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SUMMARY

This study has developed costs for various Discrete Address Beacon
System (DABS) transponder configurations using both discrete and LSI
components to assess the cost impact of varying levels of sophistication
in a DABS transponder designed for the low-performance general aviation
community (single-engine and light twin-engine aircraft). The cost of
encoding altimeters was not included in transponder configuration costs.
ARINC Research Corporation performed this work under Contract DOT-FA76WA-
3788 for the Federal Aviation Administration.

Costs were developed for nine levels of sophistication in the DABS
transponder ranging from basic surveillance to a version with Comm A, B,
and C and ATARS. ARINC Research Corporation based all designs of tran-
sponder configurations on the DABS Draft National Standard of February
1980 with updates where practicable and technical details may not conform
to the final DABS National Standard. The ATARS portion of the design is
based on FAA SRDS Technical Letter Report No. RD-80-11-LR of April 1980
and the Revised Draft ATARS National Aviation Standard of December 17, 1980.
Costs were also developed for a commercially available Air Traffic Control
Radar Beacon System (ATCRBS) as a method to verify the cost model.

We used the cost and reliability data derived from our DABS designs to
develop the individual aircraft costs and the combined user-community costs
of DABS implementation. Calculations of the transponder costs were based
on the accounting method of cost estimating. The production cost data
were developed through detailed analysis of the methods of several leading
avionics manufacturers producing either high- or low-performance aircraft
equipment. Total system costs were evaluated with the aid of an economic
analysis model.

Tables S-1 through S-3 summarize the DABS cost analysis. Table S-i
identifies the costs of the various DABS configurations in constant 1980
dollars. The values shown are the expected selling price of each configura-
tion, including appropriate markups for distribution. Table S-2 presents
the cost per aircraft, also in constant 1980 dollars. Distribution costs
have also been included in the data presented. The unit acquisition cost
shown in Table S-2 is different from the acquisition cost illustrated in
Table S-I because the life-cycle-cost model allows for the normal distribu-
tor discount offered when the distributor installs the avionics in the
aircraft. Table S-3 summarizes the total expenditure required to implement

vPlaol 7

96L IJ



r

Table S-I. ACQUISITION COST OF TRANSPONDERS
(IN CONSTANT 1980 DOLLARS)

Components

Transponder Configuration

Discrete LSI

ATCRBS 718 --

Basic Surveillance DABS 1,614 1,239

Basic DABS with Antenna Diversity 2,054 1,679

Basic DABS with 21.5 dBW Antenna 1,617 1,242

DABS with Comm A and B 1,663 1,293

DABS with Comm A and B and ATARS 2,093 1,592

DABS with Comm A and B, ATARS, and BCAS Interface 2,167 1,592

DABS with Comm A, B, and C 1,830 1,413

DABS with Comm A, B, and C and ATARS 2,261 1,719

DABS with Comm A, F, C, and D 2,227 1,781

the airborne portion of DABS. Table S-3 costs are presented in two ways:
in constant 1980 dollars and with a 10 percent discount rate in accordance
with OMB Circular A-94.

Since each transponder configuration is unique, requiring a design
that optimizes the data processing for that configuration, the difference
between any set of costs in Table S-1 should not be considered as the
expected cost of adding the additional capability. For example, the cost
of adding the ATARS capability to an existing DABS transponder with Comm A
and B capability cannot be considered as being only $430, the difference
in cost between the two versions. Rather, the cost of the DABS with ATARS
can be expected to be $2,093 if designed originally into the system, and
the cost of DABS without ATARS would be only $1,663. Development costs for
LSI technology are not included in the tables; therefore, the cost advantage
for each design when LSI technology is introduced must be considered only
after the development cost of LSIs is amortized during the early part of
transponder introduction. Depending on the configuration, amortization cost
would add approximately $114 to $143 to the list price of a transponder
during the first two years.

Table S-2 shows that the cost of any DABS configuration is mainly
influenced by the acquisition cost of the transponder. The installation
cost is the same for any configuration and the recurring logistic costs
are similar. (Antenna diversity and Comm A, B, C, and D have higher
recurring logistic costs than the other configurations.)

Table S-3 illustrates the variance in total life-cycle costs between
transponder configurations. The cost variance between configurations may

vi
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Table S-3. SUMMARY OF LIFE-CYCLE COSTS FOR DABS TRANSPONDERS FOR THE
LOW-PERFORMANCE GENERAL AVIATION AIRCRAFT COMMUNITY

Constant Discounted
Transponder Configuration 1980 Dollars 1980 Dollars

(In Millions) (In Millions)

Discrete Version

Basic Surveillance DABS 684.3 195.8

Basic DABS with Antenna Diversity 891.3 253.7

Basic DABS with 21.5 dBW at Antenna 685.2 196.1

DABS with Comm A and B 700.3 200.4

DABS with Comm A and B and ATARS 838.7 240.9

DABS with Comm A and B, ATARS, and BCAS 862.9 247.9
Interface

DABS with Comm A, B, and C 250.9 215.4

DABS with Comm A, B, and C and ATARS 893.5 256.8

DABS with Conm A, B, C, and D 896.6 256.9

LSI Version

Basic Surveillance DABS 558.4 159.3

Basic DABS with Antenna Diversity 765.1 217.2

Basic DABS with 21.5 dBW at Antenna 567.1 159.6 1

DABS with Coam A and B 575.9 164.4

DABS with Comm A and B and ATARS 670.4 192.1

DABS with Comm A and B, ATARS, and 670.4 192.1
BCAS Interface

DABS with Comm A, B, and C 610.9 174.9

DABS with Comm A, B, and C and ATARS 715.4 205.0

DABS with Com A, B, C, and D 746.7 213.5

be traced directly to the acquisition cost of the transponders. Adding
ATARS to a discrete component configuration results in an increase in
life-cycle cost of approximately 19 percent over a similar configuration
without ATARS. In LSI configurations there is an increase in cost of
approximately 16 percent with the addition of ATARS. The most costly con-
figuration is DABS with Comm A, B, C, and D.
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CHAPTER ONE

INTRODUCTION

1.1 BACKGROUND

The Federal Aviation Administration (FAA) has sponsored the development
of the Discrete Address Beacon System (DABS) as a near-future replacement
of the Air Traffic Control Radar Beacon System (ATCRBS) surveillance system.
DABS, by design, will be capable of providing surveillance, communications,
and, when combined with the Automatic Traffic Advisory and Resolution Serv-
ice (ATARS), collision avoidance information to aircraft within areas of
coverage. DABS avionics have been specified for the full-capability user,
but their capability and cost have not been specified for the low-performance
general aviation aircraft users. Such specifications are vital because the
largest user of avionics is the general aviation community, primarily the
single-engine and light twin-engine low-performance aircraft.

The Systems Research and Development Service (SRDS) in conjunction
with the Office of Systems Engineering Management (OSEM) of the FAA tasked
ARINC Research Corporation, under Contract DOT-FA76WA-3788, to develop a
family of designs to be used for cost analysis of DABS transponders for
low-performance general aviation aircraft. The cost of encoding altimeters
was not included in transponder configuration costs. The designs were
to include the basic surveillance capability, communications capability,
and ATARS capability. Using those designs ARINC Research Corporation was
to develop the engineering, manufacturing, distribution, and support costs
for the DABS transponders to estimate a retail selling price. This pro-
jected retail price was to be used to calculate the cost of ownership of
the transponder over its life cycle.

1.2 PROJECT OVERVIEW

The overall objective of this project was to identify the cost of
manufacturing the DABS transponders to be used by low-performance general
aviation aircraft. For comparison, the life-cycle costs (LCC) of the DABS
transponders were to be evaluated for a typica-1period of ownership. To
meet this objective, it was necessary to design a,;IBS transponder to pro-
vide a basis for subsequent cost analysis. Since it was the intent of
the FAA to achieve a retail cost appropriate for present low-performance
general aviation aircraft avionics, the analysis was structured to identify
various levels of sophistication with their associated costs to the users.

1-1



ARINC Research Corporation developed the designs and costs for nine
levels of sophistication in the DABS transponder. These designs were devel-
oped with both discrete and LSI logic, and costs were estimated by tradi-
tional accounting methods. The total LCC was calculated by use of a modi-
fication of the economic analysis model (EAM) we developed under Contract
DOT FA74WA-3506. This report presents the results of the analysis and the
constraints applied to ensure uniformity in the development of the tran-
sponder costs. The study results are presented in 1980 dollars, consistent
with the technology and available data on which the estimates were made.

1.3 ORGANIZATION OF THE REPORT

The seven chapters of this report address the transponder designs and
the techniques used for estimating the unit and life-cycle costs of the
designs and presents the results of the analysis.

Chapter Two describes the overall approach to developing the economic
evaluations and the modeling method used to obtain the desired unit and
life-cycle costs.

Chapter Three describes the development of the cost, reliability, and
design data for the different complexity levels of the DABS transponders
for both the discrete and LSI designs.

Chapter Four addresses the LCC model used for this study.

Chapters Five and Six address the results of the LCC study and a sensi-
tivity analysis of them.

Chapter Seven summarizes the results of the analysis and presents con-
clusions derived from the analysis.

Appendix A provides the detailed cost sheets associated with the anal-
ysis, Appendix B describes the LCC model, Appendix C presents the LCC model,
Appendix D addresses the common parameters used in the LCC, and Appendix E
contains the DABS design sheets.
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CHAPTER TWO

APPROACH

The costs of the various DABS configurations were developed in a manner
that would allow comparison between the configurations in the costs of
acquisition, installation, and logistic support. Identical scenarios were
employed (e.g., time of implementation and aircraft statistics) to assure
that cost benefits associated with the different configurations would be
readily comparable.

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

Conversion of Engineering Requirements to Production Configuration
of Equipment. The system concepts are in various stages of eval-
uation and employ existing technology levels. Evaluation criteria
must be used that take into account these limitations to ensure
that the study evaluates 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 transponders had to be identified 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 realistic time span.

Development of the Necessary Additional Data Required for a Corn-
prehensive Cost Analysis. Although the development of data (such
as aircraft fleet sizes) that apply equally to any DABS configura-
tion is of the lowest criticality in a comparative cost evaluation,
it is extremely important to the accurate development of total
implementation costs.

The general approach followed by ARINC Research Corporation in resolv-
ing these problems and obtaining the economic evaluation of the DABS con-
figurations is illustrated in Figure 2-1.

2-L
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Figure 2-1. DABS ECONOMIC ANALYSIS APPROACH

An existing ARINC Research economic analysis model was adapted to
evaluate the DABS 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 air-
craft populations, installation costs, and maintenance scenarios, were
developed or obtained from existing FAA documents. The model was also
exercised for key parameter variation cases in order to investigate the
sensitivity of the results obtained to the input data and to the assump-
tions employed in the analysis. The outputs of each model exercise were
the resultant acquisition, installation, support, and total costs, by
aircraft and for the total user-community, for each year and cumulatively
for the 15 years from 1987 through 2001.

The remainder of this chapzer gives details of how this task was
approached.

2.1 SYSTEM CONCEPT

Tne Discrete Address Beacon System is a cooperative surveillance and
communications system for air traffic control. It employs ground-based
interrogators and airborne transponders. Data-link communications are
integrated with surveillance interrogations and replies. DABS has been
designed as an evolutionary replacement for the current Air Traffic Control
Radar Beacon System to provide the surveillance and communications capa-
bility required for air traffic control in the projected 1995 traffic
environment. DABS uses the same frequencies for interrogation and replies
as ATCRBS. The DABS transponder must reply to both ATCRBS and DABS inter-
rogations, and it provides an interface with a variety of data-link message
display and input devices.

The communications capability provides an air-to-air data link for
the Beacon Collision Avoidance System (BCAS) and the ability to receive
and respond to the Automatic Traffic Advisory and Resolution Service (ATARS).

2-2



Chapter Three of this study describes the development of the DABS
transponder configurations and the costs and reliabilities associated with
the equipments.

2.2 REQUIRED AVIONIC EQUIPMENTS

This study was limited to an evaluation of the cost and reliability of
the airborne equipments required to provide the DABS function for the low-
performance general aviation aircraft. The equipments consisted of several
DABS transponder configurations and miscellaneous hardware required for their
proper installation and operation. The transponders have the operational
characteristics defined by the Draft DABS National Standard of February 1980
and have been updated where feasible to reflect changes in later versions
of that standard. The ATARS portion of the design is based on FAA SRDS
Technical Letter Report No. RD-80-11-LR of April 1980. The revised ATARS
Draft National Aviation Standard of December 17, 1980, also was considered
in relation to the ATARS design. Equipment design allows for expected tech-
nological advances in the near future and uses proven existing transponder
concepts where they are economically advantageous.

2.3 RETAIL COST METHOD

The cost evaluation technique chosen was the industry standard account-
ing method of calculating production costs on the basis of estimates of the
numbers and types of piece parts. The method requires detailed bills of
material and associated labor units, schematic diagrams, mechanical and

electronic module layouts, and an estimate of the total quantity of units
to be manufactured. Material costs were based on original equipment manu-
facturer (OEM) price lists for quantities of 1,000 or greater, and allow-
ances were made for discounts available for large parts procurements common
to equipment manufacturers. Finally, the accounting structures of potential
manufac:;rers had to be known to allow for labor, overhead charges, quality-
control costs, general and administrative expenses, and the usual profits
earned in the avionics industry.

The data necessary for the preparation of the cost-estimating work-
sheets are usually taken directly from engineering bills of material. The
component part numbers are identified and quantities entered on the work-
sheets. Procurement costs of the components are obtained either from OEM
price lists or, where the component is unique or has a high cost, through
direct quotes provided by distributors. Labor associated with fabrication
or assembly of components is estimated in hours per 1,000 units for a mass
production assembly line. Historical data maintained by most manufacturers
provide the average labor estimates for both manual and automatic insertion
processes. These data provide the average amount of labor associated with
assembly of components configured in a module (e.g., printed circuit card)
or subassembly. The total labor hours are evaluated to compare the com-
plexity of the assembly with historical data. If the module is complex
(that is, it has a high component density or requires printed circuit boards
with multiple layers),a compensating factor is applied to the labor esti-
mate. The resultant material costs and labor estimates provide the data
necessary for cost estimates.

2-3

Ir



.. ... . . . . .... .... . I I I . I ! II .. .... . . . . . .

The worksheets used in developing total equipment costs are structured
to provide cost information on individual modules (or subassemblies) and
total avionics units. Costs are displayed in that fashion to provide infor-
mation that is useful in evaluating life-cycle costs where module stockage
and associated costs are necessary for determining the recurring and non-
recurring logistics costs. Total avionics unit costs include unit assembly,
test, and integration costs.

Developed costs include the expense of materials, material handling
charges, labor at either known or estimated hourly rates, average overhead
obtained from a sampling of avionics manufacturers, and factory inspection
costs during production. The addition of general and administrative (G&A)
costs, together with a reasonable profit, provides the OEM or selling price
of the unit. This is the cost distributors handling the product or large
fleet owners buying avionics at quantity prices expect to pay. Private
aircraft owners usually purchase avionics from distributors and pay an
additional distributor handtng markup of 100 percent.

The output data sheets are also structured to permit easy reevaluation
of the expected costs of avionics by substituting different labor, overhead,
G&A, profit, and markup rates if there is justification or if a manufacturer
prefers to use the exact factory rates rather than the average of the
industry.

2.4 DEVELOPMENT OF ECONOMIC ANALYSIS MODEL

The specific means of assessing the projected costs associated with
each of the DABS configurations was through the development and exercise
of a computer-based cost model. This model determined the annual and cumu-
lative costs associated with each DABS system type and tabulated these costs
by aircraft and for the total user community. The model was developed by
tailoring existing ARINC Research cost models to the specific characteris-
tics of the DABS concepts and the low-performance general aviation aircraft
community.

The input data to the EAK consist of two types: data that are unique
to the particular DABS configuration being evaluated and data that are
common to all of the configurations being evaluated. The specific require-
ments for each type of data were defined concurrently with the development
of the model, and data were collected.

After the data had been collected, the model was exercised for each
system concept in the user community. In addition, the EAM was exercised
to determine the sensitivity of the results obtained to variations in key
parameters (e.g., MTBF).

2.5 COMMON DATA ELEMENTS

The data common to all of the DABS-concepts consist of four basic
types: (1) installation costs, (2) aircraft fleet size projections, (3)
aircraft equipment configurations, and (4) user operation and maintenance



parameters (e.g., average flying hours per month, labor rates, pipeline
times).

The cost of installing transponders in new aircraft was assumed to
be 60 percent of retrofit costs. The installation costs for the general
aviation community were therefore determined by updating general aviation
retrofit costs developed for previous ARINC Research studies.

Aircraft fleet size projections for the general aviation user com-
munity were obtained by analyzing data from various FAA reports and projec-
tions and linearly extrapolating the data through 2001.

Estimates of the common data elements peculiar to the general aviation
community were developed from information ARINC Research gained in earlier
similar studies.

2.6 APPROACH SUMMARY

The preceding sections have provided an overview of the technical
approach used in the study, outlined the capabilities of the EAM, described
its use, and identified the general types of data to be used in the eval-
uation. The succeeding chapters of this report describe in detail the
DABS configurations, the retail costs, the characteristics of the EAM, and
the specific results of the study.
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CHAPTER THREE

TRANSPONDER CONFIGURATIONS, COST, AND RELIABILITY
DEVELOPMENT

The introduction of the DABS transponder to the low-performance general
aviation aircraft population will result in user investment costs to attain
a degree of performance necessary for the safe and efficient use of the
National Air Space (NAS). DABS is capable of providing services ranging from
surveillance only to complete communications using the integral data link;
the level of capability desired by the users will depend on the costs associ-
ated with the different levels. This chapter identifies the capabilities
recommended by the FAA and evaluates the acquisition costs associated with
each design of the DABS transponder.

3.1 TRANSPONDER CONFIGURATIONS

The DABS transponder is intended to replace the Air Traffic Control
Radar Beacon System transponder in providing the secondary surveillance
functions of position and altitude reporting. In addition, when the 112-
bit capability of the data link is included in the transponder, the system
can support not only general purpose data link but also aircraft separation
and collision avoidance advisories as part of the ATARS implementation.
Since the transponder will be operating in an environment that includes
BCAS equipment, provisions have been made in the DABS National Standard
for exchange of information between DABS and BCAS equipment on status of
displays and complimentary maneuvers. Finally, the extended length mes-
sage (ELM) capability of the DABS concept is introduced to identify the
potential cost of a transponder that is capable of supporting the widest
range of DABS data link services. Since each of the capabilities requires
specialized data processing with the airborne transponder, separate designs
that provide the desired capabilities have been developed during the course
of this study. This has resulted in the nine levels of DABS transponder
configurations listed below and discussed in this section:

" Baseline DABS

" Baseline DABS with antenna diversity

" Baseline DABS with 21.5 dBw power output at antenna

• DABS with Comm A and D

* DABS with Comm A and B and ATARS

" DABS with Comm A and B, ATARS, and BCAS interface
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. DABS with Comm A and B and uplink ELM (Comm C)

• DABS with Comm A and B, ATARS, and uplink ELM (Comm C)

. DABS with Comm A and B, and uplink/downlink ELM (Comm C and D)

Figure 3-1 presents a functional description of the entire DABS tran-
sponder. The diagram displays in detail the interconnection of various
modules of the baseline system. Each of the various system configurations
resulting from adding complexity is indicated by a single functional block
(e.g., ATARS) and connected to the appropriate circuitry in the baseline
transponder. The intent of Figure 3-1 is to show the interrelationships
of the major modules of the DABS transponder; Appendix E contains a detailed
discussion of many of these modules. The various DABS configurations are
discussed in the following sections.

3.1.1 Baseline DABS

The baseline DABS transponder is designed to meet the surveillance
requirements identified in the DABS National Standard responding to the
conventional ATCRBS Mode 3A and C interrogations and the 56-bit P6-pulse
of the discrete address interrogations. 2ne design conforms to the DABS
uplink field format Numbers 0, 2, 4, j, and 11 as defined in the standard.
Special provisions for site lockout, protocol, reply rate limiting, etc.,
associated with the use of a 56-b*T1 data field of DABS have been included
in the decode and encode functions 7f the logic design.

The transponder has been ^e~qmcnt. into modules, or subassemblies;
its configuration could be as shown in Figure 3-2. The front end consists
of a conventional duplexer and low-pass filter used in modern ATCRBS trans-
ponders. The IF amplifier module includes the local oscillator, an expanded
logarithmic amplifier, pulse width discriminator, and ditch-digger circuitry.
Changes from a conventional logarithmic amplifier include additional
intermediate stages to improve discrimination in signal strength and modi-
fied ditch-digger circuitry to permit 6 dB discrimination of the P4 pulse.

The differential phase shift keying (DPSK) demodulator utilizes phase-
locked loop (PLL) circuitry operating at the 10 MHz IF frequency. Con-
trolled gating is provided from the aecoding timing circuit to inhibit fals
phase reversal from the leading edge of the P6 pulse. The PLL technique
was chosen because of cost considerations. Available PLL circuits will
operate in the 60 mHz region although the manufactiirers of the PLL chips
cannot now guarantee settling times required for lock-on to a phase
reversal in less than fifteen cycles (settling times up to twenty cycles
are typical). The lack of suitable PLL chips for this application stems
from a lack of requirements for development rather than inadequate tech-
nology. When the logic manufacturers recognize a need, they will develop
the necessary hardware.

Output power is developed from a conventional cavity oscillator tube
used in modern ATCRBS transponders. The choice of a tube rather than solid-
state devices was dictated by cost. Those transponder manufacturers we
asked agreed that a transition to solid state would be made when either the

3-2



3 3
dl - - -

C. - taA~
I-, -,~.

I -- I'
~CU- C = --

44

4 3 3 Ia U
Saga I - ~ -4

C W
4 &Aa I;

a- an
I - CC

S 4

- a

C

a A

Is
- -A

-x
3 12

H

z

hi .~ h it ~ !
3. A~ ~ai I

* -~ C -- C&aI~ I --

C- ~

0

-~ -- 3~a 3 ~4
-~ .3. -~ 3.'

S C -

A A

*11
C14

4 3

2

I.
3 .~ -

~I ~

* .1 Ar~
I-a,

I-

*1
'I

3-3

k



Uz
0
U
C.,
z
H
C.,

04

0
04

U

/

34

I

A -~ - I



cost of solid-state amplifiers fell to the comparable cost of the tube
configuration, or the cost of the cavity oscillator increased to the pres-
ent cost of solid state. For the majority of configurations studied the
cavity oscillator tube provides the necessary output characteristics for
proper operation of the DABS transponder. Power supplies, however, are
affected by each configuration. The power supply was designed to provide
141 watts peak power at the antenna and sufficient capacity in the storage
capacitors to meet the reply rates specified in the National Standard.
However, even though the capacity exists for the transponder to generate
up to 2000 replies per second (consistent with maximum ATCRBS reply rate
specifications) it is believed that currently available cavity oscillators
are incapable of such a high duty cycle and would break down. Normal reply
rates specified (e.g., four percent duty cycle average over a 25-millisecond
interval) are well within the capability of the cavity oscillator.

Packaging of the transponder is a critical consideration for a manu-
facturer since it must compete for limited space in the avionics panel of
single-engine aircraft. Modern ATCRBS transponders have been miniaturized
to occupy a panel space of 6.25 x 1.63 inches. This typically includes one
large printed circuit board and additional RF components. The discrete
version of the baseline DABS transponder will require two large printed

circuit (PC) boards for the decode/encode function, a small modulator/
demodulator board, and a power supply PC board, as well as the RF/IF
subassemblies. Since the majority of space is occupied by integrated
circuit (IC) chips, the boards can be packaged with minimum separation
resulting in a transponder that will require a panel space of 6.25 x 3.5
inches and a depth of approximately 11 inches for the most complex design.
Normal mode select and code select switches will be accessible on the front
panel as well as various indicator lamps to identify the source of inter-
rogation, reply activity, and transponder status.

3.1.2 Baseline DABS with Antenna Diversity

The introduction of the Beacon Collision Avoidance System has generated
the possibility of transponder interrogations from angles other than below
the aircraft. Since both antenna shielding and multipath effects could
cause either failure to reply or erroneously timed replies, a technique for
improving reply reliability must be evaluated. The installation of both
bottom- and top-mounted antennas connected to independent RF and IF
receivers will permit detection of the stronger interrogator signal for
processing and reply. The use of a diversity switch at the output of the
logarithmic amplifier controlled by signal strength will allow processing
of only the desired interrogation.

This DABS transponder configuration is identical to the baseline con-
figuration described in Section 3.1.1 with the following additions to
provide diversity operation:

" Two independent receiver sections consisting of a duplexer, low-
pass filter, oscillator, and expanded logarithmic amplifier

° Independent video processing
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" An analog diversity switch circuitry added to the modulator/demodu-
lator PC board

" An additional modulator controlled by the action of the diversity
switch, which selects the same antenna for transmission as for
reception

* An additional cavity oscillator tube to provide transponder output
power on the chosen antenna

The use of independent receiver stages is conventional for diversity
operation since signal strength detection usually occurs at the video stages.
However, the dual transmitter concept was chosen after careful review of
available RF switches, hybrids, and circulators and the switching times
necessary to reply on the selected antenna. When costs of the switching
components were compared to the cost of a second modulator and cavity
oscillator, the latter configuration proved more economical.

