation 

Fz;equency 

Duty Cycle 

Rec;:eiver: 

. Sensitivity 

Dynamic Range 

Frequency 

Stability 

DeJnodulator 

Power Requirements 

Capability: 

Temperature 
Range: 

TSO ccmpliance 

57 ± 6dBm 

PPM 

1090 ! 3 mHz 

0.5% 

-76 dBm 

50 dB 

1030 ! 0.2 mHz 

Crystal 
Controlled 

DPSK 

ll5V ± 10\ 
300-1000 Hz 

Mode AI 
Mode CI ATCRBS 

DABS 

-54°C to 
+71oC 
operation 

C74c 

57 :!: 3 dBm 

PPM NRZ-PAM 

1090 mHZ 

0.5\ 

-74 dBm 

50 dB 

1030 :!: 0.1 mHz 

(Not Specifiedl 

DPSK 

115 VAC 400 Hz 

Mode AI 
Mode C I ATCRBS 

DABS 

-54OC to +550 C 
operation 

C74c 

54 :!: 1 dBm 

PPM 

1090 :!: 3 mHz 

0.5% 

-74 dBm 

50 dB 

1030 mHz 

Crystal 
Controlled 

DPSK 

14 ! 3VDC 

Mode AI 
Mode C\ATCRH 
DABS 

-15°C to 
+550 C 
operation 

C74c 

55.5 + 3 dBm 

PPM NRZ-PAM 

1090 mHz 

0.5\ 

-12.5 dBm 

50 dB 

1030 :!: 0.1 mHz 

(Not Specified) 

DPSK 

13.75 VDC 

Mode AI 
Mode Cl ATCRBS 

DABS 

-15°C to +550 C 
operation 

C"/4c 
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3.2	 TRANSPONDER-~OST DEVELOPMENT BASED'ON DISGRETE'GOMPO~NTS 
;" ,; 

Theequipmj~t cost deve~opme~t presented in this s~ction represents 
the adaptatiowof module components bhat are used in the manufacture and 
assembly of~rCRBS transponders and me~t.bhe requarementsof the DABS 
concepts. Existing components were chosen for the follow~ng reasons: 

./ 

(1) .f.I.he direct adaptability to the electrical req"irements
 
specified for DABS transponders
 

(2)	 Cost-effectiveness in the use of components that have
 
already been subjected to the learning-curve effect of
 
new equipment development
 

The equipment chosen as a base for development of the DABS: transponder was 
that which exhibited the most promising potential for operating satis
factorily in the DABS environment during transponder tests performed by 
Lincoln Laboratory (Reference 7). The latest model ATCRBS transponder 
from each of two manufacturers was used for both the Type II (general 
aviation) and Type I (commercial aviation) cost and reliability develop
ment. Circuit modifications or expansions were made, and additional circuits 
(e.g., the DPSK demodulator and the DABS logic) were incorporated to provide 
the required operational design. The resultant design identified the 
component parts (by part number) in the quantities required to estimate 
system procurement costs, assembly labor costs, and reliabilities. Component 
parts costs and reliability estimates are presented in Appendix B. 

The general-aviation version of the system was further sUbjected to 
cost and reliability evaluations by Bendix Aviation, an independent general
aviation manufacturer. It has been assumed that in the event of system 
implementation, the majority of the units required by general aviation would 
be manufactured by the general-aviation manufacturers. The results of the 
independent evaluation of the Type II DABS/IPC design are presented in 
Section 3.6.6. 

3.2.1 Development of DABS Type I Transponder Costs 

The equipment required by all the certified air carriers and most of 
the high-performance general-aviation aircraft was designed to meet the 
expected specifications of ARINC characteristics and the environmental 
requirements of the Radio Technipal Commission for Aeronautics, Document 
No. 00-160, as applicable to air-carrier transponders. 

Tables 3-2 to 3-5 are based on the expectation that two different 
manufacturers would produce the units; (Cases I and II, respectively 
incvrporating th~ same variations in ~quipment design as presently exist 
in their respective ATCRBS transponders. Tables 3-2 to 3-5 identify the 
major modules required for assembly for the Type I transponder, summarize 
the parts by function for each module and give the total cost of material 
by component type for each module. The material costs shown represent the 
true costs of the components based on present advertised costs, with allow
ances made for the volume purchasing common to corporations involved in 
transponder manufacturing. 
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TABLi': 3-2. DABS TYPE 1 TRANSPONDER (DISCRETE LOGIC) PARTS BREAKDOWN (CASE I) 

TRANSMITTER RF FRONT FlI~ IF AMP.· VIDEO PROC. CONTROL MATRIX MONITOR PWR.SUPPLY DIGITAL LOGIC CHASSIS 

~P,ARTS( ea Qty Cost Qt 'Cost ,Qty Cost Qty . Cost Qty - Cost Qty Cost Qty Cost Qty Cost Qty Cost 

LSI's - - - - - - - - ..1-' :;;. - - - - - - -
, , 

- -
IC's - - - - 1 4.00 12 29.85 - '; ;2 4.10 22 61.10 - - 127 715.60 - -
TRANSISTORS 2 13.85 5 4.30 12 5.0'1 19 15.62 29 13.92 12 6.00 10 7.89 - - - -
DIODES 3 1. 41 2 2.00 3 1. 04 24 9.02 184 36.66 13 2.04 22 12.60 - - - -
RESISTORS 11 .33 28 ' 2.64 51 2.37 67 5.97 122 4.38 41 3.15 26 2.46 - - - -
CAPACITORS 

CRYSTALS 
7 

-
1. 00 

-
36 

2 
6.00 
4.00 

75 

-
12.22 

-
32 

-
4.07 

- I 
I 

7 

-
1. 26 

-
15 

-
1.92 

-
17 

-
2.80 

-
-
-

-
-

-
-

-
-

POTENTIOMETERS - - 2 6.00 4 12.00 6 18.00 I - - 2 6.00 3 9.00 - - - -
INDUCTORS 2 .30 11 1. 85 26 1. 30 - - - - 1 .05 - - - - - -
TRANSFORMERS 1 .65 - - - - - - - - - - 1 11.00 - - - -
POWER AMPLIFIERS 1 111.19 - - - - - - - - - - - - - - - -
PRINTED CIRCUITS 1 5.00 2 6.00 1 10.00 1 5.00 1 5.00 1 5.00 1 5.00 2 20.00 - -
MISC. ELECT. 20 131. 97 7 85.14 4 5. 41 3 1.17 3 6.80 - - 4 2.24 - - - -
MISC.HARDWARE - - 1 12.00 1 2.60 Lot 5.00 2 .90 1 1. 50 Lot 2.00 - - Lot 98.00 

MATERIAL COST 265.70 229.93 55.95 93.70 73.02 86.76 54.99 735.60 98.00 

W 
I 

1TI 

• Two (2) each required 



TABLE 3-3. DABS TYPE I TRANSPONDER (DISCRETE LOGIC) PARTS BREAKDOWN (CASE II) 

w 
I 
d\ 

.. >~ 

MODULE TRANSMITTER MODULATOR RF FRONT-END· IF AMp· VIDEO PROC. MONITOR PWR SUPPLY DIGITAL LOGIC CHASSIS 
PARTS(ea) Qty Cost Qty Cost Qty Cost Qty Cost Qty Cost Qt .. Cost Qty Cost Qty Cost Qty Cost 

LSls - - - - - - - - - - - - - - - - -
ICs - - 11 44.59 - - 3 ~2.00 12 58.45 24 88.14 2 8.00 127 715.60 

Transistors - - 11 7.02 4 1. 84 7 3.69 8 11. 33 16 18.53 6 3.39 

Diodes . - 51 30.40 8 6.99 4 1. 62 66 30·31 16 5.21 13 7.32 

Resistors - - 100 3·00 22 .66 31 1.11 97 2.91 51 1.53 35 1.05 -

Capacitors - - 24 1.59 41 8.35 50 5.64 23 2.19 23 2·32 15 1.79 

Crystals - - 1 2.00 2 

I 
4.00 - - - - - - - -

Potentiometers - - 1 .95 - - 3 2.85 6 5.10 4 3.80 1 .95. 
Inductors - - 2 2.36 8 .40 15 .75 - - - - 1 1.05 

Transformers - - 1 .65 - - I - - - - - - 1 8.00 

Power Amp1!. ;L 111.19 - - - - I - - - - - - - - - - - -
Printed Circuits - - 1 5.00 3 6.00 1 5.00 1 5.00 1 5.00 - - 2 20.00 

Misc. Elect. 1 44.28 - - 6 199.07 4 13.84 - - - - - - - -
Misc. Hardware - - - - - - Lot 4.66 - - - - Lot 8.23 - - 9 99.82 

Material Cost 155.47 97.56 227.84 51.16 104.89 124.59 39.78 735.60 99.82 

• Two l2i wac" Required. 
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TABLe 3-4. DABS TYPE I TRANSPONDER COST DEVELOPMENT (CASE I) 

r~Cost 
Transmitter 

($) 
lReceiver 

($) • 
IF Amp 

(:$) • 
Video 

Pr.ocessor 
1$) 

Control 

~giX 
Monitor 

($) 
Power 

S~~)lY 
Digital 

Logic 
($) 

Chassis 
($) 

Final 
Assembly 

($) 

•• 
Total Unit 
Cost ($) 

;·:aterial 265·70 229.93 55.95 93.70 73.02 86.76 54.99 735.60 98.00 - 1979.53 
Handling @25% materia) 66.43 57.48 13.99 23.43 18.26 21.69 13·75 133.90 24.50 - 494.90 
Labor @$11 / hour 28.73 54.30 21.30 41.10 60.92 32.12 22.47 ;>9.36 52.13 41.53 489.56 
Burden @135% of Labor 38.79 . 73·30 28.76 55.48 82.24 43.30 30.34 80.13 70·37 56.06 660.89 

Inspection @5% Labor and 3.38 6.38 2.50 4.83 7.16 3.77 2.64 6.97 6.13 4.88 57·52. 
Burden 

Subtotal 403.03 421.39 122.50 218.54 241.60 187.70 124.19 1065·96 251.13 1,)2.47 3,682.40 

Engineering and Quality 100.76 105.35 30.63 54.64 66.40 46.93 31.05 266.49 . 62.78 25.62 920.63 
Control @25%' 

.' 
FACTORY-COST 503.79 526.74 153.13 273.18 302.00 234.63 155.24 1332.45 313.91 128.09 4,603.03 

General and Administrative 100.76 105.35 30.63 54.64 ' 60.40 46.93 31.05 266.49 62.78 25.62 920.63 
G20% 

TO'£AL COST 604.55 632.09 183.76 327.82 362.40 281.56 186.29 1598.94 376 69 153.71 5,523.66 

PROFIT @15% 90.68 94.81 27.56 49.17 54.36 42.24 27.94 239.84 56.50 23.06 828.53 

SELLIllG PRICE 695.23 726.90 211.32 376.99 1lI16.76 323·80 214.23 1838.78 433.20 176.76 6,352.19 

LV 
I 

'-I 

NOTE: *Two (2) each required. 

**Total Unit Cost includes cost of two (2) Receivers and two (2) IF Amplifiers with the 
required comparator circuitry to provide diversity operation. 



TABLE 3-5. DABS TYPE I TRANSPONDER COST DEVELOPMENT (CASE II) 

DIGITAL FINAL TOTAL UNIT 

~ COST 
~RANSMITTER 

($) 
MODULATOR 

($) 
RF FRONT END 

($) • 
IF AMP. 

($). 
VIDEO PROC 

($) 
MONITOR 

($) 
PWR SUPPLY 

($) 
LOGIC 

($) 
CHASSIS 

($) 
ASSEMBLY 

($) 
COST 
($)" 

Material 155.47 97.56 227.84 51.16 104.89 124.59 39.78 735.60 99.82 - 1,915.71 

Handling @ 25% 
Material 38.87 24.39 56.96 12.79 26.22 31.15 9.95 183.90 24.96 - 478.94 

Labor @ $ll/Hour . 6.05 39.05 37.65 43.67 35.16 27.10 18.61 59.36 50.59 41.69 440.25 

8urden @ 135' Labor 8.17 52.72 50.83 58.95 47.47 36.59 25.12 80.13 68.30 56.28 594.34 

Inspection and Burden 
@ 5' Labor .71 4.59 4.42 5.13 4.13 3.18 2.19 6.97 5.94 4.90 51.71 

Subtotal 209.27 218.31 377.70 171. 70 217.87 222.61 95.65 1,065.96 249.61 102.87 3,480.95 

Engineering and 
Quality Control 
@ 25' ~ 52.32 54.58 94.43 42.93 44.47 55.65 23.91 266.49 62.40 25.72 870.26 

Factory COst 261. 59 272.89 472.13 214.63 272.34 278.26 119.56 1,332.45 312.01 128.59 4,351.21 

General and Admin
istrative @ 20% 52.32 54.58 94.43 42.93 54.17 55.65 23.91 266.49 62.40 25.72 870.26 

Total cost 313.91 327.47 566.56 257.56 326.81 333.91 143.47 1,598.94 374.41 154.31 5,221.47 

Profit @ 15' 47.09 49.12 84.98 38.63 49.02 50.09 21.52 239.84 56.16 23.15 783.21 

Selling Price 361.00 376.59 651. 54 296.19 375.83 384.00 164.99 1,838.78 430.57 177.46 6,004.68 

w 
I 

00 

• Two (2) each required • 

••	 Total unit cost include~ cost of two (2) receivers and two (2) IF amplifiers with·the required 
comparator circuitry to provide diversity operation. 

('. 
~ • 
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The transmitter module includes the power amplifier (cavity~oscillator), 
hig~-voltage power supply, modulator, logic-controlled hybrid switching, 
and ~he circulators. The switching is required to direct the tr4nsmitter 
out~ut to the antenna system in sight of the ground DABS site. j 

, 
Two receivers are required to provide diversity operation. iEach 

rec~iver consists of a duplexer, pre-selector, mixer, local oscillator, 
and ;self-test unit. Each receiver is permanently committed to.o4e of the 
ante.nnas, providing true diversity. ~ 

The diversity operation requirement is extended through the:IF amplifier, 
resulting in two identical and redundant IF chassis per receiverJ One of the 
IF ~odules contains the signal-level comparator and switching networks, 
while the other houses the DPSK demodulator. The material-cost 4ifferences 
between the comparator and demodulator were sufficiently small to permit 
module-cost development based on either unit. 

The video processor, control matrix, monitor, and power supply provide 
the normal operation and surveillance of the equipment. Provisions are made 
for automatic built-in test and external bench testing of the transponder • 

. The digital-logic module incorporates the design provided by Lincoln 
Laboratory and used in their DABS flight-evaluation program. Th~ logic 
respOnds to the DABS and ATCRBS interrogations and other modes identified in 
Section 3. 1.1. 

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 3-4 and 3-5 as the Factory 
Cost. A 20 percent general and administrative cost and a 15 percent profit 
were,added to the factory costs of the system to establish the estimated mini
mum selling price of the modules or system. This selling price would be the 
acquisition cost borne by a commercial air carrier, the military, or an 
avionics distributor that resells these systems to the small percentage of 
general-aviation users requiring a Type I Unit. 

The costs developed for the Type I DABS transponder vary between the two 
cases presented. The variations stem from material costs for components in the 
transmitter and RF stages of the two systems. The cost development is based 
on components and practices used by two leading commercial-aviation equipment 
manufacturers and are consistent with the cost variations in the advertised 
selling prices of ATCRBS transponders of these manufacturers. The equipment 
costs used in the study represent an average of the costs developed for the 
two cases presented. 
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3.2.2 De~~lopment of DABS Type II Transponder Cost 

The 9:~neral-aviation version of the DABS transponder was subject~ to 
a pricing~valuation similar to that used for the Type I unit. Tables :~-6 
and 3...,.7 identify the major modules required for assembly of the Type IE 
transponder if manufactured by two different general-aviation manufactqrers. 
The packag~ng of these units is unrestricted, conforming to the practiqe in 
the general-aviation community, and the environmental requirements refl~ct 
the less stringent specifications of document 00-160, as applicable ·to ~he 

general-av1ation class of equipment. 

The Type II transponder does not require diversity operation. The 
modules presented in Tables 3-6 and 3-7 consist of the transmitter, (a 
cavity oscillator), modulator, high-voltage power supplies, RF front e~d, 
logarithmic IF receiver, DPSK demodulator, and logic circuitry requireq 
to provide DABS and ATCRBS operation. The logic has been divided, by ~unction, 

into the Digital Logic used in the system developed by Lincoln Laboratory 
and the Analog Logic required for use in ATCRBS operations, such as Reply 
Rate Limiting and Identification Control. 

The material costs of Tables 3-6 and 3-7 were averaged and the resultant 
costs used in Table 3-8 in the development of system costs. Labor estimates were 
also averaged in determining the cost of system assembly, packaging, testing, 
and burn-in. This averaging technique is appropriate for the Type II systems 
becau5c of the similarity in comronents used in ~anufacturing general-aviation 
nT.onnc~~ ~nn ~h~ timi~rn cnn~rnl ~nn moni~orin~ re~uired of l.A avionics. The 
direct cost of manufactures of a module and the 5ystem is identified i~ Table 
3-8 as the Factory Cost. A 67 percent burden, general and administrative, and 
profit were added to the factory cost to establish the estimated m1n1mum 
selling price. This selling price would be the acquisition cost borne by the 
military or by an avionics distributor who resells these systems to the general
aviation users. The advertised list price of the transponder would include a 
100 percent distribution mark-up, and this is shown for the system cos~ in 
Table 3-8. 

3.2.3 IPC Display Cost Development 

The aircraft position and tactical command indicator used in the 6ABS/ 
IPC concept is a self-contained unit, designed for mounting in the instrument 
panel of an aircraft. The indicator display consists of 36 lights arr.nged 
in groups~f three, representing a twelve-hour clock, providing the pilot with 
information on the direction of other nearby aircraft. An additional ~ight 
lights, represented by arrows and XS provide the pilot with tactical commands 
[or horizontal or vertical escape manetlVE:rs when the aircraft is on a colli 
S10n course with any other nearby aircraft. Pilot-actuated switches are 
provided on the general-aviation version of the display for acknowledgement 
and ~est functions. The commercial-carrier and military versions of the system 
have the pilot-actuated devices on the control panel. Figure 3-1 on page 3-14
 
presents a typical command indicator used in the study.
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TABLE 3-6. DABS TYPE II TRANSPONDER PARTS BREAKDOWN (CASE 1) 

w, .... .... 

~ Parts (ea) 

LSI's 

IC's 

Transistors 

Diodes 

Resistors 

Capacitors 

Crystals 

Potentiometers. 
Inductors 

Transformers 

Power Amps 

Printed Circuits 

Misc. Elect. 

Misc. Hardware 

Transmitter 

Qty Cost 

- -
- -
3 1.70 

5 1.40 

10 .28 

12 1.56 

- -
1 .29 

3 1.29 

1 50 

1 21.00 

1 3·00 

- -
- -

Receiver 

Qty Cost 

- -
3 3.33 

9 4.94 

4 1.86 

55 1.65 

65 6.92 

3 .87 

24 2.13 

4 3.00 

- -
1 3.00 

3 9.24 

LOT 1.50 

Power Supply 

Qty Cost 

- -
2 3·00 

4 2.66 

5 1.83 

14 .42 

4 .60 

- -
1 .29 

- -
- -
- -
1 3.00 

- -
- -

Analog Logic 

Qty Cost 

- -
7 3.23 

6 2.60 

8 1. 77 

.54 18 

9 1.05 

- -
- -
- -
- -
- -
1 3.00 

- -
- -

Digital Logic Chassis 

Qty Cost· Qfy Cost 

- - - -
127 94.46 - -
- - 1 .40 

- - 1 ·35 . 
- - 15 .4,. 

! 

- - 5 .45 

- - - -
- - - -
- - 5 ·30 

- - - -
- - - -
1 16. 1 3.00 

- - 4 1.80 

1 3.00 LOT 34.48 

Material Cost 31.02 39-94 , 11.80 12.19 107.46 41.23 



TABLE 3-7. DABS TYPE II TRANSPONDER PARTS BREAKDOWN (CASE 2)
 

W
 
I
 

..... 
'" 

~ 
Transmitter Receiver Power Supply Analog Logic . Digital Logic Chassis 

Parts (ea) Qty Cost Qty Cost Qty Cost Qty Cost Qty Cost Qty Cost 

LSls - - - - - - - - - - - -
lCs' - - 3 3.33 2 3.00 7 3.23 127 94.46 - -
Transistors 4 1.35 8 3.57 6 2.06 6 2.60 - - 4 .48 

Diodes 2 .24 4 1.72 8 3.53 8 1.77 - - 1 .12 

Resistors 13 .39 43 1.29 23 .75 18 .54 - - 10 .30 

Capacitors 5 .25 46 4.10 25 2.15 9 1.05 .. - 7 ·55 

Crystals - - - - - - - - - -
Potentiometers 1 .29 3 .87 2 .64 - - - - - -. 
Inductors - - 15 1.77 2 .12 - - - - 2 .12 

Transformers - - 1 ·75 1 .50 - - - - - -
Power Amps 1 21. - - - - - - - - - -
Printed Circuits 1 10. 1 3·00 - - , 1 3·00 1 10. - -
Misc. Elect. 1 1.50 2 7.74 - - - - - - - -
Mi sc. Hardware - - LOT 3.00 - - - - 1 3·00 LOT 38.94 

Material Cost 35.02 32.ti4 12.75 12.19 107.46 40.51 

.,.," 
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TABLE 3-8. DABS TYPE II TRANSPONDER COST DEVELOPMENT
 

W 
I .... 

W 

~Cost 

Transmitter 
(Dollars) 

Receiver 
(Dollars) 

Power 
Supply 

(Dollars) 

Analog 
Logic 

(Dollars) 

Digital 
Logic 

(Dollars) 

Chassis 
(Dollars) 

Final 
Assembly 
and Test 
(Dollars) 

Total 

Average Material 

Average Labor @$2.75 

Direct Factory Cost 

Mark-Up for O.H., 
G&A, Profit @67% 

Manufacturers Sale 
Price 

Distribution Cost 
@100% 

List Price 

33·02 

4.16 

37.18 

24·91 

62.09 

36.29 

12.08 

48.37 

32.41 

80.78 

12.28 

3·22 

15·50 

10·39 

25·89 

12.19 

5·97 

18.16 

12.17 

30.33 

107.46 

10.26 

117.72 

78.87 

196.59 

40.87 

8.22 

49.09 

32.89 

81.98 

-
9.35 

9·35 

6.26 

15.61 

242.11 

53.26 

295.37 

197.90 

493.27 

493.27 

986.54 



Figure 3-1. TYPE I IPC COMMAND INDICATOR 

Table 3-9 identifies the display components, by function, required to 
assemble the indicator for the two major classes of users. The material 
costs represent the costs of the components based on present advertised costs, 
with allowances made for volume purchasing. The major difference in material 
costs between the commercial-aviation and general-aviation versions of the 
display stems from the cost difference associated with the temperature rating 
of components required by each user class. 

Tables 3-10 and 3-11 present the cost development of the displays for 
each category of manufacture, reflecting the··same practices of mark-ups and 
profit discussed earlier for transponder-cost development. 

3.2.4 DABS Control unit 

The cost and reliability of the Type I system control unit were not 
developed. The existing ATCRBS control unit will be replaced by units 
incorporating the specific requirements of DABS, e.g., pilot-actuated 
data devices, aircraft identification codes (other than for Mode A), etc., 
but the overall cost of the. unit is expected to remain at the same level 
as present units. Therefore, the study reflects the minimum cost of 
existing control units and the reliability of these units as documented 
in FARADA for similar devices. 
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TABLE 3-9. IPC/PWI DISPLAY PARTS BREAKDOWN
 

w 
I ..... 

c.n 

~Parts (ea) . 

Commercial Aviation Version General Aviation Version 

Quantity Cost Quantity Cost 

L3Is 

.1Cs 

Transistors 

Diodes 

Resistors 

Capacitors 

Potentiometers 

Inductors/Chokes 

Printed Circuits 

Miscellaneous Electrical . 
Miscellaneous Hardware 

., 

- -

100 513.98 

12 2.16 

- -

76 2.28 

23 2.45 

1 3.00 

1 1.05 

6 30;00 
I' 

50 51·93 

LOT 29.00 

. -

100 

12 

-
76 .. 

23 

1 

1 

6 

50 

LOT 

-
164.50 

2.16 

-
2.28 

2.15 

1.18 

.55 

18.00 

51.93 

17.50 

Material Cost $ 635.85' $. 260.25 

.....
 



,. TABLE ~~10 ... , .I·PC DISPLAYE::OST' DEVELOPMENT 
(GENERAL AVIATION DISCRETE 
C9MPONENT VERSION) 

Factor Cost1----.--.-...--------"7,---i'-~----_1 

Material $260.25 

Labor @ $2.75/Hour 42.46 

Direct Cost 302.71 

Mark-Up for Overhead 
Burden and Profit @ 67% 202.82 

Factory Selling Price 505.53 

Distributor Mark-Up @ 100% 505.53 

List Price 1011.06 

. TABLE 3-11. !PC DISPLAY COST DEVELOPMENT 
(COMMERCIAL AVIATION DISCRETE 

COMPONENT VERSION) 

Factor Cost 

Material $635.85 

Material Handling @ 25% 158.96 

Labor @ $11.00/Hour 170.94 

Burden @ 135% of Labor 230.77 

Inspection @ 5%
Burden . 

Laborand 20.09 

Subtotal 1216.61 

Engineering and Quality 
. Control @ 25% 304.15 

Factory Cost 1520.77 

General and Administrative 
@20% 304.15 

Total Direct Cost 1824.92 

Profit @15% 273.74 

Selling Price "2098.65 . 
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3.2.5 DABS ATe Data-Link Display Cost Development 

The DABS concept is designed to provide data exchange between an air
craft and ground control, in addition to normal transpo~der operations and 
the collision-avoidance capability evaluated in this study. In order to 
identify the probable life-cycle costs associated with the airborne portion 
of DABS, attention must be given to the equipments that will probably be 
included as part of the DABS!IPC implementation. This section identifies 
and develops the cost of a display device capable of providing a pilot with 
ATC information in the form of heading, airspeed, altitude echo, and 16
character ASCII displays. The development of production-version costs and 
reliabilities has been limited to the commercial air carriers, the most 
probable users of this type of equipment, with a recommendation that only 
one display be provided for each commercial-carrier aircraft. Figure 3-2 
presents a probable ATC display configuration evaluated in the study. 

DIM 
IDABS)o 

MESSAGE 

MESSAGE 

_______1
 

HEADING ALTITUDE AIRSPEED 

,I 11 II l 

Figure 3-2. ATC DATA-LINK DISPLAY 

Table 3-12 develops the cost ofan.ATC Display on the basis of the 
design information contained in Reference 1. The design assumes data trans
fer between the DABS transponder and the ATC display by way of the Standard 
Message (SM) bus, and is compatible with the Type I transponder developed 
in this chapter. LSI technology has not been applied to this display because 
of the expected limited production and utilization. However, mandatory re
quirements for the addition of an ATC display for all aircraft would justify 
LSI development and reduce the acquisition costs. 
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TABLE 3-12. ATC MESSAGE DISPLAY COST DEVELOPMENT
 

FACTOR COST 
,. 

MATERIAL $ 521.98 
I 

MATERIAL HANDLING @ 25% 130.50 

LABOR @ $ll.OO/HOUR 94.33 

BURDEN. @ 135% OF LABOR 127.34 

INSPECTION .@ 5% LABOR & BURDEN 
I 

.,11.00, , 

SUB TOTAL 885.22 

ENGINEERING AND QUALITY 221. 31 
CONTROL @ 25% 

FACTORY COST 1106.53 

GENERAL & ADMINSTRATIVE @ 20% 221. 31 

TOTAL DIRECT COST 1327.83 

PROFIT @ 15% 199.17 

SELLING PRICE 1527.01 

(See Appendix B for parts breakdown) 

3.3 DABS/IPC SYSTEM RELIABILITY AND MAINTAINABILITY 

The reliability of each of the systems was reviewed and evaluated. 
The detailed parts lists developed for cost evaluation permitted 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, a uniform approach to system reliability 
was chosen for both systems (Types I and II) to ensure 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 40oC. The stress ratios 
for components was assumed to be 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, were evaluated 
to establish the normalized junction temperature (T ), and failure rates 
were derived from curves and data tables of MIL-217~ The K-factor for 
airborne application was used. 

*Military Standardization Handbook, Reliability Stress and Failure Rate 
Data for Electronic Equipment, MIL-HDBK-217B, 20 September 1974. 
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TABLE 3-13· DABS/IPC COST AND RELIABILITY DATA (DISCR~E DATA) 
~' 

j 

Mean Time Expec~d AverageMTBF MTTRUnit To Isolate Materi~\ Cost Per(Hours) (Hours)A Failure Repait (Dollars)
(Hours) • 

DABS TYPE I TRANSPONDER SYSTEM WITH IPC DISPLAY ~; 

7136~isplay 1.0 2.0 
50000An t erma 

€ontrol 10000 
, 

1.0Transponder 1178, I 

Transmitter 30n21.03507
Receiver 17'7419797 1.2 

.621'1;1 Amplifier 16963 1.0 
~ 8-8Video Processor 13994 1.0 
.39; Control Matrix 8752 1.0 

1~03Monitor 25823 1.0 
1,13Power Supply 23144 1.2 

, Digital Logic 7£ 2316800 2.0 8; 82Chassis 0.557777 

DABS ~YPE II TRANSPONDER SYSTEM WITH IPC DISPLAY 

Display 7136 1.0 2.0 

Anterma 50000 
1.0'rransponder 2552 

) 

Transmi tter 1.0 18L824582 
Receiver 1.019384 '.55 
Power Supply 50408 1.451.0 

" 
Logic Analog 63613 )·330.5 

d 16800 95Logic Digital 2.0 
Chassis 0.537068 ~.76 

Additionai failure-rate data used in the evaluation were~obtained 
f~om the TRI-Service and NASA FARADA* data. These failure rates are com
puted on the basis of actual' experience in gi~en environmentsl 

>T' 

*Failure Rate Data (FARADA), Fleet Missile Systems Analysis arid Evaluation 
Group Annex, Naval Weapons Station, Seal Beach, Corona, Cali.ornia. 

I 
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I 
The reliability evaluations of the systems considered all electronic
 

components in !he circuits of the systems. A failure of any component was
 
"treated as causing a failure of the system.	 t. 
f 

~ 
The average maintenance times to isolate a failure to a module level, t 

or to repair ajfailed module, were aetermined by comparison with data ~ 
available on similar components. The estimates reflect the assumption ~ 
that the produ~tion version of the DABS!IPC concept will be assembled with ~ 
readily access+ble plug-in modules, as is common with existing high-quality~ 

ATCRBS transpoJ)ders. lr 
1 .	 <: 

\, 

The averaJe material cost per repair action was developed by determini~g 
the contributidn of any component to the module's reliability based on 
component cost~and expected failure rate. 1 

• 
The detaiJied development of these data is presented in Appendix B
 

to this Report)
 

The resultant data, as evaluated by ~NC Research, are presented in
 
Table 3-13 for both classes of equipment -- the high-performance Type I
 
system for air carriers and the limited-packaging Type II system for the
 
majority of the general-aviation community. These data provide the basis
 
for the cost of ownership and life-cycle costs evaluated in Chapter Five
 
of this report.
 

3.4	 'TRANSPONDER COST DEVELOPMENT BASED ON THE INTRODUCTION OF LARGE SCALE 
INTEGRATION (LSI) 

The greatest difference between the existing ATCRBS transponders and 
the airborne DABS!IPC systems is in the increased data-handling requirements 
ofDABS!IPC. The logic required to process and display or respond to ground 
transmissions currently requires more than 100 integrated circuits for the 
transponder logic and an equal amount for the IPC display. The cost 
associated with the logic modules for the Type I DABS transponder repre
sents approximately a 400-percent increase over the logic currently used in 
a high-quality ATCRBS transponder. The increase in logic cost for the Type II 
DABS transponder is even higher, approaching GOO-percent. In addition, the 
general-aviation version of DABS!IPC must be packaged in separate units for 
the transponder and display because of the space requirements for mounting the 
many discrete logic chips. 

Present capabilities of the microelectronic manufacturers indicate the 
feasibility of custom-designing logic chips (LSls) to perform the functions 
~equired by the DABS!IPC logic sections. The only practical limitations to 
custom design are the maximum sizes of the chip (currently limited to 40-pin 
ccr~~urations) and the cost of the chip, which must reflect the high devel
opment costs experienced by the microelectronics manufacturers. 
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: ARINC Research ~as reviewed the functional block diagrams ~ the required 
log1c.deve~oped by L1ncoln Laboratory and has sectionalized the ~ogic, by 
funct1on, 1nto an average of seven chips for the DABS Transponder and five 
chips for the IPC display. Table 3-14 identifies each of the LSIs by function 
for"each unit of.th~ DABS/IPC system. A detailed review of the proposed LSI . 
.logic indicates that the average density of each chip will be 4do logic func
tions, with the highest density at 818 logic functions. This d~nsity is 

...	 well within the present design capability of the microelectronics manufact
urers. Some discrete components will still be required, e.g., ~amp drivers 
or tine drivers and receivers, where high power outputs or lineJto-TTL 
compatibility are required. A block diagram of the IPC display 'logic is 
presented in Figure 3-3. The simplified logic diagrams are preJented in 
Appendix C.	 .. 

The Bendix Aviation Corporation, in reviewing the logic reqpired for 
the DABS transponder operations, has proposed the use of a singl~ LSI chip 

.	 I

with nominal discrete components to perform all the required logtc operations. 
Bendix Aviation possesses the design and development capability tor LSIs and 
has the only LSI'd ATCRBS transponder on the market (also using a single LSI 
chip). The recommendation by Bendix Aviation, a potential manufacturer of 
the DABS transponder, has been followed in this study because of the obvious 
cost reduction in component costs. The simplified schematic diagram of the 
DABS transponder logic is presented in Figure 3-4. The average cost of each 
chip has been determined to be $20 for the general-aviation version and $35 for 
the higher temperature requirements of the air-carrier version of DABS/IPC. 
The costs reflect the advertised prices of similar components, e,.g., ROMS, 
RAMS, processors, all with densities comparable to those projectied for DABS/IPC 
logic and in system-production quantities used in the study. The development 
costs are assumed to be amortized in the large production quantities predicted 
for DAB~/IPC implementation. 

3.4'.1 DABS Type I Cost Development - LSI Version 

The introduction of LSI technology to the manufacture of tme Type I 
tra~sponder will affect only the digital logic module of the pr~posed 
configuration presented in Section 3.2. The number of components and their 
associated cost will be reduced, with the resultant material cost and 
asaembly labor data changed to reflect the lower costs. Tables,3-l5 and 3-16,
identify the two Type I transponders cost development with LSI'd logic and 
present the expected minimum selling price of each transponder.' Comparison 
with Tables 3-4 and 3-5 shows a decrease of 17.5 percent in the/minimum selling 
price of the transponder when LSI technology is utilized. 

The use of LSI technology has also been extended to the manufacture of 
the IPC display indicator. The benefits will be realized in th~ reduction 
of the material costs, assembly labor, and packaging (smaller vplume required 
to house the integrated logic). Table 3-17 identifies the costs associated 
with unit production. Comparison with the display presented in'Table 3-11 
shows a decrease of 45 percent in the minimum selling price of the display 
when LSIs are used. 
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TABLE 3-14. LSI PARTITIONING 

l 
Transponder

LSI Description
NUmber , Type	 I Type II ! 

, 
1	 Mode qontro1, SLS, Reset Circuits , 
2	 ATCRBS Clock 

, 
3	 DPSK Qecoder, Processor, Mode
 

Decod$
 

4	 Timing Circuits 
1 

5	 Preamble, Altitude, and Address
 
Genercltors, A/C Reply Regulator
 

6	 Control, Logic and Check Circuits 
Modu1~tor Control 

7	 Lockout Timing and Logic Circuits 

8 Data Input, Processor/ 
Decoder/Encoder 

9 PWI Logic (1 thru 18) 

10 PWI Logic (19 thru 36) 

11 IPC Display Logic 
,.\ 

12 Clock Timing/Distribution 

, 
gx x 

x x 

x x ~ 

x x 
! 

of; 

1f.x	 x 

x x 

x x 

x 
x x 

x x 

x x 

x	 -

Note: Items 8-12 are in the IPC display for the Type I system and part of 
the transponder for the Type II system. 
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TABLE 3-15. DABS TYPE I TRANSPONDER COST DEVELOPMENT - CASE I (LSI VERSION) 

~Cost 
Transmitter 

($) 
lReceiver 

l $)" 
IF Amp 

($) " 

Video 
Processor 

($) 

Control 
Matrix 

($) 

Monitor 
($) 

Power 
Supply 

(f) 

Digital 
Logic 
($) 

Chassis 
\$) 

Final 
Assembly 

($) 

TOTAL" 
UNIT 
COST 

Material 265.70 229.93 55.95 93.70 73·02 86.76 54.99 196.48 98.00 - 1,440.41 
Handiing @25% MTL 66.43 57.48 13.99 23.43 18.26 21.69 13·75 49.12 24.50 - 360.12 
Labor @$11. per hour 28.73 54·30 21.30 41.10 60·92 32.12 22.47 22.62 52.13 41.53 452.82 

Burden @135% of labor 38.79 73·30 28.76 55.48 82.24 43.36 30.34 30.53 70.37 56.06 611. 29 
Inspection @5% Labor and 3·38 6.38 2·50 4.83 7.16 3.77 2.64 2.66 6.13 4.88 53.21 

Burden 

Subtotal 403.03 421.39 122·50 218.54 21;1. 60 187.70 124.19 301. 41 251.13 102.47 2,917.85 

Engineering and Quality 100.76 105·35 30.63 54.64 60.40 46.93 31.05 78.35 62.78 25.62 729.49 
Control @25%' 

FACTORY COST 503·79 526.74 153·13 273.18 302.00 234.63 155.24 376.76 313·91 128.09 3,647.34 

General and Administrative 100.76 105·35 30.63 54.64 60.40 46.93 31.05 75·35 62.78 25.62 729.49 
@2af, 

TOTAL COST 604.55 632.09 183.76 327.82 362.40 281.56 186.29 452.11 376.69 153.71 4,376.83 

PROFIT @15% 90.68 94.81 27.56 49·17 54.36 42.24 27.94 67.82 56.50 23.06 656.51 

SELLING PRICE 695.23 726.90 211.32 376.99 416.76 323.80 214.23 519.93 433.20 176.76 5,033.34 

W
 
I
 

IV
 
U1
 

NOTE: "Two (2) each required. 

