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I. INTRODUCTION

BACKGROUND

Air travel has become -a commonplace event in modern society
and, in the United States, is the dominant mode of inter-
city common carrier passenger transportation. Furthermore,
at the present time, more than 98% of the civil aircraft
fleet in the United States is represented by general avia-
tion aircraft. Nevertheless, a recent General Aviation
Manufacturers Association (GAMA) survey showed that although
41% of the total -public claim familiarity with the term
"general aviation" and indicate they have flown in a light
aircraft, only a very ‘small percentage are truly aware that

-genéral aviation does not refer to commercial airlines or

military aircraft. Thus, the real recognition level of
general aviation is guite low.

Since the end of World War II, the general aviation fleet
has grown by an average of more than 5% annually and, in
1973, numbered approximately 145,000 active aircraft. The
growth of general aviation, however, has not been steady.
During the years immediately following the Second World War,
there was a phenomenal surge in the general aviation fleet
which has been unequaled since. In the 1950's, general
aviation went through a prolonged slump -from which it only
began to recover during the Sixties. Since the early
Sixties, the growth in general aviation has been steady and
consistent.

Nevertheless, this growth has not been without its problems.
It has been accompanied by increased air congestion and an
appreciable rise in air traffic control problems. Even
though only a relatively small percentage of today's generzl
aviation air traffic flies IFR, the percentage is rising
rapidly, creating new stresses on the ATC system. Conse-
quently, in today's aviation environment, trends to more
controlled airspace and a concern for safety are increasing.

In the last ten years, the Federal Aviation Administration
(FAA) has been pressing. for improved accuracy in navigation
aids and requirements for aircraft to carry more avionics
equipment than ‘in the past. Furthermore, as changes are
occurring in the regulatory -environment, there is an increase
in pilot workload creating a need for greater pilot
proficiency.



ROLE OF NASA IN CIVIL AVIATION

As an extension of its-activities and experience, the
National Aeronautics and Space Administration (NASA) has
been taking a more active role in the field of general avia-
tion. The NASA role in general aviation technology encom-
passes a broad effort to improve the.safety of all flight
operatlons, and the program simultanecusly tries to recog-
nize and provide for the growing technological needs and
requirements. The programs are directed to provide tech-
nology for general aviation use that will pexrmit the design
of future U.S. alrcraft that are safer, more productive,

and clearly superlor to the rapidly growing foreign competi-
tion. It is in this context that NASA undertock a compre-
hensive study and analysis of the technologlcal reguirements
and potential demand for general aviation avionics systems
for operatlon in the 1980's.

OBJECTIVES OF THE PROGRAM

The primary objective of this program was to identify tech-
nology areas where NASA's research and development activities
can make substantial contributions-to the design of avionics
to satisfy the future requirements of general aviation. It
was established that prime considerations would be for
avionics which would provide added safety, lower costs, and
improved reliability across the total spectrum of the general
aviation marketplace.

To support these general goals, the following subordinate
objectives were defined:

° Develop a complete definition of the present general
aviation avionics market

¢ Identify major problem areas and constraints to growth
in general aviation and relate them to -avionics
systems and equipment

® Identify technological advances in avionics systems
.which would be desixable in the 1980 time frame to
satisfy the requirements being placed on the general
aviation industry

¢ Estimate the future demand for avionics equipment. as
a function of available funds and requirements of the
evolving airspace system

° Estimate the impact and public benefits of potential
technological advances



Thus, the overall intent of this study was to identify
avionics systems which promise to reduce economic con-
straints and provide significant improvements in perform-
ance, operational capability and utility for general avia-
tion aircraft in the 1980's. .

METHODOLOGY

On the basis of these objectives, the approach used in this
study followed the methodology outlined in Figure I-1. A
combination of research techniques were utilized, including:

° DSC bata Files

Decision Sciences Corporation has carried out more

than 20 projects involving market analysis, structuring
and forecasting of the general aviation market,
industry, and technology. In the last year alone,

DSC has carried out projects involving more than 80
man-months of study and evaluation of the general
aviation market and trends for the periocd 1974-1985.

As a result of this extensive work, DSC has acquired

a considerable amount -of in~depth data on:

- The structure and evaluation of the general
aviation market ' :

- General aviation users, products, and technology

- Models and forecasting systems of general avia-
tion aircraft and avionics

- Industry buying patterns and decision factors
- Government regulatory programs and plans

A list of past general aviation assignments carried
out by DSC is shown in the Appendix of this report.

DSC Technological Forecasting Technigues

A number of approaches were utilized to effectively
develop meaningful estimates of future technological
advances. Areas of avionics technology.studieéd..
included: '

- Navigation systems

- Communication systems
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- Flight controls

- Instrumentation

— Displays
Techniques utilized included historical growth pat-
terns, trend curves, correlation analyses, substitu-
tion growth curves, diffusion studies, and the Delphi
technique. The Delphi technlque involves assembling
a committee of experts in a single area who pool their
knowledge about that area and prepare an intuitive,
confidential forecast of future developments. The
Delphi survey process is described in detail in
Chapter IX of this report. It is important to note
that individual responses to questioning are not
revealed; thus, anonymity and pr1v11eged opinions are
protected.
The following companies participated in DSC's General
Aviation Technical Adv1sory Delphi Panel in this
program:

- AIL/Cutler Hammer

- Aradar Corporation

- Atlantic Aviation Corporation

- Bendix Corporation

- Butler Aviation

- (Collins Radio Corporation

- Gates Learjet Corporation

~ Hamilton Standard Division,
United Aircraft Corporation

- Hoffman Electronics Corporation
~ King Radio Corporation

- Lear Siegler, Inc.

- Narco Avionics

- Piper Aircraft Corporation



- RCA Aviation Group
- Singer-Kearfott Division
- Wilcox Electric Company
" = Wulfsberg Electronics, Inc.

® In-depth Field Interviews

In addition to the market forecasting models and tech-
nological forecasting techniques described above, DSC
conducted over 100 interviews among knowledgeable
government representatives, industry experts, aircraft
owners and fleet operators, airframe manufacturers

and avionics manufacturers. These interviews were
conducted to obtain opinions on the requirements for
technological change in the general aviation avionics
industry during the 1980's, as well as to obtain
specific ideas from a cross-section of the industry,
under controlled conditions.

In summary, the methodology employed in this program involved
a combination of techniqgues incorporating DSC's data files
and market and technological forecasting models and approaches,
coupled with the attitudes and opinions of knowledgeable
people within the industry. It was extremely critical in
developing the methodology for this program to recognize

that while the general aviation fleet is frequently discussed
as. though it were one common entity, it is in fact made up

of a number of very diverse groups with separate and distinct
missions. When developing and analyzing the data gathered

in this program, DSC defined the industry according to air-
craft type as well as user characteristics. The aircraft
segments used in this report were:

° Light single-engine piston, 1-3 place
® Medium/heavy single piston, 4+ place

° TLight twin piston

° Medium/heavy twin piston and turboprop
°  Turbine

®  QOtherxr



The user segments used in this report were:
¢ Corporate/executive flyiﬂg

Business flying‘

¢ Perscnal flying

° Aerial application

°© Industrial application

Instruction

Alr taxi, charter

®  Other

Each segment of the fleet has different constraints and
needs which must be recognized when developing avionics.
One area of significant difference relates to the ability
to pay (price) for avionics. Because of varying levels of
price sensitivity, technical advances which have been
developed for and used by the corporate fleet occasionally
have taken a considerable length of time to filter down to
the pleasure flying segment of the general aviation fleet.
Frequently, this is attributable to the high cost and com-
plexity of the system. While it may be ideal to consider
advancements in avionics systems and technologies in terms
of providing significant performance improvements, enhanced
safety, improved reliability, and lower maintenance and
repair costs, these goals must also recognize the economic
limitations of the major portion of the general aviation
fleet to insure that the benefits of advanced technology
reach across the total spectrum of the fleet. It is
important to recognize that when planning for the general
aviation marketplace, the problem of availability of discre-
‘tionary funds is real and that more than 80% of the fleet
consists of single-engine aircraft flown by pilots whose
proficiency is frequently relatively low. Furthermore, to
insure a healthy expansion of general aviation, it is impoxr-—
tant not to discourage pilots, especially new pilots, by
making avionics too complex and too expensive.

Nevertheless, while these constraints must be considered

in any analysis of technology requirements and potential

for advances in general aviation avionics, total -expenditures
for avionics in general aviation in the next 10-15 years are
likely to be quite substantial. This situation will result



from the greater number of aircraft which will be operating
in this environment and factors which will necessitate more
pPrecise navigation, enhanced data handling capabilities,

and generally increased flexibility in the national airspace

system. Each of these factors will be discussed in detail
in this report.

Although it is possible to forecast the shape of things to
come 10-15 years hence, assuming a certain stable evolu-
tionary pattern, it is certainly impossible to pre@icF all

of the specific events -that will affect general av1atlop
during the period. However, it is assumed that there will

be some factors beneficial to the growth of the fleet in
general aviation activity, just as other factors will result
in periods of decline. The overall effect is expected to
result-in a general aviation fleet in 1985 considerably larger
than today's. In analyzing avionics requirements during the
1980's, Decision Sciences Corporation has examined historic
and current levels of avionics carried in general aviation
aircraft, has evaluated various factors which might ilead to
increases or decreases in these levels, and has made fore-
casts of the avionics demands. Assumptions which underly
these forecasts are enumerated in the chapters that follow.
The project schedule followed to complete this study is shown
in Figure I-2 covering a period of seven months.

SUMMARY OF THE REPORT

This report contains a description of the seven tasks accom-
plished by DSC and our recommendations under Contract NAS2-
7888. Chapter II provides a comprehensive definition and
structuring of the general aviation market according to air-
craft type and user category. The analysis includes historical
and current information available on annual sales of general
aviation avioniecs, and describes typical systems -of avionics
equipment for each aircraft type and user category.

Chapter III provides an analysis of the national air trans-
portation system. The effect of planned changes in the
national aviation system on future technology requirements
for general aviation avionics systems is assessed.

Chapter IV describes the major problem areas and constraints
to growth in general aviation likely to occur during the
1980~1985 time frame. An identification of emerging general
aviation avionics requirements and trends is provided in
Chapter V. The probable impact on general aviation of timing
and level of demand is covered. Chapter VI outlines an
assessment of the impact and public benefits of prospective
advances in general aviation avionics systems and equipment.
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Estimates of the price sensitivity of demand of avionics
systems are provided in Chapter VII. Chapter VIII contains
the market forecast of the demand for general aviation
avionics through the year 1985. Chapter IX presents our
recommendations regarding technology areas where research

and development could be directed by NASA to provide signifi-
cant improvements in performance, safety, simplicity of.
operation and overall capability of general aviation aircraft.