The transponder packaging is not expected to be adversely affected by
the addition of the diversity operation and should remain as specified for
the baseline case. However, some additional depth may be required.

3.1.3 Baseline DABS with 21.5 dBW at Antenna

The baseline DABS was designed for a nominal output power of 21.5 dBW
measured at the terminals of the antenna. This assumed 2 dB cable loss
(10 feet of RG-58 cable) between transponder and antenna location. The
output power of the cavity oscillator was controlled by the high voltage
applied to the tube. At 1100 volts the cavity delivers 225 watts, or
exactly 21.5 dBW at the antenna. At maximum operating rating (i.e., 1400
volts) the cavity will provide 325 watts into a characteristic 50-ohm
load. If the same 2-dB cable attenuation is considered, the transponder is
capable of delivering 23.5 dBW into the antenna. The Draft DABS National
Standard distinguishes between aircraft operating limits, requiring the
18.5 dBW minimum for aircraft operating below 15,000 feet and 21.0 dBW mini-
mum for aircraft operating above 15,000 feet. All measurements are made at
the antenna. Because of excess power in the baseline DABS, the interest in
21.5 dBW power output is met by operating the cavity oscillator at the typ-
ical rated power. A change in the cavity oscillator for higher power is
not necessary since the specifications of the Draft National Standard are
exceeded.

Since features of the baseline design are identical except for the
high-voltage transformer and additional storage capacity in the power
supply, the effect of obtaining up to 23.5 dBW at the antenna on transponder
design and cost is minimal.

3.1.4 DABS with Comm A and Comm B

The natural expansion of the baseline DABS transponder would affect the
data-link capability of the system. The baseline transponder has a limited,
highly regimented 56-bit data field to perform surveillance functions.
Expansion of the data field to 112 bits provides 56 bits of data for various
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communications functions while performing all the surveillance-associated
functions of the baseline design. Although message content and codes for
the additional 56 bits are not included in the Draft National Standard, it
is expected that they will be used for a wide range of data link services
including air traffic control information exchange and ATARS advisories.
The expansion to include the 56 bits (Comm A and Comm B capability) affects
the encode-decode design of the transponder and the power supply capacity
and requires the addition of a real-time standard message interface. All
other aspects and performance specifications are the same as for the base-
line case described in Section 3.1.1.

Since the transponder with a 112-bit data field capability appears to
be the more practical design for early implementation, specific details of
design have been provided for review and are included in Appendix E. Major
emphasis is placed on the digital processing since the remainder of the
transponder virtually duplicates a conventional modern ATCRBS transponder.
The logic design is primarily TTL using discrete components readily avail-
able from a variety of manufacturers. The discrete component approach was
chosen for two reasons: the timing considerations associated with a 4-mbps
data rate dictated the use of logic suitable for parallel processing, and
the need for discrete design which could identify components for conversion
to large scale integration (LSI) configurations. Use of existing micro-
processor systems was considered but rejected except for specialized func-
tions because of the relatively slow processing capabilities of modern
microprocessors.

3.1.5 DABS with Comm A and B and ATARS

Aircraft equipped with DABS transponders capable of processing 112-
bit messages have the potential for receiving traffic advisory information
on the relative location of proximate and potentially threatening aircraft
and resolution advisories when a near-miss or collision is predicted by
the automated ground computer system. In order to provide this capability,
certain processing and display functions have been added to the transponder
configuration described in Section 3.1.4. Details of logic design
associated with ATARS capability are included in Appendix E.

The advisory information presented to the pilot conforms to message
protocol for ATARS class 0 service, which was defined in the draft ATARS
National Aviation Standard (revised 12-17-80 version). Space constraints
on the front panal of the transponder limit information to bearing, altitude,
and range of two aircraft with the highest proximity or threat (T) priorities.
The bearing information is displayed on two seven-segment LED packages pro-
viding 12 o'clock relative information of intruder aircraft. Altitude
information is provided as being above (HI), below (LO), or at the same
altitude (CO). Range is displayed in tenths of nautical miles up to 9.9
ran. Complementing the alphanumeric displays are a set of arrcws and Xs
providing advisories for vertical and horizontal maneuvers or restrictive
maneuvers. The panel layout, together with code and mode selector switches,
is shown in Figure 3-3. The 3.5-inch-high panel can accommodate all the
control and display functions if thumb-wheel switches are used for code
selection.
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The ATARS logic, as proposed, will be packaged on a separate PC board
that contains the decoder for advisory information transferred from the
DABS decoders after parity check and the display driver logic necessary
for illustrating and holding advisory messages. In addition, the PC board
would include the resolution advisory register (RAR) for transmission of
displayed information to BCAS-equipped interrogators.

3.1.6 DABS with Comm A and B, ATARS, and BCAS Interface

The data link inherent in the DABS concept will permit communications
between two BCAS-equipped aircraft, and provide BCAS activity control when
the BCAS-equipped aircraft is within the range of a ground-based radar
beacon transponder (RBX). The BCAS interface function incorporated in
this configuration of the DABS transponder permits air-to-air communications
over complementary frequencies of DABS and BCAS when uplink or downlink
fields UF-, DF=O, or 16 are detected. In addition, RBX transmissions for
squitter or reply are received by the DABS receiver and forwarded to the
BCAS processors when uplink fields (UF - 6,22) are detected. This inter-
face capability is included in the ATARS functional module with connection
between the two avionics equipments through the rear connectors. The design
assumes very short cables between the BCAS and DABS units, permitting
transfer of digital data without degradation.

3.1.7 DABS with Comm A and B and Uplink ELM (Comm C)

The extended length message format allows up to 16 segments of data to
be transmitted over the Comm C data link. Since each segment can be sent
in any order chosen by the ground, all segments must be retained in memory
within the DABS transponder before being forwarded to an external display
device. The addition of the uplink ELM to the transponder requires a
microprocessor with peripherals to handle the communications. All other
functions are the same as those described in Section 3.1.4. The logic
required for Comm C operation will be added to he decoding boards. With
discrete logic this will result in a total of tnree printed circuit boards
measuring 6 x 6 inches, which are mounted horizontally in the transponder
enclosure. The ELM data will be brought out at the rear connector for
processing in other avionics.

3.1.8 DABS with Comm A and B, ATARS, and Comm C

Reintroduction of the ATARS information to the system described in
Section 3.1.7 results in the configuration discussed here. All uplink
data capabilities of DABS are considered, with required processing being
performed within the transponder. Traffic and resolution advisory displays
are integrated into the transponder enclosure while Comm C and portions
of Comm A information are routed to external processors for display. The
package for this configuration is similar to that shown in Figure 3-2, but
it requires some additional unit length.
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3.1.9 DABS with Con A and B and Comm C and D

Comm D provides for the downlink transmission of ELM data. Data
structure is similar to that for Comm C, requiring up to 16 segments of
112-bit messages. The entire message is stored in the transponder data
buffers and transmitted, at ground command, by the number of the segments
the ground directs. Provisions exist for repetition of any segment at
ground's instructions, and data are not cleared until the system is so
instructed by the ground segment. Because of the extended length of Comm
D transmissions, the duty cycle on the airborne transmitter is higher than
is available from cavity oscillators used in modern ATCRBS equipment. It
is believed that solid-state amplifiers will be required to provide the
temperature control necessary for the higher duty cycles resulting in
changes to the modulator, final amplifier, and power supplies of the DABS
transponder. The configuration discussed here assumes a power amplifier
package rated for 18.5 dBW output at the antenna. A modulator would con-
vert the digital data to a pulsed position input into a preamplifier, which
could drive the amplifier package at about 150 watts peak for transmission.
Since amplifiers can be designed at resonant frequencies without the need
for crystal oscillator control, the unit would operate virtually the same
as a cavity oscillator but with the capability for a much greater duty
cycle. The power supply would require dc/dc transformation to permit 50
V operation from 14 V aircraft power and extensive storage capacity for
the specified transmission of up to 16 consecutive 112-bit segments. Pack-
aging for discrete components can still be accommodated in a 3.5 x 6.25
inch panel-mounted enclosure, although the requirement to dissipate heat
could become a serious problem. This analysis does not consider the heat
problem and therefore limits the panel size to that indicated. The tran-
sponder, as in Corn C configuration, acts as the storage and forward
medium for Comm C and D messages, generating the overhead and parity func-
tions. All additional processing of data is accomplished in external
avionics.

3.1.10 Large Scale Integration (LSI)

Present trends in avionics designs indicate that many manufacturers
are taking advantage of the benefits in packaging and cost associated with
the use of custom large scale integration. Where there is a large enough
market for a particular type of avionics, the manufacturers are developing
LSI chips to reduce assembly labor costs and packaging size, and to improve
the reliability of the avionics. All the DABS configurations considered
in this study have been designed with discrete logic to permit function
sectionalization for adaptation to LSI technology. From a review of each

configuration, the number of LSIs was estimated on the basis of densities,
pinouts, and power disipation requirements, and an equivalent LSI version
of the DABS transponder was developed.

The engineering department of King Radio provided a simple procedure
for estimating the number of LSI devices necessary to perform the functions
of discrete small scale integration (SS) and medium scale integration (MSI)
associated with any design. This procedure, applied to the detailed design
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drawings developed for each configuration, consists of the following con-

siderations:

6 An inverter can be implemented with one transistor on an LSI chip.

* Two input gates can be implemented with three transistors: two for
each input and one for the output.

0 A typical transistor can be implemented with 10 square mils of area.
This is an estimate of a reasonably "tight" chip, but the estimate
includes allowances for proper heat dissipation, routing paths, and
buffer circuits.

. An LSI chip 200 mils on a side will provide approximately a 30
percent yield; this was considered acceptable for the purpose of
this analysis. The chip size used provides an available area of
40,000 square mils.

In estimating the requirements of the function detailed on the design
drawings, consideration was given to the practicability of including com-
ponents that would unnecessarily burden an LSI in pinout or power dissipa-
tion. Integrated circuits (ICs) such as read-only memories (ROMs) and
drivers for light emitting diodes (LEDs) were not included in the LSI but
treated as separate devices in the configurations. Additional design
changes were made to minimize pinout requirements. These included
serialization of data for single pin input with later conversion to
parallel form within the LSI chip. Finally, each integrated circuit was
sized according to the number of one- and two-input gates necessary to
perform its function, and this information was translated into the total
number of transistors needed. With each transistor requiring 10 square
mils the number of LSIs required for any of the DABS configurations could
be estimated.

3.2 DEVELOPMENT OF TRANSPONDER COSTS

The cost of each transponder configuration identified in Section 3.1
was developed using traditional accounting methods. These methods require
detailed parts identification for the production of modules, subassemblies,
and systems. Each component was priced on the basis of OEM price lists
for quantities necessary for production assemblies, with typical annual
system production in the range of from one to three thousand units. A
material handling charge of ten percent was added to the cost of materials
to allow for inventory control, pre-testing, expected yield, and in-plant
distribution. Calculations for assembly labor for each component were
based on the nature of the component (i.e., two-lead devices, three-lead
devices, etc.) using semiautomated insertion process. Labor rate is derived
from Department of Labor statistics for the electronic industry, geograph-
ically corrected, and limited to the class of manufacturing for the general
aviation community. A 1980 labor rate of $5.60 per hour was assumed typical
for the expected manufacturers of low-performance general aviation aircraft
avionics. Since the labor rate used is direct hourly wage, a 135 percent
overhead burden was applied to the labor costs to cover typical overhead
expenses. The sum of the material and labor costs provides the direct
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production cost of a module or the system. A 20 percent general and
administrative (GA) charge and an expected 15 percent profit are included
in determining the factory selling price of the unit. Since typical pro-
duction practice is to manufacturer transponders in subassemblies, the
complete system must be assembled and tested prior to release for sale.
To account for this activity and expense, an "Assembly and Test" cost
column is included in each cost analysis. The same markups and rates are
used in this cost development, except that there are no material costs
associated with the activity.

The standard distributor markup of 100 percent has been applied to
identify the advertized "list price" of the system. This markup covers
distribution costs, inventory management of the distributors, and warranties
beyond those provided by the original manufacturers.

The following sections present the results of applying this cost estima-
ting method to each configuration of DABS presented in Section 3.1. Detailed
parts lists associated with each configuration are included in Appendix A.
The LSI equivalent transponder is presented in each configuration following
the discrete version to facilitate cost comparison. Each configuration,
discrete and LSI, required one stub antenna (two for diversity) at a list
price of $19 added to the equipment cost to arrive at the system cost.
This addition is considered in the life-cycle analyses presented in sub-
sequent chapters.

3.2.1 Baseline DABS

The baseline transponder cost development is presented in Table 3-1
for the discrete version and in Table 3-2 for the LSI version. Both
versions use the same IF amplifier module, modulator-demodulator module,
and power supply modules. Decoding and encoding functions for the dis-
crete version have been developed as a unit and then divided evenly for
packaging on two printed circuit cards. The method for determining the
number and size of cards was to allow one square inch of board space for
each two ICs required. Since this version contains 150 ICs, and the
useable panel width limits the PC card to six inches, with a practical
depth limit the 75 square inches of area required to mount the ICs will
be provided by two cards of 6 x 8 inches each. The extra space can be
used to simplify printed circuit configuration. The equivalent LS1
configuration requires four LSIs and 27 discrete integrated circuits.
With the assumption that each 40-pin LSI requires two square inches of
board space, the entire decode and encode function can be mounted on asingle PC board not larger than 6 X 4 inches.

The costs for the enclosure and chassis, as well as those for the
assembly and test, are almost the same for the two versions since there is
very little difference between them. The minor material reduction for the
sheet metal enclosure for the LSI version is not considered; the cost
variation is the result of fewer connectors and less cabling for the LSI
unit.
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The pronounced cost difference in list price of $375 ($1614 for
discrete and $1239 for LSI) is accounted for in the reduced material cost

and assembly labor associated with the logic processing using LSI technol-
ogy. These costs, however, do not include the development cost of the four
LSIs which may have to be amortized over a specific production quantity.

3.2.2 Baseline DABS with Antenna Diversity

Antenna diversity affects the receiver, modulator, and transmitter
functions of the transponder. The diversity switch, included in the
expanded demodulator-modulator subassembly, provides the decision for

antenna selection and control of output transmitters. Tables 3-3 and 3-4
present the cost development of this configuration in the discrete and LSI
versions. Since large scale integration has not been applied to the antenna
diversity configuration with the exception of the processor card, all
changes to the baseline configuration affected both versions identically.
Two IF amplifiers will be required, preceded by low-pass filters and pre-
selectors. A single DPSK demodulator shares the PC board that houses the
diversity switch with logic control and dual modulators. The additional
cavity oscillator required for diversity operation is included in the
enclosure and chassis module. The list prices of $2054 and $1679 for dis-
crete and LSI versions respectively maintain the $375 difference shown for
the baseline case.

3.2.3 Baseline DABS with 21.5 dBW at Antenna

Increasing power output to 21.5 dBW over the minimum 18.5 dBW speci-
fied in the DABS Draft National Standard is within the basic capability of
the cavity oscillators used. The increase is the result of the additional
storage capacity required in the power supplies of the transponder to pro-
vide a maximum 23.5 dBW power output. Tables 3-5 and 3-6 present the cost

development for this configuration for the discrete and LSI versions.

3.2.4 DABS with Comm A and Comm B

The introduction of the 112-bit data field associated with Comm A and
Comm B operation has a minor cost impact on the processing logic of DABS

transponders. The total discrete chip count increases only from 150 to
156 ICs, not enough to change packaging considerations from those used for
the baseline system. The LSI version would require four LSIs plus 30
discrete ICs. The three additional ICs are in the SSI and MSI category,
but do not require more mounting surface than conventional ICs. The LSIs

are customized for the Comm A and B application, and cg.nnot be considered
as the same as those developed for the baseline case. Table 3-7 presents

the cost development for the discrete version, while Table 3-8 presents

the cost development for the LSI version. Since additional communication

capability does not affect analog signal processing, the remaining sub-

assemblies are virtually the same as in the baseline case. Additional
storage capacity for extended data transmission is included in the power
supplies.

(Text continues on page 3-22.)
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3.2.5 DABS with Comm A and B and ATARS

The cost of introducing .TARS can be identified in the cost of
development of the two ATARS boards. As for the decode-encode cards, the
ATARS components were identified from the detailed design, costs for
materials and assembly labor were estimated, and the costs were divided
equally to establish the cost of each card. These cards are expected to
measure 6 x 3.25 inches each and will be mounted vertically directly behind
the front panel. The ATARS function requires 73 discrete integrated circuits.
Alpha-numeric displays and command advisory LEDs are included in the cost of
the cards but will be mounted in the front panel. Table 3-9 presents the
cost development of the discrete version of this configuration; Table 3-10
presents the comparable cost development of the LSI version. The ATARS
functions are integrated into the main processing board, resulting in a PC
board that has five LSIs and 55 discrete integrated circuits. The 25 addi-
tional ICs required for ATARS are used primarily as drivers of the LED
displays and normal interface between the LSIs and displays.

3.2.6 DABS with Comm A and B, ATARS, and BCAS Interface

The expansion of the processing functions by addition of the BCAS
interface required repackaging of the encoder-decoder logic boards. The
187 chips required to process all the logic, not including ATARS, exceed
the capacity of two boards sized for a modern transponder. Therefore
three boards have been proposed. The cost development summary is presented
in Table 3-11. The LSI version, however, is not affected in material cost
because the BCAS interface functions can be incorporated into the custom
LSI design without exceeding the density criteria of each LSI. Table 3-12
presents the cost development of this configuration. It is identical to
the cost of the DABS with ATARS, although the LSIs are different in design.

3.2.7 DABS with Comm A and B and U2link ELM (Comm C)

The ELM function can best be processed using modern microcomputers with
appropriate memory devices. Table 3-13 presents the cost development of
this DABS configuration in the discrete version. The LSI version is shown
in Table 3-14. The same microcomputer is used in this version since incor-
porating the ELM function in a custom LSI is not considered cost effective.
All components in this configuration are MSIs or LSIs already.

3.2.8 DABS with Comm A and B, ATARS, and Comm C

The transponder with complete uplink data capability, including the
traffic advisory information of ATARS, results in a unit that would have a
list price of $2261 for the discrete version of logic and a list price of
$1719 for the LSI version. The costs for the two versions are presented
in Tables 3-15 and 3-16. The ATARS function is designed for separate
printed circuit-board configuration in the discrete version; it is an
additional cost when added to the configuration of Section 3.2.7. However
the LSI version requires a single large PC board, which includes all the
data link and ATARS logic. This requires five custom LSIs and 58 discrete

(Text continues on page 3-33.)
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Table 3-19. COST OF ATCRBS (DISCRETE VERSION)

Module Cost in Dollars

Cost Element Main Chassis Assembly Total
PC Board and Test

Material Cost 26.79 49.37 69.72 145.88

Material Handling 2.68 4.94 6.97 14.59

(10 percent of
material cost)

Labor ($5.60 11.45 11.83 8.51 10.64 42.43
per hour)

Burden (135 15.45 15.97 11.49 14.36 57.27
percent of
labor cost)

Subtotal 56.37 82.11 96.69 25.00 260.17

G&A (20 percent 11.27 16.42 19.34 5.00 52.03
of subtotal)

Total Direct 67.64 98.53 116.03 30.00 312.20
Cost

Profit (15 10.15 14.78 17.40 4.50 46.83
percent of
direct cost)

Factory Sell 77.79 113.31 133.43 34.50 359.03
Price

Distribution 359.03
(100 percent
of factory
price)

List Price 718.06

ICs and integrates all functions. The front panel display requires 3.5
inches of height for either version, controlling one dimension of packaging
requirements.

3.2.9 DABS with Comm A and B and Comm C and D

The high duty cycle associated with downlink ELM (Comm D) transmissions
dictated the design and cost development of solid-state power amplifiers.
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Table 3-17 presents the cost development of the discrete version of this
DABS configuration; Table 3-18 presents the LSI version. Data processing
in the discrete version is accomplished on three printed circuit boards
using discrete ICs for most of the required functions and a microcomputer
with one peripheral for the ELM functions. A total of 176 chips are re-
quired, including I in the microcomputer family, to provide the DABS

capability for Comm A, B, C, and D. The equivalent LSI version can accom-
plish the functions with four LSIs, one microcomputer with one family chip,
and 30 discrete ICs. The solid-state power amplifier and power supply
modules are common to both versions and provide 18.5 dBW output power at
the antenna terminals. The power is developed by using four chains of
cascading microwave transistors with a final output of 150 watts at 50
volts. The cost of the transistors alone is $90. The list price of the
amplifier is $416. This is considerably higher than the equivalent
oscillator tube amplifier, which has a user replacement price of $178.
However, the solid-state amplifier would be capable of transmitting 16
segments of Comm D data consecutively without exceeding the rated duty
factor of the transistors. The power supply includes two large storage
capacitors that provide the required 25,000 microfarads of energy without
exceeding a 2-dB degradation in output power. Additional storage capac-
itors are included in the 28-volt and 50-volt stages of the power amplifier.

3.2.10 ATCRBS Transponder

The costs for the various DABS configurations were developed using a
typical piece count pricing method. Since the cost factors used are typical
of electronic manufacturers, their applicability to the avionics community
can be challenged. The FAA requested us to use the same method on a typical
modern ATCRBS transponder whose list price is nationally advertised to per-
mit comparison of the results with advertised list prices. A modern
transponder was chosen and evaluated by the piece part method. The detailed
list of component parts used and assembly labor estimates are presented in
Appendix A. Table 3-19 presents the cost development based on the ATCRBS
material and labor estimates and the same cost factors used in DABS cost
development. The resulting list price of $718 is quite close to the
advertised price of $695. The difference can be attributed to a lower
profit on transponders because of the intense competition in the sales of
these popular avionics.

3.3 TRANSPONDER RELIABILITY

The reliability of each of the systems was reviewed and evaluated.
The detailed parts lists developed for cost evaluation permitted applica-
tion of the MIL-217C* reliability-prediction technique in the determination
of system or module mean time between failure (MTBF) by component failure
rate.

*Military Standardization Handbook, Reliability Stress and Failure Rate Data

for Electronic Equipment, MIL-HDBK-217C, 9 April 1979.
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When the MIL-217C reliability-prediction technique is used, it is
necessary to make assumptions regarding key system operating parameters.
For example, the operating ambient temperature was chosen at 400 C. The
stress ratio (ratio of operating value to maximum rated value) 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 semiconduc-
tor class. Critical transistors, e.g., modulators, were evaluated to
establish the normalized junction temperature (Tn), and failure rates were
derived from curves and data tables of MIL-217C. The environmental factor
for airborne application was used for all calculations.

The reliability evaluations of the systems considered all electronic
components in the circuits of the systems. A failure of any component was
treated as causing a failure of the system.

The average material cost per repair action was developed by determin-
ing the contribution of any component to the module's reliability on the
basis of that component's cost and expected failure rate.

The detailed development of these data is presented in Appendix A.
The data are presented as failure rates per million hours of operation.
The MTBF for any module can be calculated by application of the following
formula:

MTBF I x 106 (3-1)
Failure Rate

System reliability can be determined by addition of all module failure
rates and application of Equation 3-1. Transponder MTBFs are shown in
Table 3-20.

3.4 SUMMARY OF TRANSPONDER COSTS

The costs developed in this chapter considered various configurations
of DABS transponders with both discrete and LSI logic designs. Table 3-20
presents a summary of the costs developed for each configuration. Since
each configuration is unique, requiring designs that optimize the data
processing for that configuration, the difference between any sets of custs
should not be considered as the expected cost of later adding the partic-
ular capability. For example the cost of adding ATARS capability co an
existing DABS transponder with Comm A/B capability should not be expected
to be only $430, the difference between the costs of installing DABS with
and without ATARS. Rather the cost of the DABS with ATARS can be expected
to be $2,093 if designed originally into the system, and the cost of DABS
without ATARS would be only $1,663. Even though the acquisition cost of
the LSI versions average 23 percent less than the discrete versions, the
cost advantage for each design when LSI technology is introduced must be
considered only after the development cost of LSIs is amortized during the
early part of transponder introduction. The effect of amortization is
considered in the life-cycle-cost analysis of subsequent chapters.
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Table 3-20. TRANSPONDER RELIABILITY (MTBF IN HOURS)

Components
Transponder Configuration

Discrete LSI

ATCRBS 2,170 ---

Basic Surveillance DABS 1,580 1,755

Basic DABS with Antenna Diversity 1,080 1,160

Basic DABS with 21.5 dBW at Antenna 1,580 1,755

DABS with Comm A and B 1,570 1,745

DABS with Comm A and B and ATARS 1,600 1,865

DABS with Comm A and B, ATARS, and BCAS Interface 1,575 1,865

DABS with Comm A, B, and C 1,740 1,990

DABS with Comm A, B, and C and ATARS 1,570 1,830

DABS with Comm A, B, C, and D 1,420 1,600

A study of Table 3-21 allows an evaluation of the comparative costs
associated with designing a desired level of DABS capability.