""Total Unit Cost includes cost of two (2) receivers and two (2) IF Amplifiers with the 
required comparator circuitry to provide diversity operations. 



DABS TYPE I TRANSPONDER COST DEVELOPMENT - CASE II (LSI VERSION)TABLE 3-16. 

w 
I 

l\J 
0\ 

~ COST 
TRANSMITTER 

($') 
MODULATOR 

($) 
RF FRONT END 

($) * 
IF AMP. 

($)* 

VIDEO PRDC 
($) 

MONITOR 
($) 

PWR SUPPLY 
($) 

DIGITAI. 
LOGIC 

($) 
CHASSIS 

{$) 

nliALo 
ASSE:,:a~Y 

($) 

TOTAL· UNIT 
COST 
($)" 

Mat~rial 155.47 97.56 227.84 51.16 104.89 124.59 39.78 196.48 99.82 - 1.376.59 

Handling @.25% 
Material 

38.87 24.39 56.96 12.79 26.22 31.15 9.95 49.12 24.96 - 344.16 

Labor @ $ll/Ho~r 6.05 39.05 37.65 43.67 35.16 27.10 18.61. 22.62 50.59 41.69 403.51 

Burden @ 135\ Labor 8.17 52.72 50.83 58.95 47 ..47 36.59 25.12 30.53 68.30 56.28 544.74 

Inspection and Burden 
@ 5\ Labor .71 4.59 4.42 5.13 4.13 3.18 2.19 2.66 5.94 4.90 47.40 

Subtotal 209.27 218.31 377.70 171. 70 217 .87' 222.61 95.65 301.41 249.61 102.i17 2.716.40 

Engineering and 
Quality.Control 
@ ,25\ 52.32 54.58 94.43 42.93 44.47 55.65 23.91 78.35 62.40 25.72 682.12 

Factory Cost 261. 59 272.89 472.13 214.63 272.34 27B.26 119.56 376.76 312.01 128.59 3.395.52 

General and Admin
istrative @ 20% 52.32 54.58 94.43 42.93 54.17 55.65 23.91 75.35 62.40 25.72 682.12 

Total COst 313.91 327.47 566.56 257.56 326.81 333.91 143.47 452.11 374.41 154.31 4.074.64. 

Profit @ 15\ 47.09 49.12 84.98 38.63 49.02 50.09 21.52 67.82 56.16 2J.15 611.19 

Selling Price 361.00 376.59 651.54 296.19 375.B3 384.00 164.99 519.93 430.57 177 ...6 4.685.83 

~..y • ~~o (2) each required • 

• *	 Total unit cost includes cost of two (2) receivers and two (2) IF amplifiers with the required 
comparator circuitry to prpvide diversity operation. 

~ 



TABLE 3-17. IPC DISPLAY COST DEVELOPMENT 
(COMMERCIAL AVIATION LSI 

VERSION) 

Factor Cost 

Material $ 305.48 

Material Handling at 25% 76.37 

Labor at $ll.OO/Hour 95.58 

Burden at 135% of Labor 129.03 

Inspection at 5% Labor and 
Burden 11. 23 

Subtotal 617.69 

Engineering and Quality 
Control at 25% 154.42 

Factory Cost 772.12 

General and Administrative 
at 20% 154.42 

Total Direct Cost 926.54 

Profit at 15% 138.98 

Selling Price 1065.52 
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3.4.2 DABS Type II Transponder/Display Cost Development (LSI Version) 

The use of LSI technology will have the greatest effect on the general-
aviation equipment because it will allow system packaging in a single box 0 

configuration, sized to fit into the equipment console of the average 
general-aviation aircraft. Single-box packaging will permit elimination of 
the IPC power supply, line driver logic and inter-box connectorsandfabrica
tion of the separate chassis and face plates. The logic required to perform 
the DABS and IPC functions would be contained in six LSI chips, common to 
the air-carrier· version, as shown in Table 3-14, but mounted on a single 
printed circuit board. 

The remainder of the transponder modules would be the same as those 
developed in Section 3.2, but repackaged to suit the combined configuration 
of DABS and IPC as shown in Figure 3-5. 'I'able 3-18 presents the cost develop
ment of the combined, LSI version of the transponder and display. The expected 
selling price of the single-configuration transponder would be 26 percent lower 
than that of the equipment developed in Section 3.2 with discrete logic 
components. 
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FIGURE 3-5. DABS/IPC COMBINED CONFIGURATION TYPE II TRANSPONDER 
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--

~ TRANSMITTER RECEIVER 
(DOLLARS) (DOLLARS)

COST . 
'--. 

AVERAGE MATERIAL 33.02 36.29 
AVERAGE LABOR 4.16 12.08 
@ 2.75/HOUR 

IDIRECT FACTORY COST 37.18 48.37 

MARK-UP FOR O. H', 24.91 32.41 
G&A, PROFIT @ ,67% I 

POWER 
SUPPLY 
(DOLLARS) 

12.28 
3.22 

15.50W 
I 

l\) 10.39 
1.0 

I 
MANUFACTURERS SALE 62.09 ! 80.78 25. 89 
PRICE I 

i
II

DISTRIBUTION COST I 
! 

I ,
@ 100% : , 

TABLE 3-18. DABS TYPE II TRANSPONDER WITH DISPLAY COST DEVELOPMENT (LSI VERSION)
, •..• _ ••• J ,.__". ' •... .... _ •.• ",•••~ "~ "" ~'-'" , ........--....-~~""'••~~., ",., " ' -" >'
 

ANALOG 
LOGIC 
(DOLLARS) 

12.19 
5.97 

18.16 
12.17 

I 

DIGITAL 1 CHASSIS 
LOGIC I(DOLLARS)
(DOLLARS) 

I
I 164.68 60.34I 
I I 8.786.79 i 

i 
II 171.47 , 69.12I 

i
I 

46.31114.88 

I30.33 115.43! 286.35 
! 

, 
, 

LIST PRICE i 

, .-- I 
I I 

FINAL TOTAL
 
ASSEMBLY
 (DOLLARS) 
AND TEST 
(DOLLARS) 

318.80 
9.32 50.32 

9.32 369.12 
6.25 247.32 

15.57 616.44 

616.44 

1232.88 

NOTE: The cost of the IPC Display is included in the Logic and Chassis Modules. 

-.. "",,_-,~__"",rt!l\,'v" Il'i~>l":' iIIt ~tlf"r~~~"'~.'lJ,:,:">~·,;;'<:;':<:~"-~·,~-·;:~4""'r.;_.;~~><~~.~. ~~ :.-:•. 



~ 
t 
;
t 

3.4.3 feliability and Maintainability of the LSI Versions 
p 

Th~ introduction of LSIs has reduced the number of components ~equired 
in thetogic sections of the equipments and affected the reliabili~y of the 
moduleJ and systems. Data have been developed by using techniques 'similar 
to tho~e presented in Section 3.3 for the new configurations. Tab~e 3-19 
presen~ the cost and reliability data for the LSI versions of theiair
carrie~. and general-aviation equipment, with the expected changes ~n system 
and lo~c-module reliabilities and the re-evaluated average materi~l cost 
per reP,'air action. \ 

Th~ development of system reliabilities for the LSI version was based 
on the fecommendations of MIL-217B, which were adhered to for most of the 
electrohic components comprising the transponder and IPC display. ~owever, 

the rec9mmended reliability prediction for monolithic large scale ~ntegra
tion cqntained in MIL-217B appears to be in contradiction with the ~urrent 

practic~ in the microelectronics community. MIL-217B implies that 'a finite 
practical reliability limit of 1000 gates should be applied to any LSI design 
if reliability considerations are critical. According to the propbsed 
prediction formulations: 

0.005G(0.91871T e (EQ. 3-1)T 

where ~ = number of gates, an LSI design with a density of 1000 gates can be 
expected to average 4.7 failures per million hours of operation. If the 
densit~ is doubled (to 2000 gates), the reliability of the device decreases 
to 430 failures per million hours of operation (an increase in faiiures of 
two orders of magnitude) . 

, 

.1
The progress made in LSI development in recent years has shown a steady 

trend towards more complex (high density) chips at higher reliabilities and 
lower qosts. LSIs have been developed for commercial applications,with chip 
densittes well in excess of 1000 gates (e.g. scientific calculator~ digital 
wrist Jatches), which exhibit very high reliabilities. ARINC Rese~rch believes 
that tNe technological improvement by 1978, the projected start of,system 
implem~ntation, in the design and manufacture of LSIs will result ~n highly 
reliab~e components whose failure rate can best be predicted by the equation 
from M1L-217B which treats the gate density as a linear function. 

A (.0012 1T (G)0.67 + .00389 1T (G)0.35)P =1TL 1TQ T E (EQ. 3-2) 

Tqe effect of strict adherence to.the prediction techniques of MIL-217B 
is pre~ented as a sensitivity analysis in Chapter Six. 
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TABLE 3..,19. . DABS/IPCCOS'r· AND~ELiABILITYAND MAINTENANOE· DATA (LSI VERSION) 

Mean TlIne ' M'l"l'R . Expected MaterialMTBI' To Isolate'Unit (Hou'rs) .. Cost Per Repair.(Hours) A Failure (Dollars) 
(Hours)
 

. DABS TYPE. I TRAHSPONDER SYSTEM WITH IPC DISPLAY
 

. DiSplay 

Antenna 

. Control 

T.ransponder 

Transmitter 
Receiver 
II<' Amplifier 
Video Processor 
Control t-1atrlx 
Monitor 
Power Supply 
Digital Logic
Chassis 

15649 

,50000 

10000 

.1243 

3507 
19797 
16963 
13994 

8752 
25823 
23144 

. 65215 
57777 

LO 

1.0 

2.0 

1.0 
1.2 

.. 1.0 
1.0 
1.0 
1.0 
1.2 
LO 
0.5 

14.14 

51. 60 

30.12 
17.74 

.62 

.88 

.39 
1. 03 
1.13 

17.47 
8.82 

DABS TYPE II TRANSPONDER SYSTEM WITH IPC DISPLAY 

Antenna	 50000 

Transponder	 2269 1.0 
1.0Transmitter 4582	 18.82 

Receiver 19384 1.0	 .55 
.45Power Supply ,50408	 1.0 

Logic Analog 63616	 0.5 .33 

Logic Digital 9944 1.5 15.57 
0.5Chassis 28684	 7.82 

/ 
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3.5	 REVIEW OF THE TYPE II DABS TRANSPONDER COST AND RELIABILITY BYA
 
GENERAL AVIATION MANUFACTURER
 

The cost and reliability data on the general-aviation transponders 
developed by ARINC Research in the preceding sections was subjected to an 
independent evaluation by Bendix Aviation, manufacturers of general-aviation 
equipment, and participants in FAA sponsored studies on DABS and Synchro
DABS. The purpose of the additional review was to obtain concurrence with the 
developed data and identify production techniques or design modifications 
which would result in a more cost-effective system. 

The Bendix engineering staff, working with ARINC Research engineers
 
on the design features of the DABS andI~C systems found agreement on the
 
data developed and presented in this chapter. An important result of the
 
joint efforts has been the introduction by Bendix of a logic design requir

ing only one LSI chip for the Type II transponder, and a reduction in the
 
number of LSls for the IPC display. The results were introduced into the
 
study and are reflected in the data developed. Figure 3-6 presents the
 
concurrence by Bendix Aviation with the cost data on the Type II transponder.
 

3.6	 MILITARY TRANSPONDER MODIFICATION DEVELOPMENT 

The Type I and Type II transponders developed for the commercial-aviation 
and general-aviation users are not appropriate for the military community. 
The military requires ~ system which provides identification of friend or 
foe (IFF) MARK XII capabilities in addition to the DABS or ATCRBS 
interrogations. The military has developed a system, the APX-72, as part 
of the AIMS* standardization program and retrofitted a majority of the 
military aircraft with this system. For purposes of this study, it is assumed 
that	 all military aircraft are equipped with this system. The introduction of 
the Type I or Type II DABS transponder into this community would require each 
military aircraft to carry two sets of transponders (one for DABS and one for 
IFF)	 duplicating many of the required interrogation capabilities. ARINC 
Research believes that the military would not accept the additional space and 
weight requirements for redundant equipment, but would enter a development 
program to retain the tactical requirements of the APX-72 and integrate the 
DABS	 concept into the AIMS equipment. 

In recent studies on the DABS system (Reference 8), the manufacturer 
of the APX-72 indicated the feasibility of modifying the unit at military 
depots to include the DABS capability. The present study is concerned with the 
cost of implementing DABS/IPC by replacing the existing ATCRBS transponders 
with equipment designed for the DABS concept. The integration of multiple 
systems, such as AIMS, prevents direct replacement of only one function 
without identifying the cost associated with the other functions required by 

*AIMS - Air Traffic Control Radar Beacon System, Identification Friend or
 
Foe, Mark XII System.
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"If;. :)~-, ~'~6 ..:1.;> 

ARINC Research Corporation 
A Subsidiary of Aeronautical Radio, Inc. 
2551 Riva Road 
Annapo lis, Mary land 21401 

Attention: Mr. S. H. Kowalski 

August 13, 1975 

Subject: Cost Development of DABS/IPC Transponder 

Dear Stan: 

We have reviewed your work sheets defining the DABS/IPC cost 
deve lopmen t •

Your approach appears reasonable, and we concur with the cost 
factors and the resultant bottom line pricing. 

We understand that engineering/factory tooling amortization will 
be handled separately in the	 interest of uniformity. 

Very truly yours, 

,/ - ~(/ 
,'.t.' .;;.n.- t'~ c: < "'-, 
'wa)lne G. Shear 

/nt 

Figure 3-6. GENERAL AVIATION MANUFACTURER'S CONCURRENCE WITH DEVELOPED DATA 
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the system (~.g., IFF). The approach used in this study follows the 
recommendations of the APX-72 manufacturer in modifying the transponder 
to include the DABS functions while retaining the remainder of the system. 

Review of the APX-72 transponder shows that modifications will be
 
required to the logic cards in the circuit board cage assembly, rewiring
 
of the assembly, addition of the DPSK Demodulator, and replacement of the
 
external control and power connector. The circuit board cage assembly
 
consists of seven plug-in printed circuit cards performing the functions
 
indicated:
 

~l Processor 
A-2 Decoder, Transponder 
A-3 Mode 4 Subassembly 
A-4 Encoder Clock 
A-5 Encoder Control 
A-6 Encoder Gating 
DL-I Delay line 

Space is also available for the addition of one more card. Figure 3-7 shows 
the APX-72 and the digital section affected by the proposed modification. 

The cards affected by the introduction of DABS would be A-2, A-4, A-5, 
and A-6. The remaining cards are associated with other functions and should 
not be affected. 

There are various methods available for the modification. Cards could
 
be provided to the depots, requiring extensive rewiring of the transponder
 
by depot personnel. The following sections identify the method proposed
 
by ARINC Research, which is considered the most likely to result in a
 
successful modification.
 

Both the discrete and LSI versions of the logic required for DABS opera
tion are developed to identify the probable costs associated with system 
introduction based on production quantities and length of the retrofit 
period. 

As with the type I units for commercial aviation, it has been assu~e~ 

that the new control units required by the military will be identical in cost 
and reliability to those presently used. 

3.6.1 Discrete Logic Version Modification 

The logic required by the APX-72.system to respond to DABS/ATCRBS 
interrogations is identical to that developed for the commercial carrier 
(Type I) system. The number of discrete logic components requires packaging 
on multiple printed circuit cards configured for the APX-72 circuit board 
cage assembly. The components comprising the DPSK Demodulator can be 
incorporated on one of the logic cards. The replacement of cards A-2, A-4, 
and A-6, together with installation of a new card in the blank space avail 
able in the cage assembly, should provide adequate space for the entire 
logic required by DABS. 
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The Encoder Control card, A-5, would have to be redesigned to perform 
the functions of the ATCRBS operations (e.g., Automatic Overload Control, 
Reply Rate Limiting, etc.). The logic identified as "Analog Logic"for the 
TyPe II DABS transponder would provide adequate logic circuitry to accomplish 
this requirement. However, the components would have to be upgraded to the 
temperature requirements of the military. 

The rewiring of the circuit board cage assembly by the manufacturer 
of the modification kit will increase the probability of a properly operat
ing unit and reduce the extensive workload at the depot level. 

Table 3-20 shows the cost of the modification kit that would be re
quired by all APX-72-equipped aircraft. The kit would contain a new cage 
assembly, five new cards, external connector, and instructions for field 
modification. The new cards represent the cost of the Type I DABS logic 
and a Type II Analog logic ·(upgraded). 

3.6.2 LSI Version Modification 

The cost advantages recognized by the commercial-aviation and general
aviation communities in the use of LSI components for the DABS logic 
circuitry will also be realized by the military in the modification of the 
APX-72. The concept of providing a pre-packaged cage assembly, without the 
A-I, A-3, and DL-l cards, is again proposed for the LSI version, but the 
entire logic required for DABS can be located on one card, reducing the 
number of cards and associated wiring of the cage. Table 3-21 shows the 
cost of the LSI version of the modification kit. The DABS logic cost is 
identical to the cost developed for the Type I (LSI) version. The remainder 
of the kit is assumed to be identical to the discrete version. . 

3.6.3 Military system Development 

The modification kits developed in the preceding sections identify 
the variations between the commercial aviation and military aviation require
ments for DABS implementation. Additionally, in order to maintain the 
existing AIMS program with minimum modifications, the retrofit of military 
aircraft would not include diversity operation or additional message dis
plays. 

The requirement f~r an IPC display would be the same as for the 
commercial aviation community, and the display developed for the Type I 
system would be suitable for the military. Both the discrete and LSI 
versions of IPC display are appropriate to the military community. 
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3.6.4 ,Military System Reliability 

The addition of the DABS/IPC system to the AIMS transponder changes 
the overall reliability of the transponder. However, since this study is 
concerned only with the implementation of DABS/IPC, reliability data pertinent 
to the n~dification are considered and developed. Table 3-22 presents the 
calculated reliability of the modification with separate data for the DABS 
Logic, Analog Logic, and IPC Display. The reliability of the LSI version 
is also presented. The system reliability applicable to the introduction of 
DABS is 4582 hours for the discrete version and 10219 hours for the! LSI 
version. The last column of the table identifies the expected average 
material cost per repair action computed in the same way as for the commercial 
carrier Type I transponder. These data will provide the basis forcomputa
tion of the logistic support costs associated with the introduction of DABS. 

TABLE 3-20. COST OF MODIFICATION KIT FOR THE 
APX-72 (DISCRETE) 

Factor 

DABS Logic 

Analog Logic 

Cage Assembly 
(Including wiring) 

External Connector 

Assembly and Test 

@ $l1/hour plus 135% 
Burden 

Total Cost 

Cost 

$1,838.78 

173.46 

170.00 

47.60 

29.70 

$2,259.54 
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TABLE 3-21. MODIFICATION KIT FOR 
THE APX-72 (LSI) 

Factor Cost 

DABS Logic 

Analog Logic 

cage' Assembly (Including Wiring) 

External Connector 

Assembly and Test @ $ll/houl. plus 
135% Burden 

Total Cost 

$519.93 

173.46 

170.00 

47.60 

29.70 

$940.69 

TABLE 3-22. MILITARY MODIFICATION COST AND 
RELIABILITY DATA 

Mean Time Expected 
MTBF to Isolated MTTR Material 

Unit (Hours) Failure (Hours) Cost/Repair 
.(Dollars)(Hours) 

Discrete Version 

2.0 7.85Display 7136 1.0 
30.0010000Control 

12797Transponder 1.0 
2.0 7.23DABS Logic 16800 

.5 .80Analog Logic 53714 

LSI Version 

14.142.0Display 15649 1.0 
30.00.5Control 10000 .5 

29454 1.0Transponder 
17.471.0DABS Logic 65215 

.80.5Analog Logic 53714 

3-38 



CHAPTER FOUR 

DABS!IPC INSTALLATION DATA 

This chapter addresses the development of those data items which 
are treated in the economic analysis as being common to any CAS concept. 
The data items discussed include the Sf3cific aircraft equipment con
figurations for each user category, the estimated installation costs of 
transponders and displays for each user category, distribution costs, and 
the aircraft population projections within each user category. In addition 
to the common data elements cited in this chapter, 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, together with the 
values for these items used for the analyses. These latter values were 
established through contact with representative user organizations, ARINC 
Research prior experience, and consultation with the FAA and the personnel 
at Lincoln Laboratory. The developed values were included as a part of 
the Uniform Ground Rules established at the beginning of the study. 

4.1 COST OF DABS!IPC-RELATED ELECTRONICS COMPONENTS 

The equipments studied have been limited to the airborne elements of 
the DABS!IPC system. The classes of equipment are separated into those 
intended for the commercial air carriers (Type I) and other high-performance 
aircraft that require and justify the maximum-capability system meeting 
ARINC characteristics, and the less expensive (Type II), unrestricted pack
aging intended for the general-aviation aircraft. 

Chapter Three developed the cost of both versions of electronic equip
ment and display based on the practice of most avionics manufacturers. 
Emphasis was placed on the manufacturing costs of the "black-box" and display 
electronics without development of the costs of antennas or control panels, 
necessary for the DABS!IPC operation. This section identifies these additional 
costs and summarizes the equipment necessary for the DABS!IPC system. 
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4.1.1 Antennas 

The DABS/IPC system operates on the same frequencies as the present 
ATCRBS and requires the identical antennas as presently installed on all 
ATCRBS equipped aircraft. The antennas can be either of the blade or flush 
mounted type for the high-performance aircraft, and the less expensive 
quarter-wave length stub for the low-performance aircraft. The presently 
advertised selling price of $63 for a Collins 237Z-l or equivalent.blade 
antenna has been accepted and used in the study, as well as the $13 retail 
price of the stub antenna. 

4.1.2 Control Panp-l 

Each air carrier and military ATCRBS-equipped aircraft requires a control 
unit to provide mode and code selector swj~ches for the transponders. The 
general-aviation transponders have the controls built into the electronics box, 
but the high performance equipment requires separate packaging because of the 
remote location of the transponder. The DABS Type I transponder will require 
the same mode and code selector switches and the additional pilot-actuated 
push-button for replies to DABS or IPC interrogations. An aircraft peculiar 
DABS identification code may also be built into the control unit. The 
overall size of the DABS control unit is expected to remain the same, re
placing the existing ATCRBS control panel. The cost of the new unit is 
expected to remain at the same price, although the unit will be slightly 
more complex, because of the larger projected production quantities required 
to retrofit the existing fleet of aircraft. An investigation of the selling 
prices of existing control units from avionics manufacturers has shown that 
the average cost to commercial carriers or distributors is $516. Similarly 
the control units cost the military $300. These costs have been used in 
the study in determining the cost of implementation of DABS/IPC. 

4.1.3 Summary of Electronics Costs 

The elements comprising a DABS/IPC system for each concept evaluated 
in this study are presented in Table 4.1 Both the discrete logic and LSI
logic version costs are shown for easy comparison. The principal electronics 
and indicator costs are the suggested OEM (factory selling) prices without 
allowances for distribution costs. The effect of distribution is identified 
in the following section. 
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TABLE 4-1. DABS/IPC EQUIPMENT COST
 

DISCRETE LSI 
VERSION VERSION 

HIGH-PERFORMANCE TYPE I DABS/IPC 

DABS Electronics* $6178 $4860 

IPC Indicator* 2099 • 1066 

Antenna 63 63 

Control Unit 516 516 

ATC Display* 1527 1:527 

LIMITED-PERFORMANCE TYPE II DABS/IPC 

DABS Electronics* 493 616 
(Included in506IPC Indicator* 
Electronics) 

Antenna 13 13 

MILITARY MODIFICATION FOR DABS/IPC 

DABS Mod Kit* 2260 941 

IPC Indicator* 2099 1066 

Antenna 63 63 

Control Unit 300 300 

*Manufacturer's expected OEM prices without mark-up for
 
distribution.
 

4.2 DISTRIBUTION COST 

In Chapter Three emphasis was placed on the identification of the 
factory selling price for the DABS/IPC equipment; as a result, no allowance 
was made for the distribution cost associated with marketing the units to 
the general public. It is expected that the commercial airlines and the 
military will be able to obtain DABS/IPC equipments directly from the manu
facturers, but the general-aviation community will have to pay additional 
money to avionics distributors as a part of-the acquisition cost of the 
units. To account for this added expense, the industry accepted practice 
of a 30 percent mark-up (verified by four avionics manufacturers) of the 
Type I DABS/IPC equipment and a 100 percent mark-up of the Type II DABS/IPC 
equipment has been applied to the general aviation avionics. However, many 
distributors of the Type II avionics who are not engage in equipment 

4-3
 



installations advertise"discounts'nati6nally on new,factory warranted 
equipment. The advertised· discounts vary' depending on demand and avail 
ability but are generally.between 10 and 30 percent. A ZO percent discount 
of the list price has been applied to the Type II equipment evaluated in 
this study, reflecting the mean of the advertised discounting practice 
in the general-aviation community when a unit is purGhasedwithout 
installation. These values are c6ns~aered to be repres~ntative of the 
distribution costs found in. the general-aviation community and are based 
on data obtained from avionics manufacturers. Table 4-2 presents'the 
expected cost of equipment to the general-aviation community when distri 
bution costs are included. 

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

DISCRE' "
 
VERSION
 

HIGH-PERFORMANCE TYPE I DABS/IPC 

DABS E1ectronics* $ 8031 

IPC Indicator* 2729 

Antenna 63 

Control Unit 516 

LIMITED-PERFORMANCE TYPE II DABS/IPC 

DABS E1ectronics** 789 

IPC Indicator** 809 

Antenna 13 

LSI
 
vERSION
 .. 

$ 6318 

1386 

63 

516 

-

986 
(Included in 
Electronics) 

13 

*Inc1udes 30\ mark-up 
**Inc1udes 100\ mark-up followed by a 20\ discount 

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 
at the same percentage mark-up as identified for the system acquisition. 
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4.3 AIRCRAFT CONFIGURATIONS 

The complement of equipment to be installed by each of the users de
pends on individual needs, the probable flight profiles, the reliabilities 
required to provide suitable aircraft availability (especially for the air 
carriers), and the anticipated or required flight crews for special classes 
of aircraft. 

This section identifies the probable DABS!IPC aircraft configurations
 
for each class of user based on existing practices in the aviation community
 
concerning flight critical avionic equipment.
 

4.3.1 Commercial Aviation 

The present practice by the majority of air carriers of a single ATCRBS 
transponder system utilization is asswed to be applicable to the DABS/IPC 
implementation. Therefore, all certified commercial air carriers are assumed 
to require the following complements of collision-avoidance avionics: 

1 Set of DABS electronics (Type I) 

2 Antennas (top and bottom) (one existing) 

2 IPC indicators (pilot and co-pilot) 

1 Set of controls and switching equipment 

The electronics will be located in the normal avionics bay of the 
aircraft. The indicators will be installed in a prominent location on the 
instrument panel, replacing, as necessary, existing less critical indicators, 
which will be relocated. The variations in instrument-panel configurations 
among the airlines prevent identifying the indicators that are likely to be 
relocated. A single set of DABS electronics has been assumed for commercial 
carriers to be consistent with the installation decisions generally made 
for similar avionics such as ATCRBS transponders. It is recognized that 
some air carriers utilize with dual installations, and the economic 
impact of such a decision is addressed in Chapter Six. 

4.3.2 Military Aviation 

It is assumed that the military will participate in a national DABS! 
IPC program to the same extent it currently participates in the ATCRBS 
program. The military is expected to employ the minimum of required equip
ment consistent with the level of performance and number of pilot positions. 
Therefore, the following configuration was considered in the study for all 
military aircraft currently equipped with the APX-72 system: 

1 Set of DABS electronics (Mod to APX-72) 

2 IPC indicators (1 for single seat aircraft) 

1 Set of control equipment 

no new antenna 
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The single set of electronics was selected to agree with the existing 
configuration of a single APX-72 system (or similar) currently installed 
on all military aircraft. Aircraft now wired for the APX-72 but not equipped 
with the system (e.g., Army aircraft) were assumed in this study to have 
the equipment, and only the modification costs were considered as applicable 
to the DABS implementation. 

4.3.3 General Aviation 

The private aircraft owner is usually c~st-consdious, carrying the 
minimum avionics required consistent with flight regulations and safety. 
Therefqre, it has been assumed in this study that almost all (95 percent) 
private aircraft owners will prefer to install the least expensive DABS/ 
IPC. The assumed installation consists of either a single set of electronics 
with built-inIPC indicators (LSI version of Type II) or a DABS Type II 
transponder electronics with a separate 1PC indicator. In either configu
ration, the electronics will be installed in the flight console of the 
aircraft, and for the separate indicator case, the display will be located 
in the pilot's instrument panel. The existing ATCRBS antenna will be reused 
by the system. 

The remaining five percent of the general-aviation aircraft are assumed 
to be in the high-performance class, requiring the DABS Type I equipment. 
This study considers the minimum required equipment and assumes a single 
system for each of the general-aviation users. The equipment will be in
stalled either in the avionics bays of the large airframes or at remote 
locations peculiar to the particular aircraft type. A single indicator 
will be required, replacing an indicator at the pilot's position. The 
replaced unit will be relocated to a less prominent position. The minimum 
equipment required by each of the high-performance aircraft will consist of 
the following: 

1 Set of electronics (Type I) 

. 1 IPC indicator (pilot only) 

2 Antennas (top and bottom) (one existing) 

1 Set of controls 

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

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 the 
various user categories and general classes of aircraft, i.e., the high
performance aircraft capable of speeds greater than 250 knots, and the 
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low-performance aircraft with speeas lower than 250 'kn~ts. "For purposes 
of the analysis and consistent with the CAS repo,rt; it ,was 'assumed that the 
installation costs in new commercial carrier and general aviation aircraft 
were 60 percent of the estimated retrofit installation cost. The installa
tion costs for new military aircraft are discussed in Section 4.4.2. The 
costs developed reflect the equipment configurations identified for each 
user community in Section 4.3. 

4.4.1 Commercial-Aviation Installation Costs 

The similarity between airborne CAS and DABS/IPC in equipment con
figurations and quantities of components allows use of the costs developed 
for CAS in the commercial-carrier aircraft. Allowances have been made for 
the existence of an ATCRBSantenna, but all other installation parameters, 
e.g., aircraft cabling, shelf fabricaions, etc, are considered new. The 
proposed Type I transponders will be larger than existing,ATCRBS transponders, 
requiring new locations in the electronics bays. The additional data trans
fers between transponders and display/control will require access to all 
cabling between these units, and this accounts for the majority of the on
aircraft cabling 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 have the concurrence of the airline individuals involved 
in the retrofit program. 

The installation costs presented are the expected average costs per 
aircraft with single system implementation. The large new aircraft have 
adequate space to accomodate the system. Some of the smaller commercial 
aircraft, 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 installa
tion of CAS (e.g., plates that are intended to be removed and replaced with 
a CAS antenna but that can be utilized for DABS). Therefore, the costs 
shown have been assumed to be representative of costs for any of the commer
cial aircraft. 

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

Installation Factor Required Cost 

Shelf Fabrication and Installation 48 hours $ 1,067. 
Antenna Installation 6 hours 133 
IPC Indicator Installation 4 hours 89 
Existing Indicator Relocation 4 hours 89 
Control unit Installation 24 hours 45. 
On-Aircraft Cabling 100 hours 2,222 
Engineering 

(300 hours -:- Fleet Size) 3 hours 67 
Material (Lot) 516. 

Totals 167 llours $ 4,227. 

The installation of the ATC Display developed in Chapter Three is 
treated as a special case, probable for the commercial aviation but not 
mandatory for the successful operation of DABS/IPC. Therefore, the 
cost of installing the ATC Display is presented separately and evaluated 
as a sensitivity parameter in Chapter Six. 

The cost of installation of the ATC Display in a commercial-aviation 
aircraft is: 

Installation Factor Time Required Cost 

ATC Display Installation 
On-Aircraft Cabling 
Material 

Totals 

4 hours 
36 hours 

$ 89 
800 
100 

40 hours $989 

4.4.2 Military-Aviation Installation Costs 

In developinq the installation cost estimate for the military 
aviation community, the existence of the AIMS system on all military air 
craft has been assumed. The cost factors that the military will have to 
contend with are those associated with the removal of the electronic package 
from the aircraft/shipment to a modification depot, modification of the 
equipment, shipment to the installing activity, and reinstallation in the 
airframe. Additional costs for the IPC indicator installation, relocation 
of existing indicators, and replacement ?f the existing control unit increase 
the scope of the modification to a level comp~rable to the installation of 
a new system. Each branch of the militarY,by direction of the Department 
of Defense (DOD), has developed installation costs for each type of aircraft 
in the inventory for the implementation of the airborne Collision Avoidance 
System (CAS). Many of the costs were based on experience with the installations 
of the AIMS systems because of the similarity in equipment sizes, locations, 
and complexities. The adaptation of these military-developed installation 
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data to the DABS!IPC implementation is appropriate because of the similarity 
to CAS in effort required to install indicators and controls, receive the 
airframe between the electronics and indicators and controls, and the additional 
labor required to modify the APX-72 for DABS!IPC operation. The modifica
tion of the APX-72 is expected to require the equivalent labor as the 
installation of a new box in an aircraft. Therefore, the military-developed 
installation data for CAS have been used in this study. 

Installation costs for the military aircraft have been based on data 
provided by the Department of Defense (000) and represent the weighted 
average of the cost associated with each type of aircraft installation. 
These costs are governed by the types and numbers of aircraft in the military 
community. Each.of the military branches was directed by 000 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 eaCf branch of the services reflect the 
costs to retrofit the existing fleet, by aircraft type, and the costs to add 
a system to new aircraft during production. The cost categories considered 
by the installation facilities included: (1) the acquisition of the elec
tronics, antennas, indicators, and control; (2) the labor hours converted 
to dollars for installation on the aircraft; (3) the materials (Group A) 
required to support the installation; and (4) the non-recurring logistic 
support costs. The latter included: 

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 (TOs) 
and aircraft manual modifications. 

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

Training - the cost of training personnel at each 
installation and maintenance facility to 
repair and operate the system. 

Reprocurement - the cost of manufacturing drawings and 
system details required to permit repro
curement 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 scenario for computing training costs vary from personnel training at 
depot facilities (NAVY) to training at intermediate facilities with no depot 

4-9 



training (ARMY) to personnel training at a 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. However, the specific costs presented 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 pre
sented in Chapter Five. 

The cost breakdown for system implementation in the military community 
is as follows: 

Per Aircraft
 
Installation Factor Retrofit New
 

Material Acquisition (Group A) $1453 $ 840
 
Installation (Labor) 3538 6357
 
Engineering (Design and Test) 502 180
 

Total $5493 $7377 

The installation costs presented are the weighted average of the data 
provided for the entire military community. Where some cost factors, such 
as labor, may be much higher for the tactical fighter aircraft, the same 
costs would be much lower for the twin-engine, piston-powered aircraft or 
the average ARMY helicopter aircraft. 

It should be noted that different organizations within the military
 
prepared the installation cost estimates for the new and retrofit aircraft.
 

4.4.3 General Aviation 

The installation costs for the high-performance general-aviation air 
craft have been developed from the experience of Piedmont Airlines (Piedmont 
engages in the maintenance and retrofit of avionic equipment for corporate 
aircraft). The resultant costs have been weighted 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 DABS/ 
IPC system in a high-performance general-aviation aicraft: 

Time 
Installation Factor Required Cost 

DABS Type I Installation 24 hours $ 430 
Antennas Installation .6 hours 107 
IPC Indicator Installation 2 hours 36 
Existing Indicator Relocation 2 hours 36 
Cabling 40 hours 716 
Material (Lot) 529 

Totals 
74 hours $1,854 
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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 similiar in size and 
complexity to the proposed DABS Type II transponders requiring similar 
cabling, antenna, and power. The questionnaire further requested. a break
down in hours of the effort required for unit installation, antenna installa
tion, 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. 