10



ITI. DEFINITION AND STRUCTURE OF THE GENERAL AVIATION INDUSTRY

To forecast the avionics requirements in the
fleet during the 1980's, it was necessary to
ture of the general aviation fleet. General
all non-military and non-air carrier flying,
divided into the following aircraft and user

general aviation
examine the struc-
aviation includes
and has been
categories to pro-

vide a more complete understanding of the avionics requirements

in the wvarious segments of the industry:

-3

Alrcraft classes

- Light single—-engine piston, 1-3 place _

- Medium/heavy single piston, 4+ place

- Light twin piston

- Medium/heavy twin piston and turboprop

- Turbine
- Other
° TUser categories
- Corporaﬁe/executive flying
- Business flying
- Personal flying
~ Aerial application
- Industrial application
- Instruction
- Air taxi, charter

— Other

This chapter examines these segments of the general aviation
market and estimates the current level of avionics equipment

carried in the fleet.

11



THE GENERAL AVIATION FLEET

According to the 1973 Federal Aviation Administration (FAA)
Statistical Handbook, the general aviation fleet totaled
131,149 active aircraft on December 31, 1971—a very slight
decrease from the year before. It was, in fact, the first
vear since 1952 that the active fleet failed to show any
growth over the previous year. However, estimates of the
fleet size at the end of 1972 indicate that it had grown to
over 145,000 aircraft by the end of that year. .

Figure II-1 shows the growth and development of the general
aviation fleet from 1959 through 1972. During this period,
the total number of active aircraft increased by more than
110%. It is noteworthy that although single-engine piston
aircraft have dominated the overall aircraft population,
multi-engine piston, turbine and other aircraft are repre-
senting an increasingly larger portion of the fleet.

In contrast to the fairly steady growth in fleet size, shown
in Figure II-1l, Figure II-2 shows the erratic pattern of
new general aviation aircraft deliveries from 1940 to the
present day. This figure portrays the unstability of the
general aviation market which is subject to rapid and
dramatic reversals.

In Figure II-3, deliveries are examined by category of air-
craft. While no clear trend in mix of aircraft deliveries
is evident, there does appear to be an increasing proportion
of twin-engine propeller aircraft, particularly medium and
heavy twins, with a corresponding decrease in single-engine
piston aircraft. Certainly a major contributing factor is
the increase in corporate ailrcraft fleets.

A review of the general aviation fleet by geographic region
(Figure IT-4) shows that although there have been slight
shifts overall in aircraft distribution between 1960 and
1971, only in the southern and New England regions have the
changes been of significance.

Decision Sciences Corporation examined the present age
distribution of the general aviation fleet (shown in Figure
II-5). 1In a similar study carried out some years ago using
1967 data, DSC found that approximately 43% of the aircraft
were over 15 years old, as opposed to 31% in 1972. The
trend shows that the general aviation fleet is currently
being updated and that many older aircraft are being retired.
Furthermore, it reflects the impact in recent years of
increased rates of new aircraft deliveries.

12



€T

FIGURE II-1

GENERAL AVIATION FLEET GROWTH AND DEVELOPMENT

150 ==
140 —4—
130 ~fe

120

110 e
THOUSANDS
OF 100 ==

AIRCRAFT . gg

80 =

12/31/59 10 12/31/72

70
60 —f=
W
e | i i i f 1 g 1 l L
1] ] | | | ] | | | 1
1960 , 1965 1970 1972
GRONTH  lg——— 257 s+s 377 el 37 e

Z SINGLES 89 - 88 - 87 - 86 - 8 - 85-85- 84 - 83 - 83 - 85 - 83 - 82

Source:  FAA



»T

GENERAL AVIATION ALBCRAFT DELIVERIES
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FIGURE TI-~3

GENERAL AVIATION AIRCRAFT DELIVERIES

SHIPMENTS BY SEGMENT OF FLEET

1965-1973

YEAR

" AIRCRAFT SECTORS

LIGHT | MED,-HEAVY] LIGHT |MED.-HEAVY] TOTAL TOTAL
SINGLES | SINGLES | TWINS | TWINS | . JETS 7 AIRCRAFT
1973 | ws4 | 325 | 38 | 156 17 | 1000 | 13675
w2 | s | om2 | osa 126 | .13 || w00 | 9.7
1971 49,6 34,6 2.8 123 | 07 100.0 © | 7.466
1970 45,5 35,1 3.3 14,9 0.9 100.0 7,292
1969 49,2 31.2 3.4 152 1.0 1000 | 12.457
1968 56,1 27.1 2.4 13,7 0.7 100.0 - | 13,698
1967 5it,2 30.9 3.6 10,6 0.7 100.0 | 13,577
1966 51,2 32.8 4 10,5 1.1 100.0 15,768
95 | 7.0 36.3 4,5 11,2 1.0 hh 100.0 | 11,852
[




FIGURE II-4

ACTIVE U.S, GENERAL AVIATION AIRCRAFT BY FAA REGION - 1960 AND 1977
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FIGURE II-5

AGE DISTRIBUTION OF GENERAL AVIATION FLEET
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ATRCRAFT USAGE

Figures II-6 and II-7 analyze the general aviation fleet in
two forms, i.e., by primary use of the major categories of
aircraft and by aircraft type flown by the major user
categories. ‘From this data, it becomes clear that the

most versatile aircraft in general aviation is the medium/
heavy single-engine aircraft which account for more than
half of both personal and business aircraft and more than
one-third of air taxi and instructional aircraft.

Using the data that is available from the FAA, the breakdown
of hours flown by the various user categories can be seen in
Figure II-8. This figure also shows the breakdown of number
of aircraft by user category. While 52% of the general avia-
tion fleet consists of personal aircraft, they only account
for 29% of reported flying time. As the avionics complement
carried in aircraft is a factor of the aircraft's mission,

we will show in later sections of this report the estimates
of avionics in the various classes of aircraft, reflecting
the statistics shown here.

FORECAST OF THE GENERAL AVIATION FLEET - 1974-1985

In order to forecast the size of the general aviation fleet
in 1985, DSC utilized our forecasting model, described in
the Appendix of this report. This model considers general
aviation industry-related factors such as:

° Airmen certificates

¢ Airports

°® FAA airport expenditures

° Price of aircraft
Aircraft mix changes
® Cost of flying

- Training

- Avionics costs

- From DSC's forecasting activities, it has been determined

that there are a number of definite issues which characterize
Fhe deliveries of new aircraft and which must be incorporated
into the forecasts. In the short term, the industry is

i8



6T

FIGURE 1I-6

MATRIX OF AIRCRAFT TYPES BY USE

1972
TYPE OF AIRCRAFT
TYPE OF 1-3 Iy PLACE | MULTI
FLYING PLACE | AND OVER | ENGINE
SINGLE | SINGLE | PISTON ] TURBOPROP | TURBOJET

PERSONAL 69.2 67.2 21.4 3.3 11,8
BUSINESS .
TRANSPORTATION] 2.7 20.2 52,6 36.9 36.6
EXECUTIVE
TRANSPORTATION] 0.1 0.4 8.2 31.9 46,5
ALR TAXI -
INSTRUCTION 28.,0. 12.2 17.8 27.9 5.1

TOTAL 100.0% | 100.0% 100,0% | 100.0% 100.0%

Source: FAA
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FIGURE ITI-7

MATRIX OF USE BY TYPE OF AIRCRAFT

1972

TYPE OF AIRCRAFT

TYPE OF 13 [ upiace [ mL- TOTAL
FLYING PLACE AND OVER ENGINE
SINGLE SINGLE PISTON | TURBOPROP | TURBOJET

PERSONAL 36.7 58.5 4.6 0,05 0.15 100,0%
BUSINESS
TRANSPORTATION 4.7 56.4 35.9 1.6 1.4 100.0%
EXECUTIVE
TRANSPORTATION 0.7 12.4 55,6 13.9 17.4 100.0%
AIR TAXI
INSTRUCTION 50,2 35.5 12.8 1.3 0.2 100,0%:

FAA

i




FIGURE II-8

GENERAL AVIATION AIRCRAFT FLEET
BY PRIMARY "SE AND HOURS FLOMWN
DEC, 31, 1971
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(AERIAL APPL\.\') Vs 2% - OTHER 5% - OTHER
o NEEC T 8% ~ Al
“ RENTAL . TAXI |
. . 6% - AERIAL \ 277 - BUSINESS
87 . L-52% - APPLICATION & EXEC. TRANS.
INSTRUCTIONA PERSONAL y _
ENTAL
(1\~ 189 - ~ PERS
- 26% - BUSINESS 3 INSTRUCTIONAL 9% - PERSONAL

EXEC, TRANS,

NO. OF AIRCRAFT = 129,u64

TOTAL HOURS FLOWN = 25,510,000

SOURCE: FAA



very sensitive to money supply and its cost. It is strongly
influenced by public attitudes. Furthermore, reactions of
the airframe manufacturers to real or perceived changes in
the ecdnomy greatly affect industry activity.

In the longer terms, it was found that general aviation
deliveries, to a great extent, follow the patterns o? the
gross national product. However, government regulations,
availability of other modes of transportation, and Depgr?—
ment of Transportation expenditures for air travel facili-
ties are all influencing factors. Among the industry-
related factors of importance in long-term forecasts of
general aviation are numbers of airline arrival gn@ departure
locdations, airmen licenses, and the fleet composition and age.

The DSC forecast of aircraft deliveries for the 1974-1985
time frame is shown in Figure II-9. Included for compari-
son purposes are the actual deliveries made during the
period 1965 to 1973. Although high and low forecasts were
also made for the period 1974 to 1985, the medium forecast
is considered by DSC to be the most probable. The medium
or most probable forecast estimates total new deliveries
during the same period at 210,550 aircraft for an annual
average of 17,545, After taking into account exports  and
attrition, the new aircraft were then added to the existing
general aviation fleet, resulting in a fleet forecast shown
in Figure II-10. 1In 1980, the low, medium and high fleet
forecasts are 173,000, 179,000 and 183,000 aircraft. By
1985, the range of estimates will be 214,000, 229,000 and
238,000 active aircraft. For comparision purposes,

Figure II-11 shows two other industry forecasts—one made
by the FAA in 1972 and one by R. Dixon Speas in 1970. The
latter only went to 1980 and, although the FAA forecast is
actually only to 1984, DSC projected one year further using
the same rate of growth. The DSC and FAA forecasts are
very close; the Speas forecast is considerably higher.

The DSC and FAA forecasts of fleet distribution by type of
aircraft are shown in Figures IXI-12 and II-13. Although
the two sets of data differ in their actual numbers, it is
significant that there is agreement regarding the declining
share of single-engine piston aircraft from approximately
83% of the total aircraft fleet in 1970 to 78% in 1985,
Nevertheless, in absolute numbers, this represents an
increase of approximately 70,000 single-engine piston
aircraft, bringing the total in 1985 to more than 178,000.