Table 3-21. ACQUISITION COST OF TRANSPONDERS
(CONSTANT 1980 DOLLARS)

Components
Transponder Configuration

Discrete LSI

ATCRBS 718 ---

Basic Surveillance DABS 1,614 1,239

Basic DABS with Antenna Diversity 2,054 1,679

Basic DABS with 21.5 dBW at Antenna 1,617 1,242

DABS with Comm A and B 1,663 1,293

DABS with Comm A and B and ATARS 2,093 1,592

DABS with Comm A and B, ATARS, and BCAS Interface 2,167 1,592

DABS with Comm A, B, and C 1,830 1,413

DABS with Comm A, B, and C and ATARS 2,261 1,719

DABS with Comn A, B, C, and D 2,227 1,781
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CHAPTER FOUR

LIFE-CYCLE-COST MODEL COMMON PARAMETERS

This chapter addresses the development of those data items that are
treated in the economic analysis as being common to any DABS concept. They
include the estimated installation costs of transponders and the popula-
tion projections for the low-performance general aviation community.

4.1 COST OF DABS ELECTRONICS COMPONENTS

The equipments studied have been limited to the airborne elements of
the DABS system. Chapter Three developed the cost of the various DABS
configurations that may be implemented in the low-performance general avia-
tion aircraft community. In all cases it was assumed that the DABS elec-
tronics would be integrated into a single package and that the installation
would consist of the transponder, cables, and antenna. Since the DABS
operates on the same frequencies as the present ATCRBS it was assumed that
the aircraft would use the low-cost quarter-wavelength stub antenna.

4.2 AIRCRAFT CONFIGURATION

The complement of equipment to be installed by a user normally depends
on individual needs, probable flight profiles, the reliabilities required
to provide suitable aircraft availability, and the anticipated or required
flight crews for special classes of aircraft. Since this study is limited
to low-performance general aviation aircraft it is assumed that the air-
craft owner will carry the minimum avionics consistent with flight regula-
tions and safety. This assumed installation will consist of a single set
of DABS electronics with the electronics being installed in the flight con-
sole of the aircraft. It has been assumed that retrofit systems will
reuse existing ATCRBS antenna installations.

4.3 INSTALLATION COSTS

The cost of equipment installation considered in this study falls into
two categories: (1) retrofit of the existing fleet, and (2) installition
in new aircraft.

Low-performance general aviation aircraft retrofit cost data were devel-
oped by a survey of avionics maintenance facilities because the majority of
low-performance general aviation aircraft are maintained at such facilities
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throughout the country. In 1974 more than 500 maintenance facilities were
surveyed to solicit information on the labor requirement to retrofit a
NARCO DME-190 unit with an appropriate antenna in the low-performance class
of aircraft. The results of this survey were published in Report No. FAA-
EM-76-1. In 1979 ARINC Research interviewed a selected sample of the
responding maintenance organizations and obtained their new labor rates
for comparison with those furnished in 1974. The labor estimations obtained
in 1974 were in hours and were still considered valid. These new labor and
material costs were published in Report No. FAA-EM-79-14. We updated the
labor and material cost from FAA-EM-79-14 by using a Bureau of Labor Sta-
tistics inflation factor of 9.23 percent to arrive at a new base labor rate
of $25.25 per hour. Table 4-1 presents the expected labor and material cost
of retrofitting avionics in the low-performance aircraft by using the 1980
labor rate and cost of materials.

Table 4-1. AVIONICS RETROFIT INSTALLATION COSTS FOR
LOW-PERFORMANCE GENERAL AVIATION AIRCRAFT

Single-Engine Twin-Engine
Aircraft Aircraft

Cost Category Cost Cost

Hours* (at $25.25 Hours* (at $25.25
per hour) per hour)

Electronics 4.51 113.88 6.43 162.36

Antenna 2.32 58.58 3.21 81.05

Cabling 3.92 98.98 5.31 54.35

Material 40.43 54.35

Total Installation Cost 311.87 431.84

*Installation times are based on the mean of labor hours quoted by

125 facilities.

For purposes of this analysis we used a weighted average of $325 for
a complete installation in the low-performance general aviation aircraft.
We then assumed that the cost of antenna installation would be eliminated
on the premise that the majority of general aviation aircraft are already
equipped with ATCRBS transponders and the existing antenna would be reusable.
This reduced the retrofit cost to $264. For aircraft that require an
antenna installation the increased cost is offset (in the population aver-
age) by elimination of the cost to remove existing equipment and the reduc-
tion of unit installation cost because of space availability. We did
include the cost of a new antenna in the acquisition costs because manu-
facturers normally include an antenna as part of the installation kit.

It was assumed that installation costs in new general aviation aircraft
would be 60 percent of the estimated retrofit costs of $325 for a complete
installation, or $195. For antenna diversity, the retrofit installation
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cost would be $344 and the installation in a new aircraft would be $242.
These costs include the extra antenna required.

4.4 AIRCRAFT SCENARIO

Installation of DABS in aircraft is assumed to begin in 1987. It is
assumed that all new aircraft delivered in 1987 and in subsequent years
would have DABS installed as part of the original required avionic equipment.
The retrofit period for the low-performance general aviation community has
been assumed for purposes of this study to be 14 years, with the number of
retrofits being a linear function. It is assumed that 85 percent of the
projected active aircraft population will be retrofitted with DABS by 2001,
with the retrofit period beginning in 1987. The remaining 15 percent are
assumed to be inactivated or to fall into the category of aircraft normally
not equipped with transponders.

To develop an aircraft baseline for 1987 and project an expected instal-
lation schedule for DABS, we reviewed a number of documents. Among these
were FAA-AVP-80-8 of September 1980, FAA Aviation Forecasts FY 1981-1992;
FAA-AVP-79-9 of September 1979, FAA Aviation Forecast FY 1980-1991; FAA-
AVP-78-11 of September 1978, FAA Aviation Forecasts FY 1979-1990; FAA-MS-
79-5 of April 1979, 1977 General Aviation Activity and Avionics Survey;
FAA-MS-80-5 of March 1980, 1978 General Aviation and Avionics Survey; FAA
Statistic Handbook of Aviation for 1978; and the World Aviation Directory,
Volumes No. 75 through No. 80. Our purpose was to balance projections with
production quantities to determine an increment of new aircraft per year.
Most forecasts deal only with actual total fleet increases per year without
separate categories for new aircraft per year and aircraft lost to attri-
tion each year. Table 4-2 presents the baseline category for 1 January
1979. We chose this date because of the data agreement between FAA-MS-80-
5 and FAA-AVP-80-8 on that date. Table 4-2 shows not only the baseline
year but the projected change in active aircraft population by year. The
extensive data base available in FAA-MS-79-5 and FAA-MS-80-5 allowed the
determination that approximately 17 percent of the multi-engine piston
aircraft were in the high-performance category. Combining this percentage
with the assumed 10 percent of multi-engine aircraft in the high-performance
category taken from FAA-EM-76-1, Cost Analysis of Airborne Collision Avoid-
ance Systems (CAS) concepts, we projected that approximately 28 percent of
the multi-engine piston aircraft would be in the high-performance category
in 1987.

The data from Table 4-2 were combired with data from FAA-AVP-80-8 to
project the expected active aircraft population in Table 4-3. Table 4-3
combines all low-performance aircraft types into one category and weighs
the statistics of Table 4-2 to project a statistical data base for 1 January
1987.

The average flight hours per year per aircraft is a weighted average
of all aircraft in a category. Table 4-3 forms the basis of aircraft-
particular parameters such as quantities, flight hours, and production
schedules for the airborne portion of the LCC study. It is based on current
aircraft production rates, aircraft exports, and FAA projections.
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Table 4-2. BASELINE AIRCRAFT DATA FOR LOW-PERFORMANCE
GENERAL AVIATION AIRCRAFT (AS OF JANUARY
1979)

Aircraft Categories Single- Multi- Rotorcraft
Engine Engine

Active Aircraft 160,651 19,232 5,315

Average Flight Hours 172 266 422
per Year

Projected New Aircraft 10,900 1,500 450
per Year

Table 4-3. LIFE-CYCLE-COST BASELINE
DATA FOR LOW-PERFORMANCE
GENERAL AVIATION AIRCRAFT

Aircraft Category Quantity

Statistical Data as of 1 January 1979

Active Aircraft 185,200

New Aircraft Added per 12,850
Year

Approximate Fleet Increase 7,520
per Year

Statistical Data as of 1 January 1987

Projected Active Aircraft 245,360

Average Flight Hours per
Year per Aircraft 189

Projected Average Number 12,850
of Transponders Installed
in New Aircraft per Year

Projected Average Tran- 14,900
sponders Retrofitted per
Year

4.5 MAINTENANCE SCENARIO

The maintenance scenario used in the life-cycle-cost model considers
two levels of repair: on-aircraft and off-aircraft maintenance. On-aircraft
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maintenance consists of simple removal and replacement of failed units.
Off-aircraft maintenance encompasses all other maintenance actions required
in the event of an equipment failure.

4.5.1 On-Aircraft Maintenance

On-aircraft maintenance is limited to the cost of removing and replac-
ing failed units. Preventive maintenance was not considered because the
general aviation user community does not generally provide preventive main-
tenance for trazsponders.

Remove and replace actions are initiated when an aircraft lands at a
repair facility and reports a transponder failure. The cost incurred is
for the time required to complete the maintenance action charged on an
hourly basis. For the purposes of this analysis, the time required was
assumed to be 1.5 hours, broken down as follows:

• 15 minutes for the maintenance person to get to the aircraft
. 15 minutes to remove the failed unit

• 15 minutes to take the failed unit back to the shop for testing
and repair or replacement

. 15 minutes to return to the aircraft with the repaired or replace-
ment unit

. 15 minutes to reinstall the unit in aircraft

. 15 minutes to return to the shop

While the time allotted may appear excesrive, .t allows for the considera-
tion that some repair shops are not located at airport facilities.

4.5.2 Off-Aircraft Maintenance

Off-aircraft maintenance costs are those costs incurred during the
actual repair of a failed module. These expenses include the cost of
materials, labor, shipping, and failure documentation.

Module repair at the avionics repair shop is restricted to bench test-
ing and removal and replacement of the failed modules within the transponder.
Repair times are attributed to the transponder and to each module. Since
minimal spares, e.g., one of each type, are inventoried at avionics repair
shops, users may often have to wait to have their repaired units returned
to them. This waiting period is reflected in the avionics repair shop and
depot pipeline (turnaround) times and order/ship times for replacement
modules.

No modules, with the exception of the chassis, are assumed to be
repaired at the avionics shops. Rather, the failed modules are shipped to
a depot, or manufacturer, for repair. Eight depots were presumed throughout
this analysis because in the past there have been eight manufacturers of
ATCRBS transponders.
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Once the failed unit arrives at the depot it is repaired, or in some
cases replaced, incurring both a materials cost and a labor cost. These
costs are peculiar to the particular module being repaired. The maintenance
action is then documented and the repaired item shipped back to the avionics
repair shop, thus completing the off-aircraft maintenance cycle. Module
repair was assumed to vary between 0.60 and 1.35 hours, depending on the
module.

It was assumed that in the initial year of DABS implementation there
would be 50 avionics repair shops. This was based on the relatively small
number (207) of pulse equipment repair shops existing today as listed in
the FAA Advisory Circular AC/140-7A of 18 April 1980, Federal Aviation
Administration Certificated Maintenance Agencies Directory. We assumed
that the repair shops total would increase by 15 shops per year because of
the continuing increase in transponders.
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CHAPTER FIVE

INDIVIDUAL AND FLEET COSTS FOR DABS IMPLEMENTATION

5.1 COST MODEL

ARINC Research Corporation adapted and updated its Economic Analysis
Model (rAM) for this study to evaluate the economic impact of the DABS
transponder on the low-performance general aviation aircraft community. In
particular the model calculates the cost of each DABS configuration and
provides a basis for comparing costs between the levels of complexity that

may be designed into the general aviation transponder.

The model has been programmed in FORTRAN IV+ for use with a Digital
Equipment Corporation PDP-11/34 minicomputer. It computes the expected
annual and cumulative acquisition, installation, and logistic support costs
for each concept. The program is flexible so that data changes can be
readily implemented, sensitivity evaluations performed, or additional data
outputs obtained. The program features and mathematical formulation of the
rAM are documented in Appendix B to this report. Appendix C is a program
listing of the rAM.

5.2 ADDITIONAL INPUTS REQUIRED BY THE MODEL

The data developed in Chapter Three consitute 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 GA user community. These data were developed,
as were other parameters required by the model, through research completed
for .this and other contracts by ARINC Research Corporation.

A complete list of the parameters influencing the LCC evaluation is
tabulated in Appendix D to this report. All of the parameters considered
influential in evaluating the relative costs and reliabilities of the sys-
tems have been programmed into the cost model.

5.3 RESULTS OF APPLYING THE ECONOMIC ANALYSIS MODEL

The ARINC Research LAM computes annual and cumulative acquisition,
installation, and logistic support costs for each concept and user
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combination desired. The model was programmed to print out data for one
additional year beyond the assumed retrofit period of 1987 through 2000 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 transponder configurations. The costs of acquisition, installation,
and recurring logistics are identified separately, by aircraft. The 15-year
life-cycle costs of any of the transponder configurations an aircraft owner
may expect are also presented. These costs are presented in Section 5.3.1.

The fleetwide life-cycle costs of system implementation for the 18
different transponder configurations are tabulated in Section 5.3.2.
Selected configurations are presented in graphic format to illustrate the
year-by-year cost of system implementation.

5.3.1 Cost of Ownership Per Aircraft

The per-aircraft cost of ownership of a DABS transponder would normally
consist of the initial acquisition and installation costs for equipment
configurations, a proportion of the nonrecurring logistic support costs,
and the cumulative life-cycle cost of aircraft maintenance during the 15
years. These costs can be combined to provide an evaluation of the systems
based on both initial investment and reliability. One cost factor (amorti-
zation of manufacturer initial costs or LSI development costs) was omitted
from the cost analyses presented in this chapter because of the uncertain-
ties regarding the effect that the competitive market would have on these

costs. The results we have developed without including that factor would be
comparable to costs for the transponder if the Government were to develop
the LSIs and supply the design to the transponder manufacturers. The possi-
ble effects of amortization are considered in Chapter Six.

The logistic suport costs are divided into two categories: nonrecurring
costs associated with introduction of a new system and recurring costs
experienced from normal corrective maintenance of the system. The cost L
categories are:

* On-aircraft maintenance

• Off-aircraft maintenance

" Spare parts

" Inventory management

" Support equipment

" Training

" Technical data and failure documentation

* Facilities

5-2



All categories contribute to the recurring logistics costs and all but
on- and off-aircraft maintenance contribute to the nonrecurring logistics
cost. For example, spare parts would normally be purchased by a repair
facility and introduced into the inventory system. This would result in
costs associated with the spares and the costs of inventory set-up, both
considered nonrecurring. Upon failure of a unit, spares would be used and
replacement spares ordered, generating a recurring cost of parts and docu-
mentation. The EAM computes such costs on the basis of the probability of
failures.

The logistic support costs on a per-aircraft basis for the general
aviation community, however, are limited to the recurring costs of mainte-
nance, i.e., on- and off-aircraft maintenance costs incurred in repairing
a failed unit. We do not expect the individual general aviation owner
to stock either spare parts or test equipment and, consequently, to directly
incur the management or facility costs associated with maintaining an
inventory. The repair facility inventory maintenance costs are reflected
in the general aviation cumulative life-cycle costs, however, since the EAM
includes all logistic support cost categories.

The data in Table 5-1 identify the cost of ownership and the antici-
pated life-cycle costs for all DABS configurations for the low-performance
general aviation aircraft community. The acquisition costs include the
distribution costs expected in a competitive market.

Nonrecurring costs (e.g., spares inventory) on a per-aircraft basis are
not identified, however, since they are considered inappropriate for the
private general-aviation owner. The recurring logistics costs for each
system are based on the historic low flight-hours-per-month average. The
low cost of maintenance per aircraft is considered reasonable because
average flight time per month is only 15.8 hours.

The data developed show the LSI version of DABS to have lower acquisi-
tion costs and slightly lower recurring maintenance costs than the discrete
version. These costs are based on manufacturing quantities that justify
the high development costs of LS1s.

5.3.2 Life-Cycle Cost

The per-aircraft cost identified in the preceding section are of the
most importance to the aircraft owner, but the cumulative costs of system
implementation (which include the total costs of acquisition, installation,
and recurring and nonrecurring logistics) offer better insight into the
total cost impact on the user community.

The cost-model outputs based on the data developed are shown in Table
5-2 in constant 1980 dollars and in Table 5-3 in discounted dollars. The
constant year dollars (zero inflation rate) permit comparison of costs
with any other life-cycle study of comparable length, regardless of the
start of implementation, providing that the base costs are presented in 1980
dollars. The discounted dollars reflect a 10 percent discount rate, which
is in accordance with OMB Circular A-94.
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Table 5-2. LIFE-CYCLE COST FOR DABS TRANSPONDERS FOR THE LOW-
PERFORMANCE GENERAL AVIATION AIRCRAFT COMMUNITY

(IN MILLIONS OF CONSTANT 1980 DOLLARS)

Total
Acquisition Installation L TotalSystem Cost Cost Logic Cost

Cost

Discrete Version

Basic DABS 522.7 92.6 68.8 684.3
Diversity 664.1 118.4 108.8 891.3
21.5 dBW Antenna Power 523.7 92.6 68.9 685.2
Comm A and B 538.4 92.6 69.3 700.3
Comm A and B and ATARS 676.6 92.6 69.5 838.7
Comm A and B, ATARS, 700.1 92.6 70.2 862.9

and BCAS Interface
Comm A, B, and C 592.2 92.6 66.1 750.9

Comm A, B, and C and 730.4 92.6 70.5 893.5
ATARS

Comm A, B, C, and D 719.6 92.6 84.4 896.6

LSI Version

Basic DABS 402.4 92.6 63.3 558.4
Diversity 543.7 118.4 103.0 765.1
21.5 dBW Antenna Power 403.4 92.6 63.4 559.4
Comm A and B 419.5 92.6 63.7 575.9
Comm A and B and ATAPS 515.5 92.6 62.3 670.4
Comm A and B, ATARS, 515.5 92.6 62.3 670.4

and BCAS Interface
Comm A, B, and C 458.2 92.6 60.1 610.9
Comm A, B, and C and 556.4 92.6 66.4 715.4
ATARS

CoMM A, B, C, and D 576.3 92.6 77.8 746.7

OMB Circular A-94 requires that life-cycle costs be discounted to
reflect the opportunity cost of money. This means that money spent during
a particular year has a greater impact on cost than does money spent one
year later (assuming that all economic factors remain constant). The
expected opportunity cost occurs because the money spent could have been
invested to yield a rate of return. OMB specifies that because the expected

rate of return is 10 percent, money should be discounted at 10 percent.
Thus, one 1980 dollar will be worth approximately 51$ in 1987 when the DABS
acquisition begins, 150 when retrofit ends, and 13t when the life-cycle
analysis is terminated.

In addition to preparing the data shown in Tables 5-2 and 5-3, we
selected three DABS configurations to illustrate cumulative costs year by
year. Figures 5-1 through 5-6 illustrate the LCC trends on a yearly basis
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Table 5-3. LIFE-CYCLE COST FOR DABS TRANSPONDER FOR THE LOW-
PERFORMANCE GENERAL AVIATION AIRCRAFT COMMUNITY
(IN MILLIONS OF DISCOUNTED DOLLARS)

Acquisition Installation Total Total
System Cost Cost Logistic Cost

Cost

Discrete Version

Basic DABS 152.6 27.1 16.1 195.8
Diversity 193.8 34.6 25.3 253.7
21.5 dBW Antenna Power 152.8 27.1 16.1 196.1
Comm A and B 157.1 27.1 16.2 200.4
Comm A and B and ATARS 197.4 27.1 16.3 240.9
Comm A and B, ATARS, 204.3 27.1 16.5 247.9

and BCAS Interface
Comm A, B, and C 172.8 27.1 15.5 215.4
Comm A, B, and C and 213.1 27.1 16.5 256.8
ATARS

Comm A, B, C, and D 210.0 27.1 19.8 256.9

LSI Version

Basic DABS 117.4 27.1 14.8 159.3
Diversity 158.7 34.6 23.9 217.2
21.5 dBW Antenna Power 117.7 27.1 14.8 159.6
Comm A and B 122.4 27.1 14.9 164.4
Comm A and B and ATARS 150.4 27.1 14.6 192.1
Comm A and B, ATARS, 150.4 27.1 14.6 192.1

and BCAS Interface
Comm A, B, and C 133.7 27.1 14.1 174.9
Comm A, B, and C and 162.4 27.1 15.5 205.0
ATARS

Comm A, B, C, and D 168.2 27.1 18.2 213.5

for the discrete and LSI versions of Comm A and B, Comm A, B, and C, and
Comm A, B, and C and ATARS. These three configurations were selected as
being representative of possible DABS implementations. The graphs show the
trends in both constant 1980 dollars and discounted dollars.

It is evident from Table 5-2 that the primary cost associated with
implementing any DABS configuration is acquisition cost. The LSI versions
will cost an average of 22 percent less than the DABS discrete versions.
The acquisition cost for LSI logic ranges from 18 percent less for DABS
with antenna diversity to 25 percent less for DABS with Comm A and B, ATARS,
and BCAS interface.

(Text continues on page 5-13.)
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The logistic support costs are about the same for a discrete version
or any LSI version except for DABS with Comm A, B, C, and D for both versions
and antenna diversity for both versions.

The logistic support costs required to maintain the systems are lower
for the LSI versions by approximately 8.5 percent. This overall reduction in
logistic support cost required to maintain the LSI systems is due to the
expected higher reliabilities associated with LSI components compared with
the cumulative failures of the numerous discrete-logic components. The
higher LSI reliabilities are sufficient to offset the higher material
repair costs of the modules with LSIs.

The lower initial acquisition costs of the LSI configurations of the
transponder, together with the lower logistic support costs, result in an
average life-cycle cost 19 percent less than the cost of the discrete-
logic versions. The life-cycle costs range from 14 percent lass for antenna
diversity to 29 percent less for Comm A and B, ATARS, and BCAS interface.
The cost of the LSI version of Comm A and B, ATARS, and BCAS interface is
substantially lower because all of the BCAS components are incorporated
into the same LSI that includes the Comm A and B components.

Figures 5-1, 5-3, 5-5 (in constant 1980 dollars), 5-2, 5-4, and 5-6
(in discounted dollars) all show that the life-cycle costs behave similarly
without regard for discrete or LSI versions or DABS capability. The dif-
ferences in cumulative costs for LSI and discrete versions are a result
of the differences in acquisition costs.
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CHAPTER SIX

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

In the development of data for the cost analyses of the DABS system
concepts in Chapters Three and Four, assumptions had to be made regarding
operational scenarios and system parameters. Because of this we reviewed
the cost analyses for their sensitivity to parameter variations and alter-
native scenarios.

The cases considered in this review were as follows:

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

. The sensitivity to changes in LSI material costs

. The effect of including LSI amortization costs in the analyses

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

Since the mean time between failures (MTBF) is usually difficult to
predict accurately and since MTBF has a major impact on the life-cycle cost,
the effect of MTBF variations on DABS life-cycle costs was evaluated.
Figures 6-1 and 6-2 illustrate the effect of variations in the developed
system MTBFs on the life-cycle costs predicted for the DABS configuration
with Comm A and B and DABS with Comm A, B, and C and ATARS. Since the
other configurations illustrated similar characteristics, they are not pre-
sented here. The figures show the system MTBFs developed in Chapter Three.
A comparison of the discrete and LSI versions of the DABS transponder is
also presented. Constant 1980 dollars were chosen to permit comparison
with other life-cycle costs, regardless of implementation dates, on the
basis of 1980 dollar costs.

cFigures 6-i and 6-2 both indicft bat the life-cycle-cost estimates
can be substantially affected by variations in system MTBFs. In both the
discrete and LSI versions of either DABS configuration, the life-cycle
costs are in the knee of the cost-versus-MTBF curve. An MTBF of 500 hours
less than predicted would result in a 4 to 5 percent increase in costs for
both the discrete and LSI versions of DABS with Comm A and B. An MTBF of

6-1



900

800

Predicted MTBF

700
I ,-

Discrete

0

600 \. --- Predicted MTBF
4j,

41
- --- LSI

0

500
0

U

2 00

1 00

0 400

0 1000 2000 3000 4000 5000 6000

System MTBF (Hours)

Figure 6-1. LIFE-CYCLE COSTS AS A FUNCTION OF TRANSPONDER
MTBF (DABS WITH COMM A AND B)

6-2

Ue



1000

900

nr Discrete

- 800 Predicted MTBF0
700

4.4
0 LSI

600
--4

--4

40

H

500
U'

Ol 4000-

'I

..0

0

'6-3

300 -

0002000400 5000 6000 i

System MTBF (In Hours)

Figure 6-2. LIFE-CYCLE COSTS AS A FUNCTION OF TRANSPONDER MTBF

6-3



500 hours more than predicted would result in a decrease in costs of
approximately 2 percent. For DABS with Comm A, B, and C and ATARS, an
MTBF of 500 hours less than predicted for both the discrete and LSI ver-
sions would result in a 3 percent increase in costs; an MTBF of 500 hours
greater than predicted would result in a 2 percent decrease in cost for
either version.

Figures 6-1 and 6-2 also provide a basis for comparing the discrete
and LSI versions of a given transponder configuration to identify any
MTBF variations that would make the discrete systems less costly than the
LSI systems. Since the major factor in the life-cycle cost is acquisition
cost Figures 6-1 and 6-2 make clear that LSI MTBFs would require major
variations to make the discrete systems more attractive than the LSI
systems.