The following data are the results of the survey. The installation 
costs are the average of the informat on received and reflect the variety 
of airframes encountered by the responding facilities. A engineering adjustment 
has been used on the cabling manhours to allow for the existing ATCRBS 
transponder cabling and for connecting the encoding altimeter assumed to be 
a part of the existing aircraft avionics. The variation in installation 
costs between the separate transponder and indicator and the LSI version 
that results in a single package are identified. There are no significant 
variations in on-aircraft cabling or transponder installation costs. How
ever, the installation of the IPC indicator, and the probable relocation 
of existing displays, results in the differences presented in the following 
data on costs to install the system in general-aviation aircraft: 

Installation Factor Time 
Integral Display Required Cost 

Removal of Existing ATCRBS 1.00 hrs. $ 16. 
Transponder 
Type II Electronic Installation 3.00 hrs. 49. 
Cabling 1.00 hrs. 16. 
Material (Lot) 10. 

Totals 5.00 hrs. $ 91. 

Separate Display 

IPC Indicator 2.00 hrs. $ 33. 
Relocation of Existing Display 2.00 hrs. 33. 

Increase 4.00 hrs. $ 66. 

Total for Separate Configuration 9.00 hrs. $ 157. 
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The cost of antenna installation has been omitted on the premise that 
the majority of the general-aviation aircraft are already equipped with 
ATCRBS transponders and the existing antenna will be reusable. For air
craft that require the entire installation, the increased cost is offset, 
in establishing population averages, by elimination of the cost in removing 
existing equipment and the reduction of unit installation cost because of 
space availability. 

4.4.4 Summary of Installation Costs 

Table 4-3 presents a summary of the installation costs developed in 
this section and used in the life-cycle cost evaluation of Chapter Five. 
The data for new aircraft installations are those provided by the military 
and the expected ratio of the retrofit C0Sts for Commercial and General 
Aviation. 

TABLE 4-3. SUMMARY OF INSTALLATION COSTS (PER AIRCRAFT) 

Commercial 
Aviation 

Military 
Aviation 

General 
Aviation 

High Performance 

Limited Performance 

Retrofit Installations 
$ 4227. $ 5493. 

o. 5493. 

$ 1854. 
91

157. * 

High Performance 

Limited Performance 

I'ITF>W Air~raft-

2536. 

o. 

In~t-;.ll",""'i"nc::: 

7 377. 

7377. 

1112. 
55. 
94.* 

* Cost of Installing Separate Electronics and Indicator. 

4.5 AIRCRAFT SCENARIOS 

System implementation has been chosen to begin in 1978 to provide the 
required comparison with airborne CAS. The three-year period allowed before 
the start of DABS implementation would be required to pass the necessary 
legislation, develop the necessary regulations, start installation and 
retrofit of the ground facilities, complete the development of the airborne 
avionics, and begin the production process. 

The retrofit period for the entire avaiation community has been assumed 
for purposes of this study to be eight years. The 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 
DABSjIPC by the end of 1985. All new aircraft delivered in 1978 and in later 
years would have the DABSjIPC implemented as part of the original required 
avionic equipment. 
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All aircraft registered in theCQntinent~lUnitedStates, except 
experimental ai~craft, g~ideis, balloons, and .nonmilitary rotorcraft, 
have been assumed. to require' t.he. instal1ati-on of DABS/IPC. In reality, 
many other types of aircraft.may not be req1:li~ed to operate collision
avoidance equipment, but thei.r inclusion or omiss·ion f.rom the assumed GA 
population shou-ld not af.reG:t the decision regarding which of the CAS concepts 
is most attractive to genera-l aviation f~om. a cost poi·n.t of view. 

The aircraft-flE:et,pop~lationprojecti0ns'-used in.this study have been 
based on availab~e in£ormati0ndeveioped.in 19~4'~y the U.S. Department 
of Transportation, FAA, Off·ice of Aviation pol.icy, Avia"tion Forecast 
Branch. 

4.5.1 Commercial-Aviat~on 

It is assumed that the air carriers· retr~f;it period will be four years 
and that all aircraft not scheduled for re~irement within the first four 
years will be retrofitted with the Type t vers.ion of DABS/IPC. Table 4-4 
identifies the projected fleet of commercial-ca~rier equipment, with planned 
expansions and retirements that were used in the an~lysis. 

TABLE 4-4. COMMERCIAL-CARRIER AIRCRAFT STATISTICS 

Year Existing New Retirements Total 

1978 
1979 
1900 
1S31 
1982 
1983 
I~C1 

1985 
19C6 
1~1r.;7 

19G8 

2,848 
2,931 
3,019 
3,094 
3,17/. 
3,2113 
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 

0 
0 
0 

2,931 
3,019 
3,094 
3,172 
3,243 
3,316 
3,383 
3,449 
3,514 
3,578 
3,6-13 

. '~'ot:als 1,346 551 

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. 
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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 DABS/IPC 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 in the low-performance category. 

TABLE 4-5. CONUS MILITARY AIRCRAFT STATISTICS 

JET AND TURBINE PISTON HELICOPTER 

(High Performance) (Low Performance) (Low Performance) 

Year Existing New Ret Existing New Ret Existing New Ret TOTAL 

1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 

10882 
10972 
11052 
11164 
11333 
11364 
11368 
11368 
11368 
11368 
11368 

143 
84 

117 
204 

32 
15 

0 
0 
0 
0 
0 

53 
4 
5 

35 
1 

11 
0 
0 
0 
0 
0 

• 
.' 

1542 
1388 
1218 
1116 
1051 
1046 
1046 
1046 
1046 
1046 
1046 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

154 
170 
102 

65 
5 
0 
0 
0 
0 
0 
0 

7553 
7548 
7604 
7655 
7770 
7842 
7842 
7842 
7842 
7842 
7842 

13 
61 
52 

118 
72 

0 
0 
0 
0 
0 
0 

18 
5 
1 
3 
0 
0 
0 
0 
0 
0 
0 

19908 
19874 
19935 
20154 
20252 
20256 
20256 
20256 
20256 
20256 
20256 

TOTALS 595 109 0 496 316 27 

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-jet 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-aviation 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 datd 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 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. 
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Table 4-6 presents the projected general-aviation population data 
on the existing and predicted expansion of the community by engine con
figuration,for the period considered ln ~ne life-cycle of the study. The 
eight year retrofit program identified the quantities of both types of 
DABS/IPC equipment that will be required to satisfy the needs of the community 
and represents the 5 percent Type I and 95 percent Type II DABS/IPC de
ployment dictated by performance. 

TABLE 4-6. GENERAL-AVIATION AIRCRAFT STATISTICS 
,.. ~ . 

Year Single-Engine 

I:);j :;tinq Ne\'l 

\lIulti-Engine 

F",,-i stinq 1"('\',1 

Turbine 

Existing New 

Total New Grand 

Total 

1978 
1979 
1980 
1981 
1982 
1983 
1984 

I 1985 
1986 
1987 
1988 

Totals ! 
I 

140,300 
)/1'1,500 
1<18, SOD 

152,600 
157,700 
162,600 
16"/ , '100 
171, 900 
177,400 
182,900 
lB8,400 

4,200 
4,000 
4,100 
5,100 
4,900 
4,800 
4,500 
5,500 
5,500 
5,500 
5,<;00 

53,600 

22,600 
23,700 
2.(;,900 
26,000 
27,200 
28, '100 
29,"JOO 
31,300 
32,100 
32,900 
33,700 

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

800 
800 
800 
800 

~11,900 

4,900 
5,300 
5,900 
6,400 
6,800 
7,<100 
8,000 
8,700 
9,000 
9,300 
9,600 

400 
60·0 
sao 
400 
600 
600 
700 
300 
300 
300 
~()O 

5,000 

5,700 
5,800 
5,700 
6,700 
6,700 
6,700 
6,800 
6,600 
6,600 
6,600 
6,600 

70,500 

173,500 
179,300 
185,000 
191,700 
198,<100 
205,100 
211,900 
218,500 
225,100 
231,700 
238,.100 
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CHAPTER FIVE 

INDIVIDUAL AIRCRAFT AND FLEET COSTS 
FOR DABS/IPC IMPLEMENTATION 

The costs of implementing the Discrete Address Beacon System/Inter
mittent Positive Control concept 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 ttle 
assistance of an economic cost model. Implementation-cost data are shown 
on an individual-aircraft and total-fleet basis for two sets of data: the 
discrete logic version of DABS/IPC, resulting in separate Transponder and 
display components; and the LSI version of DABS/IPC, resulting in single 
packaging for general aviation and reduced size of display for commercial 
aviation. 

5.1	 COST MODEL 

ARINC Research Corpoation's 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 compet
ing 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: Type I (commercial avia
tion) capability, Type II (general aviation) capability, and Military modifi 
cation to the APX-72 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 im
plemented, sensitivity evaluations performed, or additional data outputs 
obtained. 

*	 Developed for cost analysis of a Proposed Defense Navigation Satellite 
System Receiver, prepared by ARINC.Research Corporation for USAF Space 
and Missile Systems Organization under Contract F09603-73-A-0933-TB01. 
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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 data developed by ARINC Research 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 ARINC 
Research, and information furnished by the FAA. 

A complete listing of the parameters influencing the evaluation is 
presented in tabulated format in Appendix E to this report. All the 
parameters considered influential in evaluating the relative costs and 
reliabilities of the systems have been programmed into the cost model. 

5.3 RESULTS OF APPLYING THE ECONOMIC ANALYSIS 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 assumed 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 for both the discrete logic and the LSI 
logic data. The results are presented on a per-aircraft basis to identify 
separately the costs of acquisition, installation, nonrecurring logistics 
recurring logistics, and, finally, the II-year life-cycle costs expected 
by an aircraft owner in any of the user categories are presented. These 
costs data are presented in Section 5.3.1. 

* Aircraft Owners and Pilots Association (AOPA) 
** Air Transport Association (ATA) 
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The life-cycle costs of system implementation are presented on a 
year-by-year basis for each user community's total fleet of aircraft. 
To make the data easy to interpret, Section 5.3.2 presents the life-cycle 
costs based on the discrete logic data and the LSI logic data in graphical 
format. 

5.3.1 Cost of OWnership per Aircraft 

The cost of ownership of a DABS/IPC collison-avoidance system on a 
per-aircraft basis consists of the initial acquisition and installation 
costs for equipment configurations developed in Chapter Four, a proportion 
of the nonrecurring logistic support costs (determined by averaging over 
the entire user' population in the II-year life cycle), the recurring logis

{'	 tics costs attributed to.an aircraft during the first year, and the cumulative 
life-cycle cost of aircraft maintenance during the 11 years. These costs can 
be combined to provide an evaluation of the systems based on both initial 
investment and reliability. One cost factor (amortization of manufacturer 
initial costs) was omitted from the cost analyses presented in this chapter 
because of the uncertainties regarding the effect that the competitive market 
would have on these costs. However, the possible effects of amortization are 
considered in Chapter Six. 

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 sys
tem. The cost categories are: 

On-aircraft maintenance 

Off-aircraft maintenance 

Spare parts 

Inventory management 

Support equipment 

Training 

Technical data and failure documentation 

Facilities 

All categories contribute to the recurrins logistics costs and all but 
on-and off-aircraft maintenance contribute to the non-recurring logistics 
cost. For example, spare parts would normally be purchased by a user and 

5-3 



introduc~d 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. 

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 directly incur the 
management or facility costs associated with provisioning. These costs are 
reflected in the general-aviation cumulative life-cycle costs, however, since 
Y:le EM~ reflects all cost categories. 

5.3.1.1 Commercial Aviation 

Table 5-1 compares the costs of system implementation on a per-aircraft 
basis for the two DABS/IPC versions. The table shows the acquisition, 
installatiort, and estimated portions of the nonrecurring and recurring 
logistic costs in 1975 dollars, to be incurred for DABS/IPC equipment 
installed in 1978. The life-cycle cost represents the total cost associated 
with DABS 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 is based on the economic analysis model. However, the 
life-cycle cost is essentially the first-year cost, pl~s the cumulative 
recurring logistic cost without inflation. 

The data for the discrete version present the costs expected if 
present practices of manufacturing airborne transponders are followed. 
Limited production quantities of the DABS/IPC equipment would dictate the 
use of developed and available discrete logic components, which are required 
to process the digital data used in communications between the aircraft 
and ground control. The life-cycle cost data presented for this category 
will apply if the implementation of DABS/IPC is either limited to commercial 
air carriers, or extended over periods that are economically impractical 
for LSI development because of the increased per unit cost caused by 
amortization over a smaller production quantity. 

The LSI-version data present the expected cost of acquisition, 
logistics, installation, first-year-of-ownership, and life-cycle costs 
in the commercial air carrier category. Except for the installation 
costs, which should be identical to those of the discrete version, each 
cost parameter is lower than for the comparable discrete version. This 
is attributed to the reduction in the number of logic ~omponents, the 
higher reliability of LSI logic components, and the lower cost of the 
logic components when the size of the user community is large enough to 
amortize the development costs without a severe cost penalty. 
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TABLE 5-1.	 COST OF OWNERSHIP,COMMERCIAL AVIATION 
(Per Aircraft - P~trofit) 

(Zero Percent Inflation Rate) 

~ Cost 

Discrete 
Version 
(Dollars) 

LSI 
Version 
(Dollars) 

Acquisition* 

Installation 

Nonrecurring 
Logistic 

Recurring Logistic 
(lst Year) 

10954 

4227 

272 

478 

7570 

4227 

212 

358 

1st Year of Ownership 15931 12367 

Life-Cycle Cost 20051 15989 

*	 DABS Transponder (1) Antenna (1), IPC Indicator (2),
 
Control (1).
 

5.3.1.2 Military Aviation 

Table 5-2 presents the cost of ownership and life-cycle cost per 
aircraft for the military fleet. The aquisition cost reflects the cost of 
the modification package, display and control unit, which will be required 
by all military aircraft. The cost associated with modification of the 
APX-72, performed at military depots, is included in the installation cost. 
The logistic support costs reflect the expected expenditures for the mod
ification only, and not the logistic support of the entire APX-72. Cost 
of special test equipment required to support the DABS system is included 
in the non-recurring logistic cost factor. Data are presented for both the 
discrete and LSI versions of the modification. The life-cycle cost identifies 
the expected expenditure per aircraft which was retrofitted in 1978. The 
LSI version assumes an eight year retrofit of the military community justify
ing the development costs of LSIs. All data are presented in 1975 dollars. 
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TABLE 5-2. COST OF OWNERSHIP, MILITARY AVIATION
 
(Per Aircraft. - Retrofit)
 
(Zero Percent Inflation Rate)
 

Discrete LSI 

~ Cost. 
Version 
(Dollars) 

Version 
(Dollars) 

Acquisition* 6758 3373 

Installation . 5493 5493 

Nonrecurring 
Logistic 77 35 

Recurring Logistic 
(1st Year) 

397 380 

First Year of OWnership 12725 9281 

Life-Cycle Cost 13884 10270 

* DABS Modification (1), IPC Indicator (2), Control (1) 

The costs associated with the LSI version of the DABS/IPCare 
presented and the maximum advantage realized for this is in the initial 
acquisition cost of the system. The relatively low value of the expected 
flight hours for the military aviation results in only a nominal cost 
reduction in logistic support when the LSI version of the equipment is used. 

5.3.1.3 General Aviation 

The data in Table 5-3 identify the cost of ownership and the 
anticipated life-cycle costs for the DABS/IPC concept for high-performance 
general-aviation aircraft. The acquisition costs include the distribution 
costs expected in a competitive market for th~ full-capability (Type I) 
DABS/IPC. 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 typicill aircraft owner 
equipped with a Type I DABS/IPC is expected to experience the indicated 
maintenance costs on the average. 
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TABLE 5-3. COST OF OWNERSHIP, GENERAL AVIATION 
(High Performance) (Per Aircraft - Retrofit) 
(Zero Percent Inflation Rate) 

~ Cost 

Discrete 
Version 
(Dollars) 

LSI 
Version 
(Dollars) 

Acquisition 

Installation 

Recurring Logistics 
(1st Year) 

11339 

1854 

21 

8283 

1854 

18 

1st Year of Ownership 13216 10155 

Life-Cycle Cost 13430 10339 

* DABS Transponder (1), Antenna (1), IPC Indicator (1),
 
Control (1).
 

Table 5-4 reflects the anticipated costs of ownership for the majority 
of the general-aviation community (i.e. the owners of limited-performance 
aircraft). Analysis of the data developed favors the LSI version of the DABS/ 
IPC on the basis of lower acquisition, installatio~, and logistic support 
costs. However, these costs reflect manufacturing quantities that justify 
the high development costs of LSIs. If, as in the case of commercial air 
carriers, the implementation period is extended beyond the life cycle assumed 
in this study, the development costs involved in the limited production of 
units would be proportionately higher and reflect in the acquisition cost of 
the equipmen~ The maintenance per aircraft is low but reasonable because 
of the 17.3-hour average flight time per month. 
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TABLE 5-4. COST OF OWNERSHIP, GENERAL AVIATION
 
(Low Performance) (Per Aircraft - Retrofit)
 
(Zero Percent Inflation Rate)
 

~ Cost 

,;, . 

Discrete 
Version 
(Dollars) 

LSI 
VersioI) 
(Dollars) 

Acquisition 

Installation 

Recurring Logistics 
(1st Year) 

1598* 

157 

10 

986** 

91 

9 

1st Year of Ownership 1765 1086 

Life-Cycle Cost 1865 1176 

* DABS Transponder (1), Antenna (0), IPC Indicator (1). 

** DABS Transponder with Built-In Indicator (1), Antenna (0). 

Note:	 Most GA aircraft have transponders, and the transponder antenna
 
can be used by the DABS
 

5.3.2 Life-Cycle Fleet Costs 

The per-aircraft costs identified in the preceding section are 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 im
plementation which include the total costs of acquisition, installation, 
and recurring and nonrecurring logistics than they are with the proportional 
costs per aircraft. 

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

The cost-model outputs based on the data developed 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 ~he entire life-cycle 
of the study. The zero-percent case permits comparison of costs with any other 
life-cycle study of comparable length, regardless of the start of implementa
tion, providing that the base costs are presented in 1975 dollars. The 
six-percent case reflects the present rate of inflation and is assumed to be 
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the probable inflation rate for the duration of the life cycle. The 
ten-percent case is presented as a worst-case limit for the life-cycle 
costs. All graphs are suitably identified as to the rate of inflation 
used in determining life-cycle costs in the user community. 

5.3.2.1 Commercial-Aviation Costs 

Figures 5-1 through 5-3 represent the expenditures required to imple
ment each of the 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 higher for the discrete-logic version of the 
equipment than for the LSI version. The expected higher reliabilities 
associated with LSI components compared with the cumulative failures of the 
numerous discrete-logic components are sufficient to offset the higher 
replacement costs of LSIs and result in an overall reduction of logistic 
costs for the LSI version of equipment. The lower initial acquisition costs 
of the LSI version of the transponder and display, together with the lower 
logistic support costs, result in substantial life-cycle cost reductions over 
the discrete-logic versions, regardless of the inflation rate during the 
life-cycle. The effects of LSI development costs on commercial aviation are 
evaluated as a sensitivity parameter in Chapter Six. 

5.3.2.2 Military-Aviation Costs 

Figures 5-4 through 5-6 present the expenditures required to implement 
the systems in the military community. The data reflect the cost of acquisi
tion of the modification package, modification of the APX-72, the IPC display 
installation, and retrofit of the military aircraft, and life-cycle cost of 
logistic support of the DABS/IPC portion of the modified APX-72 system. Costs 
associated with the RF portion or other functions of the APX-72 are not in
cluded in the evaluation. 

The life-cycle costs in the military community reflect the cost advantage 
of LSI utilization both for acquisition and maintenance of the equipment. 
However, the high reliability predicted for the modified portion of the APX-72 
is evident in the low maintenance cost of either version of the logic proposed. 

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 DABS/IPC uni±s in aircraft stationed at overseas 
bases, but that these aircraft would be modified for a DABS/IPC installation 
when they were restationed in the U. s. unfortunately: ARINC Research was 
unable to determine the number of aircraft that would fall into this cate
gory. 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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I +E . (1+a)B [ N1 j. 1 i-I 
Added COst { ~ ( f f (EQ. 5-1) 

1.=1 

where N a total number of military aircraft stationed overseas
l 

1.

. 
in the i th year 

= installation cost in 1978 -- $5,493* 

cost of IPC indicator and control --$2,099* 
$1,066* (LSI). 

(Discrete) 

i year of retrofit, 1 through 8 

a inflation rate 

*All costs are shown in 1975 dollars and should be inflated before 
being used in Equation 5-1. 

5.3.2.3 General Aviation Costs 

Figures 5-7 through 5-9 illustrate the total cumulative life-cycle 
costs incurred by the general-aviation community in implementing either 
of the DABS concepts. The primary costs associated with DABS implementation 
in general-aviation are system acquisition and installation, with acqui
sition costs being the predominant reason for the cost difference among 
the two versions. The high reliabilities of the equipments and the low 
average aircraft utilization (e.g. approximately 200 hours per year) com
bine to result in maintenance costs that are less than six percent of the 
total life-cycle costs for each of the concepts. 

5.3.2.4 Total Aviation Community 

Figures 5-10 through 5-12 present the cost of system implementation 
for both versions of equipment in the entire aviation community for the 11
year life cycle. The required expenditure for acquisition, installation, 
and maintenance costs varies from $642.2 miilion for the LSI system to 
$920.4 million for the discrete-logic system when zero-percent inflation 
is applied. The comparative expenditures for each system are presented in 
Table 5-5, which identifies the major categories comprising the life-cycle 
costs. 
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Figure 5-9. CUMULATIVE DABS COST (GENERAL AVIATION) 
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TABLE 5-5. LIFE-CYCLE COSTS FOR TOTAL AVIATION COMMUNITY 
(In Millions of Dollars) 
(Zero Percent Inflation Rate) 

System Acquisition Cost Installation Cost Total Logistic Total 

Discrete 682.3 177.3 60.8 920.4 

LSI 426.6 164.1 51.5 642.2 
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CHAPTER SIX 

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

In the development of data in Chapters Three and Four for the cost 
analyses of the DABS system concepts, assumptions had to be made regarding 
operational scenarios and system parameters. While a major effort was made 
to achieve data accuracy, it was considered advisable to review the cost 
analyses for their sensitivity 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 sensitivity of life-cycle costs to variations in LSI 
logic reliability 

The effect of including amortization costs in the analyses 

The effect of includingATC Message Display equipment in 
the commercial air carrier category 

The effect of providing redundant electronics in the
 
co~~ercial air carrier community
 

The reasons for conducting 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 mean time 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 DABS 
life-cycle costs was evaluated. Figures 6-1 through 6-3 illustrate the 
effect of variations in the developed system MTBFs on the life-cycle 
costs predicted for the commercial, milita~, and general-aviation fleets, 
respectively. The figures indicate the system MTBFs developed in Chapter 
Three and present the life-cycle costs for wide MTBF variations about these 
values. A comparison is also presented for the discrete and LSI versions 
of the DABS/IPC equipment. The zero-percent inflation rate was chosen to 
permit comparison with other life cycles, regardless of implementation dates, 
on the basis of 1975 dollar costs. 
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Figure 6-1 indicates that the commercial air carrier life cycle cost
 
estimates can be affected by errors in the prediction of the system MTBF •.
 
For both the discrete and LSI versions, the life cycle costs are in the
 
knee of the cost versus MTBF curves.
 

Figures 6-2 and 6-3 indicate that the military aviation and general
 
aviation life cycle cost estimates are not very sensitive to variations
 
in the predicted system MTBFt. This is true for both the discrete and
 
the LSI versions of thesysterns required by the military and general
 
aviation. The MTBF's for the general aviation community represent a
 
weighted average of 5 percent commercial and 95 percent general aviation
 
type DABS installations.
 

In considering total aviation community costs for implementing DABS,
 
the total cost estimates are only slightly affected by MTBF variations
 
occurring in any of the systems. The only significant variations would
 
occur with the commercial aviation systems, but these costs are only a
 
small portion of the total costs.
 

Figures 6-1, 6-2 and 6-3 also provide a basis for comparing the
 
discrete and LSI cost versions to identify if there are any MTBF variations
 
that would make the discrete systems less costly than the LSI systems. It
 
is apparent that it would require major variations in the LSI system MTBF
 
predictions to make the discrete systems more attractive than the LSI
 
systems. However, the direct application of the MIL-217B reliability
 
prediction technique could create major changes in the reliability of
 
the LSI systems, and this issue is considered in the following Section.
 

6.2 THE SENSITIVITY OF LIFE-CYCLE COST TO VARIATIONS IN LSI LOGIC RELIABILITY 

The reliability prediction technique of MIL-217B for the LSI logic was 
questioned in section 3.4.3. The reliability analysis applied in Chapter 
Three reflected the experience of ARINC Research in LSI reliability. However, 
to provide consistency in the reliability prediction technique used in the 
study, this sensitivity analysis is performed with LSI failure rates based 
totally on the recommendations of MIL-217B. 

Cost data for the discret~ revision of the DABS/IPC are those developed 
in Chapter Three. The failure rates of the LSI logic used in this sensi
ivity analysis are 433 and 4339 failures per million hours of operation for 
Type I and Type II, respectively, as opposed to 6.6 and 76.7 failures per 
million hours used in the initial analysis for Type I and Type II, respectively. 
Figure 6-4 presents the life-cycle costs for the commercial air carriers as 
a function of system MTBF for the II-year life cycle. 

Figure 6-5 presents the comparable data for the military community. 
In both of these cases the relative costs between the discrete-component 
and LSI versions are little affected bya strict adherence to the MIL-217B 
predection methods for LSI reliability. 
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Figure 6-5 presents the comparable data for the military community. 

Figure 6-6 presents the analysis results for the general-aviation 
community. The results show that the LSI version is still less expensive 
over the life cycle of the study, but the trend of the life-cycle cost, if 
extrapolated beyond the 1988 period, indicates that logistic support would 
be significantly more costly tor the LSI version than for the discrete 
version. These results are not supported by ARINC Research experience with 
LSI reliabilities. The data presented in Chapter Five show the probable 
relationship between the discrete and LSI versions of equipment in any 
user community. 

6.3 THE EFFECT OF INCLUDING AMORTIZATION OF MANUFACTURERS' START-UP COSTS 

The costs associated with production start-up, tooling, engineering, 
and development of LSI loqic are normallY included in a manufacturp.r'R 
selling price. However, in the review of possible ways to evaluate 
these amortization costs, it was recongized that a competitive market with 
multiple manufacturers, would probably modify and reduce the normally expected 
amortization costs. Therefore, amortization costs were eliminated from the 
cost analysis in Chapter Five. Nevertheless, it was desirable to re-evaluate 
the life-cycle costs with the effect of amortization included in order to 
determine if any of the cost evaluations would be altered. 

The production start-up, tooling, and engineering costs used in this 
study are based on costs proposed by manufacturers producing similar avionic 
equipment in comparable quantities. The cost of LsI development was based 
on ARINC Research experience in other studies and information provided by 
Bendix Aviation, a corporation with LSI development capability and experience. 
Table 6-1 identifies the costs to be amortized with the discrete version and 
the LSI version of the DABS/IPC equipment. In accordance with the provisions 
of the Uniform Ground Rules used for the evaluation, all amortization costs 
are applied to production within the first two years of system implementation. 

TABLE 6-1. AMORTIZATION COSTS 

System Type Discrete Versions 
Costs (Dollars) 

LSI Version 
Costs (Dollars) 

Total to be Amortized 
Type I System 
Type II System 
Military Modification 
Per Aircraft -

Type I 
Type II 
MIL MOD 

773,000 
473,000 
300,000 

0 

315 
120 

0 , 

1,223,000 
585,500 
487,500 
150,000 

390 
195 

30 
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The amortization costs have been converted into per-aircraft costs 
based on limited production quantities of 1500 Type I units and 2500 Type 
II units that would be subj~ct to amortization by anyone manufacturer 
during the first two years of the DABS installation program. In the case of 
the military the amortization costs for the development of the modification 
package would be limited to LSI de~elopment costs since all manufactured 
components are already in production. The military amortizations costs were 
applied to 5138 aircraft, the expected number to be modified with DABS 
during the first two years of implementation. 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 and any manufacturer engaged in the produc
tion of a system would be subject to similar startup costs. The expected 
cost of DABS /IPC equipment where amortization is included is shown in 
Table 6-2. The resulting total costs to be amortized by the multiple manu
facturers during the first two years of production became $7.9 million for 
the discrete version, and $12.4 million for the LSI version of DABS/IPC. 

TABLE 6-2. DABS/IPC EQUIPMENT COST, INCLUDING AMQRTIZATION 

LSI 
VERSION 
DISCRETE 

VERSION 

HIGH-PERFORMANCE TYPE I DABS/IPC 

$6378 $4875DABS Electronics* 

2214 1126IPC Indicator* 

6363Antenna 

516516Control Unit 

LIMITED-PERFORMANCE TYPE II DABS/IPC 

568 811DABS Electronics* 

(included in 
electronics) 

551IPC Indicator* 

1313Antenna 

MILITARY MODIFICATION FOR DABS/IPC 

9462260DABS Mod Kit* 

10912214IPC Indicator* 

6363Antenna 

300300Control Unit 

*Manufacturer's Expected OEM Prices without mark-up 
for Distribution. 
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Figures 6-7 through 6-10 present the life-cycle costs of each system 
with	 amortization costs included. 

Figure 6-10 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 a close comparison of 
Figures 5-10 and 6-10. Althouqh amortization costs are greater for the 
LSI systems, Figure 6-10 indicates that the LSI concept remains the lowest
cost alternative when amorti~ation costs are included in the overall cost 
analysis. 

6.4	 THE EFFECT OF INCLUDING AN ATC MESSAGE DISPLAY IN THE COMMERCIAL
 
AIR CARRIERS
 

In Chapter Three data were developed on the cost and reliability of 
a display which would provide ATC messages to aircraft by utilizing the 
Standard Message (SM) data link of the DABS Transponders. The display 
was not included in the life-cycle study since it is not mandatory for 
proper operation of the DABS system. However, the designed capability of 
the DABS system provides a data link which would provide a pilot with 
useful information as defined in section 3.2.5. 

The installation of the ATC Display has been limited in this study to 
commercial aviation because of the acquisition cost of the unit. However, 
all the transponders developed in this study have the inherent capability 
for data transfer to any aircraft equipped with the ATC display. 

The costs for installing the ATC Display in the commercial air carrier, 
together with the acquisition and logistic support costs are presented in 
Table 6-3. 
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TABLE 6-3. COMMERCIAL AVIATION ATC DISPLAY 
(Per Aircraft) 
(Zero Percent Inflation Rate) 

Cost Category Amount 
(Dollars) 

Acquisition 

Installation 

Nonrecurring 
Logistic 

Recurring Logistics 

1527 

989 

8 

16 

First Year of Ownership 2541 

Life Cycle Cost 2707 

Figure 6~11 presents the life-cycle costs of introducing the ATC 
message display into the commercial-aviation co~unity. The data have 
been presented for the costs associated with the display only and the total 
DABS/IPC system life cycle costs, including the display. The graph identified 
as the "LSI Version" includes the LSI transponder, LSI IPC display and a 
discrete logic ATC display as developed in Chapter Three. The life-cycle 
cost to the commercial-aviation community for the ATe display would be $18.8 
million if each aircraft was equipped and the cumulative life-cycle cost 
of DABS with an ATC display for this community would result in an expenditure 
of $a6~4 million for the discrete version and $72.3 million for the LSI 
version of the system. 
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6.5	 THE EFFECT OF PROVIDING REDUNDANT ELECTRONICS IN THE CO~~RCIAL 

CARRIER COMMUNITY 

In Chapter Five data were developed on the cost of ownership and life
cycle costs to the commercial-carrier community for implementation of a 
single DABS/IPC system in each airframe. The results present the expected 
cost to this community based on the minimum equipment required for the 
successful implementation and operation of the DABS 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 DABS/IPC concept when redundant 
equipment is implemented in each air carrier aircraft. 

The equipment required by a certified commerical carrier to provide 
system redundancy consists of the following components: 

2 sets of DABS electronics (Type I) 

2 antennas (top and bottom) (one existing) 

2 IPC indicators (pilot and co-pilot) 

2 sets of controls and switching equipment 

The additional DABS 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: 

Installation Factor Time Required Cost 

Shelf fabrication and installation 48 hours 1067. 

Control Unit Installation 2 hours 45. 

On-Aircraft Cabling 20 hours 444. 

Material 54l. 

Totals 70 hours 2097. 

The estimated costs to install 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 a dual system implementation in an existing 
aircraft would be $6323. 

Table 6-4 compares the costs of the dual system implementation on a 
per-aircraft basis for both the discrete and LSI versions of DABS/IPC. The 
increased cost reflects the additional acquisition and installation required 
for dual systems, and a lower proportion of the non-recurring costs since the 
initial costs can be distributed over a greater number of units. The recurring 
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logistics costs increase because the EAM assumes that the redundant, or 
stand-hv, unit in each aircraft is in the"on"or "hot-standhy " condition. 

TABLE 6-4.	 COST OF OWNERSHIP, COMMERCIAL AVIATION
 
(Per Aircraft-Retrofit)
 
(Zero Percent Inf1ation.Rate)
 

~Cost 

Discrete 
Version 
(Dollars) 

LSI 
Version 
(Dollars) 

Acquisition* 

Installation 

Nonrecurring 
Logistic 

Recurring Logistic 
(lst Year) 

17649 

6323 

493 

739 

12947 

6323 

390 

666 

1st Year of Ownership 25204 20326 

Life-Cycle Cost 32639 

.. 
27035 

*	 DABS Transponder (2) Ant.enna (1), IPC Indicator (2),
 
Control (2).
 

Figures 6-12 through 6-14 identify the total annual cost and cummulative 
life-cycle cost of implementing a redundant configuration of two DABS/IPC 
versions in the air carrier community. The graphs reflect the impact of 
inflation, assumed to increase at zero, six, and ten percent per year for 
the entire eleven-year life cycle of the study. 
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CHAPTER SEVEN 

THE COST OF ALTITUDE ENCODERS FOR THE GENERAL-AVIATION COMMUNITY 

The preceeding chapters of this study were concerned with the develop
ment of system acquisition costs and implementation costs of the airborne 
portion of the DABS/IPC concept. In order to ascertain costs peculiar to 
the DABS/IPC system the study concentrated on equipment directly attribut
able to the concept. ·However, the satisfactory operation of DABS/IPC re
quires accurate altitude information, normally provided by encoding alti
meters. All commercial air carriers and the majority of the military aircraft 
have this information available from the various encoding altimeters in
stalled in the aircraft. The small portion of the military which does not 
presently have encoding altimeters has an active program for equipment in
stallation which will provide the required information by the time DABS/IPC 
is implemented. The general-aviation community, however, has only a small 
percentage of its aircraft equipped with encoding altimeters. This chapter 
develops the costs associated with acquisition of equipment.suitable for 
altitude encoding and presents the cost of ownership and life-cycle costs 
to the general-aviation community of the DABS/IPC concept when all required 
avionics are included. 

7.1 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 required 
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 information in 
each aircraft had to be converted into digital data for transmission 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 enter these areas, he has not equipped his air
craft with an encoding altimeter. 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 transponders. The encoders are advertised at list prices under $600 
and are available from several leading manufacturers. 
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This chapter evaluates the economic benefits of one of the available designs, 
the NARCO AR-500 Altitude Reporter, which would provide the "GREY" code 
required by DABS/IPC and other avionics, and which could be incorporated 
into the DABS electronics. 

7.2 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 transoonders through the use of a sealed aneroid ~;;lnsule 

which operates a transducer. The transducer information is converted into 
the correct altitude code electronicallv. 

ARINC Research has reviewed the published data on the AR-500 and has 
evaluated the use of the pressure sensor and electronics in the DABS design 
under the assumption that the general-aviation manufacturers would attempt 
to develop a single-package DABS/IPC containing the necessary avionics. 
Price-competative blind encoders of other manufacturers would be similarly 
applicable to the DABS/IPC concept. 

7.3 NARCO ENCODER COST DEVELOPMENT 

The NARCO encoder uses standard, commercially available components. 
Table 7-1 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 the proposed DABS/IPC concept, thereby 
utilizing the available power supplies and timing systems inherent in each 

DABS transponder. 

The manufacturing and assembly times required for each encoder module 
are shown in Appendix B. The total time required is estimated at 4.45 hours 
per encoder module, with an additional 1.0 hours for calibration and testing. 
The expected cost of the encoder module for the DABS concept is: 

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 7-1. NARCO ENCODER PARTS BREAKDOWN 

PARTS 
ENCODER MODULE 

QTY COST
(Do11;'in;) 

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 nABS electronics). There~ore the list price is considerably lower 
than the presently advertised AR-500 "Altitude Reporter". 