22



FIGURE IX-9

FORECAST OF AIRCRAFT DELIVERIES

TOTAL NUMBER

PERIOD OF AIRCRAFT ANNUAL
DELIVERED AVERAGE

1965- 1969 (ACTUAL)* 67,352 13,470
1970- 1973 (ACTUAL)* 38,385 9,596
LOW 164,050 13,670

1974 - 1985%* MEDIUM 210,550 17,545
HIGH 234,650 19,554

*SOURCE: GAMA
¥*DSC ForecasT
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FIGURE IT-10

GENERAL AVIATION FLEET - DSC FORECAST
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FIGURE II-12

GENERAL AVIATION FLEET DISTRIBUTION

BY TYPE OF AIRCRAFT

(% OF AIRCRAFT ELEET)

1970 1975 1980 1985
SINGLE-ENGINE PISTON 83.1 81.9 79,5 77.5
| - ,

MULTI-ENGINE PISTON 12.1° 12.9 14.8 16.6
. Fl

TURBINE 1.7 2,2 2.5 2.7
il

OTHER - ROTORCRAFT, ETC.| 3.1 " 3.0 3,2 3,2

Source: DSC




FIGURE II-13

GENERAL AVIATION FLEET DISTRIBUTION BY TYPE OF AIRCRAFT
100m—

on_l_ ] :
"’O ElZZ 13% lq%
80t )
70—
PERCENT 60—
OF
o TOTAL 50—— : )
~ ATRCRAFT N 337 B 877
0. By -
304—
20—
10
1970 1975 1980 1985
(ACTUAL) (FORECAST) (FORECAST) (FORECAST)
mraa CTHER (ROTORCRAFT, GLIDERS, ks TURBINE

TL-ENGINE PO SINGLE-ENGINE PISTON
== - i}
SoURcE: FAA MULTI-ENGINE PISTON | G



D. GENERAL: AVIATION AVIONICS INSTALLATIONS

For the purposes of this study, general aviation avionics
were divided into the following six functional categories:

° Communications equipment
° Navigation equipmgnt

® ‘Instrumentation

°® Flight controls

¢ Displays

° Electrical sources

Communications Equipment

Estimates of the current level of avionics installations
in the general aviation fleet are shown in-Figures II-14
through ITI-19. Figure II-14, communications equipment
installations, shows that most fixed wing aircraft are
equipped with at least one VHF communications system.

A negligible percentage of light single-engine aircraft
and approximately one-third of medium and heavy single-
engine aircraft are equipped with dual communications.
Among the heavier ailrcraft, on the other hand, dual
installations are common. Transponders, although only
required for flying in positive control areas, are
installed by more than half the fleet. As of January,
1973, automatic altitude reporting (the encoding alti-
meter), the proximity warning indicator, and the emer-
gency locator transmitter were still in their infancy
and their use in the fleet guite limited. Of the three
types of equipment, only the emergency locator trans-
mitter has gained widespread acceptance due primarily to
the government's law that every aircraft carry one. The
legislation requiring aircraft to be equipped with auto-
matic altitude reporting for aircraft using terminal
control areas was recently postponed until the beginning
of 1975, and it can be seen that in the early part of
1973, it was, in effect, only the heavy turboprops and
turbojet aircraft that were equipped with this
capability.
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FIGURE II-14

AVIONICS INSTALLATIONS

COMMUNICATIONS EQUIPMENT

AIRCRAFT CATEGORY (7 EQUIPPED JANUARY 1, 1973)

e onest Y5 NI [T, O, (BT S, [P R o o
VH-1 62,8 9.3 9.5 100.0 9.3 100.0 9.1 100,0 |49.8 [37.7 | 8l.4
VHF-2 1.0 3.8 90.1 100.0 97.3 100.0 9.1 100.0 {1531 0.0 { 31.0
HF 0.0 1.1 21.0 26.7 40,3 40.0 70.8 5.0 0901001 41
" | ATCRBS (TRANSPONDER) 28,4 63.2 57.1 93.3 100,0 100.0 100.0 100.0 |57.5 [25.2 | 51.0
AUTOMATIC ALTITUDE REPORTING 0.0 0.3 1.8 26.7 26,8 80,0 75,5 1000 |00}060) 15
PROXIMITY WARNING INDICATOR (WD) 0.1 0.5 0,9 0.0 0.0 0.0 0.0 0,0 {00(00] 04
ELT 10.1 1.2 30.0 26,7 3.6 0.0 9.4 0.0 | 7.7 [3L4 | 134
UHF TELEPHONE 0.0 0.0 2.8 40,0 35.6 40,0 317 30.0 10000 1.2




Navigation Equipment

Figure II~15 shows the parallel between aircraft equipped
with VHF communications and VOR navigation receivers.
Approximately 80% of the general aviation fleet carries
one VOR receiver, and approximately 30% carries dual
installations: With the- exclusion of ADF and, to some
extent, ILS glideslope, the figure shows clearly that
single-engine piston airgraft carry little in the way
of electronic navigation equipment. Approximately 20%
of the medium to heavy single-engine aircraft and a
negligible percentage of the light singles are DME-
equipped.

Reviewing all the classes of aircraft, it is clear that,
generally, only the primary types of navigation equip-
ment have gained widespread use. Hyperbolic, Doppler,
and inertial navigation systems are necessary only for
transoceanic flights and, because of their extremely
high cost, are only found in turboprop and turbejet air-
craft. VOR- and DME-based area navigation and VLF
navigation have yet to gain major acceptance in the
general aviation fleet, although they have both been

the subject of much discussion in recent years. .They
are considered items of major expense, with a single
waypoint R/NAV system representing an incremental pur-
chase cost of approximately $2,000. However, thé
industry expects the use of area navigation to increase
very rapidly as air traffic controllers and pilots accept
the wversatility of the system. Nevertheless, as of
January, 1973, only approximately 17% of the aircraft
were DME-eduipped, thereby having the basic capability
necessary to add an area navigation system. VLF naviga-
tion systems are also considered too expensive for the
majority of general aviation aircraft owners relative

to its value in use, with the lowest priced system currently
available costing over $15,000.

Instrumentation

Very few general aviation aircraft are equipped with the
categories of instrumentation examined for the purposes
of this study, as is shown in Figure II-16. However,
turboprop and turbojet aircraft are generally equipped
with dual independent altitude, attitude, etc. systems,
and weather radar, and a large percentage carry air

data systems, recorders, and engine monitors. Approxi-
mately one-guarter of thé multi-engine piston aircraft
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FIGURE II-15

AVIONICS INSTALLATIONS

NAVIGATION EQUIPMENT

AIRCRAFT CATEGORY (7 EQUIPPED JANUARY 1, 1973)

FQUIPMENT CATEGORY

S bt | it | @500 B Y0, {0 E0h Uhs. | 2D s, [T, [YERCLES. | roron| O
ADF 2.7 5.5 90,1 93,3 %3 | 1000 %3 | 1000 | 3.8 48,3
VOR - 1 61,0 91,3 8,5 100.0 9.3 1000 99.1 {1000 |%.5{80.0
VOR ~ 2 0.5 34,4 87.1 93,3 9.3 100.0 Q1 {100 |771{297
DVE 0.1 19,7 48,0 6.7 80,5 60.0 w3 | 1000 |[00]17.2
RADAR ALTIMETER 0.0 0.4 2.3 26.7 80,5 0,0 9.3 | 100 | 19|45
HYPERBOLIC (LORAN, OMEGA) 0.0 0.0 0.1 2.7 L3 8.0 n7 | 10.0 |0.070.1
DOPPLER 0.0 0.0 0.0 0.0 0.0 200 94 | 200 [00]0.1
INERTIAL 0.0 0.0 0.0 13 1.3 20,0 w2 | %0 o002
RV - 2D (VOR/DME BASFD) 0.0 0.1 4.8 13,3 10.1 0.0 4,7 0.0 {00768
YA - 3D (VOR/DME BASED) 00 | 0.0 0.1 13 0.7 0.0 19 | 100 |00]om
ILS GLIDESLOPE 1.0 2.3 90,1 100.0 1000 1000 {100 {1000 |[3.8{29.1
VLF (OTHER THAN LORAN, OMEGA) 0.0 0.0 0.1 0.0 0.7 0.0 0.0 0.0 |04]o0m@
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FIGURE ITI-16

AVIONICS INSTALLATIONS

INSTRUMENTATION

ATRCRAFT CATEGORY (% EQUIPPED JAN. 1, 197%)
EQUIPMENT CATEGURY SINGLE~ENS, MULTI”ENG- TOTAL
PISTON PISTON | TURBOPROP | TURBOJET §ROTOR
DUAL INDEPENDENT ALT, ATT, ETC. 0,0 23.0 88,5 . 100,0 5,8 4,8
AIR DATA SYSTEMS 0.0 1.1 14,4 30,2 0.0 0.2
RECORDERS 0.0 0,3 17.2 25,9 0.0 0.4
ENGINE MONITORS (EXCEPT EGT) 0,0 8.0 28.7 51.7 0.0 1.7
WEATHER RADAR 0.0 22,4 83.9 100,0 0.0 4,5
(0.0008)




carry dual independent altitude and attitude, etc.
systems, and weather radar, although few are eguipped
with air data systems, recorders, and englne monitors.
This is an area where the general aviation fleet is
not well-equipped, the primary reason being a low
value in use.

Flight Control Systems

DSC's estimates of flight control installations consist-
ing of stability augmentation systems, 2—- and 3-axis
autopilots, and fllght directors in the general aviation
fleet are shown in Figure II-17. The figure shows that
stability augmentation systems are found primarily in
the medium to heavy single-engine piston aircraft.

Most turboprop and:turbojet and, to a smaller degree,
twin-engine piston aircraft carry 2- and 3-axis auto-
pilots and flight directors.

Displays

With the exception of attitude gyros, displays are
difficult to estimate as a separate entity, since they
are usually part of a functional system such as naviga-
tion and flight control. Nevertheless, estimates have
been made of the display installations found in general
aviation. .From Figure II-18, it is clear that only the
attitude gyro is used extensively across the entire
spectrum of general aviation.

Electrical Sources

The flnal functional avionics category examined was the
electrical sources in Figure II-19. It can be seen quite
clearly that the most common electrical source in lighter
aircraft is 14 volt DC, whereas in the multi-engine
pistons, turboprops and turbojets categories, 28 volt DC
and 400 Hz AC tend to be the accepted standard.