6.2 SENSITIVITY OF LIFE-CYCLE COST TO LSI AND MATERIAL COST

It is apparent from the various tables comparing discrete component
and LSI transponder configurations that acquisition costs are the predomi-
nant factor in life-cycle costs. To evaluate the effect of LSI-component
costs on the life-cycle cost we varied the cost of LSIs used in DABS with
Comm A, B, and C and ATARS configuration from the predicted value of $10
per LSI to $20 per LSI and then to $50 per LSI. This variance affected both
acquisition and support costs because of the increased material cost for
repair. Table 6-1 and Figure 6-3 compare the results.

Table 6-1. INCREASE IN LIFE-CYCLE COST RESULTING FROM AN
INCREASE IN LSI COST (IN CONSTANT 1980
DOLLARS)(DABS WITH COMM A, B, AND C AND ATARS)

Total Total \
LSI Cost Acquisition Installation otic PogamLS ot Cost Cost Logistics Program \

Cost Cost

10 556.4 92.6 66.4 715.4

20 608.5 92.6 66.8 768.0

50 751.3 92.6 68.1 912.0

Discrete 730.4 92.6 70.5 893.5
Cost

Table 6-1 illustrates the increases in life-cycle-cost components as
well as in the total life-cycle cost as the LSI costs are increased. The
discrete component costs are also shown for comparative purposes. Even
though the acquisition cots and the life-cycle costs using $50 LSIs (the
Table 6-1 configuration'uses five LSIs) exceed those of the discrete com-
ponent configuration, the total logistic costs for the LSI configuration are
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still less than those of the discrete configuration. A linear plot of the
LSI acquisition costs indicates that an LSI costing approximately $46 would
have the same acquisition costs as the discrete component version.

Figure 6-3 illustrates the cumulative life-cycle costs for the differ-
ent LSI versions.

6.3 THE EFFECT OF INCLUDING AMORTIZATION OF MANUFACTURERS' LSI DEVELOPMENT
COSTS

The costs associated with production start-up, tooling, engineering,
and development of LSI logic are normally included in a manufacturer's
selling price. However, in the review of possible ways to evaluate these
amortization costs, it was recognized that a competitive market with mul-
tiple 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 LSI development amorti-
zation included in order to determine if any of the cost evaluations would
be altered.

The cost of LSI development was based on ARINC Research experience in
other studies and information provided through informal discussion with
King Radio and Bendix Aviation, both corporations with LSI development capa-
bility and experience. The costs to be amortized were taken as $100,000
per LSI per manufacturer, with each manufacturer developing its own LSIs and
amortizing the cost of development over the first two years of production.

The amortization costs that were dependent on configuration were con-
verted into per-transponder costs on the basis of production quantities of
3,500 units per year. 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 several manufac-
turers and all manufacturers engaged in the production of the systems would
have similar LSI development costs. The expected cost increase of a DABS
configuration where amortization is included is shown in Table 6-2. The
costs for LSI development to be amortized by the several manufacturers during
the first two years of production are $400,000 per manufacturer for a four-
LSI configuration and $500,000 per manufacturer for a five-LSI configuration.

Figures 6-4 and 6-5 present the life-cycle cost of a four-LSI configura-
tion and a five-LSI configuration with amortization costs included. Figure
6-4 presents the four-LSI DABS with Comm A and B configuration and compares
the life-cycle cost with and without LSI development cost amortization.
Even though the actual life-cycle cost is approximately $5.1 million higher
with amortization included this is only a 0.89 percent increase in life-
cycle cost. Figure 6-5, which illustrates the five-LSI DABS with Comm A,
B, and C and ATARS configuration, is comparable to Figure 6-4. Figure 6-5
shows an increase of approximately $6.3 million for the life-cycle cost but
again this is an increase of only 0.88 percent in overall cost. These same
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Table 6-2. INCREASE IN DABS CONFIGURATION COST DUE
TO AMORTIZATION OF LSI DEVELOPMENT
(FIRST TWO YEARS OF PRODUCTION)

Four-LSI Version Five-LSI Version

$114.28 (List) $142.86 (List)Cost Increase

per Transponder 57.14 (OEM) 71.43 (OEM)

LSI development costs applied to a lower life-cycle cost such as the five-
LSI DABS with Comm A and B and ATARS configuration would result in an
increase of 0.94 percent in the life-cycle cost. Both figures illustrate
that although the cost increases in each configuration are appreciable, they
are not evident when compared with the total expected expenditures. Amorti-
zation has little effect on the relative costs of the transponders because
the equipment acquisition costs dominate the life-cycle costs.
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CHAPTER SEVEN

RESULTS OF EVALUATIONS

This study has developed costs of various DABS transponder configura-
tions using both discrete and LSI components to assess the cost impact of
varying levels of sophistication in a DABS transponder designed for the
low-performance general aviation aircraft community (limited to single-
engine and light twin-engine aircraft). Costs were also generated for an
existing ATCRBS transponder (whose advertized prices are available for
comparison with the study results) to lend credibility to pricing techniques
used for this analysis. Calculations of DABS transponder costs were based
on the accounting method of cost estimating. The transponder design data
used for the cost analysis came from DABS circuit designs developed by
ARINC Research Corporation. The production cost data were developed
through detailed analysis of the methods of several leading avionics manu-
facturers producing either high- or low-performance aircraft equipment.
Total system costs were evaluated with the aid of an economic analysis
model. This chapter summarizes the results of the cost analyses.

7.1 COST DATA OF TRANSPONDER CONFIGURATIONS EVALUATED

The transponder costs developed during this study are summarized in
Table 7-1. The values indicate the probable selling price of the tran-
sponders to the low-performance general-aviation aircraft user. Appropriate
markups for distribution have been included on the basis of known or expected
practices of the avionics manufacturers. All costs are based on the 1980
dollar without inflation. Potential variability in costs exists as a
function of the production volume dictated by user demand. However, com-
parison of transponder costs based on the data presented is possible since
a uniform production quantity was assumed in the evaluation of each concept.

The costs developed in this study considered various configurations of
DABS transponders with both discrete and LSI logic designs. Since each
configuration is unique, requiring designs that optimize the data process-
ing for that configuration, the difference between any sets of costs in
Table 7-1 should not be considered as the expected cost of later adding
the particular capability. For example the cost of adding ATARS capability
to an existing DABS transponder with Comm A and B capability should not be
expected to be only $430, the difference between the costs of installing
DABS with and without ATARS. Rather, the cost of the DABS with ATARS can
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be expected to be $2,093 if designed originally into the system, and the
cost of DABS without ATARS would be only $1,663. The cost advantage for
each design when LSI technology is introduced must be considered only
after the development cost of LSIs is amortized during the early part of
transponder introduction. Table 7-1 allows a comparative analysis of the
costs associated with designing given capabilities into a transponder.

Table 7-1. ACQUISITION COST OF TRANSPONDERS
(IN CONSTANT 1980 DOLLARS)

Components
Transponder Configuration

Discrete LSI

ATCRBS 718 --

Basic Surveillance DABS 1,614 1,239

Basic DABS with Antenna Diversity 2,054 1,679

Basic DABS with 21.5 dBW Antenna 1,617 1,242

DABS with Comm A and B 1,663 1,293

DABS with Corma A and B and ATARS 2,093 1,592

DABS with Comm A and B, ATARS, and BCAS Interface 2,167 1,592

DABS with Comm A, B. and C 1,830 1,413

DABS with Comm A, B, and C and ATARS 2,261 1,719

DABS with Comm A, F, C, and D 2,227 1,781

7.2 LIFE-CYCLE COST FOR THE USER COMMUNITY

The life-cycle costs for each transponder configuration are summarized
in Tables 7-2 and 7-3. The results are presented both by aircraft and
for the entire low-performance general aviation aircraft community. The
unit acquisition cost shown in Table 7-2 is different from the unit acquisi-
tion cost shown in Table 7-1 because the life-cycle-cost model allows for
the normal distributor discount offered when the distributor installs the
avionics in the aircraft. The individual-aircraft-owner costs are likely
to be of the most interest to the general aviation community, while the
total user community life-cycle cost allows an evaluation of the overall
cost impact of implementing any particular DABS configuration. Costs are
presented for both constant 1980 dollars and discounted 1980 dollars. It
is apparent from Table 7-3 that the LSI versions of DABS transponders would
have a lower life-cycle cost than the discrete versions. This can be traced [
to their acquisition costs.
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Table 7-3. SUMMARY OF LIFE-CYCLE COSTS FOR DABS TRANSPONDERS FOR THE
LOW-PERFORMANCE GENERAL AVIATION AIRCRAFT COMMUNITY

Constant Discounted
Transponder Configuration 1980 Dollars 1980 Dollars

(In Millions) (In Millions)

Discrete Version

Basic Surveillance DABS 684.3 195.8

Basic DABS with Antenna Diversity 891.3 253.7

Basic DABS with 21.5 dBW at Antenna 685.2 196.1

DABS with Co-- A and B 700.3 200.4

DABS with Comr A and B and ATARS 838.7 240.9

DABS with Com A and B, ATARS, and BCAS 862.9 247.9
Interface

DABS with CoM A, B, and C 750.9 215.4

DABS with Comr A, B, and C and ATARS 893.5 256.8

DABS with CoM A, B, C, and D 896.6 256.9

LSI Version

Basic Surveillance DABS 558.4 159.3

Basic DABS with Antenna Diversity 765.1 217.2

Basic DABS with 21.5 dBW at Antenna 567.1 159.6

DABS with Corn A and B 575.9 164.4

DABS with Com A and B and ATARS 670.4 192.1

DABS with Con A and B, ATARS, and 670.4 192.1
BCAS Interface

DABS with Cam A, B, and C 610.9 174.9

DABS with Cam A, B, and C and ATARS 715.4 205.0

DABS with Comm A, B, C, and D 746.7 213.5
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7.3 DISCUSSION OF SENSITIVITY ANALYSIS

Major variations in the reliability data were considered to determine
if there were any conditions that would cause a significant change in the
relative life-cycle costs between discrete and LSI component transponder
configurations. It was shown that the relative life-cycle costs are
virtually unaffected by MTBF variations within the two configurations. It
was shown that a 500-hour reduction in MTBF from that predicted would
result in an approximate 4 percent life-cycle cost increase and a 500-hour
increase would reduce life-cycle costs by 2 percent.

LSI component costs were evaluated to assess the effect an increase in
assumed LSI cost would have on the life-cycle costs. It was determined
that for the scenarios used the LSI component cost would have to increase
by more than 350 percent (from $10 to $46) before the LSI life-cycle
acquisition costs would equal the discrete component acquisition costs.
Even then the required LSI logistic support costs would be less than those
for the discrete component configuration.

Amortization of LSI development costs was analyzed to determine the
effect of the Government sponsoring LSI development (no amortization costs)
as opposed to the avionics manufacturing community developing LSIs in the
competitive market. It was determined that the effect of the manufacturers
developing LSIs on their own was negligible over the life cycle. Private
development of LSI added approximately 0.89 percent to the total life-
cycle costs with full amortization taking place over the first two years
of production. For the individual owner buying transponders during the
first two years of implementation this translates into an approximate
$114 increase in transponder list price for a configuration requiring four
LSIs and a $142 increase in list price for a transponder configurationrequiring five LSIs.

7.4 RELATION OF THE DABS COST ANALYSIS TO THE IMPLEMENTATION OF A NATIONAL
DABS SYSTEM

This study has been concerned with the cost 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 has not been
evaluated and there has been no human-engineering evaluation of an inte-
grated display. A change in the presentation of data on the display or
going to a separate display unit could have a major effect 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 install DABS equipment.
However, if there is a significant change from this policy, so that only a
portion of the total aviation community chooses to be DABS-equipped, or the
time of implementation is extended well beyond the 14-year retrofit period
assumed, then the costs of the DABS components will increase, because they
are controlled by the production quantities required to meet the new demand
for equipment.
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While there are many factors such as the above that must be considered
by the FAA, we believe the cost analysis of all levels of DABS sophistica-
tion will be key elements in the ultimate selection of a minimum operationalDABS configuration.

7-i

7-6



APPENDIX A

SYSTEM PARTS LIST AND

COST-DEVELOPMENT DATA SHEETS

This appendix contains the work-sheets used to develop costs of modules

and systems employed in the various DABS configurations. These costs were

the basis for the calculations presented in Chapter Three of this report.

The sheets are grouped by system configuration in the 19 sections of this

appendix.
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APPENDIX A-1

AIR TRAFFIC CONTROL RADAR BEACON SYSTEM TRANSPONDER
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AppzNDIX A-2

BASIC DABS

(Discrete veraloft)
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APPENDIX A- 3

BSIC DABS WITH ANTENNA DiVERsITY

(Discrete Version)
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APPENDIX A-4

BASIC DABS WITH 21.5 dBW AT ANTENNA

(Discrete Version)
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APPENDIX A-5

DABS WITH COMM A AND B

(Discrete Version)

I

A-41



0- A Sn f8Ma nm m q

N e4

-4 f4

ii Ii

*- rA

hi S Sn Sn Sn6 '0 sO S n 0 S SA-N43L



le!

40

a S I 4,- IIIIll
hia - I !

114 ,!F~ L i I I lv r4

A-44

Itt



I - .. 4 tt ..! i.

-l II W-
n

ini

bt 0-'I -

b: In a In nna
Ic I

r. 5I ""4

B I.

-~ -45



F. mV lot

in~

4~ I 0 
I N

804 C, 'co -Me C,

Mi 
@x

A-46



- N . . . . ..0 v 'n

wi N 4 on fq 4 wm8

W q 0. N W c a a 0 I

C4 -. In

,a In in kA

4V

~~ *F-470N O'0 f

mam- mmuIfI



..........

O'D w I
0. W. V0n %N

-C i

t r~

71 _ _ ± I

In a

A-4



J -Q .s

W~~ N 4 C4 C4

Nl N M

J -4 i

A-49 
U -



dc

0 f

A-5



APPENDIX A-6

DABS WITH CONK A AND B AND ATARS

(Discrete version)
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DABS WITH COMM A, B, AND C AND ATARS
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APPENDIX B

1.0 GENERAL DESCRIPTION

ARINC Research Corporation's Life Cycle Cost Model (LCCM) has been adapted

to evaluate the economic impact of proposed Discrete Address Beacon Systems (DABS)

and to provide a basis for cost comparisons among the several DABS concepts

under development. Twenty different concepts are being evaluated within the

current ARINC Research study. The model evaluates each of these concepts in

the Low Performance General Aviation user community.

The model itself is an expected value model which has been programmed

in FORTRAN IV + for evaluations usinq a Diqital Equipment Corporation PDP-11/34

minicomputer. The model computes the expected acquisition, installation, and

logistic support costs by year and cumulatively for each concept. The program

is designed for flexibility so that data changes can be readily implemented,

sensitivity analyses performed, or additional data outputs obtained.
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2.0 PROGRAM FEATURES

The DABS LCCM implementation consists of a common main program, called

LCCOST, and seven subroutines, each designed to perform a specific function

within the model. The seven routines and their functions are:

(1) COSACQ - Calculates the cost of acquisition of the DABS transponders

by year and cumulative.

(2) COSINS - Calculates the cost of installation of the transponders

by year and cumulative.

(3) COSLOG - Calculates the nonrecurring (investment) and recurring

(operation and maintenance) costs of the DABS systems throughout their

life cycle. 4
(4) TOTCUM - Determines the total equipment costs incurred each year

and cumulative.

(5) PERGAC - Determines the annual cost per GA aircraft owner, as well

as the annual cost per GA aircraft for the avionics equipment.

(6) DISCNT - Discounts constant dollars figures according to the guide-

lines set forth by the FAA.

(7) OUTTAB - Prints in table form the results of all the above

computations.

Twenty-one input data files were used in exercising the DABS LCC4; one

for each of the twenty configurations to be evaluated, and one user file called

GENERAL tailored to the GA community. The system and user file names are

specified at the beginning of the program's exercise from the teletype terminal

keyboard, as are the number of years in the life cycle and the discount rate.

The program then calls the designated files and reads them to obtain the

specific data parameters used in the evaluation.
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The specific outputs of the model, as dictated by the OUTTAB module, are:

(1) The total acquisition cost for the GA user category and designated

system by year and cumulative.

(2) The total installation cost for the GA user category and system by

year and cumulative.

(3) The total nonrecurring logistic support cost for the GA user

category and system by year.

(4) The total recurring logistic support cost for the GA user category

and system by year.

(5) The total logistic support cost for the GA user category and system

by year and cumulative.

(6) The total cost for the GA user category and system by year and

cumulative.

(7) The detailed cost element breakdowns of the nonrecurring, recurring

and total logistic support costs for the GA user category and system by

year.

(8) The cost per year to the GA aircraft owner and the cost per

GA aircraft per year.
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3. 0 MODEL POINULATION

The following describes the mathematical formulation of the DABS LCC4

which has been implemented into the program LCCOST. The model computes on a

yearly and cumulative basis the acquisition, installation, logistic support

costs, and their totals for a given DABS system concept in the time period

1987-2002. The parameter definitions used in the model are presented after

each set of formulas as well as in Appendix C.

3.1 Acquisition Costs

The acquisition costs are determined by the number of DABS systems

purchased by the general aviation conmunity each year and the average unit

cost of the systems during the year (reflecting learning curves and amortiza-

tion costs, if applied). The acquisition costs for year i are given by:

ACOSi - (NAV) (CRFT i ) (FUCO6i) + AMCOS; i < 2

- (NAV) (CRFTi) (FUCOS i )  i > 2

where:

CRFT i - NAC i + NRAC i

The cumulative acquisition cost is simply:
i

TCSAi - Z ACOS i
j-1

Variables are:

HAV - average no. of avionics systems per aircraft

FUCOS i  average system cost in year i

ANCOS a amortization cost

NACi - no. of new aircraft in year i

NRAC - no. of aircraft retrofitted in year i
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3.2 Installation Costs

The installation cost in the i'th year is determined by the number of DABS

units installed in new aircraft or retrofitted into existing aircraft that year

multiplied by the appropriate per unit installation rate. The resultant in-

stallation cost equation is given by:

ICOSi = (NAV)[(NRACi)(RICOS) + (NACi(INCOS)l

The cumulative installation cost is given by:

TCOSI. -

j-1

Variables are:

NAV - average no. of avionics systems per aircraft

NRAC = no. of aircraft to be retrofitted in year i

RICOS = retrofit installation cost per system

NAC. = no. of new aircraft in year i

INCOS = new aircraft installation cost per system

3.3 Logistic Support Costs

The logistic support cost is considered to be composed of the sum of eight

cost elements, each having a nonrecurring (investment) and recurring (operating

and maintenance) cost component. Hence, the logistic support cost in the i'th

year is given by:
8

LCOS - Z [RCOSi'j + RLCOS. , j

with NRCOS i j representing the nonrecurring costs and RLCOS i j representing

the recurring costs. Similarly, the cumulative nonrecurring, recurring, and

logistic support costs for year i are given by:
i

TCOSN i  E TNRCOSJ
J-1
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i

TCOSR - TRLMS
si i-i :oj

i

TCOSL - LCOSj
j-1

where:
8

TRCOSj - NRCOS Jj k-i ,

8
TRLCOS. - Z M.COS

I k-i j,k

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 associated with the procure-

ment of the spares inventory. The nonrecurring component is the expenditure

in the i'th year to purchase the spares required to satisfy the expected demand with

a given level of spares sufficiency. In determining the nonrecurring costs,

assumptions which should be noted are:

(1) A minimum of one spare of each type of the principal modules, or

LRUs, and sub-modules, or SRUs, is assumed for each base.

(2) A minimum of one spare of each type LRU and SRU is assumed for each

depot.

The recurring spares cost represents the cost of purchasing additional

spares to replace those lost to the logistic system through condemnation and

attrition.
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The resultant components are given by:

NRCOS E E (NLSPRS. .(UCOS. + E (NSSP1RS )(SUCOS )

where, for ncxnrepairable LRUs:

NISPR5i~j INT[(NOB .)(YDUJZ+SUF(2)T-)U)] +

INTC (NOD) (ZDUt4+SUF (2) ' M)] + INT(TDJM)

+ INT (SDUM) + INT (RDUM) - NSPRLj

YDUM = (TFAV.) (FELRU) (BSOBL)/((NoBi) (LMTBFj))

ZDUM - (TFAV. (FBrPIJ) (BSODL) /((NOD i) (LMTBF.)

TDUM = (TFAV.)(PBLRTJ)(OSBL)/LMTBF.

SDUM - (TFAV ) (FBLRU) (OSDL)/LL4TBF.

RDUM -(TFAVI.i)(ROP)/LMTBF.

and:

FBLRUi BIT + (1-BIT) (RUSS)

TFAV. (12) (AFHR)(NS.)

NS =E(NAy) (CRFT

where, for repairable LMJs:

NLERSPRS 1 {{MaxEINT[(NOB ) (YDUM + SUF2)V-D)], (MINE) (NOBi)/LCOML~j}

+{MaxCINTC(NOD )(ZDUM + SUF(2)VZiiD)]), (MINE) (NOD.)/LCOML2}

-NSPRLj[

and:

YDUM - (TFAV .) (FBLRU) (RTS. (BM4)/A (NOB ) (LZ4TBF )

ZDUM - (TFAV.i)(FBLRU) (1-RTS) CDM4T) /C(NOD i) CLMTF~
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where, for non repairable S RUe:

NSSPRS i,j,k - INTE(NOB 1 )(XDum + SUF(3)'V~ITim)J

+ ITE(NOD.i) (xDM+S UP(3) VV?-i)JI

+ INT (WDIM) +INT (TDU4) +INT (SDUM) -NSPRB j,k

and:

X2JM = (TPAV )(FLRU)CRTS .)(BSOB)/[(NOB .)(SMTBF j'k

YDUM = (TFAV.i) (FBLRU) (l-RTS.i) (ESOD) /[ (NOD) (SMTBF~ jk

WDUM (TFAV.i)(FBLRU)(RTS.i)(OSB)/SMTBF k

TDUM = (TFAV.) (FBLRU) (l-RTS.i) (OSD)/SMTBF.j~

S DUM = (TFAV.)(ROP) /SMTBF k

where, for repairable S.RUs:

NSSPRS. {~ {Max[INT[(NOB.i)(XDUM + StJF(3)'vWUii)J,

(XMINB) (NOBi)/LCOMSj,k]}

+{Max[INTE (NOD.i) (YDUM+S UP(3) VFDbM) 1,

(XI4INB) (NOD.i)/LCOMS jk]}}-NSPRBj~

NLRU NSRU.

RLCOS s [(RL5P. .)(LUCOS.) + E I (RSSPRS ) (SUCOS )
i'l j-1 2.,) 3 k=l j,~ j,k

where:

RLSPRS,,j - INTCC(TPAV .)(COND .)(1-ITWL.i)/LMTBF.

RSPR INTE(TFAV.)(CON. )(l-I SBF ]1ITWL.
2~ . (CODB ~f~Tj~ )/SMT
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Variables are:

NOB. = no. of bases in year i1

NOD. = no. of depots in year i
1

SUF(2) - LRU spares suffuciency factor

NSPRL. - no. LRU. spares purchased prior to year i

BSOBL base LRU stocking objective

BSODL = depot LRU stocking objective

OSBL = average LRU order/ship time, base

OSDL - average LRU order/ship time, depot

ROP = requirements objectives period

BIT = fraction of failures isolated to LRU by Built-In Test Equipment

RTSS = fraction of failures isolated to LRU level at base without using BITE

AFHR = average monthly flight operating hours

NSi = no. of systems in operation in year i

NAV = average no. of avionics units per aircraft

CWTi = no. of aircraft receiving avionics in year ii!
NLRU = no. of LRUs in system

LUCOS. = unit cost of jth LRU

33

NSRU no. of S LRUs in j'th Le

j ,
MINB minimm no. of each type LPU spare

LCOML. = no. of avionics unit types to which LRU. is c~ion

RTSj = fraction of LRU. failures isolated to SRLJ at base

BMT - base turnaround time

LXTBF - mean time between failures of J 'th LRU
j

124T - depot turnaround time

SUF(3 - SRU spares sufficiency factor
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NSPRBk no. of SRU. k spares purchased prior to year i
j,k k

BSOB = base SRU stocking objective

SMTBF = mean time between failures of SRU
k jk

BSOD = depot SRU stocking objective

OSB = average SRU order/shiptime, base

OSD = average SRU order shiptime, depot

XMINB - minimum no. of each type SRU spare

LCOMS = no. of LRUs to which SRU is comnon
jk jk

COND. - fraction of LRU. failures that are condemned
J 3

CONj, = fraction of SRU. failures that are condemned
j,k ,k

ITWL. - repair/throw-away flag for LRUJ

ITWS. k = repair/throw-away flag for SRU,

3.3.2 On-Aircraft Maintenance

This cost element represents the expected expenditures in performing

on-aircraft corrective maintenance. This element contains only a recurring

cost component, i.e., NRCOSi, 2 = 0, and represents the costs associated with

remove and replace actions, as well as preventive maintenance actions. The

cost is determined as follows:

NLRU
RLCOS = Z [(TFAVi (RMHB .)/ILMTBF.]+(NS i ) (FPM) (PMMH)} (BLR)

j--i

where:

TFAV. = (12) (APHR) (NSi)

Variables are:

NLRU = no. of LRUs in avionics system

RMHBj = average time to remove and replace j'th LRU

IMTBF. - mean time between failures of j'th LRU

)
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NS. = no. of systems in operation in year i1

FPM = frequency of preventive maintenance

PMMH = average time required to complete preventive maintenance actions

AFHR = average monthly flight operating hours

3.3.3 Off-Aircraft Maintenance

The expected material, labor, shipping, and documentation costs associated

with performing corrective maintenance at the base and depot locations are

represented by this cost element. Like the on-aircraft maintenance cost element,

off-aircraft maintenance consists of a recurring cost component only, i.e.,

NRCOSi, 3 = 0. This component is determined by:

RLCOS = TMAT. + TLABOR. + TSHIP. + BDMTD. + DDMTD.
i,3 a. 2. . 3 1

where:
NLRU

TMAT (TFAVi )C E [((FBLRU)(RTSD) (RTLB)(BMC) +
j=l

((FBLRU)(R'S) )(-RTLBj) + (FBLRU)(I-RTSj))(DMC))/ATBFj

NSRU.
+ [(FBLRU)(RTSB k)(BMCS k)(RTSj) + (FBLRU)C(RTSj)

k=l

(l-RTSB j,k) + (1-RTS)](DMCS j,k)]/SMTBF j,k]]

NLRU
TLABORi  (TFAVi)[ E [ ((FBLRU)(RTSj)(RTLBj)(LMTTRj)

j=l
NSRU'

(I-ITWL) (BLR)/LWTBFj) + Z £(FBLUJ) (RTS. (RTSBj,k

(SMTTR.) (BLR))+((FBLM)C(TS) (1-RTSB )+(l-RTS.)]
k j,k

(SMTTRj k)(DLR))(1-ITWSj k)/S MT B F ,k

TSHIPj = (PACK) (TFAVi) EXLTTRi+XSTTR j) [ (2) (YMIL) (SSHC)

+(XIL) (SHC) ]+ (XlSHP.)
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and: !ILRU

XLTTR s E (WT. )(COND )/LTEF.