7.4 APPLICATION OF ENCODERS TO THE DABS CONCEPT 

The expected cost of encoder modules developed in this chapter shows 
that the most economical approach to providing altitude information to the 
DABS system is by incorporating the encoders into the DABS electronics. 
The addition of a blind encoder to the DABS concept should be possible with
out an increase in case size and with only a nominal increase in weight. Table 
7-2 presents the expected selling price of both Type II versions of DABS/IPC 
with built-in altitude encoders, based on the costs developed in Chapters Three 
and Seven. The prices shown include ~he expected distribution costs as 
developed in Chapter Four. 
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TABLE 7-2. PER AIRCRAFT COST (IN DOLLARS) OF EQUIPMENT INCLUDING 
ALTITUDE ENCODERS (GENERAL AVIATION-LOW PERFORMANCE) 

TYPE II DABS/IPC WITH
 
ALTITUDE ENCODERS
 

COST*
 DISCRETE VERSION LSI. VERSION 
(DOLLARS) (DOLLARS)~ 

ELECTRONICS (DABS) . 1025 1222 

809INDICATOR (IPC) ** 
13ANTENNA 13 

12351847TOTAL 

*Costs shown include mark-up for distribution.
 
**Included in Electronics
 

7.5 ENCODER RELIABILITY AND MAINTAINABILITY 

The reliability of the encoder module was evaluated using similar 
techniques to those presented in Chapter Three. Failure rate data of common 
components were derived from FARADA and the curves and data tables of MIL
217A. The reliability of the aneroid capsule and transducer, the "sensor" 
used in the NARCO encoder, was assumed to be the same as for a solid-state 
sensor. These data were used with the FARADA data to establish the encoder 
module reliability and are documented in Appendix B to this study. The 
predicted reliability for the encoder module to be used in the DABS designs 
is estimated at 19461 hours . 

. Maintainability of the 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 rate item in the modUle, and the test 
and calibration time required when the sensor is replaced. 

7.6 COST OF OWNERSHIP AND LIFE-CYCLE COSTS 

The cost, reliability, and maintainability data developed in this 
chapter were combined with the developed DABS/IPC cost and reliability 
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 DABS/IPC implementation data developed in Chapter Four 
apply to the DABS/IPC units with altitude encoding. The DABS 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 for these two types of installation are identical. 

7-4 



Table 7-3 presents the cost of ownership and the anticipated life
cycle costs for the general aviation limited performance aircraft for each 
DABS/IPC version with the required altitude encoding. The costs are shown 
in 1975 dollars, for equipment installed in 1978. The acquisition costs 
are those developed in Chapter Three with the addition of the altitude 
encoding as developed in this chapter and include the distribution 
costs developed in Chapter Four. The first year of ownership shows the 
expected cost for implementation and maintenance to the private aircraft 
owner, and the life-cycle cost identifies the expected cost of the system 
installed and operated for eleven years. 

TABLE 7-3. COST OF OWNERSHIP, GENERAL AVIATION,INCLUDING 
ALTITUDE ENCODING (PER AIRCRAFT-RETROFIT) (ZERO 
PERCENT INFLATION RATE) 

~ COST" 

DISCRETE 
VERSION 

(DOLLARS) 

LSI 
VERSION 

(DOLLARS) 

ACQUISITION 

INSTALLATION 

RECURRING LOGISTICS 

1834 

157 

11 

1222 

91 

11 

1st YEAR OF OWNERSHIP 2002 1324 

LIFE-CYCLE COST 2112 1434 

*costs shown include mark-up for distribution. 

Figures 7-1 through 7-3 present the life-cycle costs to the entire 
general-aviation community for implementing the DABS/IPC concept with 
altitude encoding. Of the total general-aviation fleet, the high perfor
mance aircraft (5% percent) are assumed to have encodinq altimeters. Of 
the low performance aircraft, ten percent are assumed to have encoding alti
meters. The remaining 85 percent of the population will require the DABS 
equipment with built-in altitude encoders. The figures reflect this division 
of capability and present the life-cycle costs at the three annual inflation 
rates used in the study. The results show that the addition of altitude 
encoding capability to the DABS/IPC concept will increase GA life-cycle costs 
by 48 million dollars at a zero percent inflation rate. 
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CHAPTER EIGHT 

RESULTS AND CONCLUSIONS OF THE 
DABS!IPC COST ANALYSIS 

The development of the airborne equipment required for DABS!IPC 
implementation has resulted in three distinct models designed to meet 
the needs of each of the three user communities -- commercial aviation, 
general aviation, and the military. In addition, data were developed for 
both discrete and LSI versions of each model to evaluate the life-cycle 
costs associated with each version and establish the lowest costs to 
the users while maintaining the full capability inherent to the DABS 
concept. 

8.1 REVIEW OF THE DABS!IPC COST ANALYSIS 

The primary results of the DABS!IPC cost analyses are summarized in 
Table 8-1 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 DABS. Life-cycle costs 
developed for each user category are also presented at an annual inflation 
rate of 6 and 10 percent to identify the probable and maximum anticipated . 
expenditures in the introduction of DABS. 

Key elements in the DABS cost analyses reported herein have been the 
cost and reliability data developed by ARINC Research based on the conceptual 
DABS design of Lincoln Laboratories, but adapted to the production config
urations of equipment proposed for production start in 1978. The adaptation 
of existing, well proven components of the ATCRBS transponders to the DABS 
transponder design has reduced the normal start-up costs associated with 
new equipment development and has allowed the development of cost and 
reliability data based on known costs and established failure rates. The 
resultant data have a sufficient historical base to permit a high degree of 
confidence in the economic evaluations of the DABS concept. 
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TABLE 8-1. SUMMARY OF DABS!IPC COST ANALYSES 

00 
I 

l\J 

in a 
inflation) 

for a 
inflation 

user community 
inflation) 

user community 
inflation) 

user community 
inflation) 

Cost	 category 

Cost	 of acquiring and installing DABS 
single aircraft (zero percent 

Anticipated II-year life-cycle cost 
single aircraft (zero percent 

Total life-cycle cost for the entire 
(zero percent 

Total life-cycle cost for the entire 
(six percent 

Total life-cycle cost for the entire 
(ten percent 

Commercial Aviation Military Aviation 1 . . 1,2Genera AV1at10n 

Discrete 
Version 

($) 

LSI 
Version 

($) 

Discrete 
Version 

($) 

LSI 
Version 

($) 

Discrete 
Version 

($) 

LSI 
Version 

($) 

15,181 11,797 12,251 8,866 1,755 
(2,005) 

1,077 
(1,313) 

20,051 15,989 13,884 10,270 1,865 
(2,125) 

1,176 
(1,434) 

67.6M 53.5M 246.0M l85.2M 606.8M 
(655.4M) 

403.5M 
(452.lM) 

95.3M 75.3M 359.9M 270.6M 929.4M 
(996.2M) 

6l9.2M 
(687.0M) 

114.2M 90.0M 440.4M 325.4M 1,2l6.4M 
(1,305.2M) 

833.lM 
(899. 8M) 

NOTES: 1. The individual aircraft data presented apply to the low performance aircraft which is 
the major category of general aviation aircraft. The user community life-cycle 
costs include the combination of high and low performance aircraft. 

2. The values in parenthesis represent the cost of DABS!IPC when altitude encoding is
included in the General Aviation Community. 



In addition to the cost and reliability data developed by ARINC 
Research, an independent analysis of the,general-aviation equipment was 
performed by Bendix Aviation, a manufacturer of general-aviation products. 
The general agreement between Bendix and ARINC Research on the cost of the 
equipment and LSI partitioning of the DABS logic provides strong substantia
tion of the costs presented in Table 8-1. .,. 

8.2. DISCUSSION OF THE SENSITIVITY ANALYSES 

Major variations in the reliability data were considered to determine 
if there were any conditions that would cause a significant change in the 
estimated life cycle costs. It was shown that the total aviation community 
costs are virtually unaffected by variations in the predicted system MTBF's. 
However, it was noted that the commercial aviation community costs are 
affected by MTBF variations while the military and general aviation community 
costs are relatively unaffected. 

A further conclusion of the sensitivity analyses was that for any
 
reasonable variation in the DABS reliability, including strict adherence
 
to MIL-217B prediction techniques, there was no change in the relative
 
advantage of the LSI version. Even when amortization costs, including
 
LSI development cost for the LSI version, were added to the life-cycle
 
costs, the LSI version still maintained a substantial advantage over the
 
discrete logic version of DABS based on amortization of LSI development
 
costs over a sufficientlY large production quantity of equipment.
 

The addition of an ATC message display was treated as a special case 
since it is not mandatory for the successful operation of DABS/IPC. It was 
shown that the addition of the ATC message display could result in a 30 
percent increase in costs to the commercial aviation community. 

The addition of a second set of electronics at time of DABS/IPC
 
implementation in the commercial-carrier community will increase the
 
cumulative life-cycle costs in proportion to the acquisition cost of the
 
second system. The increase in costs will be 64.8% percent for the
 
discrete version and 71.6% percent for the LSI version of the system.
 

8,3. DISCUSSION OF THE ALTITUDE ENCODERS FOR GENERAL-AVIATION 

The availability 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 DABS/IPC concept.
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8.4	 RELATION OF THE DABS COST ANALYSES TO THE IMPLEMENTATION OF A 
NATIONAL DABS SYSTEM 

This study has been concerned with the economic evaluation of the 
airborne portion of the DABS concept; it has not addressed other key issues 
that will most likely affect the development and implementation of a 
national DABS system. For example, the operability of the system. or human
engineering evaluation of the IPC display have not been considered or 
evaluated. A change in the data presentation of the IPC display, e.g., 
elimination of or large reduction in the PWI display, could have a major 
economic impact on the costs presented in this study. 

In addition, the analyses and conclusions reported herein have been 
based on the assumption that all aircraft will be required to install and 
operate DABS equipment. However, if there is a significant change from 
this policy, wherein only a portion of the total aviation community will 
have to be DABS-equipped, or the time of implementation is extended well 
beyond the eight year retrofit period, then the costs of the DABS/IPC com
ponents will increase, being controlled by the production quantities required 
to meet the new demand for equipment. 

Two additional assumptions made in this study are reiterated; (1) the 
cost of the DABS ground stations were not evaluated in this study and (2), 
the 1978 start of implementation is based on the earliest availability of 
avionics, and not the expected introduction of the DABS system into the 
operation of ATC. 
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STUDY OF LIFE CYCLE COSTS OF AIRBORNE EQUIPMENT FOR DABS/IPC 

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 govern
ment and the aviation community. The purpose of this study is to make that 
factor available by determining the potential costs of each of the CAS 
concepts. 

The study will be conducted in two phases, each of approximately two 
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 the concepts will be accomplished. 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. 

In order to accomplish the study fairly, it will be necessary to have 
a set of ground rules for the conduct of the study. The ground rules are 
predicated on their being multiple manufacturers, producing compatible but 
not necessarily identical designs, using a common level of technology, 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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GROUND RULES FOR THE DABS/IPC LIFE CYCLE COST STUDY 

1.1 CLASSES OF"EQUIPMENTS 

The classes of equipments to be studied will be limited to the airborne 
avionics identified in FAA-ER-240-28, intended for commercial air carriers and 
other high performance aircraft, and a general aviation version intended for 
the lower performance aircraft. Consideration shall be given to the military 
AIMS program in identifying modifications to existing transponders or new 
replacement equipment which will permit military participation in the DABS/ 
IPC operation. 

1.2 TECHNOLOGY LEVELS OF THE PRODUCTION DESIGNS 

Due tc the size of the market, should DABS/IPC 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 pro
duction 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 DABS/IPC equipments. For military aircraft it 
is assumed that commercial equipments will be used, except for those military 
aircraft which provide a hostile environment for the equipment, i.e., an 
unpressurized avionics compartment. For the latter, specially designed 
equipment will be evaluated. 

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 percent) and to 
amortize start up costs. It is assumed that each manufacturer of Commercial 
Aviation (CA) systems will produce at least 3,000 units and each manufacturer 
of the General Aviation (GA) systems will produce at least 10,000 units. 
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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 (1978-1981) and for military aircraft and 
general aviation aircraft, is assumed to be approximately eight years 
(1978-1985). 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. 

1.6 COMPUTATION OF EQUIPMENT COSTS TO THE USERS 

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 six percent. Learning 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 number 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 DABS!IPC for that category of aircraft. Separate installa
tion costs will be developed for production line installation in new 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 MAINTENANCE 

It is assumed that air carriers and the military will apply present 
maintenance practices to the DABS!IPC 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 DABS!IPC 
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 DABS!IPC equ~pments. 

1.9 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. 
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1.10 EQUIPMENT DESCRIPTION 

The airborne equipment that will be the subject of this study con
sists of the following main components; (1) the principal electronics, i.e., 
transmitter, receiver, BIT and logic circuitry, (2) pilot's maneuver in
dicator, (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 separately unless the 
system designers consider them to be an essential part of the system. 

1.11 NUMBERS OF AIRCRAFT 

The numbers of aircraft installations involved 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 DABS/IPC equipment installed during manufacture. 
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LIFE CYCLE COST MODEL
 

2.1 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 paramters would 
be zeroed out. 

The cost model will compute for the DABS.IPC concept in each 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, and logistic support cost. These costs will be displayed 
on a total category fleet 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 
values. 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 COST MODEL INPUTS 

Evaluation of the cost model will require specification of numerous 
data items. Where such data elements are unknown or estimated with un
certainty, 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 delay. 
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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
 
approximately 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.
 

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 MTBFs being adjusted to MTBRs as discussed in the definitions 
{paragraph 3.2} and the material 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 DABS/IPC 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 systems is assumed constant 
over the time interval. However, the number of CA and 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 dis
cussed, 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 the study progresses. For example, initial estimates of the MTBF 
and MTTR of the systems will be determined. Then, as better and more complete 
design information becomes available, so that ~ and ~ 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. 
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DEFINITION OF TERMS 

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

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. 

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

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" 
occurrences. 

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

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

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.* 

* MIL-STD-72I-B" 
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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.* 

Intrinsic Availability is defined as the ratio of the MTBF to the 
sum of the Ml'BF and MTTR. 

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. 

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. 

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 

* MIL-STD-72l-B 
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SUMMARY TABLE OF DABS/IPC STUDY GROUNDRULE ASSUMPTIONS
 

Item Paragraph Assumptions 

1 1.1 There will be two classes of DABS/IPC (commercial 
air carrier and general aviation). A third class, 
(for the military) will be evaluated if requried. 

2 1.2 Maximum 
designs 

use of LSI technology will be made in the 

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 percent. 

5 1.4 Manufacturers of CA 
3000 units 

systems will produce at least 

6 1.4 Manufacturers of GA 
10,000 units 

systems will produce at least 

7 1.5 The deployment of units will begin in 1978 with full 
deployment of commercial users reached 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 
years production 

the first two 

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

10 1.10 Equipment consists of the principal electronics, 
pilot's indication control panel, antenna, antenna 
cabling and antenna switch 

11 1.11 Aircraft numbers in each user category will be based 
on FAA estimates for the time period of interest 

12 2.1 A common cost model will be used for all three 
categories 

user 

13 2.1 The cost model wi~l compute annual and cumulative 
values in each major cost element for each user 
category 

14 2.1 Elements of the logistic support costs will also be 
divided into non-recurring and recurring costs 
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15 

16 

17 

18 

19 

20 

2.2.1 

2.2.4 

2.2.6 

2.2.7 

2.2.8 

3.4 

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 MTBFs being adjusted 
to MTBRs (MTBR) = k (MTBF), k 1 

Only training and test equipment peculiar to CAS 
will be costed 

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

A single maintenance man will be used per repair 
action (MMHR = MTTR) 
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APPENDIX B 

DEVELOPMENT OF COST AND RELIABILITY DATA 

FOR TRANSPONDERS AND DISPLAYS 
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14:::Y:;E:" DABS - Type I CASE I SP.EE:T 1 OF 

SC3-;·.. S3S~·:3LY Transmj tter 

0;, 
'" 

r---'-' 1 I ~
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 I
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---. \ I
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I
 ~, 
I
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I
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I I I
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485
:_ Board Process L :;------1 I . I I
 
j Cut and Swage i : I I 160 I I r
 
r--.; ..: r j ! I I I
 
!---------i-I L J t i ' t 

j I I I I I I
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1__ i!; r I l I I
" 
, i: j 1 ; l I I I
I \- ~---'l- I I If. 
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l--- i I '1 \ I I 
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• Based on Tube Cost of $29.00 



SYSTE:1 DABS - Type I CASE I SHEET 2 OF 14 

SCB-ASSEXE~Y Receiver 

17::::1 ~~;~'~::: OR 

Cl;IIEGCRY 

,I QTY UNIT 
COST 

TOTAL 
COST 

LABOR HOURS PER 

HiINUFACTURIt\G 

1000 UNITS 

ASSE11BLY 

l'NIT 
FAILURE 

RATE 

'TOTA~ 

FAILURE 
R..I\TE 

QTY x FAIL. ?..ATE 
x UNIT COST 

OJ 
I 

W 

IPreselector I 1 ! l? <;01 12.50 I 

[Mixer ': I "'::1 '0.15 I 
12N918 I . .92 I 
bN3866 I 2 : 1.50, 3.00 I 
i2N2369 I 1 i .1AI .381 

liP 1766 I 2 ,.. 1. 001 2.00 I 
Crystal 2 2.00 4.00 I 
IPotentometer ~I ~ I 3.oal 6.00 I 

ICoil I 9 ! .osl .45 I 

lcoil' Adj. I 2 i -----';01 1.40 I 

lei'·IThermistor 4. 39 1.56 
I I i 
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I . I I T 
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rpc Board 2 3.00i 6.00 i 
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Board process! I !. i 
1ge I

1 
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970 
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! 5 I 5.00I 12 1.266 

I 12 I 3.749 

! 6 I 1.266 
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6<; I .013 
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I 30; 
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1 5 
• 
00 Ii 2.532 
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I 1.266 1 

I .31 I 
I .452 I 
I 1. 328 ; 

I .621: 

I .95 I 

I I5.4 I 
\ 6.32 I 
! 9.312 I
I .169 I 
\ .b~ I 
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I I. 

! I 
I i 

i 

14.75 

552.15 

300.75 
.582 

11.247 

.481 

.31 

.904 

3.984 

.031 

.666 

2.106 

6.952 

.466 

.005 
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I 

I 

J 

I 



14S-lS::::::': DABS - Type I CASE I SEEBT 3 0:2 

,,-;::;-;o,S3::::-:3:'Y IF Amplifier 

to 
I 

"" 

.45 

LABOR HOURS PER 1000 UNITS I ~UN~~ ~ 

I 
.AI~~P~ 

,~":':'":~~::;?;I.C?:';F.I:~S ASSE:·:a~-:{ i ?}·.7E 
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6 
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~_.-& 
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'-------! l .40I 2N2222 I 2 . 

, FH 11 "" 
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II 

I 

!I 
.
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1.013 
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£.oi! .090 

Resistor - FC 



SYSTLYl DABS - Type I CASE I SHEET 4 OF 14 

S~3-ASSLYlBLY Video Processor 

I r::':::·1 l~.:i":-".E CR I QTY I UNIT TOTAL LABOR HOURS PEE 1000 UNITS UNIT 'TOTAL I QTY x FAIL. RATEI 1I 
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I 

f 
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4L
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SG 
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I 
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In 
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SYSTS:-l DABS - Type I CASE I SHEET 5 OF 14 

SL3-ASSE~'~BLY Video Processor 

-~~;~""'''" OR 1 "TO; I ''''I~_ ... -.J.« C'". _ ___... ::r::: ., U;.'f J. 
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SISTE~ DABS - Type I CASE I SHEET 6 OF 14 

S"J3-ASSE:,:B>,I Control Matrix 
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SHEET 7__ OF 14SYST:C:'1 DABS - Type I	 CASE I 

3~?-ASSS~3LY Monitor 
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SYSTEM DABS - Type I SHEET 8 OF 14 

Sua-hSSEMB~Y Monitor Case I 
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i Connector I 1 I 1. 50 1. 50 25 I
 
I PC Board I 1 I 5 . 00 I 5 • 00 I 818 I 20 I I f
 

. I 1- I - ,--,--rI, , , ; I I I 
; -' I 1 i I ! I I 

I I I j rj I I. I 1,...----1to 

1.0 
1 

! I I I ! ! : I I 
! ! 1----1 ' ! I ! ! 
Iii ! I I ! ! I II i I Ii' I 

- :,1, ,! i 1---i ; , , I ; 
. i I II" I I : I 

1;--1-----.-.-l---+i- ! -: I I : I 
i ! i I I 1~-~1 ; 1========1 
I I I I ! I i j ,I \, I ~ ; !j 
, i.- 1 I I !I, 1 1 
~ ! I I ~ ; I ' I 

i ',I 'I I 'I - I,' 1-'-1 r; 40.055 = 1 03 III '::C::'T,LS 86.76 818x2 _ i 2102x2 I I 38.725 I '-.--- . 



S'{2T:S~l ---.J:lbBS - Ty:j;le I SHEET 9 OF _..::1..::4'--__ 

:;7_73-ASSS:-l3LY Power Supply Case I 

r-

I 17~:'~ K::.:·~~ 02 
CA7:=;--;::::S',Y 

i 
(, 
I 2N2905A 

i 2N3054, 

! ~",1 '" 1 < 

?N<7110 

I Qry 

~ 
1_1 
I 
! 4 

I 2 

1';1 

UNIT 
COST 

i 1.22 

TOTAL 

COST 

I I 12 

ILABO? HOURS PER 1000 UNITS 

I Kl\NUFi,CTURI~G I ASSE"mLY 

I 2.498 

UNIT 
FAILURE 

RATE 

!.1 qq", 

TOTAL 
FAILURE 
, RATE 

I 

I 

3.048 

QTY x FAIL. RATE 

x UNIT COST 

2N3055 ~l 
r I i T ! 

l1N4002 i 9 !~12i J 08 I i 45 ! .155 ! 1.395 l .167

I I I I ., .1.38 .3HII IN4740 ---::--1 G '.4 i .1525 

! 1~4736A I 2 I _.41.1 .•..82_--'---____ __ 10 ,.4----1.8 I .328 
1 --,- -T I I --1 I ' I 
LIN4734A I 2 ! .41 J 82! l 10 ; .4 1.8 .328 

'Jj 
. !, I I I ' I 

f-'
I 

Llli4719 I 2 ~ 35 L .70 , ~ 10 ! .. 358 ..716 I .251 
C> 

ill j I I ~ I !! lN754 I 2 I .60 1.20 I 10 .4.8 : .480I 

11N4562B II! 5.65 I 5.65 I ! 5 ;.4 1.4 I 2.260 

IN4735A I 1 ! 1.40! 1.40 t ! 5 1.4 1.4 I .560 I 
IT' ; i . I ! 

!. IN4005 '1 I 1 I .42 \ .42 i Is! .361; .361 
II .152 I 

~ IN4454 \ 1 ! .13! .13 I 1 5 I .155 '.155 .020 I 
I '[ I I I I

! Transformer -l 1 '11.00 )_ 11.00 , ! 615 I 1.5 ! 1.5 . 16.50 
! I I ~ I . I . ' 

1i 3jX37B ._1 2 I.. 75 .75 l I 50 .651; 1.302 ! .977 

~ Potentiometer I 3 I 3.00! 9.00 [ I 45+..664 ! 1.992 I 5.976 

I Cap - TIE I 15 i .18 2.70 i ~ 75 1 .55 I 8.25 I 1.485
I I L' , . . I 

1 Cap - Disc : 2 ~-l. .10 I I 10 ! .291 ! .582 1 .029 I 
i Resistor - Film L~G .15! 2.10! .-J 70 l .046 1 .644 I .097 

i Resistor - FC i ~:L J_.Ol i .36 , l 60 ! .013 I .156 ! .005 

r-~~~. - I II I I1 I rl "J. ~.L;'! ~ I I; I 



':;H3ET 10 O~ 14s Y::; :1:::': illillS........ TypE' I
 

::;-";3-;,SS:::'13:"Y -.£Qwer Slloply Case I 

'--.-'! "-.'1"0" I r--",' I -::-;:' I T~T,,- I LABOR. HOUR.~ PER 100r: FXITS I "N-~ r ''1"".~,T. I Q'T'V - FAT,.":" :;"'7';:' 

--~~::~~-::;.... -- . ~- - ; ::::c'~! ~0'~~ r " -I -~-'-, F~.~;j~RE I E";~~~;;E ! ;~-U~IT ~~~;~~~"OJ 

~ ~ .! i :V:C1NUFACTGRING A::·s:";:--:aLY t IJ\TC: ~ ~ P~~TE , 

Fuse 20~._~-37_J.74 r-- I I I I 
PC Boa!:'d ,1 1 'J.'I(\ I 5.00 I 10! I' I 1r----. -". _. 
Misc. Hardware .: -2.:QQ.._.J 2.00 ! I ( ! I .i Lot 100 

Board Process i : ~ ! 48'1 I ' I • 

§< s J ~ ! I 333 1 t t. II , ! ; I ' i' -, I 
i I iii ! ----+-,-----. 

-------1, i ! j ; ~ I'I 
• , I I .

-"----..---; 1- '1 I ~ 

I j.!, I I 

I l---! l ! I 1 j +:------1 
tIl 
I 

f-' I ! 1 1 ! , I· ! i 
f-' 

t I! iii 'j , ' 

, I t i i . I I ! 

i I I i I i I I I 
---;_·-.=-_t-__=-~ I ! ~ I I I 

' I i I I , ' 
: I 1 . ' ; ! 
;----- - i ! . ., ------..;1------
I : • ; I ; j'Ii -:--~_=f----j---..--[ f [ ; ------

I I'; ! 'I ,------
\.-.: . : l____ __L I _i l! I
J ,I I I I • I 

! ~------.L-.--- I t-
-f

1----·--1 :! II 1---------.. !-- ------~--- I ; ·----i i i --t 
; t----_.. : -------J--.---- t ! ---l r-! . 
! I ._ L_.. L, _~_ r i I 

_______} ._.-.i (.. !-------!--- J. ~ . 

---.. .. I \ I ! I I I I 48.857 1 13 I_~.h_::- I -l I 818 1225x] i i 43.207 43.207 = • 



SYS7SM PABS - Type I CASE I SHEET 11 OF _..:::1.,.:.4__ 

S~3-ASS~~3LY Digital Logic

I I TOTALr 172:': :'A.:.\S OR QT'! UNIT LABOR HOURS PER 1000 UNITS QTY x FAIL. RATE·'TOTALUNIT 
I CATE,::;C'RY COST COST x UNIT COSTFAILUREi FAILURE

! . I ~NUFACTURI~G ASSEMBLY RAT~I RATE , 

INE 555 : 3 I .50 I 1.50 I 24 1t-.--.-71-5--iI-'-2-.1-4-5---+I~--1-.-0-7-3---I1 

r20 mHZ psc. I 1 I 4.00 I 4.00 I I 8 I .715 I .715 I ? A'" 

I 9615 I 1 I~o-- 19.20 I I 8 1·715 I .715 I 13.728 

j 
II 

9614 

5400 

I 1 .I'_ 12 I 
15.20 

2.05 

15.20, 

I24.60 

i 8 

I,96 

1.715 

I'i .12 

i 
j' 

.715 

1.44 

I 
I 

10.868 

2.952 

I 
jl 

! 

i 
[ 

5402 

5404 

5408 

5

I 10 

! 4 

i 2.25 

! 2.55 

! 2.65 

11.25 II 25.50! 

. 10.60 I ' 

40 

80 

32 

I 
I 
! 

.12 

.035 

.12 

1.6

I .35 

; .48 

! 
iI 

1 35 

.893 

1.272 

I! 
I 5410 ! 3 I 2.05 I 6.15! I 24 I .09 I .27 .554 

ttl 
I 

I--' 
IV 

5411 

5420 

5425 

5430 

L
I
J 
I 

3- !---;.65 1 
1 ! 2.05! 

1 . 2.95! 

1 1 2.05 i 

7.95 

2. OS 

2.95 

2.05 

I
I 
I 

I 24 I· .09I: i·24I i 24 

I 8 I .24 

1 .27

I .24 

j 24 

! .24 

!
I
I 
I 

.716 

.492 

.708 

.492 

1 

l 

5432 

5427 

5437 

I 

I 
3 

4 

1 

12.90 i 8.701 

I ' I 
2.95! 11.80 I

'------_.i 3.15 .f. 3.15 i 

I 24 
\
i 32 

8 

. 

I
I 
j 
! 

.12 I 
l. 

.09! 

.715 r i 

.36 

.36 

.715 

! 
I 

I 

1.044 

1.062 

2.2:>2 

[5442 

~O
I 5453 

i 5474 

[5486I 
I 5495 

TJ?A~S 

I 1 

I 10 
,
I 1 

i 3I 1 

. 2 

I 

!12.10! 12.10 I 
, 2.05 I 20.50 I

1! 
2.05! 2.05! 

4.20 t 12.60 I 
2.75 I 2.75 i 

17.70! 15.40 i 

I r I 

I

I 
I 

I 

i 

8 

80 

8 

24 

8 

16 

I .715 I .715 

I .715 I. 7.15 
t.! .715 j .715 

. .07 I .21 

.12 1 .12• 

.715 11.43' 

I . I 

II 
I 

I 
I 
I 

I 

A"'C;? 

14.658 

1. 466 

.882 

330• 
11.011 

I 



SYST£~ DABS - Type I CASE I SfiEET l.l.-. OF _~1",-4__ 

S~B-ASSE~BLY Digital Logic (Cont'd) 

TO:'AL LABOR HOURS PER 1000 UNITS l~NIT °TOT:l.L Q'rY x F,;IL. ?ATE 

COST FAILURE FAILCRE x {j~I7 COST 

HANUFACTURING ASSEXBLY RATE HATE 

(Jj 
I ..... 

Lv 

7.21 



14Si-;EET 11 OFSYSTE~I DABS - Type I ._---
S;:3-.;SS;::;·:Bc,r Chassis	 Case I 

r- E::~ ;;;:.~~ OR I QT":.

I 
LABOR HOURS PER 1000 LNITS LN!T T":)',,-.L t Q'I"'i x FAIl.;. ?_:;T:S 

Ch-:::>-::C?Y 
TOTAL0~JI~ 

FAILURE I ,ATL'~~E I " UNIT CJST
~mNUFACTUR!NG I ASSENBLY I· PJI.TE 

COSTCOST 
J FATE I 

1I Cable Assy I I I I	 I 1000. I .1 

2	 5.00-t-4 I
 
~ I L


I , i13.00	 ! 13.00 , 1365 

II (1.25) ~ 
I I

I 

! 
40.00 80.00-I	 I

I 
to 
I 
t-' 

"" 

~ ~. i ~ I ' I 
iii ~ I I 



I QTY x FAIL. R.=1.TEI x uNIT COST 

i II! i: I .I[ 

5"£:;-:::::·1 DABS - Type I SHEET 14 OF __~1~4~ _ 

S::;;-i'.SSO::1ELY Final Assembly 

I7Z::~ ::;;.: •..=: OF. QTY 
c.:...::c: ~C:\'::" 

i Video Proc. 

M trix !. 1 ! !I II! 50 IIir- J- -I 750i Coot'ol' I I 1 I I 19 __+ 
. i. Monitor,. I 1 I I 100 i I I 

' P=o, SUPPlY, I " 150, I I ,.. 1 I : I fl. II'i Digital Log~c")'. ,. I . 20 0;I • II , I,I :i-+ " 
to 
I 

>-' 0In . , 1 "I --1, .i Chassis i-I -- '-~ i '1000 L __ji 
: Fuoo, ~"t j I l I I i

i I II I, 
. Bum-'o iii I I I I . 

I.~ I I ~ I I i I I -----J 

it :-1! j Ii!i 'I , , '-==---~'---i---=__l
"!j ! !._- Ii!, .

i 'I! _ -r !I
' 

I 1-- -;- i
, 

.I '. .j 
:~. : 1 

I 

-- ! 
, 

Ii!
I i I I
 
r I I ,
 

._- 1 I . i 
. 

i------+---J- I I 
I i I I !
 

i- L- I J ---+ -t i ~~__ _ ,'------1I - - . I 
I -~ ".,,~S I I ~ 3775 I 

, I J I I 



5Y5::'-=::·: DABS - Type I SEBEY J OF 15 
CASE II 

3~3-nSSZ~3LY Transmitter 

f 'TO';'AL QTY x FAIL. ?-ATEtJ'iIT TJ7AL I V,BOR HOURS PER 1000 UNITS l'NIT1Q'IY:-=-=~·1 i:_~~':::: OR. 
x U};IT COSTI CO::'T COST FAILURE I FAILURE. Cf...7ES:)RY 

j , """'--tArTr'RTl"~...... ."-.-- J ;'::>v 1:"'-.1:.1......,"'~r.' ~41f-1.1"'-' '- ~_ '"~C:E""-? ~ ~,~l'\,;-~l;........t'h.'L~I
!
I

Cavity OSC. J_~llLl9-J 111.19 I l i 250. . 1-2-50-. I 7250.*25 I 

I . I I I ~ l-! I' I! High v01t~ 44.28 44.28 I 250 I . 1(11.321) I 501. 

! Transformer I 1 ! , ! I 8.998 J 8.993 ! 
I ' I I I 'I I ' i 1,-----1 
: 5000V DJ.ode I 2 I ----J ' 1.361 i .722 I 
I I I II. • ! , Cap. Tant. __.2 I ! ii, .629 1.2581 

I r!! ! ! II 
I]j 
I .... ~ ! r i I I I . 1 i 

C> I • I I f ! ' ' 
, • I ! I I I I! I I ' " " ! I I . ! I I I I
\ 'I" I I I 

! l I
I

I ! ! lit-I 

! I: I I I I r
I ' I I . : 
i-- I Ii: I 1 II i I I ! I i \;----+------1 
I \ i I ' I ; I 

! ! I i. I I ! \ I Il \ 
I" 

-III ~I: I I .~ I I, ._ , I I I I I III ,t! 
I __,__-1-! ',- ---

i I I-I I! I I I_____ 1 1 I,----- ---' 1- -\ i .--- . ,------ . - ..
_.,_._' I 7751I i-' ..~_~~ J 155.47 I I 275 X 2! ! 261.321 1-- = 29.66 I

\,. I I t 261. 3 2 I 
* Cost of tube $29.00 



----

·.
 

SY~7S~ DABS - Type I CASE II SHSET 2 OF 15 

SC3-ASSEMB~Y Modular (Including
 
Control)
 

II :::-::-:::': ~;~.'::::::;? ! '/.>,y L~I'I TOTAL LABOR HOURS PcR 1000 UNITS ! UNIT. I 'TCT}\~ QTY x FAIL. RATE 
CA~:':::=-"y I' COST COST ,:.....-.I FAILU?E FAILUR'S x UNIT COS:'I:; ~mNU~ACTU?ING I ASSE1~BLY I RA?E I FATS I

I-- ! l 
;' I C 9601 i 1 I 6 • 75 I 6 . 75 I I 8 ~. 715 .715 ! 4.826 
, I j-----4 -' 

Q~L IC 5400 I 1 L 2.05 I 2.05 l II Ii ....,~.0 I .12 -' .246 
I 

.06 .043l IC 74L30 J 2 I .72 1.44 j I 16 I .03 ! i 
CA3045I 6 ! 4.00 I 24.00 I 

.~ 
!.715 I t 

; 17.16! IC AQ 4.2C)
I 

i! IC 5493 ! 1 110.35 r 10.35 i I 8 I .715 L , 715 ' 7.4 
, I I ' I I I i 

2N708 ! 4 _!__.28 I 1. 12 I.' 24 1. 266 ~ j. 064 -1-, 1. 418 I 

2N2368 I 2 ! .3-;;-} .60 t I 12 I 1.266 I 2.532 I .76 

I 2N2608 I 1 ! 1. 70 I 1. 70 I 6 r 11. 904 I 11. 904 I 20.237 

l2N ?8Cl7 I 1 ~..55 I .55 ItI 1 6 11.266 j 1.266 i .696 
I 

f--' 2N3250 I 1 : .44 I. .44 , _ I 6 I • 2.124 ~.124 I .935 
--.J 

tIl 

2N344cJ I 1 \' .90 l :90 1 6 I 1. 266 i=i. 266 I 1.139 
I iIiI'2N3584 ! 1 ,1.71, 1. 71 ! 6 I 1.266 ! 1.266 ! 2.165 

1N661 I 2 1 .46; .92 ! \ 10 I .155 -1- :31 ! .143 

, . ' I I I . I I
~645 ! 28 I .80 I 22.40 I : 140 H 5_5_-! 4.34 I 3 472 

I IN753A ! 2 ! .41 J .82 I I 10 ,.4 .. 1.8 ! .328 
, i: I I I ' 
! IN758 '_~_; .J7_:_._..i:..~~ 65 (.4 5.2 I 1.924I 

IN914 I I iii i II.._~,L __• ~~__L :~__,.:., - I, 25 I .155 ' .775 .093 

IN978B I 1 ! .85 I .85 i I 5 i 4 I 4 I .34\ . - I '\ ., .,.. I' ; I 
IF Transformer'! 1 ! .65 I .65 ! I 25 i .475 I .475 : .309 

! I; I i J I 
Potentiometer ~__ ,I__:J_5 __.~_ .95 i ; 15 I .664 I .664 : .631 , ! . I • ! 
Coil -- Mj. I•__ J J 2.31 I 2.31 i ! 25 I .~75 I .'!75 I 1.097 ,

I Coil I 1 I .05 I .05 lis -.J .069 .: .069 I .003 

I 'I~ -::-;;,:,s \ I II ! ! I f" 
!, i i . ! ! I I 



SYSTEV, DABS - Type I SHEET 3 OF --l2 
S~3-ASSE~wLY Modulator (Cont'd) Case II 

:::::T:::~'~ K~'3 OR 
'=A:-~G'J?~Y 

I capacitor - Tant 

i capaci.t:or - Disc 
I
I Crvsta1 
I 
, Resistor 
I 

I PC' ROi'lrn-- . 

gTY UNIT 
COST 

3 I .18 

21 i .05 

, r2~0 

UNIT TOTAL QTY x FAIL. R..".TSLABOR HOURS PER 1000 UNITSTOTAL I
COS7 

l'.ANUFACTURING 

.54 

1.05 

Fl,ILURE FAILURE x UNIT COST 
&'\TEASSEMBLY RATE 

1. 65 .297.5515 

'6.111 I .306.291105 
I 

, .226 I .452i .226 

1 I' 5.00 5.00 I I 25 -I I I 
1l 'I I !'- 1 , I -I 

Bo"d Pro"" t f II ~ 485 I' ! :' 
Cut & §wa<;:!e .. I . I 160. .. I i 

:.- ---1-l __1_ L ! 