To obtain a better understanding of the avionics carried in
the various .categories of aircraft, DSC developed the product
matrix by user group shown in Figure II-20. The matrix

shows that corporate-owned aircraft are fully equipped

with every type of avionics and, in many cases, have dual
installations. The individually-owned aircraft and aircraft
belonging to fixed base operators are equipped only with

basic avionics packages. Figure II-21 shows the annual
avionics expenditures by customer segment and type of aircraft.
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FIGURE TII-17

AVIONICS INSTALLATIONS

FLIGHT CONTROLS

AIRCRAFT CATEGORY (7 EQUIPPED JAN. 1, 1973)

eoutprenT catesory | TSRECE | SICHERER |« JURRG NS | JULEENS | BURBOY TURBO- o [TOTAL
STABILITY AUGMENTATION 8.1 42.2 24,0 0.0 0.0 | 0.0 0.0 {22.8
AUTO PILOT - 2.0 21,1 | 45.0 66.7 100.06 {00.0 {9.6 | 18.7
2 AND 3 AXIS

FLIGHT DIRECTOR 0.0 0.3 22.2 53.3 88,5 [100.0 |0.,0 | 4.8

G,
~X




FIGURE II-18

AVIONICS INSTALLATIONS

DISPLAYS (NAV, POSITION, ATTITUDE)

AIRCRAFT CATEGORY (% EQUIPPED JAN. 1, 1973)

EQUIPHENT CATEGORY SING ENG | MULTI-ENG | MULTI-ENG TOTAL
EL <12,500 LBs. [>12,500 Lss. | TURBOPROP|TURBOJET:
ELECTRONIC - DIGITAL 0.9 13.3 5.7 | 38.8 |1.1
PERIPHERAL 0.0 0.3 6.7 5,7 8.6 | 0.2
ATTITUDE GYRO 80,0 1000 100.0 100.0 | 100.0 {60.1
INTEGRATED (RMI, MSI, FLT. DIR.) 2.1 27.0 66.7 98,8 | 100.0 | 6.5

o
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FIGURE I1-192

AVIONICS INSTALLATIONS

ELECTRICAL SOURCE

ALRCRAFT CATEGORY (% EQUIPPED JAN, 1, 1973)

EQUIPHENT CATEGORY { o rucie eng, | SINGLE-ENG. | MULTI-ENG. | MULTI-ENG. cveopre | Tuost | rorow TOTAL
1-3 PLACE | m+PLACE  |<12,500 LBS. [>12.500 LBs.

1 VOLT DG 6118 95,6 33,9 0.0 0.0 0.0 38,3 73.6

28 VOLT DC 0.0 0.7 66,1 100.0 100.0 100.0 61,7 11.6

400 HZ AC 0.0 0.3 24,0 93,3 94,8 100.0 7.7 5.5




FPIGURE T1-20

GENERAL AVIATION AVIONICS PRODUCT MATRIX BY USER GROUP

EQUIPVENT CATEGORY
USER \ ' FLIGHT
GROUP NAV/COM{ NAV/COM GLIDE- | AUTO- IDIRECTORA WEATHER
# #2 ADF | XPONDER| DME SLOPE | PILOT HS RADAR
INDIVIDUAL OWNERS '
LIGHT SINGLE x | (%) (x)
MEDIUM-HEAVY SINGLE X (%) X X (x) (x) X
LIGHT TWIN X X X X (x) (x) X
COMMUTER AIRLINES X X X X X X (x) (x) (x)
CORPORATE-OWNED A/C
LIGHT-MEDIUM TWIN X X X X X X X (%) (x)
HEAVY TWIN/JETS x | x D D D D X D X
|FB0
LIGHT SINGLE X
LIGHT-MEDIUM SINGLE| «x (%) (x) (x) (x)
LIGHT-MEDIUM TWIN X X X (x) (x) (x)
5@2

X - MOST A/C EQUIPPED (x) - i-lALF OR LESS EQUIPPED D — USUALLY DUAL INSTALLATION
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FIGURE II-21

GENERAL AVIATION AVIONICS EXPENDITURES

BY_CUSTOMER SEGMENT
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Avionics value by type of aircraft ranges from approximately
$2,200 for light single-engine pistons to more than $150,000
for turbojet aircraft, as shown in Figure II-22. The
average value of avioniecs installed in the various cate-
gories of aircraft are as follows:

® Piston engine aircraft

Light singles $ 2,400

- Medium singles - $ 3,800

- Heavy singles - $10,000
- Light twins - 812,000
-  Medium twins - 535,000
- Heavy twins - $%8}000
° Tu?bine aircraft ‘
- Turboprops - $90,000
- Turbojets - $15b,000 +

There is a considerable difference in the value of avionics
carried in light to medium singles and in the high perform-
ance singles. There is also a substantial overlap in
avionics expenditures between the high performance single-
engine piston aircraft and the light twins. At the top end
of the line, the turboprops and turbojets tend to identify
more closely in the type of flying they do and the avionics
they carry with the air carrier aircraft than with the main
body of general aviation.

In order to relate these ranges of avionics to the current
availability of products, DSC compiled the table shown in
Figure II-23. In examining the table, it is apparent that
the number of brands (makes) avallable of inexpensive
products is far greater than for the more costly products.
This reflects the manufacturers' recognition of sensitivity
to price, characteristic of the pilots flying single—-engine
aircraft. Thus, small differences in price can have a
significant impact on sales. Furthermore, the large number
of products found in the less expensive categories also
reflects the ease of entry available at this end of the
spectrum compared to the investment and technological
requirements for top-of-the-line equipment.
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FIGURE II-22

AVIONICS VALUE PER AIRCRAFT
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FEIGURE TI-23

NUMBER OF AVAILABLE AVIONICS PRGDUCTS

BY PRICE RANGE
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ATIRMEN STATISTICS

Figure II-24 shows that the total number of active airmen

in the United States more than doubled between 1962 and
1972, reaching 750,000 pilots by the end of 1972, However,
since 1969, the increase in active airmen certificates has
slowed considerably. This trend is substantiated by

Figure II-25 which shows that the number of student starts
declined continucusly from 1967 to 1972. 1In 1973, the

trend was reversed which, i1f continued, would be a positive
indication of increasing public interest in general aviation.

If the estimated average student pilot completion rate of
35% (see Figure II-26) is applied and student starts remain
at their present level or increase slightly, the total
number of active airmen will increase by 45,000-50,000
annually.

The number of active airmen by type of certificate is shown
in Figure TI-27. It can be seen that the relative decline
in growth of the total number of active airmen in the 1962-
1972 time frame is accounted for by the decline in the num-
ber of student pilots. Both the number of private and
commercial pilots have been increasing. The abrupt decrease
in number of flight instructors in 1968 was caused by a
change in the selection criteria, and it appears that since
then the normal growth curve has been resumed. The number
of ATR-rated pilots has increased at a very slow annual
growth rate and it is not expected that this will change,
as the total number of air carrier aircraft, the number of
flights and hours flown have been declining.

Possibly the most significant change in the airmen statistics
is the considerable increase during the past ten years in

the number of pilots holding instrument ratings.. Figure II-28
shows that IFR-rated pilots have increased by approximately
150% between 1962 and 1972.

The FAA forecasts indicate that the total number of active
airmen in 1984 will reach approximately 1.2 million, consist-

. ing of about 528,000 pilots.with private licenses, 318,000

pilots with commercial licenses, and 282,000 student pilots.
During the same period, the number of instrument-rated
pilots as a percentage of total non-student pilots is
expected to reach 44% in 1985. These FAA forecasts are
shown in Figures II-29 and IT-30.
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FIGURE II-24

TOTAL ACTIVE AIRMEN CERTIFICATES HELD
DEC. 31, 1962 - '72
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FIGURE I1I-25

STUDENT STARTS (1967-1973)
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FIGURE II-26

STUDENT PILOT COMPLETION RATE -_1973
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FIGURE II-27

ACTIVE AIRMEN CERTIFICATES HELD BY TYPE OF AIRMEM
DEC, 31, 1962-1972

550
300
950 -
ACTIVE
CERTE’FICATES .
HELD A
@o's) 20T
150 e COMMERCIAL
S
1001
FLIGHT INSTRUCTORS
, - ATR
- =

1 1 !
i i

i |
1962 ‘63 ‘64 ‘65 ‘66 ‘67 ‘68 ‘69 '70 71 ‘72

Source: FAA

46



1904~

180~

170
T

1504

140
THOUSANDS

OF 1301

ATRMEN

120t

110~

100—=—

90

80—

FIGURE ITI-28

ACTIVE AIRMEN HOLDING INSTRUMENT RATINGS
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FIGURE II-29

FORECASTED ACTIVE PILOTS BY TYPE OF CERTIFICATE

1973-1984
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FIGURE II-30

INSTRUMENT-RATED PILOTS AS A PERCENTAGE OF TOTAL PILOTS
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.SUMMARY

In this chapter, DSC has established much of the industry
framework regarding the size and composition of the fleet
during the early 1980's, as well as the number of active
airmen. The avionics forecasts discusged later in this
report are based upon these characteristics and also upon
characteristics of the airspace environment. .
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III. DEFINITION OF THE ENVIRONMENT AND ANALYSIS
OF THE NATIONAL AVIATION SYSTEM

A, GENERAL AVIATION ACTIVITY

1.

Hours Flown

The increase in the number of aircraft and equipment has
led to a corresponding rise in general aviation activity.
Figure III-1 shows that between 1953 and 1965, the number
of hours flown in general aviation doubled, with an aver-
age annual rate of growth of approximately 5%%. This
growth rate doubled during the latter half of the 1960's,
with the number of hours flown in general aviation reach-
ing a peak in 1970 estimated at more than 26 million.

It is not possible to make an accurate estimate of the
changes in hours flown during the past ten years by pri-
mary use, since the data -collected and reported by the
FAA of the primary uses has not been in a consistent form.
However, from the data that is available, it appears that
there has been a significant increase in general aviation
in personal and instructional flying hours as a percen-
tage of total hours flown.

Examining the average activity of the general aviation
fleet, Figure III-2 shows little change between the early
Sixties and early Seventies. 1In terms of the average
number of hours flown pexr general aviation aircraft between
1960 and 1965, a level of 170-180 hours per year was main-
tained. In 1966, the average increased significantly and
then remained at approximately the same level throughout
the remainder of the decade.

Miles Flown

Although the average number of miles flown per aircraft
in 1270 was not substantially greater than in 1960, the
average level between 1965 and 1969 was approximately
25% highexr., Figure III-3 gives a breakdown of the
average number of hours flown by aircraft type, showing
that turboprop aircraft represent the most active part
of the fleet in terms of hours by a margin of one-third
over turbojets and more than double the usage of twin-
engine piston aircraft.
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FIGURE IEIT-1

HOURS FLOWN IN GENERAL AVIATION - 1953-1971
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FIGURE III-2

AVERAGE ACTIVITY PER GENERAL AVIATION ALRCRAFT
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FIGURE III-3

AVERAGE HOURS FLOWN BY AIRCRAFT TYPE - 1971
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Figure III-4 reflects a profile similar to that shown

in the bottom part of Figure III-2, indicating the con-
siderable increase in air miles flown annually during
the latter half of the 1960's and the abrupt decrease

in 1970 and 1971 which, due to the country's general
economic situation, were repressed years for the general
aviation industry.