NLRU NSRL~j
XSTTR. Z E (WTB Jk )(CONDO. j]()/SMTBF.j~

2. j-1 k-

NLWU
XE.SHP. Z (W. C szLU) [ -RS + RTS (1-RTLBj

j-1.)

(2) (YMIL) (SSHC) (1-ITWL.)+[(BLRU) 1-1RlM.)

(GY?4L) (SSHC) +(XMIL) (SHiC)) (ITWL.) ]J/U4TBF.
NLWU NSRU-

XSSHP. Z E [(WT3. )[(F8LR)(RTS.)(1-RTSB. )(2)

(YMIL) (SSHC) (1iTVS, k)+(FLU) (RTS.) ((YM'IL) (SSHC)+

(Xr41L) (SHC)) (ISj ,k~ J/SMTBF j,k 1

TFAV. = (12)(AFHR)(NS.i)[

FBLRU -BIT+CL-BIT) (RSS)

where:

BDMTD. (EDOC + (LRtIT + SRU)T) (TFR)) (TFAV.) (BLR)

DDHTD. (DDOC + (tAUT + SRUT) (TFR)) (TFAV i) (DLR)

and:

BDOC - (OI4AC + OFAC + STR)/UMTBF

DDOC - (OFAC + STR) /UMF

tAUT- Z(FLRU)(-RTS.)/LMTBF.
J-1

NLRU NSRUj
SRI)? Z E (FELRI)(RTS)(1-RTS UMTBFj
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Variables are:

NLRU = no. of LRUs in avionics system

RTSj = fraction of LRUj failures isolated to SRU at base

RTLBj = fraction of repairable LRUj failures repaired at base

BMCj = average base materials cost per maintenance action on j'th LRU

DMCj = average depot materials cost per maintenance action on j'th LRU

LMTBFj = mean time between failures of j'th LRU

NSRUj = no. of SRUs in j'th LRU

RTSBj,k = fraction of repairable SRU.j, k repaired at base

BMCSj,k = average base materials cost per maintenance action on SRUj kj ,k

DMCSj, k = average depot materials cost per maintenance action on SRUj, k

SMTBF.j,k = mein time between failures of SRUj

LMTTR. mean time to repair j'th LRUJ

ITWLj = repair/throw-away flag for j'th LRU

BLR = base labor rate

SMTTRj,k = mean time to repair SRUj

DLR = depot labor rate

ITWSj, k = repair/throw-away flag for SRUj k

PACK = packaging factor = packed wt./unpacked wt.

YMIL = average no. of shipping zones between base and depot

SSHC = shipping rate per lb between base and depot

XMIL = average no. of shipping zones to first destination

SHC - shipping rate per lb to first destination

WTj = weight of j'th LRU

COND = fraction of failed LREj that are condemned

WTB J,k weight of SRUJ,k
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CONDB. - fraction of failed SRU. that are condemned
jk j,k

AFHR = average monthly flight operating hours

NS. = no. of systems in operation in year i

BIT = fraction of failures isolated to LRU by Built-In Test Equipment

RTSS fraction of failures isolated to LRU at base without using BITE

ONAC = time required to complete on-aircraft maintenance records

OFAC = time required to complete off-aircraft maintenance records

STR = time required to complete supply transaction records

TFR = time required to complete transportation forms

UMTBF - mean time between system failures

3.3.4 Inventory Entry and Supply Management

This cost element represents the cost associated with introducing and

maintaining new coded supply items in the user inventory and the management

cost of maintaining a supply inventory for all of the coded items that are

stocked at the repair sites. The first year's inventory entry cost is treated

as a nonrecurring cost (NRCOS i,4); the supply management cost is treated as

a recurring cost throughout (RLCOS 1,4). The resultant components are given

by:

NRCOSi#4  (IAMC) (NIC) (TIC) (NICB); i = 1

where:

NICB = 1; FRAV $ 0.

= 0; FRAV = 0.

and:

RLCOSi,4 - C(NOBi)(NOIB)(HOLDB)+(NOD i ) (NOID)(HOLDD)(NICB) i - 1

= [(IAMC) (NIC) (TIC)+(NOBi) (NOIB) (HOLDB)+(NODi) (NOID) (HOLDD)]

(NICB); ill
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Variables are:

IAMC - cost of introducing each new coded item

NIC = faction of inventory coded items that are new

TIC = total no. of inventory coded items

NCB. no. of bases in year i

NOIB no. of different item types stocked at base

HOLDB = average annual holding cost per item type, base

NOD. - no. of depots in year i

NOID = no. of different item types stocked at depot

HOLDD = average annual holding cost per item type, depot

3.3.5 Special Support Equipment

Included in this cost element are the nonrecurring costs of purchasing

special test equipment (NRCOSi,5 ) and the recurring costs of operating that

equipment (RLCOS i, 5 ) . It is assumed in the model that the test equipment is

unique to the systems being evaluated. It is further assumed that there will

be a minimum of one of each type of support equipment at each base and depot

facility. The nonrecurring and recurring costs of special support equipment

in the i'th year, assuming that NSEBS and NSEDm units of the m 'th equipment

type have been purchased prior to year i at the base and depot level, are

given by:

NRCOS = NNSEB + NNSED
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where:

NNSEB. E [Maxi{INTE CPFAV. (B (1~i) (UTILB )((UHTBF)

(AVALB)(BETA))),(MI1NSEB)(NOS .)/LCcMB} - NSS Bm

(USECDBM

JSED
NNE E EMax{INTEPAV) M(1) ) MILD/m UMMr

rn-1

(AVALD) (DETA) ),(MINSED) (NOD. /LCOMD}

PFAVi =(12) (PFHR) (NSj)

arnd:

RLOOS ip RNSEB + BNSED

where:
JSEB

RZ4SEB - Z [Max(PAV .(BM (1)(UTLB m(SECIB)/(Uz.TBE)
i 1

(AVALR3) (BETA)) ,(MSEBO) (NSEEM) 1

JSED
RNSED ~ Z [ Max{(PFAV i )(DMH(l)) (UTILDr) (SECOD)/UMTBF)

rn-1

(AVALD )(DETA)) ,(MSEDO) (NSED ))3

Variables are:

PFl(R - peak monthly flight operating hours

3111() - average labor hours to isolate failure in principal electronics to

SRU level

UTIIBm - utilization rate of m'th type support equipment

UXTIF -mean time between system failures

BETA -base support equipment hours available per month
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AVALBm = availability of m'th type support equipment, base

MINSEB - minimum no. of each type support equipment, base

LCOMBm no. avionics unit types to which m'th type base support

equipment is comon

USECOS = unit cost of m'th type base support equipment

JSEB = no. of different types base support equipment
NOB i = no. of bases in year i

JSED = no. of different types depot support equipment

NOD. = no. of depots in year i
2.

UTILD utilization rate of m'th type depot support equipment

DETA = depot support equipment hours available per month

AVALDm = availability m'th type depot support equipment

MINSED = minimum no. of each type depot support equipment

LCOMD = no. of avionics unit types to which m'th type depot support

equipment is common

USECOD = unit cost of m'th type depot support equipment

NS. = no. of systems in operation in year i
-.

SECCO support equipment operating cost, base

MSEBO minimum annual support equipment operating cost, base

SECOD - support equipment operating cost, depot

MSEDO - minimum annual support equipment operating cost, depot

3.3.6 Training

The training cost consists of the specialized maintenance training required

to meet the expected corrective maintenance demands (NRCOS , 6 ) and the recurrent

cost of additional specialized training resulting from the turnover of repair

personnel (RLCO61, 6 ). It is assumed that a minimum of one person per maintenance

9-19
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site will receive training. The training costs incurred in year i, then, assuming

that NPEEB base personnel and NPEB.D depot personnel have been trained prior to

year i are:

NRCOS 6 =(NBPERi) (TCOSB)+(NPERi) (TCOSD)

where:

NEPER, - ax{INT[ (TFAV1 ) (AlIK) / ((PNB) (PROME) (U?4TBF)) J

(M4INEP) (NOB) i- NPERS

NDPER. = Max{INTC (TFAVi) (AMHD) /( PHD) (PRDD) (UMTF))),

(MINDP) (NOD:)1 NPERD

TFAV. (12)(AFHR)(NS.

AMHE (U4TBF){(i-BIT) (BM4HS)/UMTBF)+(FBLRU) Z[BIH(RT)

NSRU
+ (RTIB.) (124TR.)]/LIMF.+ (RTS ) E RS ~

j k=1 l

(SMTTRjk)/sMTBFj k 1

AMHD -(UNTBF) {C (i-BIT) (1-RTSS) (DMIS) /UM4TEF)

NLN.T
+ E [([(i-BrrT (i-RTSS)+(FBLIW) (1-RTS.)(em )+

NS RUj
(FBLRJ) i:(I-~RLB.i)LTRi)]/tT3 + Z- CE(i-BIT)(-RTSS)

+(FBLRU)(J-RSj)+(RTsj) (1RTSB jk (SHTTR k )/(SMTBF jk )J}

and:

RLCO 1, (NPERB) (TCOSB) (TNB)+(NPERD) (TCOSD) (TRD)
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Variables are:

TOOSB = training cost per base repair person

TCOSD - training cost per depot repair person

AMHB - average labor-hours per maintenance action, base

UMTBF = mean time between system failures

BIT = fraction of failures isolated to LRU by Built-In Test Equipment

BMHS = average labor-hours to isolate failure to LRU at base

NLRW = no. of LRUs in avionics system

BMHj - average labor-hours to isolate failures in j'th LRU to SRU level

at base

RTSj = fraction LWU. failures isolated to SRU at base
3

RTLBE = fraction of repairable LRU. repaired at base

L1TTR - mean time to repair LRUj

IL4TBF. - mean time between failures j 'th LRJ3

NSRUj = no. of SRUs in j'th LRU

RTSBj, k  fraction of repairable SRUj ,k repaired at base

SMTTR. , mean time to repair SRUj

SMTBFjP = mean time between failures of SRUjkj ,k

PMB - available hours per year per repair person, base

PROD = productivity of base repair personnel

MINBP - minimum no. repair personnel per base

NOBi M no. of bases in year i

AMD - average labor-hours per maintenance action, depot

RTSS - fraction of failures isolated to LRU at base

DMS - average labor-hours to isolate failure to LWU at depot

DMH - average labor-hours to isolate failures in j'th LRU to SRU level
at depot
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PMD - available hours per year per repair person depot

PRODD - productivity of depot repair personnel

MINDP - minimum no. repair personnel per depot

NODi - no. of depots in year i

AFHR - average monthly flight operating hours
NS = no. of systems in operation in year i

TIR = turnover rate, base repair personnel

TRD - turnover rate, depot repair personnel

3.3.7 Data Management and Technical Documentation

The data management and technical documentation element consists only of

the nonrecurring cost (NRCOSi, 7 ) associated with the preparation of base and

depot level documentation CRLCOSi 7= 0). These costs are given by the

i equation: i

Rcos i, 7 "CP ) (NPO) CNNAS i + NPDD) (NDEPi ) ]

where:

NNBAS i = NCB i  : i =1

= NOB.-NOB

NNMDEP i = NOD. ;i1

= NODi-NODi i-li; i#1

Variables are:

CPP - cost per page, original technical documentation

NPBD - no. of pages base level documentation

NPDD - no. of pages depot level documentation

NOB i - no. of bases in year i

NOD, a no. of depots in year i
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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,

etc.). It is assumed that no new support facilities will be required for the

system; hence, NCOSi, = 0. The recurring cost (RLCOS i,) is then given by:

RLOS, (FOC)NC i ) + (FOCD) (NOD.)

Variables are:

FOCB - annual base facilities cost attributable to system being analyzed

FOCD - annual depot facilities cost attributable to system being analyzed

NCO i = number of base maintenance sites, year i

NODi M number of depot maintenance sites, year i

B-.
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APPENDIX C

LIFE-CYCLE-COST MODEL PROGRAM

C-1



PRO GRA M L CC0 S T

THE F, .O~r-AM L COST DETERMINES THE TOTAL U lEE YCE O OF
"PE CI F:I iV 10N IC S UJN I T -)S D AT A I S IN P'U T TO0 THE FOGRI(
T'Y MEANS OF THE USER TERMINAL? A SYSTEM FILE -SFi:LE),

CA U2ER FILE' (IJFrILE), THE PROGIRPM USES THIE DATA TO DETEPRMiHE--
0 (-dJNULd-, ACQUhISKTION COSTSi INSTALLATION 003)SS; H11411 LOG I STIC
c SUPPORT COST33Y WHICH ARE THEN OUTPUT IN TABULAR !-orMI

BOTH~' COST rAND DISCOUNTED DOLLARS.

PROGSPA M L CC 0ST

E3ALT-H COMMON DLOCKS

LUTM(.lON.'ACQUIlZ/ACOS (25) ! TCOSA (25)>
COMNO/ARCRFT/CRFT(2!3)r NAC(2'5), NRA0(')5)v YEARf'.25-

COMMJN/0.AT/CLCC, TNRCAT(9)r TRLCA'T9')? TPPRO(25)y CF'ROG(25)
COMMON/NSTAL/ICO-D(25) f TCOSI (25)

1O7NLrIT/RO(58, LCO'(25,3'-- T.r-q * 3L25 '- TLLCO-S'J .
T N RCOS Z2 5' T RL C 0Se2 5), T C 006N,'2 5 TCO S R (251

COMMON/MISCLO! NPAS (25) 7NrDEP(25), UMTPF
CONMON/S-Y'STEM/DIIC (20) v BMC3 (20 120) 7 COND (20) , r nNDB" tO 20 20) D~*MC -

CLQMON /VIONIX/AMCOSV FRAV, FUCOS, INCOSr LUCOS-K20)1 NA"?
1PQTYY RICOSt SUCOS(20v20)r WTf20)v WTB('20?2C)T XLRNt
2BMH('20)p DMH(20),y RTLBt.20)y LMTTR(20"' Si'T-TR(20720)

COMMON/"NAMES/SNAME, ,)NAME

K9ECLARE VAR:IABLES AND DATA
C

RAL I NCOS LMTBF - LUCOS rJA NNAC ( 25) y NRrC 7 OTY 7R ICOS RMHEI

LO.GICAL'Y: ANS? SNAME-65), UNM(SSFILE( 1.f UFILE'll16)
LI'TA S# IL/~' r - . 11

TEMIA INPUT YARI APLES

10 IWFITE( 19 4( '---AVIONICS LIFE CYCLE COST Vl;'LUA TI'--------

#HR IT,( - .:* ' ENTER NUDER )F SY3TF1E'MS TO OEEQ JTD T
PEtlD-(1,100l9 N..ll

WRITE(1.?'K)
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Wi E T.I" SYSTEi FIL.E NAM E?

f4-RITE(J.,*) ' z
30 WR!T(1r*) 'UER FILE NAE?

READ(17 1002) (UFILE'I)i I ::-57,^-,)
WRITE(I.r*--'
WRITE(1,:*) 'NUMBER OF YEARS IN LIFE r:YICLE'T'
READ(i,1001) NYRS
WRITE(ly*) ' /

WRITE(iY,*) 'DISCOUNT RATE?'
PEAD(1,1003) XDIS
WRITE(17*> '
WR I TFE( 1.,) ' BA SE YE IllR FOR Di T3OUPINO U!'ES 1,-, G E
READ(1,I.013) BASEYR
WRITE(1,*) ' /

WP.ITE(ir*V 'VALUE OF K FACTOR (FOR MTBF SrENSITIT~Y AA'3S
WRITEC1,*) 'Q4OTE:+ENTER Ji,0 IF YOU DO NOT 1415SH TO j7'Ef:i*.7np THE'
WRIJTE(i,*) 'SENSITIVITY ANALYSIS.)'
REAt'(1P1003) KFAC
WRITE(1,*)

f, *READ' DATA FROM SYSTEM ANDI USER~ FILES

OP'EN (UNTr=2 Y NAME=SF ILE~ frYF'E= 'OLDl' ?rEADONLY iERF'0)
OREN(UNIT=37NAME=LJFILE,TY'F'E='OLD'I )READIONLYPERR.*':-*''"*

40 REAE(2Y1O04) (SNAME(I)i I =17 65)

READ(3,1004) (UNAME(I)p I = I 35)

13 *INITIALIZE YEARr NNACr NRAC NtPAS. AND NDEF ARRAYS B~Y REA DING
C *APPROPRIATE DIS'K FILE

DO 50 1 = 19 NYRS
READ(31 1006) YEAR( I) ?NNAC( I) !NRCI) TIBS ),DI

50 CONTINUE

DO0 100 N =1, NUM
READ(2Y 1010> UCOSrAMCOSyFPQTY
READ(3, 1005) INCOSRICOSYtI~T-LDI']TSDIST
READ(3,1012) NAViFRAVPXLRi-N

C

C *DETERMINE NUMBER OF NEW AlIRCRAFT iN AVIONICS FLEET IN Y(EriR

NAC(I) = AINT(FRAV*NNAC(I))
35 CONTINUE

c *CALCULATE ACQUISITION AND INSTALLATIOiN OOSTS-

CALL COSACn(NYRStLJCOSpDIST-
C
C *CALCULATE THE COST OF EACH LR% i'~ "D u FU T';' j; T ' IT

*CONSIDERA TION DIEALER MiK.'F/Di.~
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P. 1- 7r L U C 0 LT rC ON-: AF:.

L.UCOS('I LUCOS(I.)*(l + 'JuS1')T)

L MTBr.'F I) LMTPF ( I) 11I\ FriC

DM'C ( I DM FFI ) KFAC

IF(f~F:J I EQ 0) 00 0

Ri: Eo Al (2 ,-- 4
lEA (* 1. ()~Y t-7 O I J S'TF (I J T IT'S (I 7 L~FHIc ~I J

PEAI4;(2 1008 ) WTB (I1 i),Fz:B T . ,CONEDD(I ji.
P E A D 2; .)05 BCS( I, J) yMCS-I) SMT Tr,'.I ,Jl
SUCOS(I7J) SLJCOS(IYJ)A*('i + SDIST)
SMTBF( I iJ) SMTBF-(I ,)/KFAC'
F, MCS J j MCS(I-J):*I FAC
tMCS 1 J) ElCS(IJ:HFi'C

CONTINUE
CC)NTVNUE

:kLCULATE MTF3F FOR SYSTEII

0 0 9Q 0 17 N L RIU
UM'TBF =UMTBF + 1 ./LMTBF (I%

_0 CONTINUE
UMTBF = i./UMTFF

*CALCULATE=L LO ISTTC SUPPF'ORT COST OF !'IGNICE YET-'

CALL COSLOG ( NYPSi0INEr,)

f *REPEAT CALCULATIONS FOR NEXT AVIONICS SYSTELM TO BE EV'4LUATED
C
:1. 0 CONTINUE

*CAL.CULATE TOTALS FOR LIFE_ CYCLE

CALL TOTCUM(NYRS)

C KPRINT ANNUAL COST FEr" O-WHER AND' Pr-R f)T P C RiF T

CALL FERGAC-(N.YPS-.DSCNT)

r r~ 1*PP'<DT ANNUAL I-019STIC SUPPOR*T 00*3 T~ 3. C.fOIRY -- iD-T,
C *CY]CLE CCSTS BY YEfR

CALL 0U'rTABQ4YRSF!-DS3CNT)
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C *CLCULATE AND' PRINT D:SCOUNTE T:;77 _ -P-IC CO5ETS
CA~YTEG3ORY AND DISCOUNTED TOTAL L.IFE CYCLE COSTS. BY YEAR

CALL EIC4~.PDSBC('
CALL. TOTCfl'iJH(YP-3)
CA L'.- PE R GA C NY P:S? X IS)
CALL OUTTA!.(IJYRS ,lD>3

4'CL')EI4PUT LES

C 1-.0S E -*U N : 2, E.RR90 3
CLOSE(LNIT=3YERR=904)

*.0 TO ^9

PR 0 :RP ST T E ME NT S

R01 WRTE (1,. E RR RI OPENING TF!L PL E TRPY AG AN
G3 '0 TO0 20 

I .r

? 02 WRITEf1,*) 'ERROR IN OPENING UFILE PLEASE TRY A40AIN,'

CLOSE (UINIT=2YERP=903)4

903 WRITEfl.V 'ERROR IN CLOSING SFILE. PRO0GPRAM A~irORTED.'
GO TO 999

90 RT ERROR IN CLOSING UFILE, WRGA A P0 11T7E 11

C *FORMAT STATEMENTS
C
1001 FORMAT(142
1002 FORMAT(iOAl)
1.003 FQRMAT(F4.2)
1004 FORMAT (!0X? 65A1)
1c0~ 0 0MTlZXF8237iS2 57~42
1006 FCRMAT(lOXilSy7X ,F8+O0,7XfF8.Q,7/X' I8TX, 12 -)
1007 FRA(O~(S27),8YS
1OOS FORMAT(IOX,2'(FS.2,7X) YF8.3,7X?7S)
1009 FORMAT(10XPI2,7XqF8.2)
10O10 FORMAT *( lOXF3.2, 7X, FB. 12(77:'' S 2)')
1011 FORMAT(10X74(I3i7X))
1.012 FORMAT(l0XfI8r3(7/X7FS.3))
1013 FOPMAT(I4)
C.