II 

i ! I 
tIl 
I 

I-' _I I I 
OJ 

i iI 
I • 

I t !
I 

1 
! I 

I 
II ! r i I 

I I I-1 ! 
I I 
i I I 

i ,i !I 
! 

II : 
, II 

! 

t=--l 
i 

! i
I I! I I ! i : i 

66.459 ,. 1. 23I T(.)':I~.LS 
I 

54.11754.117645X2 I 1130X2 II 97.56 
II.. 

I

I I 

I 

I 



S~ST~~ DABS - Type 1 CASE II SHEET 4 OF 15 

S:':3-i',SS::::·13LY RF 

, .. 7:::::·: r:.".:S ORI C~T~GC?Y
I 
I BP Filter 

I ri l"'{",,1l1_J~:d:c_ 
r~; Filter 

\ Preselector 

! Stripline Assy. 

! 2N918 

I lN746A 

! HP 2800IHP 2817 

Front End 

QT¥ I emIT 
I COST 

I 1 14. 

• 

I <J -6.  -

I 1 ! 12.50 

I 1 I 75.97 

I 4 r .46 

! 1 I~ 

I 2 i .50 

! 1 I 3.91 

I TOTAL 
COST 

_
I 14. 

I 6. 

I 12.50 

I 75.97 

I 1.84 

i .48 

I 1. 00 

I _ 3.91 

'TOTAL 
FAILURE 

R"TE 

LABOR HOURS PER 1000 UNITS UNIT 
FAILURE 

MANUFACTURING , ASSEJ>lBLY RATE! 

~ ! 50 I 1.18 I 1.18 

t I 50 I 11.844 I 11.844 

I I 50 ! 1.18 I 1.18 

, I 500 -,'~ T 
I I 24 I 1.266 I 5.064 

I I 5 1.4 1.4 

I I 10 ~ .155 I .31 

I I 5 I .155 ! .155 

QTY x FAIL. ?~"'TE 

x U~IT COST 

' 

'---1-6-.5-2---1 

I 71.064 I 
I 14.75 

I 
I 2.329 

I .192 

I .155 

I .606 

tIl 
I 

f--' 
lD 

! ?o I' .155 I .62 I 

,'" 5 I 1.3:>--J I 
40 .069-J i

I I 
I I

I no .013 

l PC Board ! 3 r 2.00 I 6.00 I ! 75 I 
I ~ I I I i r I' ~ 

B.oard Process ~ I ! 485 I I 
\ Cut & swage I I I ! 150 I I I----'------+------r----- r---·-·T----~L I i I !I I , I

------\-r- I I 1--I r 1559 •
 

:07;.;:'5 I I 1227.84 I 635 l1394 X 2 I I 48.213
 48.213 = 11.60 



SYSTG~ DABS - Type I CASE II SHEET 5 
--- 

OF 15 

5 ''':3-ASS:::·l3LY IF AmP.

I C:,"~:;OR l,----;'Y 
_n •. ,V._,! 

UNITCOS-~ 'IOTAS 
COST 

LABOR !lOURS~r= PER 1000 UNITS ( 

Ii 
UNIT 

Fi\ILCF.E 
I
I 

~C':'AL 

FAILURE T 

2N918II 
i 2N2897. 

I. 2N3250I 2N3478 
. 
; 11C 1590 , 
; lN914 ' 

f 2800~ 

! Thermistor ! 3 9.60 __ I 15	 12.96 

1.892 
tIl 

tv 
I 3.476 

o 
.792 

i Coil 9 

!-Re~ 
I PC Board 1 

~., 

ASSEr'~:;LY PATE RATEK~NUFACTURING .	 ·1 . ---; 2.53212 1.266I 2.1 ~.'Ir--' 46! .9? \ .!. 
1.266 1. 266

I 1 .55 I	 6 I--r- -,. .5_5_ 
I	

! 
-.	 18 2.124 6.372 ~	 1 ! I

3 I .44 I 1.32 -fI i
 
_ I QfI I Qf) I I 6 1.266 1.266
I	 I 

j 2	 I 4.00 I 8.00 I I 16 
,
I .715 1.43 .-	 I I ' ,-------}---- 

.019I l' .12 I .12 I	 IS! .155 ; .155 I 
I' I 'r 'I I	 i - .233; 3	 I .50 i 1.50 15 ! .155 I .465 I

I 3.20 J I 

I 
I 



SYS~E~ DABS - Type I CASE II	 SHEET 6 OF _-=1=.5__ 

SC3-ASS::::·IBLY IF Amp. (Cant' el) 

·TDTJ\L ?A:L. ?A!E 
-, -._~~-.'{ I -~~,···C-'~' r~-----I .. ,.,.c, I ~, --".,.,,,, (':JS~I ::::-::::'!, ::iV::: OR I QTY 1~;;l';IT -~10F'L I LABO}\ HOURS PEl, 1Q']O U'JITS I '.'>II, T . ':?'I'Y x-, nI ·~A_.t..'.J·-':<'. I ',_'-'.".:"1... \..- ).'-1.1. I	 ' J:'.~l..L.Al~ t r.d. .J..~'..J':'\..i:> x U1:'; I '-'"1 

I I 1 .. ·""I ... l .. ·.,..-,"7r"'ur-.,.."'G ....... ,....,-'~.,; .. ~ ~ 7)-............ T'I"'rr·...
J , "	 .·~".·_,=",,1 n.~", .,.::.-,':, ••. :>."" I cUL.'" I' ~"LJ:." 
Saw Filter	 I 1 ! 4.24: 4.24 'I,' . -8-----: 1.1S--!-!-1-.-18-'----11---5-.0-0-3----,\ 

I -t----------! t· ------i•.------ I 

M7~0. ~_; 401l! 400 , I 8 I .715 I .715 i 2.86
 

Cads I 6 I .05 I .30! I 3D I .069 ! .414 .021
 
. .- ,------: i .-+ . I . 

Resl.star I 4! .03 j .12 I ! 20 1 .013 J .052! .002 I 
. I ! I . ! . I

\,cap-Disc ! 6 I .05 I .30 I	 i, 30 I .291 1.746 f .087 

-l .. I ! ~ I ! ! I I	 I 
;I	 I,. I,I I ' Ii [I Ii I 
, I'

'I 
•	 r-----+-------'-------

L \ L J.
t 

i 
? 

: I i I	 . 

\ ~--! I I I i !	 ItIl Ii 

I 
[0 t	 ~! J L i !. I 1 
f-' 

i !.: ~ ! I I	 ! II 
I ' ! I I i I I 

I~--ill 1\ ,- I I I 
~ ~ ! I ! ! I ! I 

I I I I . I 1 II	 I 
If-- I' ...J J. ---+ -' I	 I 
I	 " i ! . I j 

~	 r--f,'-----;- i ! i ; '--------iJ----r-- ~ t-I------t.----.f-. -J. 

Ii: . i ! il,t	 I ~'_~,,~_._ ~ 1 J ~ I 1 
I	 . I , ' I I • . 

; i i i!	 i I II 1---;-'--- --I I ---I i i
 
I I ---+------1 L 

II 

i ! r
 
! -+--'-'1---~ I I I I i 
t ! -, 'I' ·~--·,----"l f 

.94 
~I !39.407 

I :-:'-:-i",~S I I I 51.16 ,1068 X 1. 8 I 10L4 X 2 i ; 42.139 '-42-.-13-9 
! ., L : -L. I ! I I 



SHEET 7 OF 1-:.:5'-----__5Y5T~1 DABS - Type I 

5~3-ASS~~BLY Power Supply	 CASE II 

r '.J!\IT I	 TOTAL I LABOx HOURS PER 1000 UNITS UNIT I TOTAL I QTY x FAIL. ::\ATE 
I I-:=~·~ :;;'':3 aR 1 QTY 

I
 VoL." __
FAILURE	 ./ x '"'.'T'T' r-,":'", .. I...~ ...c.;·~._:::c:;c~"{ , COS" ! COST FA:LLuRE I 
I ASSEMBLY AATrJ RAT;:;HANUFACTURINGi ! 

.696I 2N2270 6 1.266 1.2661	 .55 .55 
I 

1.39312 1.266 2.532i 2N2897. 2	 .55 1.10 
I 

.3.749 1.9496 3.749I TIP 31 .521	 .52 

I6.57 2.498 2.498 I 1.424 

I TIP 41 f 1 I .65 

I TIP 32 1	 .57 

6.65 3.749 2.437 

.715 1.43 5.720 

3.749 

8.00 ,rLIe MC1.741C" I 2 I 4.00 

I 3.20 i 20 .155 !	 .62 .496 

.8 .296 

j l.N645 I·4 I	 .80 

.4.74	 10.37L	 I !l.N752 2 

2 .8 .328i IN964B .4.82	 10.41 

I	 
Oh 

OJ I 20Al I	 2 \ .18 I .36 ! I 10 I. .155 .31 .056 

'" '"	 Transfermer II! 8.00 I 8.00 1 ~~1~--~ 1.5 1.5 12.0 

Potentiometer I 1 I .95! .95 ,,.. 15 .- .664 .664 .631 
- -. , I	 I 1 -I---I· 

i Choke I 1 I 1.05 I 1.05 • 25 1 2.12 ! 2.12 2.226 

1(";10 _ 'l'1F. i 8 ; .18 I 1.44 r- i 40 --r~~; l 4.4 ! .792 

I CaP - Disc ! 7 i .05 I .35 I ,-2~ -1-~;1 l~o.n - i .102 

IResistor l 35 i	 .OJ 1 1.05 i I 175 I .013 I .455 I .0.14

rFr Term' ! 100 -,- .~1 I 1.00 I - -- I 200! j I 
l I I 4 0 I 4 00 Ii i ; ! 
I Ant. Turnbal1 j 1 ,	 .0 • • i ; 150 I , r 

! Ii· , !ITerm. Board IIi L 50 i L 50 ! 150 I 150 L! I 

3!Connector I 1 l~~ 1. 7 I I 15 I I ! 
JP.W. Rectifier i 1 J L3<L 1.30 I i 10 ; .62 j .62 , .806 

Il.N4005 i 2 i .45 I .90 ! ! 10 : .155 I .31.· I .14 

I.!1.506 = L06;	 II T07ALS I I I 39.78 TI 150 r-:1542.!I i 29.86 
29.86 



15 

~• 

SHEET 8 OFS7STE~ DABS - Type I 

SU3-~3SE~5LY video Processor Case II 

:7:::·1 !:.:"-L'::': OR QTY 

tIl 
I 

N 
W 

bN3250 

;2N3497 

bN2323A' 

L2N2897 

74L30 

'.708 

9601 

12N2222A 

iU,645 

! 1 I 55 

! 1 I 7.10 

1 I 1::

l! :55 

i l1 .72 

: 1 l .28 

! 1 J 6. 75 

i 1 I lin 

\ 22 I .80 
I 
. ., 

1 .55 I 
r 7.10. 

I 1.:: ti .55 

1 .72 I. 
f ;: I 

~ 
L?O! 

I 17.60 i 
l ~ 
I A' I 

I 
i 

t 
0 

1
0 

1 
I
I 

I 

6 

6 

6 

6 

8 

6 

8 

1Q 

110 

I 2.124 

i.124 

! .465

I 1.266 

I .03 

I 1. 266 

.115 

1'1.266 

I .155 

I 2.124 

I 2.124 

I .465

I 1.266 

! .03 

1. 266 

.715 

3.798 

I 3.41 

I 
I
, 

I 

1.168 

15.08 

.767 

.696 

.022 

'.354 

4.826 

1.519 

2.728 

I 

I 

I 

11~8A' 
~IN914 
,
!IN971A 
i 
lHP2800 

~otentiometer 
taps-TIE

LTD?ALS 

-\ 23 

! 16 
iI 1I 3 

6 

I 8 

I 

! 
I
I 
. 

I 
I 
I 

I 

.37 

.12 

_17 

.50 

.95 

.11< 

J 
i
\ 
I 

J 

Q 1;;1 

1. 92 

.17 

1. 50 

5.70 

1.44 

I 

I 

I 

I
I 
I 

1 

115 1·4 

801 .155 
r

5 1.4 

15 I .155 

90 I .664 

40 .55 

9.2 

2.48 

!.4 

1.465 

I 3.984, 
I 4.4 

I 
I 
II 

3.404 

.298 

.148 

.233 

3.785 

.792 

I 

I 



S'fSE::1 DABS - Type I CASE II SHEET 9 OF 15 
-~---

s;:a-;>.3S;:::·:S:LY Video Processor (Cant' d) 

QTY x FAIL.P,hTB 
C_:;l'~':"=;;l,-'i CO:;1 COST FAILURE FAILuREI I~=:,'; :~;-t:'~::: OR I Q7Y 

I 
;:.mIT TOTAL LABOR HOURS PER 1000 UNITS UNIT I 'TOTAL 

Yo m;IT C'JST 

! I I MANUFACTURING ASSE~!BLY I RATE I• R'\.TE 

, 1--
I 
t 

.218I CAPS - Disc 15 J .05 I .75 I I 75 t .291 I 4.365 ! 
I Resistors ! 97 I .03 2.91 I 485 I .013 I 1.261 i .038iPC Board : 1 ! 50J 5.00 I" I 25 J I ! 
i 80'" Pta''''! L-! "485 I j I I
ICut & Swage- 1 I 333 I I' I '\
: I 

1
I I I ., .. I

I
I 

I I i I I ! I II

! ! !! I I 
I 

N 

tIl 

r------!-~ I I I I . I
~ 

! I ill I I ! 

1 I 

I 

: ! j I " ill I 
I ! \ I, I I 

,---- r ! ~ ! i I I 
! ! J I ! I I : Il Ii! i I I i 
, I I ! ; ! 
f I!

I I Iiii!I I ! I i I 



--
--
--
--

--
--

--
--
--
--
--

--

--

--

--

--

......1 SY3TE:1 Dl\BS - Type I 

::t:2-A~S-::~'~BLY Monitor 

17,::1 ;;;:.\::: OR 
':;')~~{~J?Y 

-
5400 

.2..iQ..1 
5410-
543J 

. I 
! 

5474 

.2lli 
5496 

9601 

f 
'" ; ~ 

I 
I 
I 

52709 

52710 

52720 

2N3390 

2N7G8 

2N2323 

I 21<2608 

I 2N2897 

~ 2N325f1 

Q ~vl. 

1 

1 

1 

2 

2 

1 

1 

1 

2 

3 

TOTAL:""NIT 

COST COST 

) I 22.55 

I 5.10 

I 2.05 
-

2.052.05 

4.20 
,~

4.20 

10.3510.35 

10.80 21.60 

13.506.75 

2.542.54 

2.102.18 

2.10

.91 

2.10 

1.82 
-

-.56.28 

t 1. GS I 4.95 
.-~----+-
1. 70~~J 

3 I
; .5':> I 1.65 

.. 5S 1.10I " I
l-

I 
-

I, '"'' 'S",'I.. -r-"oj,,, .») I 

r r
, HiG45 I 
r---------r-
I IN7~;3 I 
~J';H I 

t
it '!T:-"'>'''O I 

-' 

--
1 ,-- 

.ll 

') ')r

"".""::> 6.15 

.BJ 3.20 

.37 .37 

1. 2U 

• SO 

.12 

. ~',[} 

CASE II 

LABOR HOURS PER 

;·""\:-JUFACTURING 

1000 UNITS 

ASSEMBLY 

a 
8 

a 

16 

16 

8 

8 

8 

12 

12 

12 

, 
SH::,:~:' I", ,;F'---_ .._. 

~r ·.-;,:~tUNIT 
FI\.l!-.I:JREFAILURE 

Rn.TE :'.:'.'IE 

1,32 

-.24 

.07 

.24 

.07 

.715 .115 

.715 1.43 

.715 1..43 

.715 .115 

.715 .715 

.715 .115 
I 

1.266 2.532L
 
I 

2.5321.266 

1. ])5 

1"!.. ')04

3.798 

,1 .. L ..~H2.124 

3.79,1 

';)r{ x f' Y;: ,,. E.; 'TE 
:': U!r~':' :r,)::T 

2.706 

1'/,) 

.294 

7.4 

15.444 

9.GS] 

1. 816 

1. 502 

1.502 

2.304 

.709 

~~ ~ 1:16 

f--- 

':"XC -CII I C I [I==-=



SYST21 DABS - Type I CASE II SHEET 11 OF 15 

SU3-ASSS~'i3LY Monito~ (Cont'd) 

tIi 
I 

tv 
0' 

17£:·1 ~.~.~!..E OR 

C;;!':::::;:'RY 

Potentiometer 

CAP - TIE 

i CAP - Disc 

Resistors 

DC Board 
, 

Board Process 

Cut & Swaqe 

, 

I 
I 

\ 
! 

QTY 

4 

9 

14 

51 

1 

I 

UNIT 
COST 

.95 

.18 

.05 

.03 

5.00 

TOTAL 
COST 

3.80 

1.62 

.70 

1. 53 

5.00 

LABOR HOURS PER 1000 UNITS 

MANUFACTURING ASSEMBLY 

60 

45 

70 

255 
., 2S 

485 

333 

I 

UNIT 
FAILURE 

RATE 

.664 

.. 55 

.291 

.013 

. 

I 

TOTAL 
FAILURE 

RATE 

2.656 

4.95 

4.074 

.663 

QTY x FAI:'. RATE 
x UNIT COST 

2.523 

.891 

.204 

.020 

I 

TOT8.LS 124.59 818 823 X 2 52.785 
84.242--
52.785 

= 1.60 

, • • , 



S·,---··.. ::>.":'."l D~"S - 'J'yp'" I CASE II S"S:::T 12 C? 15 

:::':3-.;53=::::;:'"' Digital Logic 

r_"~~_~7~~:~_"OO1p 

1 

1J"':\IT 
COST 

.50 1. 50 

TCJ7i,L 

COST 
:·:j\~':U::"'A':TVRI~:G ASSE:·13:-,Y 

24 

9615 1 19.20 

tIl 
I 

'"-..J 

._--.



Si':':;;:':' 13 C?S·£S:-;::~ 9A3S' - Tyee I CASE II	 15 

5::3-;:'55;::·:":'Y Digital Logic (Cont' d) 

Q:-Y I	"'-:W,' 70C'?,L -r;:~;~ER 1008 :::,'::::.'3 I :'::;'::'1 I ': ~:-~.:' I :;::':' x :::;==-, :.',:::;: ,- =-=-::::': :;;.~:::: O? 

=.;:-~::;::?~ 

, 54107 13 1 ':':0. C::~60 I :~"G?ACTU""G 1M"E~:~{ 1~~:5'Z 1 ?:':~:: ! "":8,:3::" I 
, 54111- I 2 I 3.60: 7.20! I 16 !-.71,S ! 1.43 1 S.LS,'. I 
I 54123 t 1 ~46 I 6.46 I l 8 ; ..,~" ' 71~ ..: ~~c. :;	 I I -i r----------' : "-'- !---'~ _-- I 

I, ".4)61 "9 I 9 r,.LL 86.49 I	 ! 72 i .7lS : 6-"35 f 6 c·,~ I 
I ' i • I . I • 

: S4~64 ' I 17 I 10.10 I 171.70 j i 136 I .715 ~ 12.1S3! 1=:".160 I 

54:2.65 I 11 I 10.10! 111.10 I	 r 88 I .715 i 7.ESS \ 79.:,37 
F I I . . I	 .I 54'5" ? I ?O 00 ! 4() 00 

~ 
I	 16 ,.I' ~,-J..l..:;' i: 1'~!

~ 
~,-

-.;I 
" . - "-' - - . . J	 _ ,."j t 

I PC: ! 2 I 10.00 j 20.00 I	 l---~-I I ! 
~c.. 

I303.rd 

, I I I I I	 1t::l ! Board Pl.:-ocess I . 970 I I!	 i 
OJ 
'J
I	

. Cu':" ;s,~aqe' r I \ 666 i : . j I 
[ i I -j J I : i ! I 
i I I I ! 1 I "--j' i ! 
\ \ I I ! iiI! I 

_______.....! I---T \	 i '-----r 
'I'I	 I ! ! -----. 

I	 ____ . ' I 
r ,	 'I I ; , -,
I I .	 , J, I !	 I ,	 r-----·---- I t-------\
I, I I I, L j __L_. '	 ---!

;

I ~	 I ~ f I 

t l l j J 1	 ! 
j 

I	 1I I -j----;-------,- ------------- -- -- --,-- '(-- 1--- : 
j I! \ ! I I ! i I 
I • j I I ; -~---+-·----~--i·	 I 

--+ -+.-'I . i I I ; I!,- I! I" I -! -;. 1 :----: 
< I __ I ,	 I lItI 

___+-- L__- ~1----_---:\, ' ; '	 _ 

I	 I ( I I L -;-. \ 
1636 1 1062	 7.21l I I I 735.60 1	 X 2 i 59.52 I 4~~:~~5:C:ALS	 X 2 I 



--

I 
1365 

SYS7EM DABS - Type I CASE II 

SU3-A5SE~;~Y Chassis 

TOTAL I LABOR HOURS PER 1000 U~:.' 1.<tn'JIT!-:::::'~ ~,;;\~v:~ OR QTY 
CO~":T COSTC:"'\7EGO?-Y 

HANUFACTUiUNG I ASSEM3r.Y 

1") ('1("\ 
VV 

I 
I 13.00 684I Chassis I 1 l- L'. 

Connectors 80.00 100040.002 

PC Conn. 4.721.18 5004 

5,')RF Conn. 2.102 1. 05 

1000Cabie Assy. 
, 

I' ~ h

i 

! 

G I 
! 1 

i 

"I,EBT _~__ OF _~_",1.:.', _ 

uN:T I TOTJI.L QTY x rAIL. RATE 
FA~LUF.-: I ..,- IP'P." x UNIT C8ST~ J\ _.JV ""'--' 

!',ATERATE 

1. 342 :~ .6U4 107.36 

I5.368 (,. 3341. 34/ 

LUi' ,1.512 4.738I 
6.3 G.3 I 0 

I 1\ I \ =t L-- ---
i --<-I---._~--+.: I-

I -1--- -- I·-I I ---------+ I ._--\ I 

I L i '-J ! ,--- i ! -to
F~ -1-_~·~=t~-=--t--1 I [---=-r-=- t 1~-1.--;---- I 1 ------t-!I I" r-
I ~- _. ! --- . ----- ! I 

1 -L- .' ,.- 1
I 1

I 
I ~ .4---

I I ---1 -L_ ] I 
.C;':.\:.c.:: I I __---1- I -. J 

I - i 21.12 118.432_Il i l 99.82 1365 13"'34 
-i-
I II' - '1-I 21.12 - 5.61 I 



~SYSTEH DABS - Type I CASE II SHEET -l ~ OF 15 
.----

S03-ASSE~rnLY Final Assembly 

0:' 
I 

w 
::0 

I 7;:::·1 ;:A:~:2 OR 
C.;TEGORY 

QTY UNIT 
COST 

TOTAL 
COST 

LABOR HOURS PER 

HANUFACTURING 

1000 UNITS 

ASSE~lBLY 

UNI':' 
FAILURE 

Rl,TE 

TOTAL 
FA1LC?,E 

RATE 

QTY :-: FAIL. RATE 

x UNIT COST 

Transmitter 1 60 

Modulator 1 15 

RF Front End 2 100 

I 

IF Amp 

Power Supply 

2 

1 
-. 

50 

190 

Video Proc'. 50 

Monitor 

Digital Logic 

I Chassis 

I 
Functional Test I 

1 

1 

1 

I 

I 

75 

100 

150 

2000 

i 

Burn-In 1000 

I 

I 
I 

I 

I 
I 

I 
! 

, 

I
I 

\ 
I 
I 

, 
! 

! 
I 

__J 

I 

I 

; 
I 

I 

---+ I 
t--.~---+ 

I 
I 
t 

I'()T;\,LS I I 3790 

~ 



SY27SX DABS - Type II 

i':;3-.'.S2i:~:SI.Y Transmitter 

::-::::, ,,;;,:·:Z OR 
:::;:;:r:::::')?,Y 

! 
Cavity OSCil1ator~_ 1 -t' 21. 

Resistor I 1 ..10 

2N2222 .1--7] .40 

IN4153 ) 2! .30 

I 1 I . 30:IN4735 

CASE I 

TOTAL I LABOR HOURS PER 100;~~I';;-
COST 

! }:'''.~:::=ACTURI:';G ASSENBLY 

21. i------l 250 

.10! I 5 

.40] 6 

.60; ! 10 

. 30 I I 5 

I 
I 

I
I
i 
! 

SHEET 1 OF _-=9~ __ 

QTY x FAIL. RATE 
, x UNIT COST 

UNIT I TOl'~.L 
FAILUP.E I !:AILURE 

PATE I P.:;TE 

20-0-.--,-;!1--2-0-0-·----'11--4-2-0-0-.----1 

.03 I .03 'I .003 

1.266! 1.266 .506 

.155 i .31 I .093 

.4 I .4 I .12 

til 
I 
w 
I-' 

IPotentiometer 

L:0i1 - 100mh 

;CAP - MyJ.ar 

'CAP - Disc 

J. I .29 

1. .43 

3! .16 

9 I .12 
---:-._--: 

, 9 ! .02 

iI, 3.00 , , 



SHEET _2__ OF 9S?S7?-~ DABS - T¥pe II	 CASE I 

:::;-;5-.~SSE~'~3L·: Receiver 

=~;::: ::.;:.!..,,: or. 
,:;,":-,::-=---:,?~:' 

! ':iT" 
I
If 

1 :;:,I',;:' ' 707AL 1U\'30R HOU?S PER 1000 U~IT::; t 
'::::':31' COST i -~---_._... 
i.,,, "C'~"('TU~T"G " ,~~""ot::. V ,f i .;}-h. '!'!\. !\'.Ll.'lI - n,.....') ....i~"-' ...'~ I 

",;:11' 
Fl\I~URE 

, •••i\o .•.•
<loY.).J-/ 

,-;:;\j" 
L)?E 

:ATr; 

r--;
1 ~~:".: 

QTY x ?_;I:'~·. F..;'!E 
:-: :"~;!:' C'JS·:1 

ILP Filter i 1 ! 1.50 , 1.50	 250 ! J.1.844r--------,
 11.844 17.766L I
I 

• ItBP Filter 1 1 i 3.50 t 3.50 !	 l 250 ! 1.18" 1.18 I 4.13 
o I' I	 I I
!TunedCKT ; 1 ! .75 I .75	 . 25 ~ .475 ! .475 ! .356

i 

l	
Iicoils : 23 l .06 G8i--------l 138 ',---;;; 
~ 1. 587 .095 
;! !. I	 i.- 

I.CAP - MIT j 28 1 .15 1 4.20 l	 . 140 -L.~ i 15.4 2.310 
I	 .• I 1 • I ilCAP - Disc, i 36 L .05 1.80!	 ; 180 ! .291 10.476 I .524 ., 

!CAP - VAR j 1 i .92 i .92: i 15 I 1.:'8 I 1.58 I 1.454 3 
IIF Trans. :-. 4 i~'-t 3.00 1 -I-~~-l-- .475 1 1.9 I 1.425 
,.---------.......----(-----1-- - -j----; I j 

Resistor FC 1 55 i .03 r 1.65 I I 275 ~ .013 ! .715 .021 
a: 
I 

w	 :potentiomete~--' 3 ,_::..._..1 .87! .i._"~.__-!.: .664 ;'-'1.992 J
j 

.578 

'"	 I .•• . . J I I 

,Crystal ~_~ 1.50 I 1.50: ! 15 . __ .22§'--1._.-:3~' .3J9 I 
'IN4153 I 1 ! .30 I .30 i	 \ 5 I .155 ~ .155 1 .047 
.	 :. I' -+ ~ ,.----,.;;;------- 
lIN4154 ! 1 i .25 ! .25 i	 is! .155 I .155 I .039 
;--------.	 ...------- i 

1lFD7771.____.. .98 , .98:	 . 5 ! .155 ...._-=-155 __L .152 I 
'FHllOO 1 : .33 ! .33 i : 5 i .155 .155 i .051 
i2N3646 ! 1 i .65 T--'~;---;----------I----6---·-i-~~·;-~--~:--~-1 .823 
ji---···j-_·__·__·.. L ..-------·-i--·----·- I	 I 
\2N5086 I 2 .~ .• 45 _~__~.9~__; ..- ..-£...-----:-}~~~.--0~---i 1.912 

~KA4580 4: .65 l 2.60. ~ ,_,,_~ J..-::.~_6 __: 5.064 + 3.292 

i2N2222A 1 : .40~ .40: ~. 6 ~_:':?66 L._~__L." .. .506 I 
~PS6515 i 1 i .39 . .39 i 6 : 1.266 i 1.:266 I .494 

~760 r" 1 I 1.50 r--1~5-0--1 I 8 ·~·n-5--!--~·is ! 1.073 

i~-------'--:----'-"i-----i : ·---;----\--;-s---r- .715' i 1.073 
til319N .. 1 ',1.50 l 1.50; l- ;--.-----;'" •. I r	 I; I ! ~ I I Il 7J7~:·S i \ IL I I I I 



~ 

S1.57:::·: DABS - Type II 

::'':3-;,SS::::'::O::l Receiver (cont' d) 
CASE I 

SHEET 3 or _.;.::;9 _ 

I ::-:-:.~ ::~.!.~:: Or: 
, C.:,7=:G'':·?,-i 
I 
I 

~ 

• 
~ 7408

lSAW Filter 

: PC Board , 

, Chassis 

I QTY 
I 

I 
I 
I 

i 1 
j 

I 1 
f 

1• 
" 

1 

I Ll'UT 

COST 

} 
I 

I .33 
t 
i 4.24 

I 3.00I 
I 

1.50 

. 
•
1 
i 
I 
I .. 

TOTAL 
COST 

.33 

4.24 

3.00 

1. 

I L~BOR HOuRS PER 1000 UNITS 

I ""1\"""~t:'21.""'TnRI'''7r:: I '~S""'BTYI ~ _ ~" .... _ I..... oJ ..': ....... P.,::; ......... ~ 

'" 

-;---_ .. 
i 8 

I I 10i. 793 I 25I 
j, 

i 

\ 
I 
, 
I 

i 
I 

UNIT 
FAILURE 

RATE 

.12 

1.18 

1 

! 

I 

rrCT~..L 
FAILt;;tE 

RA~E 

.12 ! 
1.18 

f 

j 

I 

QTY x FAIL.RA7E: 
x UNIT COS'! 

.040 

5.003 

, 

.._

tEl 
I 
w 
w 

.. 
____--: r- -

j . - , 

.._--;---; 
1 I 1 

; ~ :. 

" 
;. :. i. 
t I: I 
; I I \ 

r ;--1-'-'; 
! :! 

I ; t ~ 
I . i-
I ! I ! r-- -: -r l' 
I \ 

I I 1 
-::C::'A:'S • ! ! 39.94 

I 

: \: 
I -r -. , . I' 

i 
: 1 r I; 

i
I \ 

. r : 
~ t 

It' 
I L 

I I t 
. , I 

\ r j 
I : 

; ; [
I . • 

; I 1 

I 1 ;
1 ' '.
'I ! r 

813 X 2 t 1651 X 2 t 

I I. 
1 I 
:i 
1 i 
I i
i I 
I 
.

,-----+1------
I

I 
1 I' 
~ 1
I .

I I I 
i i ! 

; I' r 
l 

,------f.--------'. 
i. I 

; J' I 
'.--- . 
~ ! 43.503 i 
; 63.835 1 '" 68 I' 

, 

I I.' ' '. ! : 63 835 • 
~. ~ r '.J A_ 1-' i . 

" 



S-: .37;:::-1 DABS - Tvpe II 
CASE I 

SEE~7 '__' _4 OF 9 

SC::3-.;SS:<:\:3L·{ Power Supply 

'-'NIT QTY x ?AIL. ?..;:rE : 

F..Ii. I:"':: RE x UNIT :CS:· 

~.::\'='E R;;TE 

tD 
I 

w 

"'" , CAP - TIM 

~esistor FC 
, 

;PC Board 

, 
I! 
I 

4 

14_ 

1 

.60 20 

- ----:,, I: - -, '-~:---~-=--=:~~==- -._--~--- --, ---; -- ---e=: i 
I - --', ': c. Ir-----------r L_J~_ : __ i-: ,. 

I
II 

'--------,-_._----,-,---~------;,..------
, i 

- .. .I. i 
l 

I ~:::~;._':.S ; :1
1 1 11.80 793 X 1.4 

........ I. 
195 X 1.4 

.
1__. 

;J 
\ I

i I 6 972:12.766 I 12:766 
i' 

= .55 

I 

, 

f'. '. 
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'5 /~. 

SYS7<::{ DABS - Type II	 SHEET 5 OFCASE I	 -.,....-- 

S~~-ASSE~3~Y Analog Logic 

--ro.,:-...~ ('\" I ~ I I !	 r QTY x FAIL. RATE
! C;":=:::O;::£ I' 1 

II _._... ,.~ ..' ~., Q; 
x UNI'! COST 

I 1_ 
_ !----=-.2Q l . 50 

I I 

I ~g~~ j T~~~~ 

I	 .40 1 1.60 

--!~-I	 .50
 

! .13 I .52
 

24 .035 .105 .040 

1 .30 .30	 8 .03 .03 .009 

.450 

.009 



---

--

---

9 s..-s:-::·, DABS - Type II CASE I	 S,EET 6 OF 

.3'.:3-,,"S~:·:5:';f Digital Logie 

:-:.::::.: :~;'..ys Oil. 

Cct-:-=--;"::.?.y 

Ose Chip-20mH 

nM	 8820 

DM	 8831 1 i 3.00
 

7400 i 12 i~
 
-- T . 
7402 I 5 I- .10 --- ___1 

7404 10 ! .38 3.80	 80 .035 .35 

7408 4 
-

to 7410 
I 

W 
0' 7411 

-
7420' 1 .30 .30	 8 .24 .24 

~- , 

7425 ! 1 .45 .45	 8 I .24
---l--"-+-

74·30 i
 

7432 
,

7427 

i 3.00	 80 
>._-
; 

.30 ; u 

1. 44	 ! 24 

; .50	 1---8 

,., 



~ 

S15T~~ DABS - Type II 

S·:2-):.S5E:·!3:'Y Digital Logic (cont'd) 

'~.::~£ I ....~~ T T·~T;~Lu~~ ~ ... 

i COST I COST 

I- I 
=-~~ ! 6.24 

I 1.15 ! 2.30 
---~ 

__-__1 1.14 I 1.14!, 
i 1.08 

. 9.72I 

1.35 r 22.95! I 

"I 1.35 i 14.85 

('.;..:::::~':~:{ 

J,. _ .::. •.••••._ .. .:. 02r ,; 

CASE I 

t 
I 

t'NIT 
FAI:'vM 

Ri\TE 

.715 

.715 

SEEm 7 

TOThZ-
FJo.ILURE 

R~Tr.: 

i 9.295, 
i 1.43 

• 

OF 9 

QTY x FiI.I!".F.ATE 
x U~I~ COST 

4.462 

1.645 

2.703 

ttl 
I .... 

-oJ 

._----

!-- ---.-1.- _....:I!-·! ' I I 
I i .1 l I I
L. .; ---'_ •' I 

_______, L; I I I 
,1 I l ,
! I \ i j I 

I-----~!---i ! 1 I i I 
f i I --r ': _I1 
. '.i ---l ( II I' ( I It----!-'------1 
~ j I " I I 

j I I I I 56.319 
T-::'T;;LS I I• ~ 107.46 793 X 2 1056 X 2 ! 59.52 -- = .95 . 

.... . , ; _ _ t. 59.52 __~_l 



S',,,-ct:-: DABS - Type II S"":ET 8 0"" 9 
CASE I 

:::'-';;;-".::,":::::::::i! Chassis 

~ -7",' ..'" n::> l--;n~,'J.. ~..t_•• ~, ',._ '-'_'. ....... .1
 TOTAL 
:--.r-~ "':.- -:;-.' COST,'-'- .-'- l ! 