3. IFR Flying

Although the increases in hours and miles flown are
indicative of the growth in general aviation, the most
notable changes have occurred in air traffic actiwity.
Increases in IFR activity are shown in Figure III-5.

With an increase of 15% in the number of general avia-
tion IFR aircraft handled in 1971, general aviation
constituted 20% of the total IFR activity at controlled
alrports. Furthermore, during the five-year period
1966-1971, general aviation IFR aircraft handled increased
by 110%. During the same period, aircraft operations
increased by 20% and instrument approaches by 77%. Since
1968, instrument operations (IFR landings and takeoffs)
increased by 59% and, in 1971, general aviation accounted
for 28% of all instrument operations.

Thus, there has been not only an increase in the size

of the general aviation fleet and in the amount of f£lying,
but also a change in the nature of the activity of general
aviation. 1In the previous chapter, it was noted that
there has been an increase in the number of IFR-rated
pilots, and it appears that this is resulting in an
increased sophistication in the use of the National Avia-
tion System by general aviation.

ACCIDENT RATES IN GENERAL AVIATION

It is unfortunate that the greatest level of public awareness
of general aviation is probably generated by the accidents
that occur. 1In a recent public attitude survey carried out
for GAMA, it was found that 46% of the general public con-
sider general aviation only "fairly safe” or "unsafe.".
Because of a fear for safety, it is not unusual for corpora-
tions to attempt to dissuade their executives from flying
light aircraft.

In actual fact, however, the accident rate in general avia-
tion has been improving (see Figure III-6). Whereas since
1960, the aircraft hours flown increased by more than 100%,
the total accident rate per 100,000 hours flown decreased
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FIGURE III-4

ESTIMATED MILES FLOWN IN GENERAL AVIATION - 1953-1971
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FIGURE III-5

GENERAL AVIATION AIR TRAFFIC ACTIVITY

1968-1971
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FIGURE III-6

AIRCRAFT HOURS FLOWN AND ACCIDENT RATES
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by approximately 57%. The fatal accident rate, however,
experienced an increase between 1970 and 1972. In 1969
(the last year for which complete data is available},
approximately 94% of all general aviation accidents
occurred in VFR conditions and 84% of them in daylight
(see Figure III~7}. It is significant that approximately
72% of the accidents—6% of them fatal—occur within five
miles of an airport or in the approach pattern, .and, as
Figure III-8 shows, 50% of all general aviation accidents
take place on the airport itself.

Figure III-9 shows the accident rate by type of flying. It
was seen earlier that personal/pleasure flying represented
26% of the hours flown. However, approximately 50% of
general aviation accidents are recorded by pilots flying for
pleasure. The figure also gives the accident rates by cate-
gory, and pleasure flying has a rate considerably higher
than any other type of non-commercial activity.

The data provided by the National Transportation-Safety
Board breaks down the accidents in causes and factors, as
shown in Figure III-10. As reported by the NTS8B, the over-
riding cause of accidents-is pilot error, with a major
contributing factor being the weather. This must be taken
into account when evaluating new or improved equipment that
would be desirable for general aviation aircraft.

ATRPQORTS

The total number of airports in the United States on recoxd
with the FAA, a key element in the aviation environment;
has almost doubled since 1960, increasing from 6,865 to
12,028. In Figure III-11l, the distribution of airports

by private and public ownership shows that during the 1960's,
privately—owned airports increased by approximately 100%,
while publicly-owned airports increased by 50%. Although
these numbers seem to indicate a rapid development of new
airports, it should be noted that many of the privately--
owned airports are nothing more than landing strips. Many
of these have been in existence for some time but were not
part of the official statistics until recently. Therefore,
many of the-airports on record are not open to the £flying
public. A regional distribution of airports .is shown in
Figure III-12, This does not indicate that any major
redistribution is taking place.
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GENERAL AVIATION AIRCRAFT ACCIDENT DATA - 1969
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FIGURE III-S8

GENERAL AVIATION AIRCRAFT ACCIDENT DATA - 1969
AIRPORT PROXIMITY
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FIGURE ITI-9

GENERAL AVIATION AIRCRAFT ACCIDENT DATA BY

TYPE OF FLYING - 1970
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FIGURE III-10

GENERAL AVIATION AIRCRAFT ACCIDENT DATA

CAUSES AND FACTORS - 1970
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FIGURE III-11

PRIVATELY AND PUBLICLY OWNED AIRPORTS
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FIGURE III-12

REGIONAL DISTﬁIBUTION OF AIRPORTS, AIRCRAFT AND POPULATION

L

1960-1970
1960 1970 " PERCENT CHANGE
FA RESIOH ' —
AIRPORTS | ALRCRAFT | PCPULATION | AIRPORTS | AIRCRAFT| POPULATION | AIRPORTS | AIRCRAFT | POPULATION

NEWEGLAD | 367 | 3.0 570 | 3.8% | 3.5 58 | .9 | 8.0 157
EASTERY 8 |33 | w7 | 15 [1B0 | 20 | &6 |6k 10.2
GREAT LAKES 196 | 20.8 21 | 189 | 197 2.6 | 601 |63 | 112
CENTRAL 107 | 86 6.0 o4 | 7.7 55 | 537 |53 5,3
SOUTHERN 101 |13 56 | Il 4 | 14.2 56 | 9.2 |k 1,2
SOUTHHEST 17 | 148 100 | 159 | 138 103 | 900 | %1 16.9
ROCKY MOUNTAIN 8.8 | 5.8 28 | 72 | 53 27 | 137 |25 2.4
HESTER 83 | 151 9.7 89 | B4 | 109 | &5 |73 | 24
NORTHHEST I 70 | 53 29 | 57 | 53 31 | w8 {705 17.5
ALASKA AND HAWAIL | 54 [_2.0 0.5 63 |_20 | _05 | 125 |83 20,1
| 100.0% 1100.02 | 100.0% | 100.0% |100.0% | 100,07

Oy TOTAL 6,85 (78,760 |179,323,00012,008 |134,559 03,212,000 | 752 | 70.8 13.3

Source: FAA, Bureau of Census



Figure III-13 shows that during the last decade, the -number
of airports with lighted runways averaged approximately 31%
of the total. The number of alrports with paved runways

has been increasing steadily since 1964, from. approximately
2,600 to more than 4,200 at the beglnnlng of 1972—an
increase of more than 60%. Figure III-14 summarizes the
U.S. airport profile at the end of 1972 by ownership, runway
surface and ‘lighting. Assuming that all the paved and
.lighted unpaved airports are open to public use, it is
estimated that there are approximately 5,300 airports, or

43% of the total, which can reallstlcally be used by general
aviation.

Despite the large number of airports serving general avia-
tion, there is concern that there .is a decreasing number

in the proximity of the major population centers, thus dis-
couraging the growth of general aviation in these areas.

It appears that at the beginning of 1972, 92% of the known
airports served areas with populations of less than 250,000,
85% of them served areas with populations of less than
50,000, and 70% sexrved populations of less than 10,000.

As one example of the trends in airports at major metropolitan
areas, the FAA regional office in New York developed the
" data shown in Figure III-15 for the region around New York
City. It shows that during the 20-year period 1950-1970,
the airports in the area.decreased by approximately 30%,
while the number of based aircraft tripled. However, the
decrease in the number of airports occurred mainly between
1950 and 1960 and remained relatlvely constant throughout
the remaining decade.

Airport data is also available in the data shown in Figure
III-16. It gives only a partial illustration of the situa-
tion, but one fact is apparent; desplte the planned increase
in the number of airports in the major SMSA's, the average
nunber of based aircraft per airport will have increased
from 106 in 1961 to 231 in-1982.

The federal government supports alrport development through
the Adrport Development Aid Program (ADAP) which replaced

the Federal Aid Airport Program in 1970. During the first

18 months of its operation, ADAP funds totaling $18.6 million
were provided to 176 airports throughout the United States
for 180 different projects. The general aviation community
depends on this aid program to expand its available
facilities. ’
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FIGURE III-14

U.S. AIRPORT PROFILE - 1973

OWNERSHIP

64% - PRIVATE
~ 36% - PUBLIC

89

PAVED AIRPORTS (4,1426) “ UNPAVED AIRPORTS (7.,979)

117 - LIZSTED

LIGHTED

32% - NOT LIGHTED

- ——————— e

89% ~ NOT LIGHTED

TOTAL_ALRPORTS = 12,405

Source: FAA



69

FIGURE ITI-15

PUBLIC AIRPORTS AND BASED AIRCRAFT IN THE NEW YORK
METROPOLITAN AREA (N.Y., N.J., CONN.)
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AIRPORTS AND BASED AIRERAFT IN SELECTED MAJOR SMSA’s

FIGURE III-16
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THE NATIONAL ' AVIATION SYSTEM

The operatmonal characteristics of the avionics systems
carried in today's aircraft must conform to the requirements
of the .National Aviation System and the ATC environment.
This is specifically the case in the functional areas of
communication and navigation and is indirectly true for
other types of eguipment. Therefore, in order to determine
the nature of the avionics that aircraft will carry durlng
the 1980's, it is necessary to make an assessment of the
shape of the National Airspace System at that time and
changes that are forthcoming in the regulatory environment
that will have an impact on general aviation.

The National Aviation System "generations" shown in Figure
ITI-17 summarize the evolution of the ATC system from 1936
to beyond 1985. At present, the system is at the beginning
of the third generation. The implementation emphasis is

on expanded automation and centralized flow control.
Installation of conventional instrument landing systems is
planned to continue through 1378. During the early 1980's,
the planned emphasis is on conflict prediction and resolu-
tion, the Discrete Address Beacon System and automated data
link, microwave landing system installation and general use
of area navigation.

The primary navigation system in use today and during the
next 10-15 years is the VORTAC system. Figure III-18 shows
the VORTAC system configuration for 1971 and as planned for
1982. It can be seen that all basic VOR stations will be
converted either by adding TACAN, DME or by DVOR conversion.
The total number of VOR locations is planned to increase to
1,022, Insofar as airborne avionics is concerned, the most
important system modification in this respect is the change
from 100 kHz to 50 kHz channel spacing. However, this change
has been in progress for some years, and avionics manufac-
turers have all made the necessary modifications.