999 STOP
E N D

C-6



E. ' -):LL E MN5TH fC;''~C4CST O)F THE SEI
-.NiE . *7 Rf MlE0T HE r r, r- L

THE iC-Ii-ITrrrJ- COSTS Ct p P ED r; YE1PITCS :E
E E.-; TOT-t!L 4-tC~lUIr3ITION COO-TS 1:4CUR-REti F:IC r C; YE +

C~~~ S~UY..frl. C ST

~~~-",O B 3 ~~~t LOCK S

Rlihl :F 'r~F T 25)N A0 2 N R C 2 25 .

0OjiMl,4/ !ISjTAL /103 '25~ T CS01:2 5
COC)NYt'OIX/ACOSFRA'!i, FUCOS?. INCO)S. If,~ ~ *M

PQ T Y P I C 0S U 0'0 S(-'' ' 20' WT2 0)W UT E6 .) X LR M
BMH (20) DMH(20) RTLB (20', LMTTR (20) SMTTR (20, 20)

7_ ~~E R N'.3 P "YE

RE:^!L ACOS. A:IMCO'S )C0ST *CRFT ,FPrAVrFUCOSP ICOS- IlCOS, LCooS
PE~iL Net['? NFUR rNRAC 7R ICOS , SUCOS 7 TCOOA TCISi 1. ?AT -Y UTB LMTT-rl f LC

':I*TA ACOS/25A*0,0/, TCOSA/25*0.0:

*1'I ,il1IAL PFO0DUCTION COSTS ARE vji'ORTIZED OVERP THE r I::S

:TW4i YEARS OF P'RODUJCTION

FUCOS UCOS

COTIS GREATER IF AMORTIZIP4G 'MTIL PRODUCTION COSTS
*,'START-UF' COSTS ARE AMORTIZED7 OVER FIRST TWO YEARS OF
4*PRODUCTION.

I F -' 1 '21 ) FU COS J UC 0 + -t M C 0

~IS THEl- LEAR14NG CURVE TO BE USED?7

IF -*:ANS JME, 'Yr") (3O TO 5
IF (I dME. 1) GO0 TO 2
LUJRIl.T E '1 1k I S THE L EAR7 CUCl r E FPCTO T 0 S, jBE P PLI EDT

E 1AD.'I. 100 1 AN S
WRI TEk.1 7*) I

I F A N'3 .N:E 'Y a O TO 7,
2 LC (TO.-TY FO.TY/2'!.)**.AL.OG(NXLR N.'ALO'G(*'2 0:)

TOITY TOT'( + PCQTY
FU-CrOE FUCOS * LC
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FIOE FIC Q 3( 4 DIST,

* tETER1INC7 NUMBEER '-F oni/C M A!- I'rCI CZ ~Y ,TE Tf-' SE 5T..

1( i E ET P 0 T FEr.i 13r'D TS :r i''f~L

P I NAC ( 1) -4-NRAC T.

:C LCL3LTE NUM.~BEF.' OF lny oI S :14T, 1,Nr.. YE~:D I~ . -J E I-

V,,,--('lcULATE COST ASSOCIATED WITH ACOULISITbON OF i.'VI00lTC3 UNITS lIN
C :YEAR I

COST =NF'UR*FUCOS

:U~ DAT E A r,'UISITION COSTS FOR YEA~R I

IAC('OS(I) = -ACOS(I) + COST

*C~.CJL.TEINSTAILLATION COST FOR FLEET

I., CA~LL COSINS(NYRS, I)

END
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" 2. ''
C C7'INI M'CL.E TETERMINES THE N TAL .. TIr '.. T F F'IF

- SFECIF1'ED A VlIC 3i - EOIJ!FtEiiT FO: . .- Y.,- i" !-E EI % '"L E
10.E RE PRESENTE THE INSTALLAT ION COST' 3 FNCUP E! 1N EA:

P. EF, 1E,6J NTS THE TOT-L INSTALLATION CO5STS UM U' . S:
TO 'EAR ,

.R0nJT INE C 23 1 " .M .S I)

kCTAB L. IS-i C0MilN B1-0C KS

..... MN ./t R C F T : P'  N A C 5 2 N RC .' , YEAR .2 5
M, () N I N' STA Li ICOS ( 5 f COSI (,2 5

03 "A ," I 0 N i '4 AMC 0 AY, F.C.. f 1 1
]. F'OP.'f RICOS, 3U0OS(2.'n0',', WT r2.), !4T:, ..c /L :LF::J

TY R.i .C 0 i'SI( (20 , R'L2 Z', L TTR 2) 3T, 20 r . 20,2')

*: :: 'L.,RE V~ ARI ABLES

I..

INITE.OE.: N(RS, YEARF:..AL. .,riC0S. LOST,* CR.PT .... FAV, FUCOS, ICQEP. It'ICOS LUJCOS, NAC
h:cAL. PRAC '[i C F:ICS,. " ..... SUCCOS, TC OS,- WT T, -T.' XLRN, LMTTr
hTA~ !COS ..... *... cr. TCOSI/25 "=' 0./

,CALCULATE INSTALLATION COST FOR YEAR I

," .ST :-' '. ( NRAC (I)*RICOS + NAC ( I )*INC OS )

.E .Arf. NS ALI.ATION COSTS FOR YEAR i

!C~O(I) =10(!) + COST
:::E r'U P

EN!:
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3UJSP:UTT. 70SC:-I

TIHE MC.DULE M-cOSLOI3 DETERI INES THE~L ~T 3~~ CE~~R'1
LOI3ITTC UF-'=RT COST'S OF THE SEIIDAIIISEuFE;

C. -*!IN E; CHl OF EIGHT :()TEG0F-IE-c: SP.A"RES!T 0---)T:,?CRAF-T fA )!D
-- A R RAF TENICEY ID11ENTORY '7 NT F.Y ;-Ni S U FFL A.J3. -

H.N T SF"CIAL SL;rT QOIr.T TE~T~LTA!NDJ

MANAGEMENT At' TECHIUC-',.L DOCCUME:UT-rTOU * AND FACTLITTE

SUB~ROUTINE COSLOG(NYRS)

-ES T A PLISE1-i C 0OjMrONB DLC t3

COM MN/A RC RF T/CT (25) N AC (2 5) NF-lR'*O (2 5 YEA-lR (2 5
COliMON/LOGIST/NRCOS (25v8) RLCOS (25?'),? T%'COSL (25)? TLL..COS(25)

I TNRCOS(25)v TPLCOS(25)9, TCOSW425)? TCOSR(.25)
CGt'MMN/MISCLO/NIAS('25)r MDEP(25)? IMTBrF
0*OMMON/S:-YSTEMl/BMC (20) 1 BMCS ( 20,v 20) 7CeND (20) CONDB (20 20) rD.MC ('20)?

DMC(l-02)rITWL2O0,I7LJSf':2OY20) LCOi"L'~20)-I
L CO0M S 2 0 2 0 *L M TBF( 2 0) ML R U 7NS R U(2) ,MH B( 2 0
PTS (20) !,RTSB (.20 ) T SMTEW (20?"0)

CO0MMOJN/VIQNMIX/AMCJS. FRAVY FIJOOS, IN"COSY LUC1JS(2-) AY
4. FQTY ? RICOS r SUCOS (20, 20) WT (20) ? WTB 0O,Xy

2 D3MH(20)p DfMH(20')r RTLEB(20)i LMTTR,20)f SMiTT9R(2 0<'ZO

;CECL RE VARIABLES

DIMENSION NSFRB(20'20)',ieSrRL2RNSE25)RNSED(2, 5).3UF(.w
1 AVALB(20) ?AVALD(20 ) ,LCOMB'2-0) :LCOMD(20) ,NEF'5),

IJTILB(' )?UTILE''20)
INTEGER XMINPTYEAR
REAL iN COSJRTS,LMTBFLUCOSMTBFL9,TC'FS, NNSEB,(2 5" ,NRAC,

NNSED(25) 'NRCOSP IAMCt MSESO MSED:O, NBPERY NDPEr.p,
NLSF*RS? NF'ERBY NPERD-, NS? NSF'RE4 NSPRL? N'SSF'RSY NSEB-. '

3 NSEPY rNSEE'Y rLRUT? NAC rOWNER( 25) YLMTTR , LM~ii;UFSp
DATA NSFRL/20*0.O/? NRCOS/200*0 .0/, RLCOS/200:*0,o/U
DATA NSFRL/400*0 .0/p RNSEB/25)*0 */, RNSED/2540 * 0/
DATA NNSED/25*0.0/7 NNSEB/25*0 .0/, OWNER/25*0.0/ * NS/ 0/
DATA NSEBI 2j:'0,0/p NSEI/2)0*0.0/9 'jJF'ER,25'.*O,0./, DE/~ 0
CIA T A TNR'CO/25*0 .0/, TR.'LCS/25*0.0/r TCOSL,'25*O.' O/
DATA TCOSN/25*0.0/r TCOSN/25*0.0/
DATA LMKUF'/1 .00/i SMKUF'/1 .00,'

*READ' LOGISTIC SUPPORT DATA

REAr(2f1001) BITYRTSSiRO'
R-EAD11( 3 10 0 6) BSOEBLESODLOSBLiOSDl-
REAU(3T1006) EBSOE4,BSOt',OSEB,0SD
READ'?3Y1001) FPM rPMMH PCPP YPACK
P.EAD(3,1001) YMIL.>XMILYSSHCrSHC
REAt'(31001) ONACiOFACSTRgTFR
READ(3ti005) IAMCPNICiTIC
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RE.A ' 1 3 , L 0C 1 ) HOLDID. f HOL7't'
REill 3, r O PR,)E'J ri PRoDD P FMB FME'

REND 3 Y 100 1 TC0 SB YTCOSD; TRB tTRD
READs3,1OC'1) E0-R frL R vFOC B ?FQ C D

8Al3 Y100i) AFHRqPFHRSUF(2) ,SUF'.
READ(3?1001) BETAqDETA
READ(2i1:03) NOIB? NOI'
READ(2,IP001) EBMH0_tMHSSECOB71SECOD
'KEAD(21 1003) JSEBrJSEDYMSEBOtIiSEDO

IF (jSEB .EG, 0) 0O TO 2
DO 2 M =1, JSEBi

READ(2Y1004) AVALB(M),LCOMB(f)iUSECOB(M1)YUTILBi1>
2CONTINUE

IF (jSED *EQ4 0) GO TO 4
DO0 4 M =I1 JSED

READ(2, 1001> AVALLa(M),LCOh1D(r1",USECOE'(M),U'TILD(M)
READ12T 1007' MI NB XM1NBvMINSEBvMINS7ED

' INITIALIZE VARIABLES
*ASSUMING A MINIMUM OF ONE RFARESO R MAli.TN~!E3
:.AiINBP AND IIINDP ARE BOTH SET TO 1

BASE =0#0

DEPOT =0.0

FrALRU 3 IT + (1-E4IT)*RTSS

* ~CALCULATE AMHB AND AMHE'

DO 8 1I 17 NLRU
BASE = BASE + FBLRU*(BMH(I)*RTS(I) + RTLB(I)*LMT'TP(I)W,,LMTBFi1
DEFPOT=E'OT+( (1-BIT)*(l-RTSS)+FBLRUJ*(l-,rT'SI) ):*DMH(I) +

I1 (SUI ~0 OT FBLRU*(1-RTLB(I))*LMTTR(l))/LMT4F(I)

DO0 5 J 1, NSRU(I)
BASE BASE + FTS(I)*(RTSB(I ,J)*SMTTR(IJ))/SMTF(T7,.j)
D'EPOT=DEF'OT+( ((1-BIT)*( 1-RTSS)+FBLRU*( (i-RTS( I)+(T(IS* .

1 RTSB(IJ)) ))>*SMTTR(IJ)/SM-tBF(I.J))
5 CONTINUE
0 CONTINUE

AMHB = UMTBF*(((l-BIT)*BMHS)/UMTBF + FBLRU*BEASE)
AMHtI = UMTE4F*( ((1-BIT)*(l-RTSS)*DMH/IJMTBF) +~ DEPOT)

DO 2600 1 = 17 NYRS
NO0B . BAS('I>
NOD NE;EP ( '

r" *CALCULATE NUMBER OF SYSTEMS OPERATING IN YEAR I
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c
N') ::N + NAV*CRFT(I)

c *CALCUJLATE PEAK( FLIGHT AND TOT**(AL FLIGHT OPERA7NO KL
C *~FOR AVIONICS SYSTEMS
c

PFAV = '12*F'FHR*NS
TFAV = 12*AFHR*NS

C **CALCULATE COST OF INITIAL AND REPLI:;CEtIE!T SF'i'+ES
C

10l 60 J 1,I NLRUL
MIBFL =LMTBF(J)
JRTS =RTS(J)

C ~*INVESTMENT LRIJS (t4OiNRECIURR I NOG
C *D'ETERMIINE IF LRU IS REPAIRABLE OR NON-REPAIRABLE
C

IF (ITWL(J) *EQ. 1) 00 TO 10
C

*~REPAIRABLE LRUS
C

YDUM = TFAV*( FBLRU*JRTS*BMT) / NOB*MTB-*FL)
Zt'UM = TFAV*(FBLRU*(l-JRTSo)*DMT)/(ODr*MTBF L)

C
BLRU = AINT(NOB*(YDUM + SUF(2>*SRT(DUN'),)
M'INLRU = MIdB*.NOB/LCOML (J)
IF (BLRU *LT. MINLRIJ) BLRU = MINLRU

C
EILRU = AINF(NO'*(ZE'UM + SUF(2)*SQRT(ZIUM),,
MINLRU = MINBt*NOD/LCOML(J)
IF (DLRU *LT. MINLRJ) E'LRU =MINLP'J

C
NLSPRS = BLRU + DLRU - NSPRL(J)
GO TO 20

C
C *NON-REPAIRABLE LRUS

YEUc FVF'R*SB/(OIMEF
10 ZDUM =TFAV*FBLRU*BSOE'L/ (NOBi*MTBFL)

TDUM = TFAV*FBLRU*BOBL/(NO*MTFL
SDUt'= TFAV*FBLRU*OSt'L/MTBFL

REIUM = TFAV*ROF/MTBFL
NLSPRS = AINT(NOB*(Yt'UM+SUF-"2)SQRT(Y'Ui;))

1 + AINT(NOt'*(ZDUM+SUF(2 l*SQRT(ZDlUii)
2 + AINT(TE'UM) + AINT(SL'UM) + AINT(RDUM- - 2 'P PL JY

20 NSF'RL(J) = NSPRL(J) + NLSPRS
NRCOS(Irl) =NRCOS(Ir1) + NLSFPRE*UCOS(J)

C *REPLENISHMENT LRUS (RECURRING)
C

RLSPRS = AINT (TFAY*COND (J) /MTBFL)
RLCOS(Ipl) =RLCOS(Ir1) + RLSF'RS*LUCOS(j)*(1 + LMKU')
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G~EL kSt?4JIITIT.L 'iND REFLA~C'EMENT SPARE7,

IF (NSRU(J) EQ. 0' , 30 TO 50
£10 i0 K( 17j VSRU.KJ)

MTEFS SMTBF(J K)

C * INVESTMENT SRUS (NONRECURRING) RNWE IBL

*REPAIRABLE SRUS
C

XTJUM = TFAV* (FBLRU*JRTS*RTSE ( .J, 1 )' ECT) / ( NOB.*MTPcFS')
YDUM = TFAV*(FBLRU*(JPTS*(-RT3(-JI )) + (I-JRTSIf,'k1,T)

1 /(NOD*MTBFS)

BSRU=AINT0NB*.(XDUM+SUF)SRT(X'DUM))
MINSRU = (XMINB*NOB)/LCOMS(J;\)
IF (EBSRU +LT. MIrJSRU) E4SRU =MINSRU

C-

DSRU = AINT(NODi*I(YUM+SUF(*S0RT('DUM)
IMINSRU =(XNINB*NOE/LCOMS(JYK))
IF (I)SRU .LT* MIINSRU) [l'SRU = NINSR!J

C
NSSPRS = BSRU + EISRU - NSPRB(J, .)
GO TO 40

C
C *NON-REPAIRABLE SRUS

30 XE'UM=TFAV*FE4LRU*JR TS*E'SOB/ (NOB*MTBFS)
YEIUM = TFAV*FE'LRU* 1-JRTS)*BSO'/(NE*MTE4FS)

TDUM = TFAV*FBLRU*( 1-JRTS)*OSD/MTBFS:
SEIUM=TF AV*ROP /MTBF S
NSSFPRS =AINT(NOB*(XE1UM+SUF(3)*SQRT(XDUM)))

1 + AiNT(NOEi*(YEIUM+SUF(3)*SORT(YE'UM)))
2 + AINT(WE'UM) + AINT(TtIUM)
3 + AINT(SE'UM) - NSPRB(JYK)

40 NSF'RB(JI() = NSPRE4(JtK) + NSSPRS
NRCOS(Iyl) = NRCOS(Iv'1> + NSSFRS*S3UCOS(JYK)

C
C *REPLENISHMENT SRUS (RECURRING)

C ~RSSF'RS=AINT (TFAV*CON:B (JvK) /MTBFS)

RLCOS(Ivl) =RLCOS(Ivl) + RSSFRFS*EL)C-OS(JK>*(l + SMI'UF)
50 CONTINUE

60 CONTINUE
c
C **CALCULATE COSTS OF ON-AIRCRAFT MAINTENANCE
C

C. *NONRECURRING COSTS

C- 13



F T .

C *NRCOS(I,2) = 0o0
C
c *RECURRING COSTS
C

DO 70 J = 1, NLRU
RLCOS(I,2) = RLCOS(I,2) + ((TFAV*F:MHB(J*/LhTBFTF.J)

1 + (NS*FPM*FMMH))*BLR
70 CONTINUE
C

C **CALCULATE COSTS OF OFF-AIRCRAFT MAINTENANCE
C
C *NONRECURRING COSTS
C *NRCOS(I,3) = 0.0
C
C *RECURRING COSTS
C *RECURRING OFF-AIRCRAFT MAINTENANCE COSTS ARE COMPOSED OF
C *FOUR SUB-COST CATEGORIES: MATERIALS, LABOR, SHIPPING, &
C *DOCUMENTATION.
C *INITIALIZE DUMMY VARIABLES TO ZERO
C

XLMAT = 0*0
XSMAT = 0.0
XLREP = 0.0
XSREP = 0.0
XLSHP = 0#0
XSSHP = 0.0 1
XLTTR = 0.0
XSTTR = 0.0
LRUT = 0.0
SRUT = 0.0
BDOC = (ONAC + OFAC + STR)/UMTBF
DDOC = (OFAC + STR)/UMTBF

C

C *CALCULATE COSTS FOR LRJ LEVEL OF MAINTENANCE
C *CALCULATE INTERMEDIATE VALUES WITHIN THE LOOPS AND
C *THE FINAL VALUES OUTSIDE THE LOOPS
c

DO 90 J = 1. NLRU
JRTS = RTS(J)
MTBFL = LMTBF(J)

C
C *MATERIALS--LRU(J)
C

XLMAT = XLMAT + ((FBLRU*JRTS*RTLB(J)*BMC(.J) 4 (FBLRU*JRTS
1 *(1-RTLB(J)) + FBLRU*(1-JRTS".)*DMC(J))/MT4FL

C
C *LABOR--LRU(J)
C

XLREP = XLREP + FBLRU*JRTSL.MTTR(J)*(1-ITL(J)')*(RTL3(J), BL.F ..
+ (1-RTLB(J))*DLR)/MTBFL

C
C *SHIPPING--LRU(J)
C

C-14
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XLSHP XL..4i-- + kWT(J)*(FBLRU*((l-JFT-)+JRTO*(t-RTLE4(J)))*2
I ~ YMIL*~SSHC*(-ITWL(J)) + (FBLrt*(l-JRTS)*(YhIL, SHC+
2 X'MIL'9SHC)*ITWL(J) ))/MTrBFL)

*WEIGHT OF EGUIPMENT SHIPPED' TO REPLACE COfltThNEI' LRU(J)

XLTTR =XLTTR F WT(J)*CONEI(J)*(1--lI"tL(J))/MTBFL
c

C *DOCUMENTATION FOR MAINTEN'ANCE--LRU (J)
C

LR:UT = LRUT + tFBLRU*(t--R'1'))/MTBFL

*CALCULATE COSTS FOR SRIJ LEVEL OF MAINTENANCE

IF (NSPUI-J .EQ. 0) GO TO 80
DO 80 R. = I1r NSRU (J)

XNRTSB =RTSB(J.rK)
MTEIFS =SMTBF(JYK)

*tIATERIALS---SRU(JPK)

XSMAT = XSMAT + ((FBLRU*JRTS*XRTSBt*BMCS(J, ) )+(FBLRU*(JRTS
*I(-XRTSB)+(l-JRTS))*DiMC3(J,K>)>MTBFS

C
C *LABOR--SRU(JtK>
C

XSREP = XSREP + ((FBLRU*JRTS*XRTSEB*SMTTR(JK)*BLR) +
1 (FBLRUJ*(JRTS*(1-XRTSO)+(l-JRTS))*SMTTR(JK)*DLR))[
2, *(1-ITWS(JPK))/TBFS

*C *SHIPFTNG--SRU(JrK)

YSSHP = XSSHP + (WTEB(JK)*((FBLRU*JRTS*(1-XRTSB)*2*YMiIL*SSHC
1 *(l-ITWS(JtK))) + (FBLRU*JRTS*(YMIL*.SSHC+XMIL*SHC)
2 *ITWS(JYK) ))/MTBFS)

C
r ~ *WEIGHT OF EQUIPMENT SHIPPED TO REPLACE CONDEMNED SRU(Js K)

* C,
XSTTR = XSTTR + WTB(JtK)*CONDE(JK)*(1-ITWS(JYK))/MTBF'S-

c *DOCUMENTATIONJ FOR MAiLNTENANCE--SRU(JvK)
C

SRUT = SRUT + (FBLRU*JRTS*(1-XRTSB))/MTBFS
s0 CONTINUE
90 CONTINUE

01 *MAK-C; FINAL CALCULATIONS IN EACH SUB-CATEGORY
C :XCOST OF MATERIALS

TMAiT =TFW.I*(XLMAT + XSMAT)

*COST OF LABcOR

c-i
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TLAEBOR =TFAV* ( >LPE: + XSREi,

'COST OF SHIPPING

TSHIP - ::.C*TFAV*(XLTTP + XSTTPl*K'YM'IL*SSHC XiLAC
4. (XLSHP + XSSHF))

*lCOST OF MAINTENA14CE DOCUMENTATION
C
c *B~ASE LEVEL

E4DMTrE' (BDrOC + (LRUT +SRUT T TF:)*T e4V*vtLik
C
C *DEPOT LEVEL
C

DDEMTt, (DEIOC + (LRUT+SRUT )*TFR) *TFAV*DLR
C
c *TOTAL OFF-AIRCRAFT MAINTENANCE RECURPRING EXPENlSE
c

RLCOS(IY3) =RLCOS(I,3) + THAT + TLAEPOR + TSHlF' 4- bZMTD + UrImTI(l

c **CALCULATE COSTS OF INVENTORY ENTRY AND SUJPPLY iIANAl'GEm.7HT
C

NICE4 = I
IF (FRAV .EQ. 0,-0) NICB = 0

C
C *NONRECURRING COSTS
C
:00) IF (I *NE. 1) GO TO 110
C
(1 *IF (I 4NE, 1) NPCOS(Iy4) =0.0
C

NF:COS(I,4) = NRCOS(Ir4) + IAMC*Ni'C*TIC*tICB
C
C *RECURRING COSTS
C

RLCOS(IY4) =RLCOS(174) + (NOE'*NOIEB*HOLDB + NOE'* NO DK~D
I )*NICB

G0 TO 115
1 :. RLCOS(li4) = PLCOS(IY4) + (IAMC:NIC*TlC + N :B G1P4 -Ii1"I 1-i +

1 NOD*NOID*HOLDE') :NICB
C

C **CALCULATE COSTS OF SPECIAL SUPIPORT EOJUIPMENT
C
C *~BASE SUPPORT EQUIPMENT
C
:1.15 IF (JSEB .EQ. 0) GO TO 120

DO 120 L =1, JSEE4

c *N0NRECURRINr7 COSTS
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F 7C .,,FiC COSTS

Y RcSE B MSEE,<O*NSET-,I...
I F X F. S E B L T Y'T EE B Y. E
r:NSET' C ' R~N E B T ) + X P7 ElD~

;j F:fl-:T CO TO 30

C) ..3 L I JSEDl

V(4.11NRECUR *1[MG COSTS

j& S 7TlNT ( P F V * DM I'4 Uf T - ir L / . -" <

YNSED MINSED*NOD/LCCMhD-L-
IF ( X N S E D LT N Sr NEll' XNcS;EL D ~
NINSED-'I) NNSEDr ( I 'A' AU E<~~D-N.I C 0,A~3F L

*IRECIRRIN3 COS~TS

XRSED = F'FAV*DIMH (1) *;JTILD ( L ) *3cECODI/ (L?1TBCF ( I ) .fl(y,-LDtL : iETA)i
YRSED =~ MSEDiO*NSE'Dl/L-

IF'Xz:SEL' *, LT, YrRSEr) XRSED =YRSED
R'NSEI(D)-- PNSED(I) + YF:RSED

cCOhN UE

*T OTAL NONR'ECURRING3 COST, SPECIAL SUPPFORT ECU JI.t1E

N'RCS(Iv5) = NRCOS(IY5) + NNSEB(I) + NNSE'(I)-

*TCTl FEURING COSTP SF'Ec-It'L- SIJF5U:VMEF'

*1*CALCULATE COST OF TPAIINING PER:SONNEL

*NONF'EC(.FrRING COSTS (INITIAL TR.AINING)
C .ASE LEVEL.

CC1



ri [i
F'I..~~~ 17i'. EJE '~F-J

T W. E..!,.PI

17' O3 T D I r ESNJL T.PO.C.

XDPEr7,

4; ~C1 .1 .CULT E COSS sF DlT~ F ~ ~ .iLt '6'%:D 7ECHNT4iC'L LMFTTflN

F'J

-r 1)OJ rn

Ei .IRIN COT

;'RECURRIN3 COSTS

*RLCOC(7 Rl 0.0

COS COS T S c) rE
C

1.6 CONTINUE OST

TNP.CCOS(I,8 + 0.0O(T

F C RIS ATOSTS
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FOIoA i0YI Y~XF8 2 73(7XPF8. 2))

r7 FRAT.'tOX~i8,7XI8,2(7X.-F8.2))
tC4FORMAT(lOXF8.2,-'7XI8,2(7XYFr8.2 ))

F FT U RN
ENDI
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SUBROUTINE Fr.~~L

C THE F'ERG3AO MODULE CALCULATES THE :-OS-T PER 0- O 'r

A C PER GENERAL AVIATION AIRCRAFT FOR EACH YEAR 1 TH .IE :L 7
C' THE SPECIFIED AVIONICS EcOUIPMENT.

C
SUBROUTINE *Ef*'13AC 'NYRSy DSCNT)

c *E:T^BLIoH COMMON BLOCKS

COMMON/ACUZ/ACOS(25.)y T COS A ( 2-5
CO0M M N / A Fc'CTr/ C R FT ( *,;- " ) i MAC ( 25) , N F iiC ( 2 ' YEAR " 2-
COMMN/INSTALI COS (25) -TCOSI(25)

14 MO/ LOGS T / 1.PC 0S ( 2 5 v8 R LC 0 '.3 ) ,T C OSL('2 5 7 TL-COS(S
1 TNRCOS(25)? TRLCOS(25)p TCOSN(25), Tt2OSR(251)

COMMON/NAMES/SNAME? UNAME

*DECLARE VARIABLES

INTEGER LDY NYRSY IJBY YEAR
REAL ACSCCrR~IOY^"tNIR~ RO
REAL PEROWM4(25) ,RLCOS TCOQSA'TCOSITCOSLTLG-OS7T LLZ:S
REAL TNRCOST~TRLCOS , N4CRFT FERAC (25)
LOfJICAL*1 SNAME%<65) fUNAME(35)

. *INITIALIZE VARIABLES

TLCOS =0.0
NC'rFT =0.0

00O 10 1 = I NYRS

* CALCUL.ATE COST PER OWNER OF AVIONICS ECOUIF'hEIT
*NOTE, THE TOTAL LOGISTIC COSTS INCURRED BY THE G3A OWNE-,R -RE I

C RESTRICTED TO RECURRING MAINTE*;NANCE.
C

NCRFT = NCRFT + CRFT(I)
PERAC(l) = (TCOSN(I) + TRLC0S(I)'/iNCRF*T
PEROWN(I) TRLCOS(l /NCRFT

10) CONTINUE
C
C *FRINT RESULTS

WRITE(6?1.005) (SNAME(I)v I =1, 65)
WRITE(6P1006) (UNAtIE(I)p I =17 35)?
14RITE(6!.1007) D S CNT
WRITE(6, 1001)

L i 1.
UB 3

No NYRpS/UE4

1,2 NO
DO. 20 1 LE4, UB
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WR1 TE(6'v 1002) (YE AR J) J N 1 M12
W ITE (6? 1004) (PERAC (J' J J Ni, vN2)
WIRTE (,10073) (FPERO4N (J)~ rJ Ni: N2.,
Ni " INi + NO
N2 =02 + NO
IF (0N2 G.01 NYRS) N2 =- NYRS

C0 CONT INMUE

0FCP.M AT 'TT$E M ENT3S

100 1 r1-CFMAT (IX,//5?X. 'AVIONICS COST PER YEAR'i.!)
10 02 FOR MA-T(1X,//,"2SX,7(6)XI4,5X))
: C) 1)3 FORIIAT(S TX:,'COST PER OWNER Y' 7(2XvFi3.2))
1004 FIRMAT(9XY'COST PER A/C v 7(2- XqF13.2))
100'; FORMAT(1H1,///r4x?'SYSTEM: ',,65Ai)
1006 FORMAT(4X9'USER~l '35A-1)
1007 FORMAT(4X.,'DISCOUNT FACTOR:',F4.2)

RE TURN
EN
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* SUBROUTINE TOCUM

*THE TOTCUM MOCDULE CALCUL.ITE3 THE T1JTAL L0Q.':ST,:C SUPOPT
C COSTS INCURRED EAC'.H YEAR AND THE CMLIIE~~i:rI

INSTALLATIONY AND LOG3ISTIC SUPPORT COS.TS II4CURRED P1flF TQ
C. 'IEl)R I.

~jJ:rj-rJETOTCUMINYRS)
c
C :XESTABLISH COMMON B'LOCKS

CbhhQN/CAT/CLCC TNRCAT(9)p TRLCAT(9)v TP<'OG.13,p, CFIO*,'' 2S-)
COMMN/NSTAL/ICOS(25)F TCOSI (25-)
COM'MON4/LOGIST/,NRCQS(25,8)? RL-COS(2'JP,> CyL2) TLLCOS(25)?

TNRCOS(25)p TRLCOS(25)p TCOSN(25)i TGOSR(25)

C

INTEGER YEAR
REAL :COSY NACT NRCOSY NRAC

*INT.TIALIZE !ARIASLES

1)0 LI T. : 1 ? NYRS
TCOOSA(l) = 0.0
TC'JSI(t) =0.0
TOOSN(I) =0.0
TCOSR(I> 0.0
TCI:SL (I ) =0.0
CPROG(I) =0.0

I CONTINUE
DO 2 J =1V 9

TNRCAT(J) = 0.0
TRLCAT(J) = 0.0

2 CONTINUE
CLCC. 0.0

DO 30 1 1,l NYRS
riO 10 j = I NYRS

*DIETERMINE CUMULATIVE ACQU:3I1TION C08STS
C

TCOSA(J) =TCOSA(j) + ACOS(I)
c
C *DrETERMINE CUMULATIVE INSTALLATION COSTS
C

TCOSI(j) rCosi.-j + iccs(i,,
C
c *DETERMINE CUMULATIVE LOGISTIC SUPPORT COSTS

TC0SN(J) =TCQSN(J) + TNRCOS(I)
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iCC)R(J) TCOSR(j) + rRLCOS(I)
TCO'$'L-J) TCCoSLJ) + TLLC"OS(lI)

:RDETERIIE CUMULATIVE FPROGRAM COST,

IPROCG(J/ CPROG(J) + ACO-(I) + 0COS'l) + TLLCCOS(')
4 A) CON~TINUE

C *DIETERMINE TOTHL PROGRAM COST FOR YEARP 1

TFROG(I) = TLLOOS(I) + ACOS(I) +ior:

Cl ?'ETEF.MINE CUMULATIVE PFROGRtdl COST

iCL-CC =CLCC + TFPROf3(I)

4(lC.LTERMINE TOTAL f70R EACH LOGISTIC CATEr-ORY

DO'0 i 2 J z: 1.~ -
TINRCAT'( J ) = TNRCAT J,) + NFRCOS - 'I
TNRCAT(?) =TNRCAT(9' + IRCOSI.J)
TRLCAT(J) = TRLCAT(J) f RLCOS(I71)
TRLCt)T(9*,, TRLCH"T,9) + RLCOS(IYJ)

2 0 CONTINUE
7 0 CONTINUE

ENDL
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SUBEROUTIN4E OljTTI-!'

H TiE 0 U T T A E3 ODU LE OUTPUT S ALL O3F THE VALUES ICOMPUTED-1 ~N
THE LIFE,- CYCLE COSTING MODEL IN TAB1ULAR FORM.

SUBrROUTINE 0OUTTAB6NY'RSDSCNT)

C *ESTABLIS.,1H COMMON B4LOCKS

CchmMON/ACQUIz/ACDS(25)y TCOSA(25)

CoriMf-N/ IRCiWT/CRFT(25)' NAC(25)i NRAC(25). YEARt(25

f:OMMiON/CAT/CLCC r TNP:CAT (9) - TRLCAT (9) P TFROG (25)C
CiMM0N/INST(-'L/ICOS,.25)r TCOSI1(25J)

COMHON/L1O, S /NTCOSL(25T3) TLLCOS 2T) L25 T-LCC5 5

TNRCOS('d5)p TRLCOS(2)t' TCOSN('e-).' COSR('!')

COMMON/NAMES/SN AMEPUNAME

*DtECLARE VARIAB:LES

INTEGER YEARiUB
REAL ICOSP NRACP NACv NRCOS
LO(3ICAL~1 ANS. SNAME(65)? UNAME(35)

C *INITIALIZE VARIABLESl

NO =NYRS/3

WRITE (1 ,*) ' DO YOU WANT A NONRECURRING/RECURRING COST BREI DOWNT'

READ(i,1050) ANS
IF (ANS *NE. 'Y') GO TO 27

C *FRINT HEADINGSY INVESTMENT COSTS

WRITE(6Pi034) (SNAME(I)p I = I65)
WRITE(6?1035) (UNAME(I)p I = 135)
WRITE(6,i036) D:SCNT
WRITE(69 iOOOi
N1 I
02 NO

C *PFRINT NONRECURRING COSTS FOR EACH YEAR B~Y CATEGORY

DO 10 I LE4, UB
WRITE(6,1001) (YEAR(J)p J Niy N2)

W;RITE(6v 1002) (NRCOS(JPI)p J =NIP N2)

WRITE(6v1005) (NRCOS(J 4)p J =NIP N2)

WRITE(6v1006) (NRCOS'J,5)', j Ni' N42)

WRITE(6v1007) (NRCOS(JP6)p J =NI' N2)

WRITE(6plOOS) (NRCOS(Jy7)y J =NIP N42)

WRITE(6v1009) (NRCOS(jpB)v J Ni, N2)

WPITE(6riOlO) (TIRCOS(J)t J NIP N2)

Ni = NI + NO
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N2 = N2 + NO

0'2 - NYR'S
GO TO 15

C. 0 N~'T I N E
-j RITE(6P1026) (YEAR(J)tJ =NIP N2)

WRITEU6,1027)
WR.ITU 6v V12 ) (NRCOS(J P1.) v J N1- N2)
WRITE(.6PIO13) THRCAT( I)
WRITE(69i.016) (NRCOS(Jr4)P J N1t NA2)

WRITE(6P1013) 'INRCAT(4)
WRITE'(6ylOl7) (NRCOS(Jr5)y J NIP N2)
WRITE(61OI.3) TNRCAT(5)
bRITE(6,1018) (NRCOS(JY6)r J =Ni, N.*-
WRITE(1,1013) TNRCAT(6)
WRITE(6P1019) (NRCOS(JP7)v J =N1, N2)

AWRITE(6yl013) TNRCAT(7)
14FITE(6v1020) (NRCOS(98)7 .J =N1, M2)
WRITE(6PI1.)3) TNRCAT(8)
WRITE(6rl02l) (TNRCOS(J)p J =NIP N2)
WRT.TE(6,1013) TNRCAT (9)

Cl *PRINT HEADINGSP OPER.ATING ANtI SUPPORT COSTS

WRITE(6vl034) (SNAME(I)v I = It 65)
WRITE(6ylO35) (UNAME(I)v I = I 35)
WR1:TE(6il036) E'SCNT
WRIrE(6, 1028)

N2 =NO)

*PRINT RECURRING COSTS FOR EACH CATEGORY B4Y '(EAR

C O 20 1 = L~ U

WRITE(6vI001) (YEAR(J)r J Ni.' N2)
WRITE(6PI0O2) (RLCOS(Jil)? J Nit N2)
WRITE6r1OO3 (RLCOS(JP2)r J 1Ni11 N2)
WRITE(671004, (PLCOS(J?3)? J NIP N2)
WRITE(6r'100S) (RLCOS(JF4)y J N1P N2)
WRITE(.6?1006) (RLCOS(Jvb)y J =NIP N2)
WRITE(6rlO07) (RLCOS(JY6)9 J NiP N2)
WPITE(6v10O8) (RLCOS(J97)y J =Ni, N42)
WRITE(6PiO09) (RLCOS(JYS)y J NIP N2)
WRITE(6rlO1O) (TRLCOS(J), J NIP N2)
Ni Ni + NO
N2 = N2 + NO
IF (N2 *LT. NYRS) GO TO 20
N42 =NYRS
GO TO 25

20 CONTINUE
25 WRITE(6y!026) (YEAR(.J)' J =NIP N2)
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WRITE(6, £027)
WPITE(6il12) (PLCOSJi' ll J 01

WRITE(Q'vt)12) TRLCAT' 1)
WRTTE(61tl014) ("LCOSJ,) j ?i j K7
tWRITE(6vlilt3> TPLCAT(2)
WRITE(6-Y15i) (RLCOS Jr'3) y JI- Ni 1 12)