-~-- '\-'-----; 
I .3S 130 .013 .169Squawk Res. ! 13 .03 
t
I,---_.-;--- 

CAP - MIT I 2 : .15 I .30 10 .55 1.1 
,----i 

CAP Disc 3 I .05 1 .15 15 .291 .873 I
! 

.044 j
lr----- i--

Coil 5 .06 ! .30 30 .069 .345 .021! 

~, Resistor FC 2 ~: .06 :-~ ~I 1_0 ,j .013 .0,26 .001 ,. 
i~--

, GP Diode 1 J .35 .35 5 ! .15S .2.:i5 .054 
J... i 

2N2222A 1 i .40 
I
\ .40 6 1. 266 1. 266 I .506 I 

;----:-~--- ' --1 

Thermistor 1 .55 .55 12 1. 3S 1. 35 I .743 i ____J 
~-'-l 

V3 301 L~ 1 .75 I
I -..75 12 

tIl r" fI 'I
.25 20 ! • ~ ,~ ~ Ho1ds;{ l J---...2Q 

I 
4.419 4.419Control Sw. 1 .91 .91 50 I 

4.021 

I I
" 200 4.419 17.676Ident. Sw. 4 2.50 10.00 _44.190 -,-.~. 

---------,----- ~ 

Coax. Conn. 1 .49 .49 15 
-

Conn. PI"r,---.--
: Conn. IPC 

Chassis 

1 

1 .66 

1.12 

.66 

~ 
I 
' ~ 
I 

-=-·~·~.-:..~s 

\ 
, 
I
! 
I 
, 

i :--;-------", 

41. 23 

t 

763 

i 
,-.l·~ ~lI ' {
\ ' . 

5 -----,'-_-----

-------~~.~----~,--~.----l.--. '-. 
851 X 2 1 i 27.37; 'j'49.750'= 1:82"'''' 

! \ . 27.379 , 

u 



...~_ ....- --

SlSTE~ DABS - Type II CASE I SHEET 9 OF _......;9:--__ 

S~3-~SSE~3LY Final Assembly 

\t/~h!" 
'\ 

ff 
J 
!' 

:~1 

$'Ii 
:\, 
, I 

~~'l, 

l 
II 

!Xl 
I 

W 

'" 