Figure III-19 illustrates the proposed En Route Automation
Program which is currently in its second phase. The final
phase, implementing advanced automated functions, including
ATC Data Link and Intermittent Positive Control, is planned
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FIGURE III~-17

NATIONAL AVIATION SYSTEM "GENERATIONS”

| GENERATLON | TIRE PERIOD KEY- FEATURES
FIRST | 1936-1960 | * MANUAL STRIP PRINTING
' ANC CONTROL
10 MINS,-1000" -ALTITUDE-10 MILES
AIR GROUND COMM.-FSS. RELAY
LOW FREQ, AND VOR NAVIGATION
e ma— -
SECOND | 1960-1970 | * LIMITED PRINTING OF STRIPS
RADAR CONTROL
INTRODUCTION OF ATCRBS
VORTAC NAVIGATION
THIRD | 1970-1978 | *"NAS AND ARTS AUTOMATION
GREATER USE OF ATCRBS
CENTRALIZED FLOW CONTROL
VHF/UHF 1LS
UPGRADED 1078-1985 | * INCREASED AUTOMATION { SONFLICT PREDICTION
DISCRETE ADDRESS BEACON-AUTO DATA LINK
MICROWAVE ILS
AREA NAVIGATION
| — :
ADVANCED | POST 1985 | * AUTOMATED AIR TRAFFIC CONTROL. MANUAL OVERRIDE
PROPOSALS 1+ SATELLITE SURVEILLANCE COMMUNICATIONS
NEW SYSTEM ORGANIZATION ( THO DOMESTIC CENTERS
WORLDWIDE NAV SYSTEM
—l
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Facilities

FIGURE III-18

VORTAC SYSTEM CONFIGURATION - 1971 AND 1982
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FIGURE III-19

PROPOSED EN RQOUTE AUTOMATION PROGRAM

ITEM N\ FISCAL YEAR] 1872°] 1873 | 1974 | 1975 | .1976 [ 1977 ] 1978 ] 1979 | 7890 ] 1981

PHASE | - FLIGKT DATA PROGESSING FOp) , i
1 ACCEPT & STORE FLIGHT PLAKES P SR
7 PRNT & DISTRIBUTE FLIGHT STRIPS - feedonodas
3 CALCULATE & UPOATE FUIGHT DATA X TR SR
4 FUGHT DATA INTERFAGILTY TRANSFER ; PR SR
PHASE 11 — SURVEILLANGE DATA PROCESSING
1 AUTOMATLE AIRERAFT TRACKIKG eeedanats
7 MPHANUMERECS ON DISPLAY —i{socdensde
3 AUTOMATIC RADAR HARDOFFS Heeedosoge
PHASE 1} - ADVANCED AUTOMATED FUNETIONS
1 HATIONAL FLOW GONTROL S CTYP 11SSon M. S S D P
2 EN ROUTE METERIRG TP - ......_.% RN PR
3 CONFLICT PREBICTION & RESDEBTIOR LT TS B — e poee
4 HRBORNE AVIOHICS SR S S P
5 AT DATA LINK SRS RN A PO S N S A N RN
B IATERISTENT POSITRE CONTROL UL CELET CETTE CEEET BRI SRt Sy S S A A
LEGERD

imm s RESEARCH & DEVELOPHENT A THITIAL FACILITY COMMISSIONED  +oRS D ]MPRBVEHENT/MBD]fIEATIdN
e PROCUREMENT & INSTALLATION 1 FINAL FACILITY COMMISSIONED

ORIGINAT; pag
OF POOR .QUALII!?T{?? ‘
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to be completed by 1982. The development program schedule
for the Discrete Address Beacon System, a vital part of the
En Route Automation Program, can be seen in Figure III-20.
According to the plan, system implementation will begin
towards the end of this decade and continue through the
first few years of the Eighties. . This could bring about a
major change in the airborne avionics requirements for air-
ground communications, although these requirements are not
vet specified.

Figures III-21 and IXI-22 show the present airspace alloca-
tion and the planned allocation in 1982, The major change
is the requirement for aircraft above 12,500 feet and in
Terminal Control Areas to be equipped with transponders
having altitude reporting capability. This requirement,
however, is not in the Ffuture; it is here now. Therefopore,
by 1982, it can be assumed that most of the aircraft will
be adequately equipped. The 63 Terminal Control Areas are
shown in Figure III-23. The 9 Group I TCA's are as follows:

° Atlanta- | - ® San PFrancisco
° Chicago ' ¢  Boston

° Washington Na£ional ’ ° Miami

° New York ¢ Dallas

° Los Angeles

The 12 Group II TCA's are:

® Philadelphia ° Houston

¢ Denver - ¢ Minneapclis
® St. Louls ° New Orleans
°  Pittsburgh _ 2 Seattle

° Detroit . ¢ Las Vegas

° (Cleveland ° Kansas City
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FIGURE III-20

DISCRETE ADDRESS BEACON SYSTEM DEVELOPMENT PROGRAM

CALENDAH YEARS

1975 . 1976

Phase |. Concept Validation
and Systam Definition

‘Prototype DABS
*System Spedifications

Phase 11: Prototype Engineering
and System Evaluation

Sélaction of Systerii
Devélopment:Contractor

Phase 111: Operational
Trials
Systam
. Implementation
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FIGURE III-21

FAA ATRSPACE ALLOCATION - 1972
= . Y -
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ALTITUDE FEET IN THQUSAMDS

FIGURE ITI-22

FAA AIRSPACE ALLOCATION - 1982
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FIGURE III-23

TERMINAL CONTROL AREAS (TCA's)




The Group IITI TCA's are shown below:

Albany ° Indianapolis Ontario, Calif.
Albugquerque ¢ Jacksonville Rochester, N. Y.
Baltimore . ¢ ILouisville Sacramento
Birmingham °®  Memphis Salt Lake City
Buffalo °  Milwaukee San Antonio
Burbank ® Nashville - San Diego
Charlotte ¢ Norfolk San Juan

® (Cincinnati ° Okilahoma C%ty °® Santa Ana/Long Beach

e éolumbus, Ohio °  Omaha ¢ ghreveport

° Dayton ° Orlando ° Syracuse

° Des Moines ¢ Portland, Ore. o Tampa

° El Paso ®  Phoenix °  Jucson

¢ Hartford ® Providence ° Tulsa

°  Honolulu ¢ Raleigh-Durham ° Washington-Dulles

A summary of the changes in major FAA ground facilities and
equipment can be seen in Figure IIi-24. It is apparent that
the changes which potentially will have the greatest impact
on general aviation avionics are DABS, Collision Avoidance
Systems, and microwave ILS. The planned increased equipment
for approach and landing procesures is also considerable, as
shown in Figure III-25, and it is of note that by 1982,
1,230 R/NAV approaches will be approved. The primary changes
in pilot requirements and in airborne flight and navigation
equipment (Figures III~26 and III-27) are centered in the
bi-annual pilot proficiency checks, mandatory IFR ratings
with commercial licenses, and the altitude reporting trans-
ponder in TCA's and above 12,500 feet.
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FIGURE ITII-24

MAJOR FACILITIES AND EQUIPMENT SUMMARY

DME AT ILS 15'/

' PRESENT | FUTURE SYSTEM - 1982
FACILITY SY%%‘ ~ [ INPLAN | TOTAL
1973-1982 1982
"EN_ROUTE_CONTROL AND SERVICES:
AIR ROUTE TRAFFIC CONTROL CENTERS LY -2 25
- SECTORS 770 314, 1,084
NAS STAGE A 0 20 20
AIR ROUTE SURVEILLANCE RADAR 95 25 120
DISCRETE ADDRESS BEACON SYSTEMS 0 112 112
ELECTRONIC VOICE SWITCHING SYSTEMS 0 22 22
CAS GROUND STATIONS 0 55 55°
EN_ROUTE NAVIGATION AIDS:
VORTAC SYSTEM:
VOR 867 38 905
TACAN/DME AT VOR 722 111 833
DVOR/PVOR CONVERSION 35 316 351
TVOR 55 78 133
L/MF NAVAIDS - 315 -4 31
TERMINAL AREA CONTROL AND SERVICES: —
AIRPORT TRAFFIC CONTROL TOWERS 394 28 492
AIRPORT SURVEILLANCE RADAR 176 92 268
DISCRETE ADDRESS BEACON SYSTEMS 0 106 106
ARTS 111 64 0 64
AIRPORT .SURFACE DETECTION EQUIPMENT 8 15 23
FLIGHT SERVICE STATIONS 356 539 895
ALR/GROUND FACILITIES 505 157 662
DIRECTION FINDERS 184 70 7254
EN ROUTE WEATHER ADVISORY SERVICE 4 40 44
LANDING AIDS:
CONVENTIONAL ILS 501 156 657
MICROWAVE ILS 0 603 603
v/sTOL ILS: 0 75 75
16 100 116




FIGURE ITI-25

APPROACH AND_LBNDING PROCEDURES

1972 VS, 1982

1972 | 1982
LQCALIZER 28 || rocaLIZER 370
LDA i s o 1
CAT 1 1Ls o6 | oAt 1 IS 460
CAT 11 ILS C19 | oAt I IS 200
CAT IIIAILS 1 || CAT IIT.ILS 70
VR L200 | VR . Ls30 |
VOR/ﬁME. o8y | vor/oHE 100
WB/LFR 1,00 | o 1,200
RV RETR 1,230
F o 5 :" DF 20
PAR/ASE 332 || Par/asR _270
TOTAL - 3,647 TOTAL" 6,110
_ I a
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PILOT REQUIREMENTS -

FIGURE III-26

1972 VS, 1382

ANNUAL PILOT PROFICIENCY CHECK

“TYPES OF FLIGHT PILOT REQUIREMENTS
AIRSPACE CONDITION 1972 19872
UNCONTROLLED VFR (DAY) {CURRENT PILOT  APPROPRIATE CURRENT SAME AS 1972
CERTIFICATE: RATING: MEDICAL :
1. STUDENT 1. SINGLE ENG. 1ST, 2ND (FAR
2. PRIVATE 2. MULTI ENG, 61.3)
3. COMMERCIAL 3. LAND ,
4. ATR 4. SEA
5. INSTRUCTOR
6. INSTRUMENT
7. HELICOPTER
8. GLIDER
UNCONTROLLED VFR (NIGHT)] SAME AS VFR (DAY) SAME AS 1972
UMCONTROLLED IFR SAME AS VFR PLUS: SAVME AS 1972
PILOT CERTIFICATE: RATING:
PRIVATE OR HIGHER WITH INSTRUMENT
, 200 HOURS |
CONTROLLED VER SAME AS UNCONTROLLED VFR PLUS: SAME AS 1972 PLUS: “
(NON-POSITIVE) PILOT CERTIFICATE: ANNUAL PILOT PROFICIENCY CHECK
\ PRIVATE OR HIGHER R
CONTROLLED IFR SAME AS UNCONTROLLED IFR PLUS: SAME AS 1972 PLUS: |
(NON-PQSTTIVE) ECC RADIO-TELEPHONE RATING ANNUAL PILOT PROFICIENCY CHECK
POSITIVE VFR NOT AUTHORIZED | NOT AUTHORIZED
CONTRO
ONTROL IFR SAME AS CONTROLLED NOW-POSITIVE IFR SAME AS 1972 PLUS:




FIGURE III-27

AIRBORNE_EQUIPMENT REQUIREMENTS - 1972 VS. 1982

TYPES OF FLIGHT AIRBORNE FLIGHT AND NAVIGATION EQUIPMENT REQUIREMENTS
AIRSPACE | CONDITION 1977 1932
UNCONTEOLLED VFR (DAY) | 1. AIRSPEED 6. MANIFOLD PRESSURE SAME AS 1972
2. ALTIMETER 7. FUEL GAUGE
3. COMPASS 8. LANDING GEAR
4. TACHOMETER 9. BELTS (FAR 91.33)
5. OIL TEMPERATURE
{UNCONTROLLED : [VFR (NIGHT)|ALL ABOVE PLUS: SAME AS 1972
% 1. POSITION LIGHTS 3. LANDING LIGHT (IF
2. ANTI-COLLISION FOR HIRE
LIGHT 4. ELECTRICAL SOURCE
'1\UNQQNTROLLED IFR SAME AS VFR PLUS: ISAME AS 19772
[ 1. TWo-WAY RADIO 5. CLOCK WITH SWEEP
2. NAVIGATION SYSTEM  SECOND HAND
- 3. GYRO TURN/BANK 6: ARTIFICIAL HORIZON
] 4. SENSITIVE 7. DIRECTIONAL GYRO OR
ALTIMETER - EQUIVALENT
ADJUSTABLE FOR 8. GENERATOR
BAROMETER
PRESSURE _ ,
[CONTROLLED - |VFR SAME AS UNCONTROLLED VFR SAME AS.1972 PLUS TRANSPONDER
| (HON-POSITIVE)
CONTROLLED- -~ |IFR SAME AS UNCONTROLLED IFR SAME AS 1972 PLUS TRANSPONDER
1 (NON= POSITIVE) s '
”POSWTIVE VFR NOT AUTHORIZED NOT AUTHORIZED
CONTROL IFR SAME AS UNCONTROLLED IFR PLUS: SAME AS 1972
1. DME
2. TRANSPONDER
— 3. vorR (IN TcA's)
o




IVv.  IDENTIFICATION AND ASSESSMENT OF MAJOR

INDUSTRY CONSTRAINTS TO GROWTH

In Chapter II, the development and growth of general aviation

was described, and it was seen that it is an industry subject

to considerable fluctuation. The total fleet has maintained an
overall pattern of growth but, at the same time, it was seen

that the actual growth never attained the forecast expectations.
DSC believes that a basic realization'must take place to properly
evaluate the general aviation industry: General aviation is not
a mass production industry. This is illustrated by the fact that
during the five-year period 1969-1973, the industry underwent a
severe period of decline and rapid growth. Between 1969 and 1970,
new aircraft deliveries declined by 41%, and three years later,
between 1972 and 1973, increased by almost 40%.

The external forces bearing on the general aviation industry,
as shown in Figure IV-~l are:

° Technological forces
Economic forces
Social forces

° Political forces

A. TECHNOCLOGY

The products used in general aviation are not specifically
designed for their use. In most cases, the research and
development of products used in general aviation has been
carried out for the military aircraft or for air carriers

for a cost which is prohibitive to the bulk of general aviation.
The R&D efforts of the general aviation industry are generally
oriented towards the re-engineering of these products for
application in light aircraft.

At the same time, it must be remembered that the total

general aviation production volume is relatively small in
comparison to othexr industries. Nevertheless, general aviation
electronics is a highly competitive business. The cost of
developing new products or making modifications to existing
products, and associated costs such as market development

and service, have to be absorbed by low production volumes.
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For avionics, development funds are used just to keep abreast
of competition by incorporating new technology and/or to meet
new regulatory requirements.

ECONOMIC INFLUENCES

The economic factors bearing on general aviation were described

when discussing forecasting,in Chapter II. It was seen by the .

violent fluctuations in aircraft deliveries that the industry
is ‘'extremely sensitive to money supply and the cost of money.

The economic growth for the remainderxr of this decade appears
somewhat uncertain. It is likely that the fundamental change
in the distribution of national resources to deal with pressing
domestic and social problems will continue. Figure IV-2 shows
the.increase in general aviation aircraft manufacturers' net
billing price as compared to the increase in. the consumer

price index. Figure IV-3 shows the consumer.price index com-
pared to the price of specific sample aircrdaft. In a price
increase case study of the Beechcraft Bonanza (Figure IV-4),

it can be seen that since the aircraft's introduction 25 years
ago, the base retail prlce has increased by more than 350% and
the equipped retail price by more than 500%. By comparison,
geheral aviation aircraft performance, with the exception of
the introduction of turbojet aircraft, has not increased ’
appreciably since World War II (see Figure IV-5). For a highly
discretionary industry like general aviation, the rising cost
of "flying is not favorable.

SOCIAL FACTORS

The process of social change in a society as. large and
heterogeneous as, the United States is extremely varied and
complex. ~Some of the current forces are not new and will
probably continue to evolve far beyond the time frame of
this study. Factors such as increased affluence and rising
education levels have been a feature on the American scene
for most of this century. Perhaps most important for the
general aviation industrxy among the elements comprising the
social outlook for the Seventies and the early Eighties are
the factors of increasing desire for individualism and
changing attitudes toward work and leisure. Society is
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FIGURE IV-3
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FIGURE IV-4
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FIGURE IV-5

GENERAL AVIATION ATRCRAFT PERFORMANCE
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changing its views towards some of the established values,
although the new values have not yet been identified clearly.
People are having increasing opportunities to participate

in activities outside the work environment, and in order

to creatively use this time, they are locking for avenues

of self-expression. The increased leisure time will come
from shorter work weeks and more holidays. Moreover, people
no longer consider vacations a novelty but rather are making
more demands in this regard.

As socliety seeks avenues of individualism and mobility and
as air travel becomes more commonplace, it would appear
that the social outlook for general aviation is favorable,
provided that it does not conflict with the increased con-
cern for the environment and assuming economic problems do
not overshadow social development.

POLITICAL FACTORS

Without question, government influence has become increasingly
apparent in everyday life, and the political outlook during
the next ten yvears appears to contain the following prospects:

° Increasing governmental regulations of social
activities

° Increasing involvement of state and local government
in the areas of regulatory activities and social
problems

¢® Increased involvement in the transportation industry
and the transportation system by the federal government

The outlook for general aviation in terms of the political
factors during the next ten vears indicates that the

industry must develop a strong political position in the
national transportation system to be sure that its interests
are protected. A good example of how general aviation can
suffer unless the industry presents a strong position occurred
recently during the peak of the energy crisis when fuel
allocations were established which were not favorable to
general aviation.

Unless the general aviation industry presents a unified
voice in public affairs and establishes a strong role in
the national transportation system, it is likely that its
future growth could become severely compromised.
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GENERAL

The combination of the above forces will, to a very great
extent, determine the future development of the general
aviation industry. There are, however, factors within the
industry which carry considerable influence and which the
industry must face directly.

Although the safety record of general aviation has improved
over the years, accidents always receive a considerable
amount of public attention. The basic fear of flving,
therefore, remains a fundamental problem.

To realize its growth potential, the general aviation

‘industry must continue its efforts to make flying safer

and easier. This would be achieved by continuing to provide
better training methods and improved equipment while main-
taining a cost level that is acceptable to a wider segment
of the population, and through more efficient planning,
attempt to anticipate customer needs rather than reacting
primarily to government regulation.
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V. IDENTIFTICATION OF GENERAL AVIATION AVICONICS TRENDS

The most far-reaching development in electronics ‘during the
past 15 vears was the introduction of the transistor and wide-
spread use of solid state electronics. First introduced in
civil aviation in 1958, it was not until the early Seventies
that VHF transceivers became all solid state. A derivation of
this technology during the past few years is the trend towards
a greater degree of functional integration and the introduction
of airborne computers. The increased use of gsolid state tech-
nology has led to improved packaging and decreased weight of
avionics systems. The impact analysis in Chapter VII goes into
this aspect in greater detail. It is also significant to note
that despite the addition of more features, miniaturization

and increased reliability, avionics prices in recent years

have remained stable.

For the purposes of this analysis, we will discuss the techno-
logical changes and trends for each of the functional areas
covered in this study, i.e., communications, navigation,
instrumentation, flight controls, and displays.

A. COMMUNICATIONS

l. VHF Communications

The basic voice communications mode is VHF communications
which has developed from the 90-channel wvacuum tube

radio sets of the 1950's to fully transistorized,
digitally controlled 720-channel radios including, in
some cases, automatic squelch and circuitry self-test
features. The requirement for 720-channel capability

is not expected to come into force until some time after
1977, and there is considerable debate within the industry
at present regarding to what extent the full 720-channel
capability is needed in the low altitude en-route and
terminal airspace structure.

However, as the prices for 360- and 720-channel communi-
cations radios are eggentially the same, it can be

expected that most new alrcraft owners and other

purchasers of new equipment will opt for the 720-channel
models. With more than 85% of the general aviation

fleet currently equipped with VHF communications capability
and as the amount of controlled airspace increases, it
becomes essential to be so equipped, and it is unlikely
that any. significant number of aircraft will be without

it by 1980. .
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HF Radio and UHF Telephone

Other types of voice communications carried in general
aviation aircraft are HF radic and UHF telephone. The
former is used primarily by aircraft flying long
distances over water or operating in remote areas.

The currently available HF transceivers have amplitude
modulation and single sideband capability and are all
solid state. Because of the special requirements for
use and the need to subscribe to the ARINC network, it
is estimated that no more than 4% of the general avia-
tion fleet is HF-equipped, and it is not expected that
this proportion will increase.

With the expansion in ground station coverage, it is
likely that the number of UHF telephones in general
aviation will increase gradually during the next few
years. At present, it is estimated that between 2% and
3% are egquipped. However, it is not an essential piece
of avionics equipment and will probably not become
widely used in the fleet.

Transponders

The ATC transponder is mandatory for aircraft operating
in controlled areas. Introduced as mandatory equipment
in 1967 for operation in positive control areas, it is
estimated that over 65% of the general aviation fleet
is now thus equipped. The transponders available today
are all solid state and digitally controlled. Many of
the newer models also have pushbutton code selection.

Altitude Reporting

Automatic altitude reporting is an FAA requirement which
will begin phasing into operation with Group I TCA's
after January, 1975, Group ITI TCA's after January 1, .1975,
and above 12,500 feet installed after July 1, 1975.