W%#RITE(6il~3) TRLCAT(3)
I.*RITE(6PII.16) (RLCOS(Jr4)y JIz NI, ':2)
IRITE-'671O13) TFLCAT(4)
IWRITE (6!,i101i7) (RLCOS(JP6)r J =1 Ml r
1TRITE(6,'IO13) TPLCAT (5 >
bRITEr(671018) (RLC"OS (,.)76) i= N1. 7N2)
WFRITE(6vi013) TRLCAT(7)
U'RITE(6710t?) (RLCOS(IB)y J = Ni.? N2)
WRITE(6,1013) TRLCgiT(B)
WRITE(69i02i) (RLCOS(JP) J = Nl? N2)
WRITIE(6tlI13) TRLCAT('S)

* ~PRINT HEADINGS FOR TOTAL LIFE CYCLE COSTS BtY

.7 W R ITE%,10 3 4) ("N AME (1 I 1 1.- )
WRITE(o1O35) k': r =

WRITE(6P103ei t'SC~tT
WRITE(6, 1O'Q
Ni = 1.

N2 = NO
c
C *PRINT RESULTS

DiO 30 1 = LB? UEB
WRITE(6y1001) (YEAR(J)y J tNi. N2)
WRITE(6F103O) (ACOS(J)9, J =NI. N2)
WRITE(6y103J1) (IC'JS(J), ? J Ni1, N2 1
WR.ITE'6,10:3"/ (TNRCOS(J)i J Ni, N2)
WRIrE(6r1033) (TRLOOS(J)p JI NIP N2,
WRITE(6r1032) (TLLCOS(J)t JI Nlf N2)
WRITE(6y1O33) (TPROG(J), J = Ni, N2)
N- Ni + N~O
N2 = N2 + NO
IF (N2 #LT. NYRS) GO TO 30
N2 = NYRS
GO TO 35

Z30 CONTINUE
35 LWRITE(6fli026) (YEAR(J)p i= NI? NZ)

WRITE (6,1027>
WRITE(6,l122) (ACOS(J)? J = NI? N2)
WRITE(6t1013) TICOSA(NYRS)
WRITE(6r1023) (ICOS(J)p J = Ni, N2)
WRITE(6 i04 '3) TCOSI(NYRS)
'JITE(69iO4O) (TNRCOS(J)7 i Ni, N2)
WRITE(6fiO.3) TCOSN(NYRS)
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..4,I TT7.6?1041 ) (TRLCC3S(J)P J NIP N2)
WRITE:(6yl0l3) TCOSR(NYRS)
tJRITE(.6,1024) (TLLCOSI(J)~ H!,u N2)
4;RITE(6yl023) TCOSL(MYRS)
WPITE(6T1O25) (TF'ROC(J)P J NIP ?42)
WRITE(6rlOI3) CLCC,

:iFRITT HEAHtNGS FOR CUMULATIVE LIFE CYCLE COSTS B4Y YE-FR

WRITE(6, 1039)

N2 NO0

C *FRINT RESULTS

DlO 40 1 = LB?, UEB+l
WRITE(6pl001) (YEAR(J)p J =NIP N2)
WRITE(6p103O) (TCOSA(J)y J = NIP N2)
WRITE(6vl031) (TCQSI(J)v J =NiP N2)
WRITE(6vI037) (TCOSN(J)y J = NiP N2)
WRITE(6vli08) (TCOSR(J)v J = NIP N2)
WRITE(6p1032) (TCOSL(J)y J =NIP N2)
WRITE(6p1033) (CPROG(J)i J = Ni' N2)'
NiNI M + 140
N2 = H'2 + NO
IF (N42 *LT. NYRS) GO TO 40
N2 = NYRS

CONTINUE

*<FORM~iT STATEMENTS

1.000 F'JRMAT(49X, 'NONRECURRING LOGISTIC SUPP'ORT COSTS' ,//>
1001 FORMAT(IXY//p9XY'COST CATEGORY 'y 2Xr 7(6XPI4iSX)Y/)
1002 FORMAT(9Xi'SPARES ',y 8(2XYF13,0))
1003 FORMA*T(9XY'ON-A/C MAINT 't 8(2XPF13.O)1
1004 FORMAT(9X9'OFF-A/C MAINT 'y 8(2XPF13.0)),
1005 FORMAT(9XINVENTORY MGT 'r 8(2XYF13.0))
1006 FORMAT(9X?'SUPPORT EQUIP ', S(2XYF13*0))
1007 FORMAT(7?(,'TRAINING ti 8(2XPF13.0))
1008 FORMAT(?X, 'DATA MANAGEMENT', 8(2XYF1340))
1009 FORMAT(9XP'FACILITIES 8 (2XPF13#0))
1010 FORMAT(9X,'ANNIJAL TOTAL ', (2XF13.0))
1012 FORMAT('$'PSX''SFPARES ',.(2XFI3.O))
1013 FORPAT('+'t2XvF13.O)
1.014 FORMAT('$'PBXP'DN-A/C MAINT ',8(2XFF13.0))
10'15 FORMAT('$',SXP'OF"7-A/C MAINT '?8(2XF13.0))
101,6' FORMAT('Vp8X,'INVENTORY MGT 'Pe(2XF13.j)) [
1017 FORMAT('$'tSX'SU'FORT EQUIP 'r8(2XF13.0Y',
1013 FORMAT('$ 8SXY'TRAINING f82y!30-
1019 FORMAT('$'v6Xi'CIATA MANAGEIIENT'r8(2XtF1!.0).
1020 FORMATY(',8Xq'FACILITIES l't8(2XvF13.O))
1021 FORMAT('*'YSXP'At4NUAL TOTAL 't8(2XF!3.0))
1022 FOPMAT('$'v8XP'AC0UISITI0N 'T8(2XyFi340))

C-27



1023 FORMAT('$ S@X,'INSTALLATION ',(xI:Ix,
10C2 4 FORM4AT($'qSX,'*TOTA)L LOGISTIC '7,(2XFi3.O#
1025 FORMAT('$',8XP'TOTAL FROGRM 'B2XF3,)

1026 FORMAT(1X,//v,'',Xq'CQST CATEGORY '2Y(714Y)
102? FORMAT('+',2X,'TOTAL')
1.028 FORMAT(S2Xv 'RECURRING LOGISTIC SUPPORT COSTS'y,//)
1029 FORMAT(56XY'TOTAL LIF7E CYCLE COSTS B3Y YEAR')
1030 FORMAT(9X,'ACOLIISITION IS(2XqFl3 0))
1031 FORMAT(;X?'INSTALLATION '98S(2XyF13.0))
1032 FORMAT(9X,'TOTAL LOGISTIC ',8(2XF1.3.0)')
1033 FOPMAT(?Yr'TOTAL PROGRAM ',S(2X F1LO))
1.034 FORMAT(1H1,3X,'SYSTEcLM: ' 65A1)
1035 FOPMAT(4xI'USER: ',35Al)
10-:'6 FORMAT(4X' 'DISCOUNT FACTORI' F4,2)
103? FORMAT(9X'NONRECURRING ',S(2XEr13,O))
1038 FORMAT(9X,''RECURRING ',8(2XYF13.0)) F
1039 FORMAT(1Xi//,SOXv'CUMULATIVE LIFE CYCLE COSTS SYt YEA-R')

1040 FORMAT('$',BX,'NONiJRECUFR~ING ',S(2XF130 0))
1041 FORMAT('$',SX,'RECURRING 'p,S(2XF13,0-)
1050 FORMAT ( lOAl)

RET UR N
ENDL
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T ~-E 1! 1 .t-! H IC -j-L E 111 SCO U N : I T ~ I. 1 1~i
NONRECURRING Ai'4r RECCURRING LOG1ST:7 0T 0. :iLL EF"?
ANT.,± CATEGOR'UES.
:'<NGTE* THE CONSTANT DOLLAR COST V.y YLU-E*3 ;?F ':Ai!

DUE TO THE USE OF THE COt-iM0N 3TST1ENT.

SU-3RO-UTINE DSN ''SXIJ S(.

C, *ESTA2?LISH COMMO)N BLOCK$

C~liN/AQUI/AC3C25~,TCOSA(2 5)
G ON "i RC R FT /C- F (5) PA C', ( 7" iRI.I 2> C YE;. P (5

COMiMON/I NSTAL/I COS (25), TC,-JSI(25I
COIMhON/LOGIST/NRCOSk'25P8), RLCOCS(25PS), TCOSL (2"5)) TLL0O'm(2E',-

I ~~TNRCOS(25)p TRLCOS(:25)i TCC3' 'S N (C ' ) T 'COSP 25)
COMMON/CAT/CLCC? TNRCAT (9),t TRLCAT (9)~ TI.F<OG zs CF'ROG

C' 4crECLARE VARIAB~LES

INTEGER BASEYRYYEAR
REAL ICOSP PRCOS. NACY N'AIC

It 0 2"'01 I 1,i NY R

*COMFPUTE THE DISCOUNT FACTOR FOR )*E;IF

N = YEAR(I) - BASEYR
DISC = (1/(l+XDIS))**N

*DISCOUNT ALL COST ARRAYS

ACOS(I) =ACOS!I)*DISC
ICOS(I) = IcOS(I)*DISC
TPROG(I) =TFROG(I)*DISCl

TNRCOS(I) =TtNRCOS(I)*t'iSC
TRLCOS(I) =TRLCOS(I)*LiISC

TLLCOS(I) =TLLCOS(I*DIS*'C

DO 10 J =1, 8
NPRCOS(IJ) = NRCO)S(I~,J)*'S~c
RLCOS(IPJ) = RLCOS,J)*DISC

'10 CONTINUE
20o CONTINUE

RET URN
END
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APPENDIX E

DISCRETE ADDRESS BEACON SYSTEM TRANSPONDER LOGIC DESIGNS

1.0 BASELINE DABS WITH CONK A AND COMM B

The baseline DABS transponder was designed to meet minimum surveillance

criteria. This transponder would have the same capability as the present

ATCRBS transponder, but additionally, it would be able to respond to BCAS

surveillance interrogations (Uplink Formats 0 and 2), the DABS All-Call inter-

rogation (Uplink Format 11), an altitude interrogation (Uplink Format 4),

and an identification interrogation (Uplink Format 5). The baseline DABS

transponder would also have the capability of generating unsolicited replies

(squitters) which are necessary for BCAS purposes. Expansion of the baseline

DABS transponder data field to 112 bits provides an additional 56 bits of data

for various communication functions while performing all of the surveillance-

associated functions of the baseline design. The expansion to include 56
additional bits (Con A and Corn B capability) affects only the encode/decode
design of the transponder and the power supply capacity.

The circuitry described in the following sections covers the logic elements

necessary to decode an interrogation and to generate a response. It does not

cover the radio frequency circuitry necessary for full transponder operation.

Since the changes in DABS brought about by the new standard are mostly in the

realm of data processing and manipulation, it is this area that is discussed

in the following sections.

1.1 Transponder Capability

The basic DABS transponder has been designed to detect interrogationsand respod as follows:

Interrogation: Response:

ATCRBS (ALL) ATCRBS (ALL)

ATCRBS/DABS All-Call DABS All-Call (DFll)

ATCRBS Only All-Call None

DABS Short Special Surveillance (UFO) DABS Reply (DFO)

DABS Short Synchronous Surveillance (UF2) DABS Reply (DF2)
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Interrogation: Response:

DABS Only All-Call (UF11) DABS-Only All-Call (DFll)

DABS Altitude (UF4) DABS Altitude (DF4)

DABS Identity (UF5) DABS Identity (DF5)

All Other DABS None

UF - Uplink Format DF - Downlink Format

In addition to the above, unsolicited responses (squitters) are emitted at

a mean interval time of 1 second; the DABS Altitude response (DF4) is used.

All of the ATCRBS functions have been preserved.

1.2 Basic System Modules

The baseline DABS transponder consists of the following modules:

" Front and Back Panel Interface

. System Clocking/Timing

" Pulse Decoding

" Arbiter Chip

" ATCRBS Reply Formatting

" Squitter Emission

• DABS Parity Check/Generation

" Stochastic Acquisition (Probability of Reply)

" Data Field Definitions

" DABS Reply Formatting

" All Call Lockout

" Con A and Comm B

The modules are described in the following sections.

1.3 Back and Front Panel Interface

A data input connector is supplied on the back panel of the transponder.

A jumper to ground on any pin results in that input being a "1". No jumper is

understood as a "0". Therefore, no jumper connection results in a zero in the

appropriate field which is interpreted as a "no capability" and "no discrete

address".
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There are thirty-nine inputs on the back panel. As shown in Figure E-l,

twenty-four inputs are associated with the discrete address of the aircraft.

Three inputs are associated with the capability of the aircraft. Three inputs

are for the maximum airspeed input which is used in response to a BCAS inter-

rogation. Another nine inputs, as shown in Figure E-2, are for the encoding

altimeter; with none connected, the field is set to zero.

Figure E-3 illustrates the circuit for the front panel interface. The

Function Selector Switch implements the same functions as those found on any

ATCRBS transponder. The standby position applies power to all portions of the

transponder. However, the ATCRBS logic is inhibited such that no responses

are generated. The DABS logic is not inhibited, but rather reflects the "on-

the-ground" condition in the flight status field. The Mode A (only) position

enables the logic circuitry to respond to interrogations; if an interrogation

requires an altitude report, then the altitude field is zero. This allows

the pilot to inhibit the input from an encoding altimeter. The Mode A/Mode C

position enables the full functions of the transponder, allowing the input of

the altitude encoder. The test position turns all panel lamps on (e.g., ATCRBS,

DABS, and IDENT).

The IDENT switch is a momentary contact pushbutton which triggers a 16-

second timing circuit. Any ATCRBS interrogations within this time will produce

a respons . containing a SPI pulse which will fill in beacon slashes on the

air traffic controllers radar display. The SPI pulse will also cause the push-

button to light.

Whenever a DABS or an ATCRBS response is made to a correctly received

interrogation, an appropriate 16-second timer is triggered which enables a

panel lamp. Whenever a DABS and/or ATCRBS panel light is on, the pilot has been

alerted that a response has been made by the transponder at some point during

the past 16 seconds. An automatic dimmer control is provided to adjust bright-

ness.

The pilot may assign a four digit (4096) code to the aircraft through

four switches on the front panel. This code is digitized into thirteen bits

of information (which includes a "x" bit reserved for future use).
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1.4 System Clocking/Timing

When power is applied to the transponder, a timing circuit produces

a low level which sets all memory elements to zero (e.g., counters, flip

flops, shift registers). The transition moves from a low to a high level

1 millisecond later and all circuits are then ready for operation (subject

to the position of the Function Selector Switch).

A 24 MHz oscillator is ultilized to drive the digital logic into synch-

ronization with the "P" pulse. This frequency was chosen so that one clock

could be divided to supply the other clocks necessary for the logic, while

at the same time avoiding possible harmonics which could interfere with the

60 MHz IF amplifier. A 20 MHz frequency would have been desireable because

simple integer division would produce all of the clock frequencies necessary

for the digital logic (i.e., division of 20 MHz by 5, 20, and 29 will produce

frequencies of 4 MHz, 1 MHz and 689.7 KHz) however, harmonics of the 20 MHz

frequency fall within the IF band.

The 24 MHz clock is divided by 6 to produce a 4 MHz clock and by 24

to produce a 1 MHz clock; these clocks control all DABS processing. The

processing necessary to generate an ATCRBS response requires a 690 KHz

clock (1.45 microsecond period). Dividing the 24 MHz by a constant number

to obtain a fixed period between pulses will cause the cumulative error

over the course of the ATCRBS transmission to exceed the + 100 nanosecond

tolerance for the starting edge of the last pulse (SPI pulse). The pro-

cedure we implemented involves generating a sequence of pulses separated

by varying periods to compensate for the cumulative error. These periods

are generated by dividing the 24 MHz clock by 35, 35, 35, 35, and 34. This

pattern is repeated for the duration of the ATCRBS transmission, assuring

that no pulse is generated which is more than 33.2 nanoseconds off the

required spacing; this is well within the + 100 nanosecond criterion.

Drawings of these circuits are not included in the appendix.
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1.5 Pulse Decoding

Pulse Decoding implementation uses a counting technique to interpret the

pulse combinations which are received. When a pulse (interpreted as a P1

pulse) arrives as Buffered Video input (that is, after it has been processed

for amplitude and width criteria) as shown in Figure E-4, it triggers a binary

counter. This counter provides an address to a Read-Only Memory (ROM) which

then generates certain timing signals for further processing. Each counter

value represents a certain time increment after the leading edge of the P1

pulse.

The Buffered Video Input is fed into shift registers operating at 24 MHz.

The content of the registers is examined (by Pulse Detect B) to detect a P1

pulse, this occurance triggers a JK flip flop which enables a 10-bit binary

counter. The ten output lines of the counter drive a ROM which generates

additional timing signals. Whenever a pulse could occur, a timing signal is

generated to detect its presence or absence. Spaces are checked at certain

intervals to eliminate cases of false triggering. The pulse decoding timing

diagram is shown in Figure E-5.

The various pulse combinations which are known to be valid, trigger flip

flops which instruct subsequent logic to prepare a proper response. When an

incorrect pulse combination is detected, a reset pulse is generated so that

the control counter and all memory elements are prepared to receive the next

incoming pulse. A reset pulse is also generated if an ATCRBS-only interro-

gation is received or if other DABS messages are received which the transponder

is designed to ignore.

1.6 Arbiter Circuit

There are three types of transmissions which can be made by the trans-

ponder. An interrogation can produce an ATCRBS reply, a DABS reply, or an

unsolicited reply (squitter) for BCAS purposes. A circuit has been included

to decide which response will be made at a given moment. The Arbiter Circuit,

shown in Figure E-6, utilizes a polling technique to select what type of processing

should occur next. A free-running, two-bit binary counter (which drives a

multiplexing unit) samples the three request lines. The first request for a

transmission (i.e., the first sampled line which is high) sets a flip-flop;
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this indicates to other subsequent logic that a message is being processed and

locks out the polling process until the message processing is complete (when

the reset pulse occurs). The request for a transmission also sets a flip-

flop at the time prompted by a control signal from the baseline transponder

logic. For example, an ATCRBS request will set a flip-flop (which generates

the ATCRBS Enable control signal to allow further processing) when activated

by the GO ATCRBS signal from the baseline transponder control logic. This

procedure is identical to that which is used with a DABS request. The squitter

request process is slightly different in that it automatically sets a flip-flop

to generate the Squitter Enable signal. In this case, when the DABS system is

reset, the flip-flop is cleared along with resetting the squitter timing logic.

1.7 ATCRBS Reply Formatting

The main logic circuit determines the presence of a valid ATCRBS interro-

gation. If a suppression pulse (P2) is detected, then the circuitry is reset

and the interrogation is ignored. However, if a valid interrogation is detected

with no suppression, then a valid response is formulated. Figure E-7 illustrates

the ATCRBS Reply control logic while the ATCRBS reply formatting is shown in

Figure E-8.

A free-running oscillator at 2.76 MHz drives the circuit. When an ATCRBS

enable pulse is detected, a counter is enabled; this counter drives a ROM which

generates timing information. The counter divides the clock pulses by four,

clocking all operations (except the ROM) at 690 KHz.

The ROM loads the shift register. The message is either formatted with

ID information (mode A) or altitude information (mode C). If a P3 pulse is

detected, the output of an encoding altimeter is loaded into a shift register.

When ID information is required, it is entered via a set of switches on the

front panel (the 4096 code). The SPI pulse can be activated to flash an indi-

cator on the air traffic controller's radar screen. If the ground requests

that the pilot squalk his identify, the pilot presses a panel button which

loads the SPI pulses into the shift register upon the receipt of the next

ATCRBS interrogation.
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1.8 Squitter Emission

The squitter is an unoslicited reply. It is transmitted at an average of

once per second for the benefit of BCAS surveillance by an airborne interrogator.

Squitters are emitted at random intervals with a mean value of one second

and a standard deviation of 0.1 to 0.2 seconds. To accomplish the pseudo-

random behavior of the events, a ROM is employed which contains a list of 256

intervals of time, which when executed in sequence, meet the criteria of the

DABS standard. An eight-bit counter is utilized as the pointer in the list.

The interval of time specified by the eight bits is loaded into another

counter which is then enabled such that it counts up to the maximum

value. At this point, a carry takes place which sets a flip-flop, generating

a request to transmit a squitter.

The squitter is sent unless it has been delayed due to the following

controls:

1) an identical response (DF4) was sent within the past second

2) PC = 2 or PC = 3, indicating a lockout to squitters for the next

16 seconds

3) a message is already being formatted for transmission

4) mutual suppression (other equipment is being used)

Squitters immediately resume, following the interrupt condition. Each time the

control logic cycles through a squitter transmission, it increments the counter

which selects the next interval in the ROM and the timing begins again. Figure

E-9 illustrates squitter generation.

1.9 DABS Parity Check/Generation

This logic, shown in Figure E-10, generates the Cyclic Redundancy Code used

as the 24-bit parity code in DABS messages. This generated code is used to

check the parity in uplink messages and to generate it for downlink messages

sent by the transponder.
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Thirty-two bits of data appear as serial input. Using the generator

polynomial (as described in the DABS Standard, Section 4.1.1.1, page 25), a

24-bit remainder is created. This remainder (parity) is overlaid with further

data.

In checking the parity on uplink messages, there are two cases to con-

sider. If the uplink interrogation is UFll; a DABS-only All-Call, then no

modification is made to the generated parity bits; a DABS-only All-Call con-

tains no overlaid discrete address because it addresses all aircraft. There-

fore, the generated parity bits are left untouched. If the uplink interroga-

tion is other than an Utll, a DABS-only All-Call, the discrete 24-bit

address associated with the aircraft is overlaid on the generated parity

bits, module 2, on a bit-by-bit basis, as shown in Figure E-11.

In the case of a downlink message, the routine functions to generate the

24-parity bits based on the newly assembled 32-bit message. If the reply is

to an uplink interrogation other than an All-Call, then the discrete 24-bit

address is overlaid on the generated parity bits as before. If the reply is

to a DABS All-Call interrogation, then the 4-bit II (Interrogator Identifica-

tion) field found in the uplink interrogation is overlaid (added bit-by-bit,

module 2) to the most significant bits of the generated parity bits. If the

reply is to an ATCRBS/DABS All-Call, then, since no Interrogator Identifier

is specified, it is overlaid onto the generated parity bits. However, since

adding 24 bits of data which are all zeros, produces no change, the parity