17::::~ );,;:·'3 O?
~~~=~~"'7.... .n._-' ..:-'~.L 

PC Boarg$;"

I powe~ Supply' 

• Reemer 

Tr.~~itter 
WJ.nnq 

Ii Functional 'Test 

! Burn - In 

I 
J
I 
•1 _ 

I 
i 

· 
I 
f
, 

i 

~,! 
• 
1 

r~,~5 

TOTAL LABOR HOURS PER 1000 UNITS I l.iNIT TO:'A.L " QTY x FiUL. RATE 
co-.,.. . "'''IT "~1" 1 ,:" r- ,-~- x UNIT C""~T.;:)... ~ ... no ..... u~ ... 1'\ .!..Il.'l\J:.. 1:. '-'~ 

i :'l.~~UFACTU?ING ASSE11BLY i RATE RATE 

51 I 1 '-50-1 I 

I 

I 1 I ! I., ' i 40 i ! I 
,1 f j, I 50 i I I I
! 1 I ! i I 60 I : I 
i l ! I 200 I I ! 
,: I It' I I 
t i ' 1 2000 j I

I I ! ! I l000! I I 
-' 1 I ! I I 1 
! I I ,. i ' I ;
I: l , i I ; 
• I ' . I I I ,t iiI • I':..: ; : . I i 

Ii; I ill 11 _ , . __1 

I I I !! j . 
! t ; ! I 1 

; l I i . \ I I 

I I I I I! I! I t i ;! I 
• I _. • I ...,~----4-------~~ 

I I : I I i I 

I fl : I I ~ ! I!,' , . .I-.-__--L__-+.. . 
i I' ; I J I 
I I ! ~, I 

II I I I 

I I I IJ I I I 



SHEETl . OF .9
SYS7E:1 DABS - Type II _--e;.;=---__ 
CASE II
 

S;';B-ASS=:~'!3LY Transmitter 

Q'rY x FAIL. E<ATE, Ie::;:·: :,::.:·3 OR TOTAL LABOR HOURS PER 1000 UNITS I UNIT I TOTAL 
x· ~jN!-T COST1 c.;n;:;:JRY COST -, I FAILURE I FAILt:RE 

! I ',," ,·.,t:'A~"'··RI"G '\' ASSl"MBLV . ~~ R~'I'~p'( ~lf\~ .......... ,-,.1.',..' ..., ....H"I _ .J1.1L :.t-L ... .!:.
 

I· cavity Osc. 1_ 1 21.00 --I 250 ! 200. \200. 'I 4200. I
 
I I I I i2N2405 1 .87 6 1. 266 1. 266 1.101
 

2N5134 1 .12 .12 6 11.266 .152 •
I 1 1- ! -!- 1~~ I
 
2N3638 !I I'I !I I! ! I~ I
1 ; .16 .16 6 2.124 ; 2 .124 .34
 

2N4916 I,. ',)1,)1I I ')1')1I I .425
i .&. .. .lo. ....., ............. -z
 - .-- .; -~ 0 I
 , I

Diode 

. 

- GP 2 I .12 I .24 10 i .155 I .31
 .037 
I I
I
Potentiometer 1 I .29 .29
 .193
I 15 .664 .644
I
I
 I
; .073I
CAP - Disc 5 .05 i .25 25

-. ~29l 1.455 i
 

LP Filter 

tl:l 
I
 

ol>

o 

: 
-------,-----, 

Iii 1 I
 
, . I
 

i .. I I
 
i : t J 

I '-:---1 t;

iii ;Lf I i j :
 

I ! i I I
 

I j \--1, I
 
'I i; i ~ i. i ~ I
 
1 I I .,i' ~ I


I -:-C::;;:;:.S I );t 35.02 1793
i ! 
, -! -.!' .J.!__! 

' ) , I'I I I
'I ,:---------' 
L --'- -----~---,-,---+----...,.....-I 
!. I
 

~! I

'-----r-'----i---....,--

II' 

1 \ ------ 
.,' ,I t .---1------~
 

X 2 .!. I 4220 J
! 664 X 2 II 221. 222 .-'_...•_. ",' T9';'08
 
,i. 221
:. 1 ! 
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S-:S7;:;:.. DABS - Type II SHEET 2 OF 
CASE I 

S:=3-;'.55E>:5~1 Receiver 

:-::::.: ::A:r::: O? 
CA":~:::'J~·~· 

•. 155 .~55 1 .034 

.155 I .034 

;
1 .98 i

---II1 .30 .047 

1 1.50 ! 1.073 
I 

I 1.50til 
._.---\; *'" I.... 

1 .33 I 

1.485 

I 



SHEET 3 OF __~9 _ 
CASE II 

SC3-AS5:'::·::SLY Receiver (Cont I d) 

5Y5,":'::·: -.DABS -	 Type II 

r 
:: :;:;:::., ,;.;.>::s 0? r QTY I milT I TOTAL I LABOR HOURS PER 1000 mHTS J UNIT I TOTAL II QTY x FAIL. "ATE 

CA~Z-:;-:;i':{ 'I I COST II COST r-- ~J ~ F~~~URE I FAILURE x UNIT COST 
. l ~ACTURING_. ASSE!1B~TE RATE 

j 

----------lj'----,-lL.r-----i I~- -, - I ---j-------i;'----------1 
Cover, Top _' 1!1 . ~; ! I 

Cover, Bottom I 1 I 1.50 I 1.50! 50 ',25 I I I 
r---------jlf------l '.	 .. . 

Shield ! 1 I) I t	 ! I ! I 
. I	 I; • 

I Hardware	 I Set : 1. 50 I 1. 50 l I 50 I I I I 
I 

I I	 I 
i I ! I 

I	 ! : -~ 'I r
\1 '1I .\ 

I --:--:' I I	 i'	 , " . I 1r. '-1 i __ ~ t t 

. :	 ~ . 
I	 ,

• .., I 
: I : \ I 

tJ:l	 ; j ii' I I-~~ \	 f i' ; : I 
ol'> 
I	 

,--------1- ;----1 I
I 

! I I I II'	 I I I I'" 
: '	 1 I I I I I .. 

,.. 1._----1~----~ .... I, ! i I i!,!.	 ----- ' ----'------.- ---f---i ;	 ; i I,ii I 
..	 I ! ; , l 1 

' , : I I , I 
' I.	 i 
' .	 I ._ 
- ,	 I Jrl ~i-----i'------- 
~ !	 t- i '. -+, 1 
I ,	 • I , I II 

I	 i L-_,-l- ~----. ~	 'I ; I _ . .1 I I 

r 1 I
I 

I I i 
..._.,----_."	 .. ,

I	 ! l I I I I 
.'"--------l----'r----'"1! l.	 \.. . !, li I• I	 I . , I I , . I	 -1 i ,.I 

I	 , I ' I I 116.675 
:'07;;:'S	 i I I 32.64 I 813 X 2 ~ 1117 X 2 I ! 39.342 ~ .42 

. ! f , .J \ I ,39.342 

JJ 



1 " 

SYS'E;~ DABS - Type II 

S'..:3-?SSE~·13LY Power Supply 
CASE II 

SHEET 4 OF 9---

QTY x FAIL. RATE 
x UNIT COST 

2F0305 1 rl~i 
!--------;.---~ , 
lF0301 \ 1: 1.50 ! 

i2N5172I 2 I .12 I 
jSD445 ! 2 ! .79 . 

1.50 

1.50 

.24 

1.58 

I 
I 
! 

! 
I 

I 
I
I 

! 
i 

8 

8 

12 

12 

!.715 --I .715
I I 
I .715 ••715 

I 1.266 I 2.532 

I 2.124 i 4.248 

I 
. 

I 

...l.:U 

.ill 

.304-
3.356 

1.073-
1.073 

. 

to 
I 
~ 

w 

: 
· IN7 51 

IDiode - GP 

IDiode -' 500V 
I 
jDiode - 2000V 

jPotentiometer 
· 
lPotentiometer 

\,Transformer 

lCAP - TIE 

leAP - Disc ,lCAP - Mylar 

!Resistor - 3W 

!Resistor - Fe 
· 
:Coils 

rI 
I -~-. - l .i. ....) .:.: ....... ::;, 

l __ 

IIN5224B 
r-- -1-
. Ii .45 

I II 1 ...l .12 

IIi .59 
1! 2 i .68 

i 1 ; .35 
i --1--
: 1 ,.29

II 1 1.50 

i 6 I .15 

I 16 ! .05'r! 3 .15 

I 2 ! .06 

I 21 i .03 
I'i 2 1·06 

I I 
! I
I It . 
I ! 

I:1 f .41 . 

I I ~ .., 0.1'-1 .. '.L'" 

.664 

_. , 1. 5I1 -
3.3

! ---l 
4.656 
-

1.65 
! • .026 

---, 

-
.273 

.138 

; 
_.. 

I '"'' 
I 

I .013 

I 
I 

; 10 I .069 
I 

! I i 
I -J t 

12.75 I I 687 X 1.4 Ij ,
; , 

I!. 

..J, 

.--  - j- I 
L .45 5 1.4 !.4 
,. I I 
, .12 5 .' .155 ! .155

I .59 5 ! .358 i .358! .! 1.36 10 ~.,,' 1 "7'" 
I .35 ; 15 1 .664 I .664 
I ..', 
! .29 I 15 1.664 \ 
I , .

!_. .50 ' ~ 1 c; i 1 c; 1 

! .90 I 10 J. c;c; ; 

! .80 i I 80 I .291 l 
-r--' I I II .45 I : 15 . .55 

! .12 I : 10 l .013 I 

J .6., " i --
1I .vt- I ! 

I 
I 

I r : I !! .41 i I 5 !.4 ..4 
.. ,,

I 

-I
i 
II 
I .I 

I 
~ 

.093 
-
.164-
.18-
.019-
.211-
.487 

.232 -

.193 

.75 -

.495 -

.233 -

.248 
-
.002 
-

.008-

.008 



S:'S~:': DA35 - Type II 5?-::::::'" 5 C? 9 . Cl'.SE II 

S:':~-.:.S"':::·:3:;': Analog Logic 

:::~:~";;,O? ! QeY I ~~;~ I T~;~~ ~os~:,:<:~:,P:R '~O:"~:~:' ! "~~f~" ?~~~~~ IQ~\~I~~'~~~~:'~::l 
\ I \ .·~",~\.J=",-TlJ,u ..<G I rl5.__ .·•.?~_ I ._~.,,:. 

II. "--.~=- 1 . I 
! I I I i I ! I 

2:;;5305 . 1 '.50 . .50 ! 6 l 1.266 : 1.266 ! .E33 : . '1---' OJ;',.' 
3:;2222A ! 4 } .40 ; 1.60 l 24 ! 1.2(00 ~0':>4 ! 2.0"6 ! 

, I!! i i ! I I 
~.~'J:?''J2A .L 1 '.50 I .50 I 6 ! '.266 I 1.266 , .(';33 I 
: I" A , - A I 4 I 'I I I! _,..;-'-co... . 1.13! .S2 i 20 .1.55 i .62 .081 I 
r . i; '.' I . 
: 1:,,,:53 1:1! .30 ; .9CJ ! 15 ! .155 ! .·1'05 i ~ 140 

\ I Y , r ,-": I:~36C::: I 1 :-~__J__: 3 5 l~ ! 
0 1.,17 1.717 .cu_
oJ 

~.~---- . -
r S:·J7':;J4 3 i. 38 1.14 24 .035 .105 .O';CI I 
! 5"'7··?" 

\

I .03 .03 or .1 , ••• 'Lv 1 1.30 .30 i 8 
j 

.. "oJ "" 

\ j 
til ;_ 5~n 4121 1.63 .63 i 8 ! .?i5 .715 .. ~SO 
I 

ol:> .30 . .03 .OG9
ol:> , SN7~22 1 .30 8 .03 

7~OcA 1 !.66 i .86 8 .035 .035 .030 

Disc 

Cl'-.E - ~:/T. 

c~.? _.....::..:. _ 

L 
. 

6 

3 

L 
\ 

.15 

.05 

.90 

.15 

I 30 

15 

.55 

.291 

3.3 

c'7~ 
....... J.) 

.495 

.. 044 

.54.03I 18i ?esistor FC 

3.003.00 

::::;:;:':'5 

P:::; Board \ I! Ir i!! 
·7--~- 1

_______,'__~;---____'! L 
1 I ;!
! i ' 
I 1 . i i 
I 1 ~ 

;..--------+i----+;---j 
I I !
I I r12.19 

i , ' 

793 

793 X 2 

90 .013 i .234 I .007 

I 25 
,'-'------'-----.J-'--------L-------i
; 

i 

oLi------i------;. 
lL. :~ c 

L'---_; l -i 

! 
! 

.:-i__-----< ~-----'--
292 X 2 ! 15.72 _5._1_9_7 ~ ;33 

; 15.72 

http:rl5.__.��
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r
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5-:5:::::': Dl'.BS - Type II 5~::::::" 7 v= 9 

S:::;-.:.':'S:::\::;~'.:.· Digital Logic (cont'd) 
CASE II 

f' 

i :";:;;:~,ce I Q:' ;~~.~ l :;~;~ 
I 
2~':1':::"~;::" 

! 

i~i~~'" :~~.~~l" 
. II'~\~:~'~;;::':: I 

74lJ7 
i;1 13 1__._48_ 6.24 

;
' J 104 

,J. .715 9.295 
I 
I ';.';:;2 

I 
. 

. 715 I 1.43 1.6:~5 

I .715 
I 
! .7lS 1 .SlS j, 

; 

./15 ! 6.43:> G.95D 

.715 i 1:2.155 16. ~C'9 

.715 7.865 lO.clS 

.715 ; 1.43 2./J3 

!" 
! i I I

. i !
I 

Jr-- I 

I
I !! 
i :; l 
i i \ t . I 

I-------i
! 

I i ,-------;----------.;-------;------i.--------'--------l, '\ iI
I I' ! 

I '! !
 
I, I'I i I
 

I.. ,.'I'i 
1
 

! , I 

, I ! : 
:-------_-:- +1- I ; !I t r ---~i------
~--------l.- -<- I I 

l t 1 i ~ l t 
I Ii! i ! I 3; 0-c. :I :':'7.:'''::'.3 I I 107.46 793X2 1056X2 I 59.52 I J~' __ = .S5 I 

_ ! I I I 59.J2 
J 

J 



'0 
~ 

SHEET 8 OF __9~.__SYS7E~ DABS - Type II 
CASE II 

S:;B-:"..SS::':·:SI.Y Chassis ( Incl. Test Osc.) 

:: ::.: ::.;yr; OR 73,,1T 
I 

TOT;~L :'ABOR. HOURS F:::R 1000 UNITS U?JIT TOTAL 'I Q~Y x FAIL. RATE"! 1 QTY I 1 1 
I ::.:"·.7? -;: ?::..~ COST COST r . i FAIL~RE FAI~URE x UNIT CCST 

! !·:l~~!~:FACTlJrtI~';G I i\SS3!1BI,Y t P~'\.TE RATEI I~--'I·--.-~-~-i~e---. -L..--i-,-------i-l-- 6 -1-2-.-1-2-4--+1-2-.1-2-4----11l-------1, ., 
,~L 2N5139 i 1 ! i I .255 

i 
2N5l28 .12! 1 .12 " I 6 ! 1. 266 I 1. 266 I .152 

-~---:-----_. -- I , I I . I 66 I2N4870 I 1 .. 12 .12 ~ 6 ; 1. 266 : 1. 2 I .152 
i ----,

I 2N5134 I 1 !- .12 .12 I 6 ! 1. 266 I 1. 266 ! .152 
I 

! Diode - GP L_1__~ .12 .12 r--- 5 -1 .155 I .155 .019-._--
CAP - TIE \ 2 i .15 .30 10 .55 1.1 .165 

. , I I I
CAP - Disc 5;.05 .25 I ! 25 i. 291 1. 455 .073 

Coil 2 I .06 .12 i .( 121 .069 I .138 .008 

._R.:sistor - FC .L 10 i .03 i .. 30 -!-- 1 50 I .013 ,.13 ~ .004 
til 
I Chassis w/cover! Set ; 21. 30 : 21. 30 ! 689 196 i . I ! 
~ 
-.J Selector PC ;---1---; 2.00 I 2.00 1 485 - I' i i 

I ' I j ,I I 
i Ident. Sw. ! 4 ; 2.50 I 10.00 i 200 I 4.419 i 17.676 . 44.190 
.------------. r----t- i- '" I I 
: Control Sw. : 1 ! .91; .91 i 50 i I 
! Dimmer i 1 l .35 I -35 ; 25 I 1 I 

Hardware I Lot I 1. 50 l. 1. 50 i 200 I ! 
! BNC Conn. I 1 ! .49! .49 I 15 I l ! 
cpcconn. r--1--L 1.12·~ 1.12 50 \ 1, -1' _ 

! IPC Conn. !. 1 i 1.12 i. 1.12 50 i ! I I 
; i· I 1- I 
\ I I '. 1 ' : . f ! i ! . 
, .;. j .t - s.
 
[ J i-- L ! l
jl 

I· '---"L \ I I --~I! I I I I 45.169l 7:)7ALS I ! I 40.51 689 1412 X 2 I I 26.576 ! 26.576 = 1. 70 



9SYS7S~ DABS - Type II SHEET 9 OF 
CASE II 

SG3-~SSSM?,~yFinal Assembly 

UNIT TOTAL QTY x FAIL. RATE 
FAILURE ~AILURE x UXI? COST 

PAT£: RATE 

: Wiring I \ 
~ ! 

tP 
I 

'"<Xl , 
I 

,I 
i
 

I
 
\

I I --r I : -I I I 1 _ 
! 
I

_____~!__-l..;__ i I I 
, i------t

I 
i 

t 
I 
I 

l 
r\ 

L__l 7:",;: 

! 

! 
I 
, 

+-1--_+-\~ I ! II 

I! I i I
-II I 3400! : 

I II l- I'! I 
j ~ .! 
I ! I I I 
i ;- . : ,i I 
,! 1 ~ 

i iii 

~. '-' 
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2SYSTE~ IPC Display - Type I SHEET 1 OF 

.s:;3-;;SS:::!~~5i"{ 

DM 7820 

DM 76L70 

NE555 

5404 

" ---•••... "~ O~. --::·:!~~:-~~v r. 
• ....h .L~-,t..

!____ 

; 5416 

! 1

1 20 

12

I 2 

rvry'
~-

! 9 

! 7.00 r 
~~f 
1.501 

, 2.55 I 

r-::U"·'TO'
,~~~:... 
• .C.:>TI I 

i 4.25! 

7.00 

202.00 

1.00 

5.10 

TO~AL 
J. ... ~ 

CO" ~ 

38.25 

I 1 8 

" . 160 

I I 16 

I I 16 

T"30·'" tlO"R~ P-R 1000 U"I~S 
~.~ n U O:J r:. . 1~.L 

I NI'.~mFACTURING ASSE:'~3LY 

I ! 72 

.179 

·.715 

5.005 

144.43 

i -.715--1 .715---' 

1.715 !14.30 l' 
1.715 !1.43 ! 
1·035 1.07 I 

UNIT I ~~~AT I Q"'Y' -AIT ""~E 
'" 9'" ~:V:~...;..J-... I ~. X-r~ ~::-~.I FAILURE < ",IL·... P.J:. X UN." CO,," 

RhTE I RATE , 

f .035 I .315. ! 1.339 

i 
5439 

5440 

\ i 
I 

12 

1 

! 
I 

2.05 1 
2.35 .,! 

24.60 

2.35 

I 
I 

96 

8 

.i2 
.06 

2.952i 1.44 Ii -.0-6---+\----.1-4-1----l1 
,------,! 5486 I 1 

i 
I 2.75 2.75 

.I ! 
i 8 

'~I .12 I .12 .33 

tll 
I 

'" 

j 54LOO 

54L04 

I
! 

9 

6 

l~. 
_r-2.55 

.18.45 

15.30 

j
I 

I 
! 

72 

48 

! .12 

I..035 

I 1.08

,I .21 

2.214 

.536 I 
~ 

54LQ2 I 7 i 2.25 15.75 I I 56 i .12 ! .84 1.89 



SHEET 2 OF _--",2~__SYS':Z:': IPC Dispaly - Type I 

:3.:2.-';SS=:~'13LY 

:::-~:'! ~~;:.:.:::: OR 

2.599 

to 
I 

lJl 
o 

: Cover LOa 

(> 
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S'::3:'::':-; IPC DJ.splaL:- ..:r'ype II	 SHEE7 1 OF 2 

:':'_&? -~-.. SS'S~·~:'~.;.t 

- A.BOn qf""!"'.~"" D.... R 1000 1'·l\1T-.... I T-"IT T·...... :""""'~.. -............. ... -T ...... -._1
TOTl-\L L "._~';".'" _:,_ u .•.. ·... ·.:> i ,'n .Vl",,- I \.i~l X '-.",~~. :','> ... '" I~ COST 1.F,~:u?ACT~'-:3I..1 t F~~.~~RS j Fi'~~~~ ! u~n C~S7i 
• _1_1 3.95 i 3.95 ! _r-;-'---'!--~-5--1 .715 I

x 

2.824 I 
~,- -L 20 _~ 2.30.1 46.00 i ! 160 i .715 - j 14.30 I 32.890 I 

,J J 2: .50!_ 1.00 ~__ I 16 I .715 i 1.43 ! .715 I 
,,	 2_-. .62.: 1. 24 I _. 16_--=-~~ __,.07 :. .043 j' 

9 I 1.80 i 16.20 I \ 72 i .035 ~ .315 ~ .567 
I	 -~ .---- 

7439 \ : 12 !._!..:..22._.' 12.60 -!	 : 96 I .12' : 1.44 1.512, 
ill ,	 I .' I 

__ 74~ : 1 -__~.: .~o__! i 8 i .06 ! .06 .03 
. ; 1-------, ! 

7?748,..;6'-- _ ___1__ .-----:..J.l:. ._ :	 A .12 I .12 
--------;	 -)--- 

~	 t
9 i .50 4.50	 72 . . __ 1 ? ! 1.08 .540-----,.__. 
L.L__.R_._ 3.72	 48 ~ . .OlS .13--~ 
7 .50 3.50	 56 .12 i .84 .42 

('--- -~-- ._--
72 .09 j .81 .405 ,	 I 

24 ' .06 .18 .09 ~ 
I1	 .50 .50 8 .03 

---"--
4 2.19 8.76	 40 .715 



2SYST~~: IPC Display - Type II SH~ET 2 OF 

~:;3-F.5SE:·!D~Y 

r I::'::::: ::,~,.:::: OR i QT: I'm;n ,- TOThL I :'ABOR HOURS PER 1000 UNITS I UNI7 I TOTAL I QTY x FAr:,. ?ATE: 
r' --r~.,'· I ro-~ I CO::-~ , ' F' TT"'''''' ~ATL"RE I . ""IT' C'"'-~_.·L;:.. ..,; .. ~.:t I '._~.l ~1':' t ~ I !1..J...:....rL~ t .c ..... u.. X U1~ ...... ~l. 

____'__~, I, H!"~:UFACTURn;G \ ASSE!1B~ RATE j Il.c,TE 

CAP - TIE I 10 j_:..!~ 1.50 I -1 50 '--.-55---1--5-.-----1,----,-8-2-5----15
---r-i I I I 

CAP - Disc ! 13 : .05! .65 t I 65 .291 3.783 I .189 

f- Power Supply i 1 '/ 40.00 'I 40.00 : i 100 ' ; 

Resistor FC 
j
i 76 

j
I .03 
'1 

2.28 ! 
9.bB i 

I ' 
, i 

I 

380 

220 

.30 ' ! 30 

! 1. 95 ' • 45 

90 

l?S •.__i. 25 _ 
til 
I 

U1 
IV 

Chasis 

Cover---

550 

100 

I 
, 
I 

150 

75 

Conn - Pwr i 25 
--4 

2.00 ! \ 125 

6.00; I 500 

2410 i 
~ 

'~----'-

i 
.. ~..._-----

I 

I 

I 500 

i 1000 
i·-

I 1000 

---:--'---; I I 
. ! ,--- I

. 

I 
.J

\ , 
" J , I 

I I ! !!913.163Li ..'''',~;o 1 I 260.25 I 3385 X 1.4 5310 X 2 140.144 /' =$6.52 

! : ' 

Q 



..
 

SYSTEM IPC Display - Type I - LSI Version SHEET ] OF _--1.'__ 

SUB-ASSE:offiLY 

!Xl 
I 
VI 
w 

ITEM NA!~.E OR QTY UNIT TOTAL LABOR HOURS PER 1000 UNITS UNIT TOTAL QTY x FAIL. RATE 
CATEGO~Y COST COST FAILURE FAILURE x UNIT COST 

MANUFACTURING ASSEMBLY RATE RATE 

LSI 5 35.00 ] ,<; nn 100 .383 1.915 67.025 

';41f> 8 4.25 34.00 64 .715 5.72 24.3.1 

DM7820 1 7.00 7.00 8 .715 .715 5.005 

LED 44 .22 9.68 ..,..,n ]<;.. t=. A? ] <;nn 

Lamps 2 .15 .30 
" .,n A t=.t=..Il ], 'l?A 2.599 

I Choke \ ] 1.05 LOS 1<; 2.. 12 2.12 2.226 

Cap - TIE 10 .18 1.80 50 .55 5.5 .99 

Cap - Disc 13 .05 .65 65 .291 3.783 .189 

Power Supply 1 40.00 • 40.00 100 20.00 20.00 800.00 

PC Board 2 5.00 10.00 <;n . 
Face Plate 1 I 2.00 2.00 3?C; 25 

Chassis ] 5.00 5.00 450 150 

Cover 1 1.00 1.00 100 75 

Conn-MS 1 15.00 15.00 200 

I Conn-Strip 2 1. 50 3.00 250 

Board Process I 1303 . 
Assemb1v 300 

Test 1000 

Burn-In 1000 

TO:L'ALS 305.48 2178 X 1.1 3702 X 1. 7 63.901 903.845 

63.901 
= 14.14 



SYSTEM DABS - Type I - LSI SHEET 1 OF _---=.1__ 

SUB-ASSEMBLY Digital Ipgic 

to 
I 

11l 
.l> 

ITS:" NlC·IE OR QTY TJNIT TOTAL LABOR HOURS PER 1000 UNITS UNIT TOTAL QTY x FAIL. RATE 
CATI:GORY COST COST FAlLUPE FAILURE x UNIT COST 

MANUFACTURING ASSEMBLY 'RATE RATE 

LSI - Custom 1 35. 35.00 20 a 701 4.703 164.605 

54164 3 10.10 30.30 24 .715 2.145 21.665 

" <;ill ~<; 4 10.10 40.40 32 .715 2.860 28.886 

54161 3 9.61 28.83 24 .715 2.145 20.613 
-, 

5404 1 2.55 2.55 8 .035 .035 .089 

5408 \ 1 2.65 ? ~<; 8 .12 .12 .318 

5432 1 2.90 2.90 8 .12 .12 .348 

5417 1 4.25 a ?<; R .12 .12 .510 

DM7820 1 19.20 J.9.20 8 .715 .715 I 13.728 

DM7831 1 1 <;. ?O 15.20 8 . .715 .715 10.868 

5494 1 7.70 7.70 8 .715 .715 5.506 

NE555 1 .50 .50 8 .715 .715 .358 

20mHz' Crystal 1 2.00· ? nn 6 .226 .226 .452 

PC Board 1 5.00 t:; ()n 25 

Board ProceSS aRC; 

Cut & Swaae 333 

Conn. 1 15 

1000 

:

267.946 = 17.47 
TOTALS 196.48 818X2 210X2 15.334 15.334 

;J 'c 



<l 

SYSTEM DABS - Type II - LSI SHEET 1 OF __2,-'__ 

SU3-ASSE~~LY Digital Logic 

OJ 
I 

111 
111 

17!:~" ~:A1E OR QTY UNIT TOTAL LABOR HOURS PER 1000 UNITS UNIT TOTAL QTY x FAIL. RATE 
CATEGC?Y COST COST FAILURE FAILURE x UNIT COST 

MANUFACTURING ASSEMBLY RATE RATE 

LSI - DABS 1 20. 20. 20 47.026 47.026 940.52 

LSI - IPC 5 20. 100. 100 5.92 29.6 592.00 

7404 1 .38 .38 8 .035 .035 .013 

7408 1 .33 .33 8 .12 .12 .040 

7416 8 1.80 14.40 " 64 .715 5.72 10.296 
\ 

7417 1 1.80 1.80 8 .714 .715 1.287 

7432 1 .44 .44 8 .12 .12 .053 

7494 1 .97 .97 8 .715 .715 .694 

74161 3 1.08 . 3.24 24 .715 2.145 2.317 

74164 3 1.35 4.05 24 . .715 2.145 2.896 

74165 4 1. 35 5.40 32 .715 2.86 3.861 

74180 3 1.89 5.67 24 .715 2.145 4.054 

NE555 1 .50 .50 8 .715 .715 , .358 

20 MHz Crystal 1 1. 50 1.509 15 1.50 1.50 2.250 

PC Board 1 3.00 3.00 793 25 

Connector 1 2.00 2.00 15 

Misc. Comn Lot 1.00 1.00 50 5.00 5.00 5.00 

T~TALS 164.68 793 X 2 441 X 2 100.561 
1565.637 

100.561 
= 15.57 



2 SYSTEM DABS - Type II - LSI CASE SHEET 2 OF 

SU3-ASSE~1BLY Chassis 

to 
I 

Vl 
0'> 

I'I:::~1 NA:'!E OR 
CAT=:SG2Y 

QTY UNIT 
COST 

TOTAL 
COST 

LABOR HOURS PER 

;1ANUFACTURING 

1000 UNITS 

ASSEMBLY 

UNI~ 

FAILURE 
RATE 

TOTAL 
FAILURE 

RATE 

QTY x FAIL. PATE 
x UNIT COST 

SO. Resistors 13 .03 .39 130 .013 .169 .005 

I 
I, 

Cap 

Cap 

- MIT 

- Disc 

2 

3 

.15 

.05 

.30 

.15 

10 

I'> 

.55 

.291 

1.1 

.873 

.165 

.044 

Coils 

Diode - GP 

5 

1 

.06 

.35 

.30 

.35 " 

30 

" 

.oo~ 

.155 

.345 

.155 

.021 

.054 

Resistor Fe 2 .03 .06 10 .013 .026 .001 

I 2N2222A 1 .40 .40 6 1.266 1.266 .504 

Thermistor 1 .55 .55 1:> 1. 35 1. 35 .743 

I 

Ind. Lamp 

Fuse & Holder 

Control Sw. 

2 

1 

1 

175 

.25 

.91 

1. 50 

.25 

.91 

24 

10 

50 

. 
4.419 4.419 4.021 

I 

Ident. Sw, 

ConI? Ant. 

Conn. Pwr. 

Chassis 

1 

1 

1 

1 
I 

15.00 

.49 

.66 

16.80 

15.00 

.49 

.66 

16.80 689 

200 

15 

50 

174 

17.676 

, 
17.676 265.140 

RF PC Card 1 3.00 3.00 50 

Front Panel 1 9.00 9.00 250 100 

LED 

Dimmer I 
44 

1 

.22 

.55 

9.68 

.55 

220 

15 

.155 

.644 

6.82 

.664 

1.500 

.365 

, 
I 

T07ALS 60.34 939 1126 X 2 34.863 
272.565 

34.863 
= 7.82 
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:'~'~::2: !,::\;'-.~~,,,,O~ _	 SHEET 1 nl" 1 

:::=-.:'.:~~:·:3:''';.· ::::::O:J~R :·:O:>U!..E 

---" ...... '- ~1-' .~.-~ TC..... -:o\.... T"!\P'O'" ··O·, .... c· ? .... 1000 U~·TTS ... ~,..·IT T"'~"'T Q~Y ~ ... - ~-I ,...-,.._. ~.'. .' .'.'.:' v.'. '.,. J. ~ v., -'- 1 J.h~ ...,.,~ '" r. ,,"~. .~K ,'_ U.. " ~" x,: :>.J. =. 
I I -	 "-' -----." C"-~ COST -	 "'A1L"RE '1:"- 1L""'" U"1~ C"-~ ___'_ ..-J. '-~" I NAKu?'ACTU!U~:; I lISSE:-1BLY' RAT~' .....R?-.;~- ! X .>.. "'~-...._.-_._,._,._,.,_

'·::c·~':::·?· :.",::::.~ E .25 i, 2.75· I	 I 55 I .013 I .143 , .036 ,____ " •	 I 

1.--.--.- - •.- -
.N
0':;; - \' l I I I,_,:.;.;~ .., • .:~. - c.. 1.........:. I 4. '5	 75 .664, 3.32 I 3.154
I 

-----...... -.'... " 1 - I 5	 5 I' 1 35 I:. ~ ... .:: ..,._.' .~.~::';~:' 1.::>0 i 1. O. _. 1.35. 2.025 

: -:-::.,;: .. ::~-::~ ..-..- ! 1 .56 I .56 I 5 1.35. 1.35 I .756 

.-~.--'~:-., :- ..... ~•. i 1 7t:. I .75 II 8 I 1. 35 1. 35 I 1.013 

~ ;;;~~-:~~:~.;=7.: I 1 : 2:' I .25 ; ! 15 \:-------------!! 
,	: ::: ::::...•::; Ij.L. 5.00.I 5.00 Ii 818 -'-j , 25. i 
'~'~_.., ! 1 "', I '.00 I --t---1':'""5--+I----+',-----+I--------{ 

~. _." .. ~ _. ¥" ~ 1 . ..)1.. j ... _ __	 !1
If' 
111 :.~.. ... • _ ... , I 1 • - I 4 - I	 I 5 I I i .... -.. ~::.~~;;-~._~; ... ~,:~. i LOT ; ,':: i l' 5~ ---y 25	 ; 

• ••• ~. . ••• , •..-. • J. • .)"! '..
I' I	 . , 

-'-'~"'-::-;~~-I-l-- ? .0('\ I 2.5::J	 ~ 1042. I " I
~- .~,",-, ... ~ ...-._.... I I .... :>.....	 . I 

..... ",._:.. __ ._' ! I " f-----~!----+!----I'·-----
~-':'_:.~'::"~~.______ ' .__1 1000.! t , 

• c ::-:::::::-:-:;:--. ~·,.3:'~ I I ! I I	 I,I 
-----..-----. '; -t.------!-l---'---j-.------;------- 

::.:.< i ' i, ('\~v! 1. 00 I 250! II .... I - . ".' •	 • _------"'"'\:----:;" i ; I ; , 

I : I	 !I	 l! . I I	 I 

,.._------_.--- 
!	 I 'j

I I 

i, 
--_._---':----,.,,----_..------+ - -_..._----- :------~---

! ; I f
l! f 
, I . 

_ ....' ~.-.••. J 

~ ..~••• ,,'Wl'.~ .._::.__...... J__ ,; 
73.39 

r 

818 \'...i 
3::J88xl.5 51.385 

. 

......... , :; ..... 
~~,.~~~ 
::>l.38~ 

1 
11.241 

--.1 



SHEET 1 OF _-=1 _SYSTEM DABS 

SUB-ASSEMBLY ATC MESSAGE DISPLAY 

tIl 
I 

V> 
(X) 

IT::::1 NAJI.E OR QTY UNIT TOTAL LABOR HOURS PER 1000 UNITS UNIT 
FAILURE 

RATE 

TOT.i\L 
FAILURE 

RATE 

QTY x FAIL. RATE 
X UNIT COST 

214.5 

CATEGORY COST COST 
~JI.NUFACTURING ASSE1'1BLY 

54 1 43 25 12.00 300.00 250 .715 17.875 

54186 1 20.58 20.58 10 .715 .715 14.715 

64.994 

5.005 

54164 9 10.10 90.90 I 
72 .715 6.435 

DM7820 1 7.00 7.00 8 .715 .715 

Timinq Cirouits 1 15.00 15.00 50 2.860 2.860 42.900 

800.Powe·r Supplv 1 40.00 40.00 100 20.000 20.000 

Pace Plate 1 2.00 2.00 325 25 - -
Chassis 1 5.00 5.00 300 100 - -
Cover 1 1.00 1.00 100 75 - - I 

Connect\Jr-MS 1 15.00 15.00 200 - -
Stripline 2 1. 50 3.00 250 - -
P C Board 2 5.00 10.00 970 50 - -

C&S 500 - -
Assembly 250 - -
Test 500 - -

1.938 

Born-In 1000 - -

Led (7 Seg) 25 .50 12.50 250 .155 3.875 

TOTALS 
.• __ ._ .. 0_. 

521.98 2195 3190 52.479 
1144.052," 21. 80 

52.479 

.. - .~_.----._-. 



APPENDIX C 

IPC DISPLAY
 

SIMPLIFIED LOGIC DIAGRAM
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TPC/PWI DISPLA'( 
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LSI-i C.IRCUIT SCHIMATIC (PART A) 
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IP(/ PWI DI SPLA'Y 
. .,/../".- ~..

L5I- J / LS'I· Jl C. I Rc..u 11" SUHMATIC. (PART A) 
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LIFE CYCLE COST MODEL 
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2. CAS Life Cycle Cost Model Parameter Summary 
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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 concepts in three different user environ
ments: Commercial Aviation, General Aviat{on, 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 cost for the designated user category and system 
by year and cumulative. 

0' (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 revision 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. 
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3.1 Acquisition Costs 

The acquisition 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
 
i'th year are given by:
 

ACOSi = [F (FUCOS + AFCOS) + L (LUCaS + ALCOS) 

'+ E(EUCOS + AECOS)l (l + XINF)i-l; i~ 2 

= [F(FUCOS + L(LUC~S) + E(EUCOS~ (1 + XINF)i-l; i >2 (1) 

where: 

F = Q(Ql) (IRAC. + NNAC.) (2)
1 1 

L = Q(l-Ql) (l-FREM) (IRAC. + NNAC.) (3)
1 1 

E = Q(l-Ql) (FREM) (IRAC. + NNAC.) (4)
1 1 

IRAC. = the number of aircraft retrofitted in year i 
1 

NNAC. = the number of new aircraft in year i 
1 

All other variables are as identified in Attachment A. 

The cumulative acquisition cost is simply: 

i 

TCOSA. =[ ACOS. (5)
1 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 retrofited'into existing 
aircraft that year times the appropriate per unit installation rate and 
modified by the inflation factor. The resultant installation cost is given 
by: 

ICOS. = Q ~l (IRAC .• RICOS + NNAC .• FICOS) + (l-Ql)
1 1 1t 

(l-FREM) (IRAC.. LRCOS + NNAC. • LICOS) + (l-Ql)
1 1 

i-I (6)(FREM) (IRAC • ERCOS + NNAC • EICOS~ (1 + XINF)i i 

The cumulative installation cost is simply: 

~ 
TOeI. = ICOS. (7 )L J1 

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: 

LCOS. = NRCOS. . + RLCOS . .J 
1 1,J 1,J (8 )f
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TCOSL. = LeOS.	 (9)t 
1. j=l ) 

The following paragraphs present the methodology for determining the 
individual cost elements and their components. . 

3.3.1 Initial and Replacement Spares 

This cost element consists of the expenses asso~iated 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 depot.
 

(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. The resultant 
components are given by: 
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. . NFMOD 

NRCOS. =.{ ~ [(PFOH) (Q) (QI)' 
.. 1,1. ~ FMTBF. 

J=I J 

-------_._.._---------------;. 
1. (PFOH) (Q) (QI) [ ]' J+SUF DRCT(I-RTS } + BRCT(RTS } - TSPRF FUC\1, j j j jFMTBF.
 

J
 

NFMOD 
\.+ C [(PFOH) (Q) (I-Ql) (I-FREM) 

[DRCT(I-RTS } + BRCT(RTS )]
j jj=1 [ LMTBF.
 

J
 

(PFOH) (Q) (I-Ql) (I-FREM) [' J 
DRCT(l-RTS ) + BRCT(RTS )

j jLMTBF
j 

NEMOD 

+ C,l (PFOH) (Q) (I-QI) (FREM) . 
- TSPRL 1l LUC. L [ORCT(I-RTS .)

~ J Jj=I ~MTBF. 
J 

+ B.RCT (RTS
j

) ] + SUF J(PHOH) (Q) (I-Ql) (FREM) 

EMTBF. 
J 

(10) 
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NFMOD 

L (FUC.) (COND.)
J J

RLCOS. 1 = (TFOH) (Q) { Q1
1, 

j=l (FMTBF. )
J 

C 
NLMOD 

(LUC.) (COND.)
+ (1-Q1) (l-FREM)	 . J J 

(LMTBF. )j=l J 

NEMOD 

\' (EUC.) (COND.)
+	 (1;"Q1) (FREM) 1_, J J ~l (1+XINF)i-1 (11) 

j=l (EMTBF. ) J
J 

where: 

PFOH = (PHR) (NAC. _. (IT-i) lIT) i .~IT 
1 

= (PHR) (NAC )	 i). IT (12)
i 

TFOH = 12 (AHR) (NAC. - (IT-i) lIT) i ~ IT 
1 

= 12 (AHR) (NAC ) i > IT	 (13)
i 

NFMOD = NMODF + 4
 

NLMOD = NMODL + 4
 

NEMOD = NMODE + 4
 

TSPRF., TSPRL. and	 TSPRE. represent the total number of the j I 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 

.	 1, 

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 

. f\ (Ql) (FRMH.) Jl-Ql) (l-FREM) (LRMH.)
J	 . J

RLCOS.
1,

2 = (TFOH) (Q) (BLR) J;, L.	 + .,.-----------=--
(FMTBF. )	 (LMTBF. )

L j=l J	 J 

(l-Ql) (FREM) (ERMH .) J 
+	 J (l+XINF)i-l (14) 

(EMTBF. )
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 

1, 

shown in the equation represents the additional weight due to packaging for 
shipment. ) 
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NFMOD

RLCOS. 3 = (TPOIl) (Q) { Ql C .[(FDMH j ) [ (RrS j ) (BLR) + (l-RTS . ) (D.LR)] 
J.,	 Jj=l 

+ FDMC. + 1.125 (SHC) (FWT.·) [2(l-RTS.) (l-FCOND.)+ FCOND.ll/(FMTBF.)
J	 J J J .. jjJ J 

NLMOD [ 
+ (l-Ql) (l-FREM) ~' (LDMH ) [(RTSj) (BLR) + (l-RTS ) (DLR) ] 

j	 j 
j=l 

+	 LOMC. + 1.125 (SHC) (LWT.) [2(1-RTS.) (l-LCONO.) + LCOND.i]l / LMTBF.)
J J J J ~ J 

NEMOD r 
+ (l-Q1) (FREf.1) ~ (EDMH.) ~RTS.• ) (BLR) + (l-RTS .) (OLR)] 

~ L J .. J J
j=l 

+ EDMC. + 1.125 (SHC) (EWT.) [2 (l-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: 

~ 1 
NRCOS. 4 = '(lAC) L(PPF) (PPFB) + (PPL) (PPLB) + (PPE) (PPEB)J i = 1 

1., 

= 0 i'>l (16) 

RLCOS. 4 = SA [4 (PPFB+PPLB+PPEB) (NBAS ) + [(TPF) (PPFB) + (TPL) (PPLB)
1., i 

+ (TPE) (PPEB) J (NDEPi ~ i= 1 

( 

= ~(IAC) r(PPF) (PPFB) + (PPL) (PPLB) + (PPE) (PPEB~ 
i •
 

\...
 

r 
+ SA ~4(PPFB+PPLB+PPEB) (NBAS.) + : (TPF) (PPFB) + (TPL) (PPLB)

: 1. 

i-I 
+ (TPE) (PPEB) ] (NDEP )

I
f(I+XINF) i:;:lO 1 (17) 

i 
) ~ 

. 

where: 
PPFB = 0; Ql = 0 

= 1; Ql ~ 0 

PPLB = 0; Ql = 1 or FREM = 1 

= 1; Ql ~ 1 and FREM ~ 1 
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PPEB = 0; Ql = 1 orFREM = 0 

=	 1; Ql # 1 and FREM # 0 

3.3.5 Special Support Equipment 

This cost element includes the nonrecurring cost of purchasing special 
test eauioment (NRCOS. 5) and the recurring cost of operating the 'testJ., 

equipment (RLCOS. ) • It is assumed in the model that the test equipment 
will be unique toJ.t5e 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 nonr~curring 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 i, 
are given by: 

=	 f[{PFOH) (Q) (Ql) (FOMH1 ) (OUR)
NRCOS.	 - NSUPF1 (CADF)J., 5 

J1...	 - (FMTBF1) (ATE) (OAA) 

r {PFOHl (Q) (l-Ql) (l-FREM) (LOMHl ) (OUR) "J 
+	 i ' - NSUPL (CADL) 

L (LMTBF ) (ATE) (OAA)
l 

+	 r{PFOHl (Q) (l-Ql) (FREM) (EOMHl ) (OUR) '1 '1 
- NSUPE! (CADE)~ 

I	 I I- (EMTBF1) (ATE) (OAA)	 ... 
I 
I 

.J 

(l+XINF) i-I (18) 

0-14
 



(PFOH) (Q) (DUR) [ (Ql) (FDMHl ) (CODF)
 
RLCOS. 5 =
 

. J., . (ATE) (DAA) .(FMTBF1) 

(l-Ql) (l-FREM) (LOMB ) (CODL)
l+
 

(LMTBF1)
 

(l-Ql) (FREM) (EDMH ) (CODE)
l.+ (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
 

J., 

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: 

NFMOD 
r (TFOH) (Q) ~- (FDMH. ) 
I JNRCOS. 6 -. ----  r(Ql) + (l-Ql) (l-FREM)

iJ., I (PMD) 
~ 

L 
(FMTBF. )... j=l J 

j~2,3,4 

NLMOD NEMOD 
(LDMHj ) 

(EDMH. ) 
+ (l-Ql) (FREM) J "L L ]

j=l (LMTBF. ) j=l (EMTBF. )
J J

j~2,3,4 j~2,3,4 

" 

i-l 
- NPERS 

Ir(TeD) (l+XINF) 
(20) 
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NFMOD (FDMH. )= (TFOH) (Q) (TRD) (TCD) [(Ql) . JRLCOS. 6 
~, (PMD)· . . C (FMTBF.) .j=l J 

j#2,3,4 

NLMOD 
(LOMB. )\' J+ (l-Ql) (l-FREM) L__" 

(LMTBF. )j=l J 
j#2,3,4 

(EDMH.) 1 . . 1 
------"J-i (l+XINF)~- i>l+ (1-Q1) (FREM) 

(EMTBF.) --' 
J 

= o~ 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 

~, . ~, 

with th~ preparation of base and depot level documentation. These are 
given by: 

NRCOSi, 7 = TD [(NBDF+NDDF) (PPFB) + (NBDL+NDDL) (PPLB) + (NBDE+NDDE) 

(PPEB)! i = 1 
J 

= O~ i:> 1 (22) 

D-16 



4 

:f"' 
RLCOS. 7 = (TFOH) (Q) (BLR) Lj=l . (QI) (OR+FR+SR+(I-RTS. )TR)

1, J[ 
. (FMTBF.) 

J . 

+ (l-QI) (l-FREM) (OR+FR+SR+(I-RTS.)TR)
J 

(LMTBF. )
J 

+ (1-21) (FREIl)(OR+FR+SR+ (l-RTS j ) TR)J1 i-I 
(I+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
1, 

(24) 

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 D present the data files 
used for this exercise as well as the listing of CASCOST. The resultant 
output obtained from the program exercise is presented below. 
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TYPICAL LIFE CYCIE Cem' PROFIIE PRINrovr 

"TEST" CAS IN A "USE" .CA'lEGORY 

KIJ>,J, ~.f.\=77777 

74/0~/?6. I f.,. I C). :31. 
PR1GR~~ C~~C~ST 

- - - - - - - C l\ S L r F"I=: CY(;'_" - 

r,q'" r,'C:T 
/J171.,4'1R 
~1.,"'5'" 
11~QI.17~ 

I a:?7('t/lrVI 
?1')II1na:,> 
"911?1?') 
1')1')')~51"l 

/1111~1')q 

41a:~7751 

/1?Ll7?"?~ 

Ll1"9177n 

r.1J\1 I.r.1<;T 
1.,79~1~ 

I Lt771Rt., 
"')"9~99 

3~1nl:~Ll'> 

')1'117/15 
7"91/1'>7 
')'1')?I?~ 

1""11.1')~ 

14a:1.,11J1.,Ll 
17711 R"1 
,>n77"1~1 

"·\l\llf'\'. ' .. r.1'lI SI '1r"l S 
19. '> I 
'>4.,,) 
1'1.a:7 
17.77 
11.,.')7 
1').a:1J 
1">.41 
1 '). I I., 
1~ • I I 
11.,.<11., 
17.74 

. SYSTF:~ ? H:~T 

USER ? USE 
Y~l\R 

197R 
1979 
19~O 

19~1 

19~? 

19R3 
1 9~4 

19R5 
19R6 
19R7 
19RR 

YE~R 

197R 
1979 
19R() 
19'31 
19R? 
19~3 

19~4 

1 9~5 

19~6 

19~7 

19~~ 

YF:~~ 

197~ 

1979 
19~() 

19R1 
19~~ 

19R3 
19~4 

19R5 
19~&, 

19~7 

19~R 

lIcn C~ST 

171377/j 
1~'1qQ75 

1175~(l9 

11511~99 

11494C)1 
11('~~31 

II R4':iO'J 
1~141')1,4 

1~13il? 

1914311 
~O~()9'j 

\lREC LC0ST 
~4~')1J11 

151"i~O 

11,1?()9 
IR()?11"l 
lR51)4~ 

19631~ 

~1753() 

~1n~~~ 

3'1r,~? 

.1')775 
15459 

Ct\s C1ST 
6,)91111/j4 
f.,'j?4';94 
69111')791 
74?~()71 

~()O')1')7q 

~6')n9')') 

9367595 
If)I,)~1~3 

3379Ron 
:~6?4?f.,~ 

3R~f)OOI 

C'1 ST ~ I}~'.I J '\ T Y"I \1- - - - 

CII~ r,"'ST 
173177Lt 
1113174'1 
4"()9,)5~ 

·51~n?,)7 

"'')1)97''\11 
7"'7191:l1 
1:l~5649n 

111117n5')4 
IO?"iII:lQ~ 

I n/j/I13?1., 
11164')4'>1 

R~C LG~<:;T 

41711~ 

~45991 

"<711n5 
II"OQll 
1397~5r, 

171111~4 

"11/11171 
""111~7 

?61"'1a:5 
?a:1?5a:" 
1"1?~9n4 

r,1f~ r,I'lIST 
~')9nn44 

111141.,1~ 

'>1111154?a: 
?7441499 
151.l4~577 

441197511 
,)34~';1?a: 

"'36~111() 

~71')f)1111 

70"'?7173 
74507174 

T\I c:r C0 Sf 
LlI7~4t;a: 

LlLt"71')/1') 
4~q"~I.,a: 

4<"l74..,.,a: 
')'>7"1.a:" 
55a:<1n41 
59"41R5 
~"79a:1J'J 

5511'J'> 
')R4475 
1.,19'jI.lLl 

PH tC1ST 
1.,79~1" 

797571 
ln1'>111 
11011Ll1 
151:l?9", 
1~<"l9~a:'> 

~?5a:7nl 

?~1."'>7" 

'>6471)1.,7 
'>R41:l157 
11')"ia:1~? 

'\/r. 
'J~41 

9'>", 
')11.,'> 
ql.,'>'J 
99Ltq 

1"131') 
11171 9 
I 1 16? 
11')5'> 
11971 
1'>41a: 
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00 Y~U W~~T L0GtSTIC 
TYPE YES 0~ ~0 ? YES 
YE~R EU::'IlI:::>.JT 'J ~F:C 

197~ 

SP~RES
 

"''I/'''~I'l/T
 
~F"F"'Il~l'H
 

I'JV'IlGT 
SUPP13 RT 
TRo,t'llt'llG 
TECHD~TA 

F"~CIL ITtES 
1979 

SPt\~ES 

(J''1'''' 0. t 'II T 
QlF"F"IIo1~t'JT 

Ii\JV'IlGT 
SUPP0 R r 
TRo. t'J t'l/G 
TECHD~Tl\ 

F'~CtL trtES 
19~O 

SPl\~F:S 

0'1/l1li0. t'l/T 
0F"1''Il~t'l/T 

I~VIIo1 GT 
SUPp~Rr 

TRI\I~I'l/G 

TECHDl\T~ 

F'~CILITt~.') 

19R1 
SP~~ES
 

0N~~I~T
 

~ F" F''Il o,l'H 
t~V'IlGT 

SUPP0RT 
TRAI'l/II'\IG 
H:C\.lOl\T~ 

F"l\CtLITIES 
19~~ 

SPI\RES 
!3~""'o. I\JT 
13F"IO""'~I'l/T 

I'l/V"'1GT 
SUPP(J~T 

TR~t'l/ PJG 
TF.:CHO~T~ 

IO"l\CIL ITtES 
1983 

SPl\RES 
'?I1'\I"'1~I'l/T 

'?IF"IO"IIo1AI'l/T
 
II'\IV"'1GT
 
SUPP0RT 
TRo. t"'J I'JG 
TECHDATA 
FACILITIES 

'_C~<;T 

173.ll75 
o 
I') 

5775 
15~')O 

1~(')n 

44~I"lQ 

I"l 

14~1~~ 

(') 

(') 

() 

(') 

119? 
I"l 
n 

I 5Q41 I 
() 

I"l 
I') 

o 
179~ 

() 

(') 

171"l4~4 

I') 

o
 
f)
 

595')
 
3~ I I 

o 
I) 

1~lnl")R 

I') 

n 
I"l 
fl 

4041"l 
I"l 
Q 

19.1l177 
n 
o 
I') 

n 
?i41 

o 
(') 

17'1';1 
911"l1 

1?5"11 
I 17 Of) 

~41 

I"l 
1~lil1 

?F.I"lf)f)1"l 

1~f)51i 

19~~4 

?/i1i?19 
I ~li~1 

'1 I I 
11"l1~ 

?1i71.,1 
?751i(')1"l 

1i1"l<;?3 
11')1.,1i~ 

4?11.119 
1'1/i15 

RI? 
114R 

L1~'i1i3 

09~111i 

~'i5Iq 

4113'1 
59~~93 

0f)RI1 
I 1 4~ 

?(,)OI 
1if)141 

3(')91.,64 

11.11?R 
57 4~'; 

7'1?~49 

??I"lt)? 
15?1 
?7?7 

79/iQR 
1?~?4L1 

144131 
71011, 

I()O~3"1 

?11R'i 
1<')14 
1?1~ 

IOI"'? 
347939 

Tt"l T I. r.'" ST 

1'11.ll3~ 

911"l1 
1?51,71 

171.17<; 
154'11 
1~nr) 

57.ll11 
?lif)l"ll')r') 

1~f,?44 

1'1?~4 

?t.,l,e19 
1.~'i?1 

<; 1 1 
4411"l 

?1,71,1 
"7"i1.,1"l1"l 

"1'1,")11 
1f)I.,I,R 

4?':\419 
1'11,1<; 

~1? 

11L1~ 

4?'i1i1 
?~?111, 

?'i59~3 

411'35 
59~~9 1 

?f)Rl1 

71f)1 
5~1~ 

Iil"l1L11 
1f)Q1.,1;4 

?'1 L111~ 

57/I?A 
7'1?~L19 

"?f)';? 

15?1 
1,71,7 

791,9R 
1?R?44 

11R111"l 
71fl11i 

1nn~3~1 

?11~5 

1914 
53'11 

lrl13tl? 
14H19 

D-19
 



19R .... 
SPI\~E:S ~O5~9~ 17~~1,2 3~.ll1"0 

~;\I"'1I\I\JT 0 '10130 q031() 
13F'F'rvt 1\ 1"1 T 0 1~47114 l?il713.ll 

. PIV"'1GT 0 ~.ll7~9 ~47~.q 

SUPP0RT 7093 "39~ q4R5 
TRI\I"lI"lG 4539 .lll')q 5 ~1,~5 

TEC41)I\TI\ I) 1 ~5'1,1 1?0:;,1;1 
F' I\C It IT IE S 0 31,~I:lIO:; 11,~~15 

19~5 

SPI\RES ?1~177 ~15'13n /l1L1ln7 
0"1"'1AINT 0 I09AI~ 10qlll~ 

0F"F'rvtAI\JT 0 15lnt,t,~ I 0:;1 nl,t," 
I"lV"1GT 0 1104~ 1104" 
SUPP(3 RT . 7q'14 1 /I ilq ')1/11 
TR~I"II\JG 4RI? 505~ Q~1,4 

TEC4DATA n I 0:; I'~ 0:; /I 15.1 q5/1 
F"I\CILITIF:S 0 4nO:;QI:ln 4nO:;QRO 

19~" 
SPI\RES 3nl,~~ ~1?Qn? ?1,15R1 
~"I""I\I'JT 0 IIRnlR Itt~0IR 

0F'F""'1I\I\JT 0 11,?91"l5 11,~9395 

II\lV'1GT n ·15n.?0:; 10:;"~5 

SUPP;' RT 0 10:;1,1 151, 3 
TRI\ 1\J I"lG 0 5355 5155 
TEC"iDATI\ n 1 (,37RQ 11,17QQ 
F' 1\ C1'_ 1T I ES I') 41n119 41011Q 

19~7 

SPI\RES 15775 "5113~ ?~1,907 

0N:'>1I\PH O· I ?7 ~5t, 1?7~0:;1, 

~F"F"MI\I"lT n 170:;1.')17 1751,917 
INV"1GT n 371 ?I, , 171?1, 
SIJPPr-,RT 0 II,Q5 II,~O:; 

TRI\I"lI\JG 0 51,77 51;77 
TEC"iDATI\ 0 171,1,10 171,1,10 
F'I\CIL 1TIES n 45~15Q 451,15Q 

19~~ 

SPI\RF::S 35459 ?7071? 1nl,171 
0'J"1AI'JT 0 137177 137177 
13F'F''1AI''lT 0 IR91919 IR91919 
I "I V"'1 GT n 1915/1 1C)1')/I 
SIJPP~RT n 1R II, I~II, 

TRAI'JI'JG n 1,1')17 (,1)17 
TEC4DI\TI\ 0 19017Q IQI')179 
F'I\CIL 1TIES f) 4R10:;~q /l1:l10:;?Q 

D0 Y0U WI\'JT T~ RU"I 1\'J0T4F:R CASE (TYPJO: YES '1R 1\J1) ? "1"1 
ST0P 
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ATTACHMENT B 

TYPICAL DATA FIlE FOR "TEST"CAS 

74/r')':2,/:-»4. I~,01~.?7. 

P~-:'G~'\"1 Tf-Sf 

II') T~:sr O.'H~ FlU;:
 
?O F'dC()S ll"lr')f)('). '~I'C"c;"l()I"lI"l.
 

:11") ~\,-C"~S 'i1")1)()1"l. ''\LC~~ ?C,(')I"lr'l.
 
40 ~M1D~ 4 ~~~T~ ?
 
SO U~:C:T'~J~tCS F"IIC ~I"l('l ...-"1 r·w
 
'" () F' ~"1 ~ .? '') jO') '-14 • ") if I)"'" r; ().
 
70 I"lllTC'\f0{ F".Jr. ?'1n. ;;"'.IIr'':I.:'
 

~n F'~"14 ."l ~0"14 ? ~o~c ?5.
 

~'1C"'S TV')('). 
'\~~r."S I "'l(')I"\I"l. 

I I"l')r'l. q·,'f 0';. 

F' r. "" \I I) • ('1"'1 
In(''!i'). IOI"T .~. 

~r.1\f0 .nl 
91) C)\ffK~I~ ;;-UC ')(). ft"1['1"- 1 "'ll"ln". ~I"'r 1. 
100 ~~"1u .?'1 ~O"1U .7") ~n"1C ~. ;-r.~\fO .1")1 

1 10 !\ ,\I T F.: \J \J 4 i" I r. (') • F vi T::)i4 S I") n f'l 0 • .. t·' Tn. 
1~'1 i'~V14 ~~.F'f)""q '). "J)'Ac')n. IOr'l\Jf) n. 
I '30 ·l(....,TT'~ F"lle ?~'l. I4"1T"jO IJI"l(V1. q,'f o. 
I 4 n 14 ~"., q ') • .. n\1 '-/ 0. ,;'1)"1 r: ') f"l. .. r.~ \F'l • I 
1';0 ~~C'J"'? ~-'H~ ?I")f"l ;;"1T.l;; II/lOn. i'l,"f f"l" 
1~0 ;;~"1~ O. 10:1"11-1 ? i<11v1C ;>')0 "r1\11) • 1 

17(1 '.1GI(~ Io-'JC ?f"lf"l. ftVlTol ..- 1J()f"ln. \,-t"T n. 
I~H1 F'~Vl4 '). 1Ot)"1~ 1. ,..r)"lC 7,. IOC1\,11) • I 
,qn ~IT fLJ~ ;>no ;;"1F~~' 4nn0. :':'r ,. 
?OO ;;-,~"1U 1'). ;;1)"14 I. ;;"')V1C 0('). F'C""\lf) • 1 
300 \1"111)'_ I.l "l'\\lfI_ t') 

3 I 0 I~ ~ r. fi-\ '" \I I C S ;;, J(~ ") f) () • '.'1 f q F' .~ n n • 1_\.' r 1 S. 
3~0 ,~~"1u .;>'1 Lt)"1'~ • S UyJlC n. 1~r,1\1',) • f"lnl 
:l30 I\I')TC~T1q l~:IC '1f"l. '."1T:l,;" I ('f"ln. l.t·T ? 

340 U~"1~ I. I.0 V1 4 ?. Li)"IC 1 n. LC1\!f) • rl1 
:l')1) C1"lT'n'_ l~:,'r. Sn. 1."n Q ;; 1 nnf"ln. l~I,,'T • "l 
31, 0 L ~,\14 • "l '- f) "I 4 • 7 r:; ,_ f) "I C "). '. C1.\1 ') • I') 1 
:nn :'\\lTto:~"l'\ UJe I). L"IT~" 'i01n'1. '_',,;T1. 
]~() L~"'4 

391') X"1rr·< 
400 L~""4 

41 (') RCv!..( 
4~() U~"I4 

? lJI"1'-f n. U)"IC 'if). '.r.'~\I.) n. 
U.J~ I~"l. '~"1rj.1j;" ;>n(')r'). I_~,'t n. 

I). U)"1L.{ '>. LI')V1C '1n. '~~~\JI) .1 
'~l JCIt') c; .V-1T n.:< ? '1 n I) • ,_ ~.: T I') • 

I). '_1)"1 4 1. S '_l)""'r. In. ,~C.,,\J!) .1 
430 '~,)GIC UJr~ 1?'1. 1~"1F'l~ '>'1')1). U,'T n • 
.II LJ I) ,_ ~~ "" 4 I). L' ) ...., q 1 • ,_ ilY'l r. s n • 1J~'" \1 f) • 1 
4';I)'HT UIC 10C;. '~"1Ti'iF' ~:l')nf). '-i·'T n. 
4(1) LR"14 o. '_f1"14 1. l.i),"1C '~n. '_C'-'\1D .1 
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600 ~~0D£ ~ ~~~rF. 1
 
[,10 1.F:CT'~iJ"HCS iO'/C 17'). F'··1fC~i' t'H)n. E\!)T ').
 
6~O E~~~ .~5 F:O~4 .~ F~~cn. EC~~O .n~1
 

630 I \j/J I GATC}-? F:'JC n. EMTlliO t f). F: 1 f) ~""IT n.
 
640 ~~i~"'1-1 I). F:OM4 n. ;;_~D""'C n. ~r.l\jJ) o.
 
650 C0\1T~!JL ~!JC ?s. E....,T~101 nnnn. r;"~"T • ')
 
660 E RVI Y • 7 ') F: f) ~ L.{ 1. F [)...., C ~ • F. C!1 \10 • n 1
 
f,7n ~\JTF:\J·\jc\ i<:'JC 1'). ~'J\P~fO ')1") Qrv"'l. E\o.IT n.
 
6~O E~""'~ 2. ED~L.{ n. E~""'C ~~. r;"C0\jD n.
 
(,90 XVlITn:~ ~·l~. 1 ()'). E'.,n QIO ?nnn. nT 1.
 
7()O ~~VlI-I O. EI)"11-{ ? ED"1Cll'). FCT\Jf) • t
 
710 ;~Cv:~ €:UC '75. F."1P~;:;~nr)('l. F:VT 1;).
 

T::'~O ".:~'''''L.{ n. F.I)...,,,,, r;). ~\)"1C .~(). FC1\j1) • 1
 
~OO C~DIO 1()oon. CI\!)I~ '1f")f)r'). ct\i);;: ?')f).
 

'11 () CJO;:" 1nnn. C1DL ')()f). C')f)r;" 1;)').
 

~~O PPF ~'). PP~ r;)~. nPE 5. 
,n n T PF 1 " (1 • T PI_ t '? ') • T P F 1~ (1. 

~40\lB!)F ')1").\j::'!f)1_ ?5. \j~[W ~. 

~')o \jf)i)~-t()n. \jDf)l_ 75. !\Jf)f)E ~'). 
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ATTACHMENT C 

TYPICAL USER FIIE FOR "USE" CATEGORY 

74/0~/26. 16017d~1. 

PR~GRIV'" USE 

10 US!:: D~TA fOILF: 
20 F:IC0S 5000. LtCnS 250n. F:IC1~ Inon. 
30 RIC0S ~OOO~ LRC~S 50no. !::R~~~ pnnn. 
40 197~ ~AC 5000 ~R~S 50 ~~~P 

50 1979 NAC 5100 ~gAS ~O ~D~P 

60 19~O ~AC 5200 NRAS 50 ~DEP 

70 19~1 ~AC 53nn ~8AS ~n ~OEP 

~O 1982 ~AC 5400 ~8AS ~O ~D~P 

90 19R3 N~C 5500 ~gAS 50 ~D~P 1 
100 19~4 ~AC 5600 N8AS 50 ~D~P 1 
110 19~5 ~AC 5700 ~~AS 50 ~O~P ? 
120 19~~ ~AC ~~OO ~RAS ~O ~n~p ~ 

-130 19R7 'lAC 5900 'JRt\S ~O ~I')EP p 
140 19RR ~AC ~OOO 'JQAS ~O NDEP p 
150 'lR!\C 4900 IT R ~ 1. I r:) 1 .1 P:HY ~"nn. 

160 ATE .9 
170 DRCT 2. 
lRO RRCT .13 
190 A4R ~O. 

200 PHR 100. 
?10 SUI' o. 
220 RL R 1n. 
230 S4C .31 
240 I)U~ 1 '). 
250 ~HSE o. 
260 RT S t 1. 
270 RrSC 1. 
2~0 ~TS" 1. 
?9 0 I AC 105. 
300 DU~ .95 
310 SA 12. 
3?0 OAA 1~0. 

330 TC8 1(,00. 
340 Teo 1"00. 
350 PNIR 1~~O. 

36 0 PM D 17 R~ • 
370 'JR • OR 
3RO fOR .24 
390 <;R .25 
400 TR .16 
410 TRR .33 
420 TRa • 1~ 

425 TD 1"0. 
430 rIR 5000. 
440 rID 10000. 

D-23 



ATTACHMENT D 

LIFE CYCIE	 COOT IDt'JEL PROORAM 
CAS COOT 

LN~
 

10 P~0GR~"1 C~SC1ST Cl\JPIJT,1IJTP'JT,T~P~",TAP"=1)
 

20 DIII.1EI\lSI01\1 I\IYR(I~),'\I~C(I~),I\I!=l!\C:;(I?),''lI)F.P(I?), I\r.'1C;(I?), TC1C:;C1")
 
30 IJPIIE\JSI01\l I'!JC(25),I'''1Tt~I'(t,:>5),iq,JT(?5),I'R'v1I.1(?')),1'1)~4(''5),I'I)''''r.(?5),
 

31.F.C0I\lD(25),LUC(25),EIJC(25),TC:;P~F.(~5),TSP~l("5),TC;P~~(?5) 

40 DIII.1EI\ISI0'l LII.1T8F("5),E~T!=lF(?5),lWT(?5),F~T(~5),l~""I.I(?')),~q""I.I("5), 

41+LD"1~(25),F.DII.1Y(25),LI)"1C(?5),Ef1"1C(~5),LC0\J~(?5),~C~\J1)(~5),QF(ln), 

42. ~L ( I 0) , A". ( I ()) , t\ ~ ( 15) , 'l RC,., S ( I I , ~ ) , ~I_ r.'1 S ( I I , ~ ) ,\t. C1 C; ( I ?) , ~T S ( 4 ) 
50 REA'_ UJC'3 S, 1_ IC1 $, 14!~C0 S, L!\, I C~ S, UJC, ,_ 'IIlT~F, '_"'T, ,_ ~'v1I.1, ,_ [)'v1I.1, I_I)""C 
60 RE~'_ LC0,'l[), I!\C,'\I~C0S,LC0S,I_I,I4? 

61 RE~l I\lRDF,\J8DL,'lRDE,I\lDDF,'lD~L,'lDOF 

62 DI"1E\JSI0'l T'lRC'~S(I~),TR14C~S(I?),n.'_C0S(I") 

63 DI~E'\ISI~1\l CRFT(I~) 

70 53 PRI'lT, *-------C~S L TP: CYCI_I\ CI;JST F\}tI,l_'I''lTT1'l-------'" 
~O P~II\IT,* SYSTEM., 
90 RE!\[), SFILf. 
100 PRII\lT,. USER., 
110 RF.l\f1, IJF TI 4". 
120 Cl\lL G~T (5I.1TtI,PF~,c::;FILF,n,()) 

130 Cl\Ll_ GET (')4Tl\P;;:1,UFIU;,:,('),(n 
140 RF.:~D (2,) '_,'_,L,L 
150 ~F.:l\() (2,) L"_,r I IC0S,'_,'_'IC1S,'_,FiJC0S 
160 ~E!\O (~,) L,L,~Fr.0S,l,l\lC1S,L,l\F.C1S 

170 RE~D (3,) L,l,L,L 
IRO REl\D (3,) L,L,FIC1S,L,lTC1C:;,l,FIC~S 

190 ~El\D (3,) L,'_, RIC0S,I_,I.~C1C;,l.,ERC1C; 

~OO RE~D (3,) (L,'lYRn),I.,'ltI,CCl),,_,'IF~tI,S(T),I.,\Jf)"=PCT)'T=l,ll' 

210 DATtI, F~E"1 1.I/,X'4R'II/.~5/,XI\JF/.f)t,1 

220 REl\O (3,) L,L,\J'~·QC,I., I r,'_,"1,'., 1I,'.,Pf)TY 
230 IR~C='II~tI,C/IT 

240 PRI'lT,. YEAR !\CI) r.1ST (;il"1 C1sr I\JST C"IST C'I\.1 C"'ST" 
250 TC0S~=TC~SI=TC"'SL='II'll\r.T=TC1C;~=TC"'S\J=n 

260 R= ~,_ 1 G( XL R\J ) I ~I_ 1 G ( ? ()) 

270 FI=LI=EI=O 
2RO E~UIVA'-'~-:'lCE CI"I'(;0S,FI~), (L'IC1<:;,'_,,\), (~"C0<:;,FI\) 

290 tI,~OJf~F=~FCIS/? 5~"1T~I_=I\LC"'S/? 

300 t1,"10RE=AEC1S/2. 
31 () D0 I I = I , 1 I 
320 ~C0S(T)=IC1S(I)=O 

330 'l1\l~C='ll\C(T)-\J\J!\CT-'l~I\r. 

335 C~FT(I)=\JI\C(T)-I\lR~C*(TT-I)/TT 

336 IFCl.GT. IT)Cf~l'r(1)='l~c(n 

337 IF.(I.GT.TT)IR~c=n 

340 F=I\JT(~*ql*(TRAC.I\l'l~C)).1 

350 L=I'lT(Q.(I-QI)*(I-FRF."1).(TR~C.'ll\ltl,C)).1 

360 E=INT(Q.(I-QI).~RE~.(IR~C+'l'l~C)).1 
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370 F"?=j;'1+F" 
360 L2=L 1+1
390 E2=E 1+~ 

~00IFCF1.GT.pgTY) G0T1 ~ 

~10 IFCF"?.GT.P1TY) G0T~ 3 
~20 XDUM=FA*CF~**Cq+l)-Fl**Cq+l»/C~*Cq+l» 

~30 G~T0 ~ 

~~O 3 XDU~=~A*CCPQTY**Cq+l)-~I*~Cq+I»/C~+I)+C~~-POTV)*CpqTY**q»,~ 

~50 G0T0 .4 
460 2 XDU~=~A*CPQTY~*~) 

470 .4 I~CI.GT.~) G1T1 5
 
4~0 XDIJ."1=)(DU'1+I\"1:l~~/F
 

490 5I\C~SCI)=4C0SCI)+~*)(DUM
 

500 IFC'~I.GT.PQTY) G0T'1 4
 
~10 IFCL2.GT.P0TY) G1T0 7
 
520 XDU~=LA*CL~**Cq+l)-l-l**C~+I»/CL*Cq+l»
 
530 G0T~ R
 
540 7 XDU~=LI\*CCpnTY**C~+I)-Ll**C~+I»'Cq+I)+CL?-D~TY)*(P0TV**~»'L
 

550 G0H R
 
560 6 XDU~=LA*CPQTY**R)
 

570 R IFCI.GT.?) G~T0. q
 

5~0 XDU"1=XDU"1+A~0~L/L
 

590 9 AC:JSCl)=I\C:1SCl>+L*XI)IJM
 
600 IFCEI.GT.P8TY) G1T0 10
 
610 IFC~?.GT.P~TY) G~T' 11
 
620 XD1JM=EI\*CF:~*"'CR+I)-F:I**CR+I»/CF*Cq+I»
 

630 GCH0 1~
 

640 11 XOUM=EA*CCpnTY~*Cq+I'-El**CR+I»/Cq+I)+(~?-P~Tv'*(PqTY**q»,~
 

650 G0TO 12
 
660 10 XDUNI=F:I\* CPQTY**~)
 

670 1~ IFCI.GT.2) G1T1 11
 
6~0 XDU'''1=XDIJ''1+I\''1I1RE/F.:
 
690 13 I.\C0SCl>=CI\C0SCl>+C;:*Xf)I/"1)*<CI+'(T\l;;")lc*<T-I))
 
700 TG0SI\=TCJSI\+~C1SCI)
 

7 I 0 I ~ CI •L "":. TT 1G~ T!1 I It
 
720 IRAC=O
 
730 14 IC0SCI1=~*CQ1*CIR~r,*RIr,0~+~~AC*~Tr,~S1+CI-qI1*CI-~D~M1*(TRAr.*
 

731+LRC0S+~~AC*LIC0S1+CI-QI1*~Q~M*CIRAC*ERr,~~+\l\lAr,*~Tr,~~»*(C 

732+1+XINF1**CI-l11 
740 TC0SI=TC0SI+IC~~CI1 

750 PKI\)T 901. \)YRCI1.I\C~SCT1.TC!1SI\.TC1SCI).Tr,1ST 

760 901 FJR~I\T CI5.4FI2.01 
770 Fl=F2 
780 Ll=L2 
790 El=E2 

'~OO 1 NNACT=\lNACT+\j\jAC 
~10 READ C2. 1 L.L.NM00~.L.NA\lTF 

~20 \)FM0D=N'1~OF+4 

R30 D0 15 1=1.\lF"'~D 

j:J40 REAO C2. 1 1~.I~.I~.~IJGCl>.,~.""1T8S;-CT1.I~.FI"TCl1 
8'50 READ C2.) '__ L.FRM\.fCI1.I_.FDM4Cl >'1..~I')Mr,Cl).I.• ~r,1\lI')CT1 

j:J51 15 C0NTl\lUE
 
860 READ C2.1 L.L.~N10DL.L.\)A\lTL
 

j:J70 NL'10D=NNl00L+4
 
680 00 16 1=I.NLM10
 
-.90 READ (2. 1 1.• L"~.LlJCCl>.'_.'~MTq~(l>'I_.U·ITCTl
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900 16 READ (2.) L.L.LR~4(t),L.LD~~(t),L,LO~~(t),L,LC'~O(') 

910 ~E~0(2.) L.L.~~~DE~L,~n~T~ 

920 ~f-~00=~~~DE+4 

930 00 11 I=I.~E~0D 

940 RE40 (2.) L.L.'_.~UC({).I_.E"1TI'!J;"<t>"_.~I>}T(t> 

950 11 ~F.:~O (2.) L"_,~R""\.l<l),L.ED~4(t>.'_.F:O""~(T).'_'~~"'~On) 
960 RE:~D (2.)(L.L."F'(t).L.~L<t),1_,""-(I),t=1,1,) 

9RO EqUIVALE~CF. (~F'(I).C~DF'). (~L(I).C4DL),(~E(I).C~O~l.("F'(?l.C"'OJ;"l,( 

981 +l\L (2). C0 DL ) ,( ~E (?) • C~ DE). (/'IF' (1) , PPF'). ("1_ ( 1) , pDL ) • ( 1'l"- ( 1) , PP~ l , ( .'\J;" ( ill , 
9R2+TPF'). (~'- (4). TPL l, (~F.:( 4). TPF. >. (~F' (5) ,~qO"', (l\I_ (5) ,~~I')L), (4F. (')l, 
9R3+'II~OE). (l\F'(6).~0i)F').(l\I_(6).~[)DL),(l\F.(1,),'J0/)!\) 

990 RE~O (3.)(L.L.4~<T>.t=1,3'1) 

1000 EQUIV~LE~CE (AR(I).l\TE),(~~(?)./)RCT),(/'I~(1),RRr.T).(l\R(il),l\4R"( 

I 00 I +~ R(';) , P4~). (~R ( (, ) • SUF' ) • ( l\ ~ (1) , RI_ ~), (l\ \~ un, '54C'. (l\ I? (q 1 , OL ~). (l\ I? ( 

1002+ 10 ) • RT S ( 1 ) ) , (l\ R(I I ). RT S ( ?) ). (1\ R( 1?) , RT'5 ( 1 ) ) • ( i\ R( 1:n , RTc:; ( 4 l ) , (1\ R 
1003+ ( I 4). t l\ C). (l\ R( I ') ) • Oil ~ ). (1\ R( II, ) • S l\ ). (1\ R( , 1 ) ~r) l\ 4 l. (l\IH 1~ ) • Tr. q) , ( 
I 004+~ R( I 9 ) • TeD). (~R ( ? f) ). P"" R l. (l\ ~ ( ? 1 ) , P"10 ). (l\ R( ? ~ l • '" R) •. ( '\ ~ ( ?1 >. .. R' , 
1005+(AR(?4).SR).(I\R(?5),TR).(l\R(?l,l,TRRl.(l\R(?1).T~Dl.(l\R(?q),TOl, 

1006+(~R(29).F'Ig).(~~(10).F'tD) 

1009 PRPH.* *
 
1010 PRPH .... Y':~~ \Ir~F:~ L~'1ST ~F:C U:"'ST T''lT U:"1C:;T C1JVI U:"'c:;T ....
 
I 0 I 5 ~ SU PF'=~ SIJ p,_=~ SUPF.='IIPERC:;= f')
 
1020 F'''''TAF'(4)=F'''''T8F'(4)/~~\ITF' 

1021 F'~ILF'=F'4ILL=F'I\ILF.:=f). 

1022 00 4(, 1(=2.4 
1023 F'~ILF'=~AI'-F'+l/F'''''TRF'(I() 
1024 F'~ILL=F'l\TLL+I/L""TI'!F'(I() 

1025 46 F'~tLE=F'AILE+I/E""TRF'(I() 

10 30 L~T qF' (4) =L""I TRF' (4 ) /~ l\~ TL 
1040 E~TBF'(4)=E""T~F'(4)/~l\~TE 

1042 D0 21 1(=1.25 
1044 21 TSPRF'(I()=TSPRt(I()=TSPR"-(l.(l=O
 
1050 00 IR 1=1.11
 
1060 "11'11SPq=\IRl\C:;(I)
 
1010 ~I~SPD=NDEP(I)
 

1012 T'IIRC0S( I )=TRLC0S( t )=1') 
10RO tF'(UF'ILf-.EQ.34GE~)RTC:;(I)=F'L1AT(\I/)F:P(I»/F'L"'i\T(\lql\c:;(t» 

1090 PF'0H=PH~*CRF'T(t) 

1100 TF'0\.l=12.~HRo4oCRF'T(t)
 

II 10 D0 19 ,J= I. R
 
1120 19 NRCelS<t.,J)=R'_C0S<l •. J)=1')
 
II 30 /)0 20 I( = I • 4
 
II 40 ~OU"'1= PF'~404of)*Q1*(/)t~r.T. (1- RTS (I(» +RR~T*'HC:;(I() ) /J;"'IIl Tq. PO +<;I,F'''
 

1141+SqRT(PF'~4*Q*~I""(ORCT*(I-QTC:;(~)l+RR~To4oRT~(~)l/F'~Tq"(~)l
 

1150 IF'(~OU~.LT.~I\lSPR) ~OIl""="1T\lSPl:l 

1155 IF' (~I. E0. O. )i'IIDIJ~=O
 

1160 ~SPRF'='IIOU~-TSP~"(l(l
 

1110 TSPRF'(I()=NOU~
 

II 80~DUtI.1=PF'01.""r~*( 1- Q 1'* ( 1-F'R~~ '* (DRCTH I - RT c:; (~» +RRr.T*RTS (I() 1/I."1TR. (!.()
 

1181++SUF'*SQRT(PF'04*q*(I-ql)*(1-F'R~M)*(OR~T*(1-RTC:;(I(»+RR~T*RTS(l(l~
 
1182+/L~TRF'(I(»
 

1190 IF'(NOU~.LT."1t~SPA) \lOU~=~I~~pq 

I 195 IF' « Q I • Po Q. I • ) • 0 R. (~RE"t. EQ. I • ) )IIIDU~= 0 
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1200 NSPRL=~DUM-TSPRLC~)
 

1210 TSPRLC~)=NDU~
 

1220 ~DU~=P~~4*Q*CI-QI)*~R~~*CDRCT*CI-RTSC~»+~qCT.qTSC~»1~~Tq~C~)+
 

1221+SU~*SQRTCP~04*Q*CI-Qt)*~~~~*CDqCT*CI-RT~C~»+qR~T~RTSC~»/~~Tq~C~»
 

1230 I~CI\IDU~.LT.~t~SPI1) ~DIJ""=~tI\lSPR .
 
1235 t~ CCQ t. EQ. I. ). ~R. C~~IO.:"'. 1':'). n. ) ),!I)IJ~=I')
 

12040 /'oJ SPRE=\IDIJ"1- TSPRE (\0
 
1250 TSPRECK)=NDU'"
 
1260 I\IRC0SCI, t )=~RC~SC t, I )+~SPRF'*~OCC\.()+~SPRI.,.*VI~C\'()+I\ISPRIO:-~lJeC\,()
 

127 () 'J( DU""= T~211·1* ~* CQt *~U CC\.( H~ C~\J n C\.( ) 1 ~~P:j~ C!( )+ Ct - f.) I ) *' .. ,e Ck') _1_ e'1",n C\.( '\
 
127 1+* CI - ~ RPI ) IL "1P~F" C~ ) ... C1- Q I HI' RF:"1"'~lJe C\.( H F:C(lI/'oJ f) C~ ) 11':"1 TI=l~ C~ ) )
 
12~0 20 RLC0SCt. t)=RLC0SCt. t)+XDUM
 
1290 00 22 ~=5.~F"~0D
 

1300 /'oJDUM= PF"0H*Q*~ I • I1RCT n"1T qJ;' C~) +g'J~* Sr:)RT CPIO'(J4.r')1r ') 1* RRr.T IIO'''1TRJ;' cin )
 
1310 IF"C\lDUM.LT.Mt~SPD)\lOU~=~TI\ISPD
 

1315 IF"CQI.Eq.rh )~OU"'=O
 

1320 \lSPRF"=~DUM-TSPRF"C~) ~
 

1330 T5PRF"C~)=\IDU"1
 

13040 XO\J~=TF"(34*Q*'H .F"tJC C~ ,*~C0NnC~) 1~~Tl~F" C~)
 

1350 ~RC~SCt.t)=~RC~SCt.I)+\ISPRF"*~UCC\.()
 

1360 22 RLC0SCI, I )=RLC0SCI. t )+XD'J~
 

1370 D0 23 ~=5.NL~~n
 

13RO NOU~ =PI' ~4*O* C1- r.ll '* CI - I' RF."1 H I1RCT II.~T q;; C!() +SU~ *S'1RTC P~"'''·H,t:) ... Ct 

I 3RI +Q I ) * CI - I' R~ ,...., '* qRCTIL "1 TF.lq \.( ) )
 
1390 IF"CNDUM.LT."'I\lSPD)~DU"1="1I\lSPD
 

1395 I I' CCQ I. EQ. I. ).0 R. CF" RE"1. Eg. I. ) )l\In I J"1=n
 
10400 NSPRL="WU'''1-TSPR'_C~)
 

10410 TSPRLCK)=I\IDIJ~
 

10420 'J(DU"1=TF"~4.Q*Ct-~I)*Cl-IO'RE"1)*LUCC~)~LC'\IDC~)/L"1TR~C\.()
 

10430 NRC0SCI. t )=\IRC0SCI. I )+'\J~PR1_-L!.JCC\,()
 
10440 23 RLC0SCI. t )=RLC1SCI. t )+X!)')"1
 
1450 D~ ~4 ~=5.I\I~M1D
 

10460 I\IDU~=PF"04*~*Ct-QI)*F"RE~*RqCT/~""TR~C~)+S~~.S'1qTCPIO'14*'1*Ct-t:)I).
 

1461+F"REM*RRCT/E....,TR~C\.(» 

10470 I F" CI\IDU~.L T. ~ P.JSPD P.JDIJ~=!'JI T\I SPD 
1475 IF"CCQI.I':I:).I. ).0R. CF"~E"1.F.Q.n. »l\Il) l lM=n 
10480 I\ISPRE=NDU""-TSPREC~) 

10490 TSPREC~)=\IDU"" 

1500 'J(DU~=TF"04*Q*CI-QI)*~~E"1*EUCC!().F"C~\lDC\.()/~...,TRF"C~)
 

1510 NRC0SCI. })=\IRC2ISCI. I )+\ISPRF:-S;:'JCC\.()
 
1520 24 RLC'~SCI. t )=RLC0SCI. t )+'(I)U"1
 
1530 NRC0SCI. I )=\IRC3SC I. I HC C\+XI\lF"H*CI-I»
 
15040 RLC2ISCI. })=RLC0SCI.I).CC!+'l(I\lF") •• CI-}» 
1550 DIME\lSI01\1 L\lAMF.C~) 

1560 DATA CLNA""ECI).I=I.~)/~4SP~Rf-S.74~~"1AI~T.~4~1O'~"1~T"'T.~4TI\IV"'r,T. 

1561+7HSUPP0RT.~4TRAI\lI~G.~4T~C40AT~. I041O'~CIL!TTF.~1 

1510 00 25 K=I.4 
1580 'J(DU~=TF"04.Q.CQI.F"R~4C~)/F""'TRfC\'()+Cl-nlr~CI-IO'R~"1)·LR~4C~)I 

1581+LMT8F"CK)+CI-Q\).~RE"1.ER""'4C~)/E~TqfC~»*~LR 

1590 25 RLC0SCI.2)=RLC~SCI.2)+'J(DU"1 
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1600 RLC0S( t. 2)= RLC2I S( t. 2)* « 1+'<I~I:' H* (I -1)
 
1610 D~ 26 ~=1.~~M0D
 

1620 1~(~.GT.4)G~T~ P.7
 
16 30 '<DUM=T~~,",*Q* ~ 1* (!='D"11-{ (I( l* (RT S (I( H RL ~+ ( 1- RT c; (~) HOt R)+1:'1")""1C (Io()+
 
1631+1.125*S,",C*~WT(~)*(~*(1-~Tc;(~»*(1~!='C1~D(~»+~C1~1") (K)))I
 

16 32+~MT 8~ (~)
 
1640 G0T0 26 .
 
1650 27 XDU"1=T~0,",*~*Ql*(~OM,",(~)*OtR+!='OMC(~))/I:'''1Tq~(~)
 

1660 26 RLC0SCI.3)=RLC~,)CI.3)+)(OU"1
 

1670 D0 28 ~=l.~L"1~D
 

1680 1~(~.GT.4)G0T~ 29
 
1690 XDU"1=T~~,",*Q*(1-QI)*(1-~R~"1)*(Ln"14(~)*(RTc;(~).~.R+(1-RTC;(~))*
 

1691 +DL R) +L D"1C (~) + 1• 125* S4C*U.rr (I() *C ~* ( 1- RT S (~) ) * ( 1-U~"'\JO (I() ) +
 
1692+LC0~D(~»)iLMT8~(l()
 

1700 G"'T0 28 
1710 29 )(DUM=T~04*Q*(1-ql)*(1-~RENl).(1.D""'4(1'(,*OLR+t-D"1C(I(»"_"1Tq~(l() 

1720 28 RLC'~S (1.3) =Rl_C0S (1.3) +)(DUM 
1730 00 30 ~=1.~F:M0D 

1740 1~(~.GT.4)G0T0 31 
1750 )(DU""=T~0,",*q*(1-Ql)*~RF:"".(F:n""14(~)*(RTS(I(~*qLR+(1-RTc;(I()* 

1751+DLR)+F:0"1C(~)+1.125*S,",C*~WT(I()*(2*(1-RTS(I(»*(1-~r."'\JI")(~»)+ 

1752+EC~~D(I(»)/ENlTq~(I() 

1760 G!H0 30
 
1770 31 )(DUM=T~0,",*g*(1-~1)*~RF:""*(F:D""1W(~)*OL~+l:'n""C(I(»)/~"1Tql:'(l()
 

1780 30 RLC~S(I. 3)=RLC0SCI. 3)+)(DU"1
 
17 90 RL C0 S ( I • 3) =RL C:) S ( t. 3"" ( ( 1+)( I '\J ~ ) ** ( t - 1 ) )
 
1800 PPPI=PPLR=PPEA=l.
 
1810 1~(~REM.EQ.O.)32.33
 

lB20 32 PPE=TPF:=PPF:R=O.
 
1830 33 1~(~RE""'.EQ.l.)34.3~
 

1840 34 PPL=TPL=PPLA=O.
 
1850 35 1~(Ql.E~.~.)36.37
 

1860 36 PP~=TP~=PP~A=f).
 

1870 37 r~(r;)1.Eqol.)3R.39
 

1880 38 PPL=TPL= PPL R= PPE=TPF:= PPEq=n.
 
1890 39 1!'(I.GT.l )40.41
 
1900 40 \JRC0S(I.4)=0.
 
1910 RLC" S (1.4) = I 4C* (PP~*PP~ R+ PPI. *PP'. q+PPF: *pp~q) +<;1\* (4* (PP~ q+PP1. P+
 
1911 +PPEq) *I\J RAS( I) + (TP~*PP~ q+TP'.*PP,. ~~+TP~.PPF:q)*~I")F:P( r ) )
 
1920 G0T0 42
 
1930 41 ~~C0SCI. 4)=14C*(PP~*PPF"R+PP,.*pp,_q+PPF..PPF:q)
 

1940 RLC0S (1.4) = S,,* (4* (PPF" A+PPI. R+ PPF: P)*\J fH\ ')(T ) +(TPF"*pp~n+TPt *PPI. P+
 
1941+TPE*PPER)*~DF:P(I» 

1950 42 ~_C0S(t.4)=R'-C1S(T.4)*«I+)(T~~)**(T-l») 

1960 XDU""1=PF"~4*q*~1*OUR*~D""4(1)/(F"~Tql:'(1)*~TI:'.D~~~\Jnl:'p(T)) 

1~70 ~DUM=I~T()(DUM)+l
 

1980 •I F" (\J 0 U""1 • t T.~ DE P ( I ) ) \J I)' 1"1 =\J nF: P ( r )
 
1985 1~(Ql.EI'}.O. )\JDIJ"1=(,)
 
1990 ~~DU~=~DUM-~SUP~
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2000 NSUPF'=r.JDU"'1 
2010 NRC0S(I.5)=N~DU~*CAD~
 

2020 R'-C~SCI. 5)=XDUI'II*C~DF'
 

2030 XDUf\II = P~"~*,)* ( 1- Q I ) 1< CI -~ REi'll hOUR*LO'lllY (I) i (V"'Tl=lcl"( I H I\T~*D~A"''\JI)F:P ( T ~ ~
 

2040 ~DU~=I~T(XDUI'II)+l
 
205'0 IF'(f\JDUIo1.LT.~DEP(n) '\JDIJf\II="JDEPCl)
 
2055 IF'((QI.EQ. I.).~R. (F'RF:'III.It~.l. »~I')Uf\II=O
 

2060 N~DUM=NDUiIo1-"SUPL
 

2070 ~SUPL='\JDU,\1
 

20~0 NRC0SCI.5)='\JRC'aSCI.5)+"J"JDlJlo1*C~1)1.
 

2090 RLC0S(I.5)=RLC~S(I.C;l+XI)U""*C~DL 

21 00 XDUM= PF'0~* Q* C1- Q t ) *F' KE\1 * I)lJ ~*c;: 1)"'1 ~ CI ) I (F."'1T I=l~ ( 1 ~ * AT~ * n A~ *"J nc;:_p ( T ~ ~ 

2110 ~DUM=I~TC.XDIJ"'1)+l .. 2120 IF' CNDUI'II.L T. !\JDEP( I) )'\Jf)lJ\1=!\JD~P(T ~
 

2125 IF' C(GIl. EQ •.I.) .~R. CF"RF.\1. Er:). O. ) )"JnUM=O
 
21 30 ~'\JDIJM=~DlJM-'\JSUPE I..
 

2140 NSUPE=NDU~
 

2 15 0 ~ RCel SCI. 5) = (I\J RC:3 SCI. ') +"J 'J QUi'll * C~I)I=: '* ((1+ '!C T'J~ ~ * ... ( T- 1 ~ ,
 
2160 RL Cf2l S ( I • ~) = O~,_ C0 S( I. ') + X01,l"'1*C":mF: '* C( I + X T'J~' * .. CT- 1) ~
 

2170 XDU\1=O
 
2180 00,43 ~=I.f\J~M0D
 

2190 IF'CCK.GT.l).AI\JD.(~.LT.5»G~T'41
 
2200 XDUM=XDU\1+TF'0~*Q*~I*F'0"'14(~~/CF'~Tq~(~)1<P\1D~ 

2210 43 C~~TI'JUE 

2220 D0 44 ~=I.~L\1~D 

2230 IF'CC~.GT.I).A'JD.C~.LT.5»G~T~44 
2240 XDUI'II=XDU"'1+TF'0~1<1*(1-11)*CI-~RF.:\1~*LI)...,~(~'/(L""T~F"C~~*P\1I') 

2250 44 C~NTI'\JUE 

2260 00 45 ~=I.~F.:\1~D 

~270 IF'( C~. GT. I). A·'\JI1. C~.L T. 5) )G"IH 45 
2280 XDUM=XDUM+TF'~~*Q*Cl-Qt)*F'RE""*EI)\1~(~)/CF:'IIITI=I~C~)*p""n~ 
2290 45 C0'\JTI'JUE 
2300 NDUM=INTCXDUM)+l 
2305 IF'(~DU\1.LT.'JD~P(I»'\JDU\1='JnF:P(I) 

231 0 NNDU:-'I='\JD'J~-,'\JPE~S 

2315 RLC0SCT.6)='JDUIo1*TRD*TCI)1<C(I+~I'JF')**(1-1» 

2320 ~P~RS=I\JOUI'II 

23~5 IF'(I.F:Q")RLC~SCI.,:,)=O. 

2330 NRC0S(I.6)='J'\JDU~*TCD*(CI+XI'\J~)**(1-1» 

2340 XDUM= (0 R+ F' R+ S~ l* (~1 * F' ~ It F' + ( 1- ') 1 ~ * ( I - ~ RF:"'1 ~ ... ~ ~ 11.1... + ( 1-1) 1 ~ * 
2341+F'RE""*F'AILE) 
2350 XDUIo1=CXDUM+C0R+F'R+S~+(I-~TS(1')*TR)*(~I/~""Tq~(1)+(I-1)1~*(1
2351+F'REIo1)/LMTR~CI)+(I-Ql)*F'RF:""/F.""TI=IF"(1»)*TF'A4*q*RL~ 

2360 RLC0SCI.7)=XDU\1*CCI+XI'\JF'l**(I-I)) 
2370 IIIRC0 SCI. 7) = TD* C~ ADF' to PPF' R+'\J RDL * PPt R+"J I=IDE*PPF: 1=1+"11)1')1'* pp~ R+ '1111 I)t *PPl. R 
2,371 ++NDDE*PPEA) 
2380 IF'CI.GT.I)NRC0S(I.7~=O. 

2390 RLC0S(I.R).(rIq*~Fl~SCI)+F'ID*'\JD~P(T»*((I+XIIIIF")*.CI-1» 
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2~OO 

2410 
2420 
2430 
24'!'O 
2450 
2470 
2475 
24~0 

2490 
2500 
2503 

·2504 
2505 
2510 
2515 
2520 
2525 
2530 
2540 
2545 
2550 
2560 
2570 
2580 
2590 
2600 
2610 
2620 
2630 
2640 
2650 
2660 
2670 
2680 
2690 
2700 
2710 
2720 
2730 

~YE 

00 ~7 J= 1. R
 
T'J Reel S Ct ) = T'J QC0 5 Ct ) +'J Rm 5 CI. J)
 

47 TRLC0SC I )=TRLCiJSC I )+f~C~SC I. ,j)
 
TLLC0SCI)=TN~caSCt)+TRLC~SCI)
 

TC0SL=TC0SL+TLLC3SC t)
 
18 PRI'JT 901. 'JYRct>'T''JRC~Sct).T~I~r.~SCT>.TU.r.''!scr>.TC'''<;'_
 

CLCC=TC0 SA=TC0SL= 0 
PRINT. '" '" 
PRI~T.* YE~R CAS C1ST CU~ C1ST 
01 4~ 1= 1• 1 1 
TLCC=TLLC0SCt>+ACASCI)+IC0SCI) 
TC0S~=TC1S~+~C0SCI) 

TC'3 SL = TC0.SL +TLL C0 SCI) 
XXX=100.TC0SL/CI*TC~S~) 

CL CC= CL CC+ Tt CC
 
XX=CLccicRfOrc I >
 
48 PRI'IIT 902.'JYRct).TLCC.CLCC.'l(X.'l(XX
 
PRINT.. *
 
902 fO~R~~T CI5.3fOI2.0.~t6.~)
 

PRINT•• DO Y0U WA'JTL0GISTtC SUPPA~T
 

PRI'JT.* TYPE YES ~R 'JJ*.
 
RE~O.~~
 

lfO~A~.'JE.14YES>G~T~ 50
 
PRI~T•• YEAR ELE~E'JT 'IIREC lC0ST
 
00 51 1=1.11
 
PRINT 903.'JYRCI)
 
9 0 3 F' 0 R"'1 AT ct 5 )
 
D0 52 J= t • 8
 
XX=N RC'i) SCI. J) + RL C0 5 ct. :.1)
 

C'1STS RRf~~n..,v'J qy y"~Q?'" 

52 PRII\IT 904.Li\I~"'1E(,J).'JRC1SCI•. ').I~I_C~SCI•. J).XX 
904 f00R~AT CAI5.1"1~.O)
 

51 C0"JTI'JIJF:
 
50 PRli\lT.* 00 YOlIJ '..!A'JT TA
 
~E~D.AA 

IF'CAA.I\IE.34YES)G0T", 9999 
REWI'\JD 2 
REWIND 3 
G0T0 53 
9999 ST0P 
EI\ID 

~IN j\''\J'1T,",ER CASE CTypr;- yr;-c; "lR i\I"!)i,. 
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APPENDIX E 

COMMON PARAMETERS AFFECTING
 

LIFE-CYCLE COSTS
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DABS LIFE CYCLE COST MLDEL PARAMETER SUMMARY - COMMON DATA 

C~RCIAL GENERAL 
ITEM VARIABLE DESCRIPTION CARRIER MILITARY AVIATION 

1 SFILE System File Name Input DABS DABS DABS 
DABSL DABSL DABSL 

2 UFILE User File Name Input COM MIL GEN 

3 FICOS Installation cost in new A/C of Type I 
Transponder 2536 ~/A 1112 

4 RICOS Retrofit cost of Type I Transponder 4227 N/A 1854 

5 LICOS Installation cost in new A/C of Type II 
Transponder N/A N/A Discrete 94 

LSI 55 

6 LRCOS Retrofit cost of Type II Transponder N/A N/A Discrete 157 
LSI 91 

7 EICOS Installation cost in new A/C of N/A 7377 N/A 
Military Modification 

t'l 
I 
tv 

8 ERCOS Retrofit cost of Military Modification N/A 5493 N/A 

9 NYR (I) Year I 1978 1978 1978 

10 NAC (I) Number of A/C in each user category in 
Year I 2693 19,501 173,500 

11 NBAS (I) Number of bases in each user category 
in Year I 15 166 146 

12 NDEP (I) Number of depots in each user category 
in Year I 3 8 5 

13 FREM Fraction of Military A/C with Modification N/A 1 N/A 

14 NRAC Number of A/C in each user category to 
be retrofitted 2560 19,345 167,800 

15 XLRN Learning curve parameter 

16 XINF Inflation parameter 0, .06, .1 0, .06, .1 0, .06, .1 

" l' 



c 

DABS LIFE CYCLE COST MODEL PARAMETER SUMMARY - COMMON DATA 

commercial GENERAL 
ITEM VARIABLE DESCRIPTION CARRIER MILITARY AVIATION 

17 IT Retrofit completion period 4 8 8 

18 Q Average number of DABS units per A/C in each 
user category 1 1 1 

19 Ql Fraction of A/C in each user category with 
Type I Transponder 1 N/A 0.05 

20 NMODF Number of modules in Type I Transponder 
principal electronics 

10 
N/A 10 

21 NMODL Number of modules in Type II Transponder 
principal electronics N/A N/A 6 

22 NMODE Number of modules in Military MOD principal. 
electronics N/A 2 N/A 

23 NANTF Number of antennas in Type I Transponder 
Configuration 2 N/A 2 

t'l 
I 

IN 

24 NANTL Number of antennas 
configuration 

in Type II Transponder 
N/A N/A 1 

25 NANTE Number of antennas 
configuration 

in Military Modification 
N/A 1 N/A 

26 FUC(4) Initial selling price of Type I capability 
antenna system (1) $63 $63 $63 

r 



DABS LIFE CYCLE COST MODEL PARAMETER SUMMARY - COMMON DATA 

COMMERCIAL GENERAL 
ITEM VARIABLE CARRIER MILITARY AVIATION 

27 LUC (4) Initial selling price of Type II capability 
antenna system (1) N/A $13 $13 

28 EVC (4) Initail selling price of military mod N/A N/A N/A 
antenna system (1) 

29 FMTBF ( 4) MTBF of Type I capability antenna 
system (1) 50,000 hours 50,000 hours 50,000 hours 

30 LMTBF (4) MTBF of Type II Capability antenna 
system (1) N/A 50,000 hours 50,000 hours 

31 EMTBF MTBF of military mod antenna system (1) N/A N/A N/A 

32 FRMH (l) Average time to remove and replace Type I .25 hours .25 hours .25 hours 
capability principal electronics 

33 LRMH (l) Average time to remove and replace Type II 
capability principal electronics .5 hours .5 hours .5 hours 

M 
I 
~ 

34 FRMH (2) Average time 
IPC Display 

to remove and replace Type I 
.5 hours .5 hours .5 hours 

,

,. .(; 



L ". " 

DABS LIFE CYCLE COST MODEL PARAMETER SUMMARY - COMMON DATA 

COMMERCIAL GENREAL 
ITEM VARIABLE DESCRIPTION CARRIER MILITARY AVIATION 

35 FRMH (4) Average time for on A/C repair of Type I 
capability antenna system 2 hours 2· hours 2 hours 

36 LRMH (4) Average time for on A/C repair of Type II 
capability antenna system .25 hours .25 hours .25 hours 

37 FCOND (1) Fraction of Type I capability principal 
electroniqs failures resulting in 
condemnations .001 N/A .001 

38 LCOND (1) Fraction of Type II capability principal 
electronics failures resulting in 
condemnations N/A N/A .001 

39 ECOND (1) Fraction of military mod capability 
principal electronics failures resulting 
in condemnations N/A .001 N/A 

40 FCOND (2) Fraction of Type .1 capability IPC Display 
t>l 
I indicator failures resulting in condemnations .01 .01 .01 

l{l 
41 FCOND (4) Fraction of Type I capability antenna 

system failures resulting in condemnations 1 N/A 1 

42 LCOND (4) Fraction of Type II capability antenna 
system failures reSUlting in condemnations N/A N/A I" 

43 ECOND (4) Fraction of military mod capability r 
antenna system failures resulting in 
condemnations N/A N/A N/A 



DABS LIFE CYCLE COST MODEL PARAMETER SUMMARY - COMMON DATA 

COMMERCIAL GENERAL 
ITEM VARIABLE DESCRIPTION CARRIER MILITARY AVIATION 

44 CODF Annual operating cost rate of special 
support equipment for Type I capability $1058 $1058 $1058 

45 CODL Annual operating cost rate of special 
support equipment for Type II capability N/A $ 529 $ 529 

46 CODE Annual operating cost rate of special 
support equipment for military mod capability N/A $529 N/A 

47 FIBF Base facilities costs for Type I N/A $ 529 N/A 

48 FIBL Base facilities costs for ·HL MOD DABS N/A $ 529 N/A 

49 FIDF Depot facilities costs for Type I $529 N/A N/A 

50 FIDL Depot facilities costs for 'tIL MOD DABS N/A $100,000 0 N/A 

l:':I 
1 

0'1 

51 

52 

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 

53 BRCT Average base level response time 
for each user category 

(pipeline) 
0.1 months 0.33 months 0.1 months 

54 AHR Average flight hours per month for each 
user category 238 hours 

r 

80 hours 17.3 hours 

55 PHR Peak flight hours per month 
category 

for· each user 
298 hours 100 hours 20 hours 

56 SUF Spares sufficiency factor 
deviations from mean) 

(standard 
o 1.65 o 

57 BLR Base labor rate for each user category 22.29 13.00 16.28 

58 SHC Shipping costs per lb. for each user category .35 .35 .35 

39 DLR Depot labor rate for each user category 22.29 15.80 17.90 

f.~ ~. o 
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DABS LIFE CYCLE COST MODEL PARAMETER SUMMARY - COMMON DATA 

ITEM VARIABLE DESCRIPTION 
COMMERCIAL 

CARRIER MILITARY 
GENERAL 

AVIATION 

60 RTS Fraction of maintenance actions repaired 
at base level for each user category 

Electronics = 0 
Indicator = 1 
Antenna = 1 

Electronics = a 
Indicator = 1 
Antenna = 1 

Electronics = 0.2 
Indicator = 1 
Antenna = 1 

61 lAC Cost of introducing and maintaining 
each new inventory coded item for user 
category $16 $990. N/A 

62 DUR Support equipment utilization factor for 
each user category 3 3 3 

63 SA Annual supply management cost for each 
inventory coded item for each user category $6.35 $i2.72 N/A 

64 OM Support equipment time available per month 
for each user category 160 hours 160 hours 160 hours 

t>l 
I 

-.J 

65 

66 

TCB 

TCD 

Cost per man of base level training for 
each user category 

Cost per man of depot level training for 
each user category 

N/A 

$1695 

N/A 

$8000. 

N/A 

N/A 

67 PMB Direct base productive manhours per man 
year for each user category N/A N/A N/A 

68 PMD Direct depot productive manhours per man 
year for each user category 1788 hours 1456 hours 1788 hours 

69 .0R Average time to complete on A/C maintenance 
records for each user category 0.08 hours 0.25 hours 0.08 hours 

70 FR Average time to complete off A/C maintenance 
records for each user category 0.24 hours 0.5 hours 0.24 hours 

71 SR Average 
records 

time to complete supply transaction 
for each user category 0.25 hours 0.5 hours 0.25 hours 

72 TR Average time to complete transportation 
forms for each user category 0.16 hours 0.5 hours 0.16 hours 



DABS LIFE CYCLE COST MODEL PARAMETER SUMMARY - COMMON DATA 

ITEM VARIABLE DESCRIPTION 
COMMERCIAL 

CARRIER MILITARY 
GENERAL 
AVIATION 

7S TRB Average annual turnover 
each user category 

rate at base for 
N/A .2 N/A 

74 TRD Average annual turnover rate 
each user category 

at depot for 
0.05 0.06 N/A 

75 TO Cost per page of original technical 
documentation for each user category N/A $170 N/A 

t'1 
I 

00 

r 
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