bits are left unmodified and processing is complete.

1.10 Stochastic Acquisition (Probability of Reply)

This logic utilizes a randomizing scheme to limit the replies of air-

craft.

The probability of reply limiting takes place only when the appropriate

code is transmitted during a DABS All-Call message (UFll), and replies

according to the probability unless an All-Call lockout is in effect.

When a DABS All-Call is received, the three least significant bits of the

PR field (Uplink Bits UB6-8) determine the probability of reply. A free-

running 4-bit counter has outputs which are decoded to produce four signal

lines (Do-D 3 ). During the course of a count cycle (0-15), D0 is high one-
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half the cycle, D is high one-fourth the cycle, and D and D3 are high

one eighth and one sixteenth of the cycle, respectively. The coding of

the PR field selects one of five lines which determine whether a reply

will be made. If PR = 0 or PR = 8, then a reply is made. If any of the

other four lines is selected, it is added with the corresponding D line;

if both lines are high, a reply is made. If not, the system is reset.

The probability of reply logic for stochastic acquisition is shown in

Figure E-12.

1.11 Data Field Definitions

The Alert data field logic triggers a 16-second timer whenever a change

occurs in the 4096 code. On each clock pulse a 12-bit register stores the

4096 code. A 12-bit identity comparator compares the present 4096 code with the

value stored in the register. If a difference is detected (e.g., when a

change has been detected between clock pulses), then a pulse is sent to a 16-

second one-shot circuit. The output entitled "Temp Alert" is fed to the cir-

cuitry which implements the flight status (FS) field. The "Alert" circuitry

is shown in Figure E-13.

The FS data field logic illustrated in Figure E-14 sets a 3-bit code

according to a prioritized list of conditions. If the circuit is airborne

with no ALERT and no SPI the FS code is set to zero. PS equal to one is

BCAS related and not part of the baseline system. With an ALERT condition,

FS is set to two. If only the IDENT push button was pushed (SPI) the FS

data field is set to four. The FS data field is set to six if both the ALERT

condition is set (4096 code equals 7500, 7600, 7700 or other wise changed)

and the pilot has pushed the IDENT push button within the last 16 seconds.

If the circuit is on the ground with no ALERT and no SPI, FS is se- to seven.

FS equal to three or five are not assigned.

1.12 DABS Reply Formatting

The basic system must respond to five DABS message types: Short Special

Surveillance (BCAS), Short Synchronous Surveillance, All-Call, Altitude,

and Identity. This logic acts to select the proper data for incorporation

into the downlink message. The first five bits are echoed from the interroga-
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tion. These specify the format number. The next 27 bits are formatted

by DABS reply logic. The remaining 24 bits are parity bits cenerated by

other circuitry.

If the reply is a Short Special Surveillance Interrogation (UFO),

then a reply is formatted echoing the Acquisition bit (Uplink Bit 6) from

the interrogation, the maximum airspeed (3 bits from the back panel con-

nector), and the aircraft altitude; all other data bits are zero. If the

reply is to a Short Synchronous Surveillance Interrogation (UF2), then the

8-bit Epoch field is echoed in the reply with the aircraft altitude; all

other data bits are zero. This design does not reflect the length of the

Epoch field as defined in the current DABS National Standard.

If the reply is to an All-Call Interrogation, (UFiI) then the logic

selects two fields of data. The capability field (CA, 3 bits) is obtained

from the back panel connector. The aircraft discrete address (AA, 24 bits)

is also obtained from a back panel connector. This complete the 27 bit message.

If the reply is to an Altitude or Identify message (UF4 or UF5), then

four data fields are selected. The flight status field (FS, 3 bits) is deter-

mined from additional logic not described here. The downlink request field

(DR, 5 bits) and the utility message field (UM, 6 bits) are not utilized in

this system and are set to zero. The fourth field is 13 bits in length and either

aircraft altitude (AC obtained from the encoding altimeter) for an altitude

interrogation (UF4) or aircraft ID (the 4096 code set by the pilot) for an

ID interrogation (UFS). The DABS reply control logic is shown in Figure E-15,

with the DABS reply formatting illustrated in Figure E-16 and E-17.

1.13 All-Call Lockout

The lockout circuitry shown in Figure 18 consists of three major sections:

1) the logic which sets the 15 timers which are associated with the 15 possible

interrogators; 2) the logic which sets the standard All-Call Lockout timer; and

3) the logic which tests the conditions and generates an inhibit pulse (if

necessary) to prevent a reply.
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The timer setting logic operates as follows: in an uplink message 4 or

5 (UF4 or US), the condition of DI (UB14-16) indicates the contents of SD

(UB17-32). Should DI equal one, then UB26, LOS contained in the SD field

indicates the status of a restricted All-Call Lockout. If LOS equal one,

the timer corresponding to the interrogator specified by UB17-20 (IIS) is set.

IIS equal zero is a no-action operation. The timer which is triggered has

a time-out value of 16 seconds unless retriggered. All 16 timers function

independently.

The Standard All-Call Lockout timer can be set by the occurance of an

uplink message 4 or 5 (UF4 or UF5), as well. If the message occurs and UB8

equal one and UB8 equal zero (corresponding to PC equal 1 or 3), then the 16-

second Standard All-Call Lockout timer is set. It may also be retriggered.

The testing logic consists of two parts. The first tests the Restricted

All-Call Lockout condition. If an All-Call is received with II not equal to

zero, the timer designated by I is checked; if its output is high, a "Don't

Reply" pulse is generated, inhibiting a reply. If II equal zero, then

a "Don't Reply" pulse is generated, if D the standard All-Call Lockout timer

is set and 2) the override signal (UB9 in the PC field) is zero. If the over-

ride signal is high, then no Standard All-Call "Don't Reply" pulse is generated.

If the standard timer is set and an ATCRBS/DABS interrogation is encountered,

a standard lockout condition will exist if no override is present.

1.14 Com A and Con B

The additional 56 bits of information transmitted from the ground in

a Comm A interrogation are fed directly into a Random-Access Memory (RAM)

from the baseline transponder control logic. This process is then super-

vised by local control logic which sends the 56 bits out of the transponder

through a Standard Message Interface (SMI). The SMI consists of three ports:

data out, data in, and bi-directional clock port. The local control logic

writes the 56 bits received on the SMI into the RAM for later inclusion in

the downlink response. This logic functions at the prompting of and in

conjunction with the baseline transponder control logic.

E-31



The basic Comm A and Comm B logic is illustrated in Figure E-19.

The baseline transponder logic and multisite protocol logic were modified

as necessary to function with these added features; these modifications

are not reflected in the drawing.

2.0 ATARS

2.1 Memory Enabling Logic

The 56 bits of ATARS data are shifted from the baseline transponder logic

into seven eight-bit registers, as shown in Figure E-20. The first eight bits
contain the Address Definition Subfield (ADS) which indicates the content of

the remaining 48 data bits. These bits comprise two fields known as data sets;

the ADS specifies the type of data sets which have been transmitted. A 74S138

demultiplexer is used to decode the bits to determine what the two data sets

contain. For this implementation, aircraft own data sets and supplementary

data sets are not utilized; therefore, messages represented by ADS 24 and 31
(with bit 48 set to zero) do not produce any action. The message represented
by ADS 29 (start threat) is also not needed in this unsophisticated implementa-

tion.

Depending upon the message received, either or both uplink data sets

may contain a position report which must be displayed. Memory elements (Latches)

have been allocated to retain this data; 21 bits are assigned for the bottom

display line (Data Set A) and 12 bits for the top display (Data Set B). Data

loaded into Data Set A latches when a Start or End Encounter message (ADS 26),

a Dual Proximity message (ADS 27) or a Threat message (ADS 30) is received.

Data loaded into Data Set B latches when an Own Plus Positive message (ADS 25),

a Dual Proximity message (ADS27) or a Single Proximity message (ADS 28) is

received. The baseline transponder logic generates a Message Received pulse

when the bits have been loaded into the shift registers in the proper position;

this pulse enables the latches to copy and retain the uplink data. The message

received pulse is also delayed by one clock period (1 microsecond) so that the

16-second non-retriggerable one-shot circuits can be activated. These circuits

disable the latches so that a new message cannot replace the data from the last

message until the 16-second time-out period has elapsed.
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A third set of latches for Resolution Advisories retains the 11 bits

of data used for decoding and display. When a Resolution Advisory message

(ADS 31 coupled with bit 48 set to one) is received, the data is loaded

immediately into the latches. This 16-second timer enables the display

logic, but does not lockout the latches as in the case of Data Set A and

Data Set B. This circuitry generates the control signals for the -eia~.ning

logic. As previously mentioned, the timers enable the two Data Sets and

Resolution displays. A red "T" is illuminated when a threat condition occurs.

A flip-flop is set by a threat message (ADS 30) and cleared by a Start or

End Encounter Message (ADS 26). Also an audible alarm (external to the

transponder) is triggered when the first threat message (ADS 30) or a

Resolution Advisory Message is received.

2.2 Advisory Display

When enabled, this logic, as illustrated in Figure E-21, decodes the

eight bits corresponding to the eight possible advisories on this trans-

ponder (limit vertical commands were not used). These bits are decoded into

signals which control the arrows and "X"s. Hex buffer chips (7417s) are

utilized to drive the Light-Emitting Diodes (LEDs). An "X" is constructed

using four LEDs; the arrows use three.

2.3 Bearing Display

The bearing display logic is illustrated in Figure E-22. The enable command

(either Enable Button Display or Enable Top Display) controls the blanking input

on the 7446A BCD-to-seven segment driver. Four bits of data are extracted to

drive a ROM which creates a two-digit display indicating the clock bearing

of the aircraft in proximity. The clock bearings that can be displayed are 1

through 12.

2.4 CO/HI/LO Display

The enable command for this display, illustrated in Figure E-23, allows the

two altitude bits to be decoded into one of three messages: CO (co-altitude),

HI (the proximate aircraft is above) and LO (the proximate aircraft is below).

Seven-segment LEDs are used to display the characters. The 7417 drivers are

implemented to drive the individual segments to spell the desired word.
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2.5 Range Display

The enable command controls the 7446A drivers such that they display range

in two digits (with decimal point in between). The six bits of range data are

decoded by a ROM which provides eight bits of data to the drivers which control

two 7-segment LEDs. The ATARS range display logic is shown in Figure E-24.

2.6 "T" Threat Display

When enabled, a "T" is displayed for a threatening aircraft. This "T"

flashes at a 1Hz rate to indicate to the pilot that a proximate aircraft is

a threat and that a Resolution Advisory could take place. An audible alarm

is signaled by a one-shot circuit in conjunction with this display so that the

pilot is alerted to this change in status of a proximate aircraft. Figure E-25

shows the logic circuit for the threat display.

2.7 BCAS Interface and Resolution Advisory Register (RAR)

The ATARS design also includes a RAR capability and an interface to an

on-board BCAS unit. Upon receipt of each ATARS uplink message, the eleven

resolution advisory bits are stored in latches as well as in shift registers.

The latches drive the ATARS display. As shown in Figure E-26 the on-board

BCAS unit may request the eleven bits from the shift registers by genera-

ting a load signal (LOAD RAR DATA) and supplying the clock pulses (ECAS

CLOCK). This request procedure, however, may be interrupted by an uplink

message. Whenever an uplink message is received, it is given priority,

since the data cannot be repeated without retransmission. Should the

registers be loaded with new resolution advisory data from an uplink message

while the previous data was being shifted to the BCAS unit, the SCAS unit is

notified by the receipt of an UPLINK SCAS MESSAGE RECEIVED signal and BCAS

reinitiates the procedure.

BCAS may modify the resolution advisory bits driving the display by

taking advantage of the structure of the ATARS message decoding logic.

SCAS generates a 56 bit message (BCAS DATA OUTPUT) which is directed into

the seven ATARS shift registers through the 56 BITS IN port. When all

data is in the proper location, then SCAS generates a pulse (RAR MESSAGE

SEND) to the ATARS logic (as a MESSAGE RECEIVED pulse) which loads all of
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the resolution advisory bits in the appropriate registers in the same

manner as the receipt of an uplink message. This procedure may also be

interrupted by an uplink message. Should the ATARS shift registers be

receiving BCAS data when an uplink message occurs, the BCAS unit is

notified by the receipt of an UPLINK BCAS MESSAGE RECEIVED signal as be-

fore and BCAS may also reinitiate this procedure at some later time.

For the on-board BCAS unit to generate an air-to-air interrogation

utilizing the DABS transponder, a request is sent (BCAS TRANSMIT REQUEST)

to the baseline transponder logic which responds to BCAS with a confirma-

tion of the start of the transmission sequence (ENABLE BCAS DATA OUTPUT).

The contents of the message from BCAS are then shifted out (according to

the transponder system clock) for inclusion in the downlink data message

initially formatted by the baseline transponder logic.

All uplink messages received by the DABS transponder which have been

correctly addressed and properly decoded are sent to BCAS (UPLINK MESSAGES).

A pulse (UPLINK MESSAGE RECEIVED) indicates the arrival of each message

for timing purposes. The receipt of uplink messages containing BCAS data

are also indicated by a pulse (UPLINK BCAS MESSAGE RECEIVED).

3.0 EXTENDED LENGTH MESSAGES (ELM)

3.1 ELM (Uplink Only)

The central component in this design, as illustrated in Figure E-27, is an

8048 microcomputer which acts as the process controller. It interfaces to the

baseline transponder logic and provides the liaison with the 2Kxl Random

Access Memory (RAM) (used for storage of the ELM segments) and the External

Data Device (EDD) which buffers the segments to the data terminal. The micro-

computer perform both housekeeping functions and functions necessary for the

proper receipt of the ELM segments.

While the microcomputer cannot process data at a 4-megabit/second rate,

it can act as a controller for a RAM which can handle the data rate. When the

microcomputer is advised of the impending receipt of an ELM segment by the

baseline transponder logic, it determines the upper four address bits of the
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2Kxl RAM such that the 80-bit segment is stored in one of sixteen 128-bit
vectors. The selection of the least-significant seven address bits is accom-

plished by an eight-bit counter which is enabled by the microcomputer and a

control signal from the baseline transponder (message received). The clocking

is accomplished by the 4 MHz system clock from the baseline tr,'sponder control
logic with the microcomputer selecting the proper clock input for the counter.

As each ELM segment is received, it is written into the 2Kxl RAM. The
microcomputer maintains a table correlating where each of the received ELM

segments is stored; this table is then consulted when the segments must be
extracted in order. The table also contains the basic data which is incorpo-

rated in the downlink reply which is prompted by the receipt of the (presumed)

last ELM segment; this reply is formatted in a 128xi RAM under microcomputer

control. This basic data is included in the downlink response by the trans-

ponder logic which then controls the RAM through the TRANSMIT response which

drives the binary counter driving the RAM.

When all segments have been received correctly, the microcomputer inter-

acts with the external data device, which communicates to the microcomputer

that it is prepared to receive the ELM segments. The microcomputer then

transmits the ELM segments in order at a high data rate which presently has

not been specified.

3.2 ELM Uplink and Downlink

As in the uplink-only version, the control component is a microcomputer
which acts as a process controller. It interfaces to the baseline trans-

ponder logic and provides the liaison with both of the 2Kxl RAMs used for

storage of the ELM segments and the External Data Device (EDD) which buffers
the segments. The ELM Uplink and Downlink is shown in Figure E-28.

The 8039 microcomputer utilized in this design is faster in speed than
the 8048 (minimum cycle time of 1.36psec as compared with 2.5psecs). The

8039 depends upon the 8355 peripheral chip to provide the 2Kx8 RON containing

the instructions; the peripheral chip also provides two additional eight-bit

data ports for input and output. The additional capability is necessary

because of the added responsibilities the system must assume in order to

handle the downlink ELM segments.
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The 8039 microcomputer performs all of the tasks associated with the

ELM downlink design. In addition, it interacts with the EDD to obtain the

ELM segments destined for downlink transmission. The EDD obtains the raw

data and converts it into a number (maximum of sixteen) of segments; it then

notifies the microcomputer that it has a number of segments available for

transmission. At a free time, the microcomputer instructs the EDD to send a

segment; this is written into a 2Kxl RAM. This process continues until all

segments are written into the RAM. The EDD writes additional information into

the RAM which informs the microcomputer of the number of segments to be trans-

mitted. Upon completion, the microcomputer interacts with the baseline trans-

ponder to formulate the downlink transmissions. Necessary data is written in

the 128x1 RAM which is dumped as part of the downlink message.

The ELM Uplink/Downlink system has two principle functions: uplink and
downlink ELM interaction. The uplink system has priority, since the data must

be handed over as it arrives and the microcomputer must be ready when it occurs.

The interaction with the EDD for the transmission of uplink segments and the

receipt of segments destined for downlink transmission are handled by the

microcomputer when it is idle (i.e., not receiving uplink segments). This

system relies on the EDD, i) to receive and transmit ELM segments at a high

data rate and 2) to buffer the data to and from the terminal or other data

input/output device.

As in the uplink, the microcomputer allows data to be written into the

2Kxl RAM with minimal overhead. The microcomputer selects a RAM vector where

the next segment will be stored. A counter is then enabled such that the

presence of a clock from the EDD will drive the counter and generate the

addresses necessary to write the data into the RAM.

E-47'U. A NUN? J~ eNT~iG OP c 1982 361-42S/1 65 1-3