This is a new function in avionlics, and we will probably
see new technology in this area during the next few

years. At the end of 1973, it was estimated that approxi-
mately 4% of the general aviation fleet was equipped

with automatic altitude reporting capability and, by

1980, it is expected that this proportion will increase
to over 60%.
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Emergency Locator Transmitters

By July 1, 1974, the entire general aviation fleet, with
the exception of some trainers, agricultural aircraft
and turbojets, will be equipped with emergency locator
transmitters. At the end of 1973, it is estimated that
approximately 60% of the aircraft were equipped with
ELT's.

Proximity Warning Indicators

A number of proximity warning indicators are now avail-
able in the marketplace—one of them using a development
funded through a NASA program. A very small percentage
of the fleet carry a PWI as yet and unless it becomes
mandatory, it is not expected to gain widespread use

rapidly.

Other Communications Functions

The remaining communications functions such as satellite
communications, data link, and collision avoidance ‘systems
are currently at varying stages of planning and develop-
ment. Satellite communications is .a politically sensitive
issge with the international airlines taking opposing
positions. It is expected that ICAO will reach a decision
in 1976; however, no significant impact on general aviation
is sxpected to result during the time frame covered in this
study. .

The specifications of the DABS wversion of. data link are
currently being developed by the FAA, and. the develop-
ment schedule was described in Chapter III. The planned
introduction of DABS is for the early 1980's, and it is
very possible that a major portion of the ‘communications
between aircraft and the ATC will take place eventually
nsing this medium. )

Airborne CAS is not likely to reach implementation during
the period covered in this study. A number of systems
have been developed for testing by the FAA. Eventually,
it is expected that the collision avoidance function may
be handled by DABS/IPS (Intermittent Positive Control).
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B.

NAVIGATION

l-

Automatic Direction Finders

The automatic radioc directicn finder (ADF) is the oldest
surviving piece of navigation avionics, and it remains
very popular. At the present time, approximately 55%

of the geneéral aviation fleet is equipped with ADF.

Most of the ADF's currently available provide digital
tuning, and the manufacturers are increasingly featuring
equipment compatibility with HSI and RMI systems. The
presentation of the ADF is also changing with the trend
towards the integration of the HSI and ADF displays.

It is anticipated that approximately 60% of the fleet
will be ADF-equipped by the end of this decade.

VHF Navigation Receivers

The trend towards functional integration is most apparent
in VHF navigation receivers which constitute the primary
electronic navigation aid in aviation. At the beginning
of 1973, it was estimated that more than 82% of the
general aviation fleet carried at least one VHF naviga-
tion receiver, and approximately 30% were eqguipped with
dual systems. The units .available today are all tran-
sistorized, are digitally-controlled, provide R/NAV
outputs, and have circuitry self-test features. There
is also a trend towards including glideslope and marker-
beacon receivers in the basic package, and these two
functions are disappearing from the market as separate
avionics.

Distance Measuring Equipment

Until recently, distance measuring equipment (DME) was
not considered an essential piece of avionics, except
for aircraft operating in the positive control area
above 18,000 fleet. There was, nevertheless, a moderate
demand for the DME as can be judged by the fact that
approximately 20% of the general aviation fleet is thus
equipped. For aircraft using area navigation, the DME
has become a requirement. In the DME's currently
available, digital displays have been replacing the
needle indicators.



Radar Altimetg£§

Radar altimeters, originally a military development,
were introduced into civil aviation during the latter
half of the 1960's as an approach and landing aid under
poor visibility conditions. In general aviation, their
use is essentially limited to higher performance air-
craft that operate in all weather conditions. The
products currently available are too expensive. for
general aviation aircraft owners. At present, approx-
imately 5% of the general aviation fleet 1is equpped
with radar/radio altimeters, and unless there is a con-
siderable price reduction, it is not likely that this
percentage will increase substantially during the rest
of this decade. There is, however, -a trend toward radio
altimeters integrated with flight director system.

Area Navigation

With the introduction of the airborne computer.at rela-
tively low cost, during the past few years area naviga-
tion has been considered as the most significant new
development in general aviation avionics systems. The
range ,of systems available is from a single waypoint
computer listed for under $2,000 to a highly sophisti-
cated system with almost unlimited waypoint storage '
capability, providing latitude and longitude, aircraft
track angle, time to waypoint, cross-track deviation,
automatically tuning navigation receivers, accepting
inertial and Doppler data, etc. for more than $100,000.
Many of the systems currently avallable offer V/NAV
(R/NAV including waypoint" altitude) as 'an option and
during the next few years, T/NAV (R/NAV or V/NAV
including waypoint ETA) will also be a widely available
option. The trend appears to be towards a totally
integrated navigation system. R/NAV procedures have
become accepted both by the users and the ATC system,
and it may become mandatory during the next ten years
to be equipped with R/NAV capability in the high alti-
tude route structure and possibly also in the high
density terminal areas.

Cost is the single greatest obstacle to widespread use
of R/NAV across the spectrum of general aviation and
unless the cost of the total system including VOR, DME,
navigation computer and displays is reduced, R/NAV will
remain out of reach for a large portion of the general
aviation fleet. The present potential is limited to
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the 20% of- the fleet that is DME-equipped, and esti-
mates of current installations indicate that no more
than 2% of general aviation aircraft today have area
navigation capability.

Omega Navigation

The newest development ‘in long-range airborne naviga-

-tion is the use.of Omega and VLF systems. -Manufacturers

claim te offer navigational capability at least equal

to INS and at a reduced cost. The U.S. Navy, which will
operate the Omega ground stations, indicates that all
eight stations will be operational by mid-1975. The
current coverage extends over all of North America and
some of South America, Europe, West Africa and Northeast
Asia. The manufacturers presently claim to have
resolved most of the problems associated with the
changing atmospheric patterns., Normal accuracies are

within one to two miles, and the systems are finding

use in specialized applications. .The systems currently
installed in corporate aircraft are almost all associated
with other long-range navigation systems such as inertial
oxr Doppler, providing the required redundancy with a
considerable cogt reduction over dual INS,

Although Omega.and VLF systems are being evaluated by
the FAA, the program is not of high priofity, and it

is unlikely that the systems will receive approval for
basic IFR navigation within the national airspace system
in the near term. In the long term, i.e., beyond 1985,
it is possible that Omega and differential Omega will
provide the required accuracy and flexibility and will
become an accepted standard of navigation. Current
systems are available for $15,000 and up and are effec-
tively out of reach of over 90% of the general aviation
fleet.

Other Navigation Systems

The use of hyperbolic, Doppler, and inertial navigation
systems in general aviation is currently limited to a
small percentage of the corporate fleet. The systems
are used essentially for long distance navigation out
of the range of VHF ground stations,; thus, there is no
requirement for this class of equipment in most general
aviation aircraft. It is estimated that less than

0.5% of the total fleet is equipped with any of these
systems.
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Because there will continue to be a requirement for
some aircraft to have a self-contained navigation
system, inertial navigation will continue to be a
viable product in the market during the next decade.
Research and development is being carried out in
various areas to reduce the cost of INS but even if
these are successful, the cost will remain very high
{(probably above $50,000).

C. INSTRUMENTATION

Instrumentation product areas defined for this study are
currently only carried in high performance aircraft.

EQUIPMENT % OF FLEET EQUIéPED ’
Dual Independent Altitude,
Attitude, etc. 4.8%
Ailr Data Systems 0.2%
Recorders 0.4%
Engine Monitors ' 1.7%
Weather Radar 4.5%

None of the above systems are installed in the single-
englne piston fleet. A dual independent instrument panel
is found primarily in aircraft operating with a pilot

and co-pilot and, therefore, is not required in the
majority of general aviation aircraft. Some training air-
craft are thus equipped, but this was not found to be a
widespread practice.

Air data systems and recorders are also not considered
essential to aircraft function and are generally carried

in aircraft equipped with lntegrated flight control systems.
These' are usually only installed in top-of-the-line aircraft
and are in a price range beyond the reach of most general
aviation aircraft owners. It is not antlclpated that they
will gain widespread use by the mid-1980's.
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Engine monitors other than the basic engine gauges have not
yet been introduced in large quantities in general aviation.
Development work is being carried out in this area and with
the availability of computer chip .technology, it is antici-
pated that a number of engine monitoring systems may become
available during the next ten vyears.. This is a feature that
would be valuable in all categories of aircraft. Its cost
will be an extremely important factor. .

Airborne weather radar technology has undergone considerable
change during the past féw years. A number of low cost
systems have been introduced and are now available to the
light twin-engine aircraft operator. Development work has
also been-carried -out in wing-mounted, phased array antenna
arrangements to bring weather radar within the capability
of single-engine aircraft. One manufacturer recently intro-
duced a digital memory display (no sweep), and it can be
expected that others will shortly follow suit. New develop-
ments are expected to multiply in this area in the near
future, and it is very possible that more than 10% of the
fleet will carry weather radar by 1985.

FLIGHT CONTROL

Of the flight control systems under consideration in this
study, only three are currently carried in the general

-aviation fleet:

° Stability augmentation systems

°© 2- and 3-axis autopilots

o

Flight directoers

Stability augmentation systems are defined as the basic
stabilizing systems (e.g., wing levelers) as opposed to

the more sophisticated autopilots. It is estimated that
approximately 23% of the fleet is equipped with stability
augmentation systems, primarily single-engine and light
twin piston aircraft. The systems that are currently avail-
able are in the under $1,500 price range. The trend is
toward complete modularity, so that a basic wing leveler
can be developed into a sophisticated autopilot or even an
integrated flight control system using the building-block
concept. Two— and three-axis autopilots can be considered
as standard equipment on high performance aircraft and are
also found to a lesser extent in the lower fleet categories.
It is estimated that approximately 18% of general aviation
alrcraft are equipped with this product.
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In the sophisticated version, autopilots today are actually
integrated flight control systems, including both flight
directors and one or two computers. In this form, they can
provide both R/NAV and V/NAV coupling, go-around mode,
Category II monitoring, auto throttle and auto flare. The
current systems range in price from $8,000 to over $50,000.

Flight directors were introduced into civil aviation during
the early 1960's and, to date, it is estimated that only 5%
of the general aviation fleet is equipped with them. At the
beginning of this decade, there were only four products in
this category, each with a price df.over $3,000. Currently,
there are over 16 different products available with prices
starting at under $2,000.

There are currently three display types (crosspointer,
combined-cue, and "bullseye") offered by the major U.S.
manufacturers. Flight director displays will eventually

be replaced by a CRT and a display generating computer.
However, in the near term, these systems will be available

at prices that are prohibitive for all but the most sophisti-
cated turbojets in the fleet.

DISPLAYS

The displays carried in the general aviation fleet are almost
exclusively of the electromechanical type whether the display
in question is for situation information, command information
or a combination of both. Over the years, manufacturers

have experimented with various forms of displays, e.g.,
peripheral, head-up and map, but with little success or
acceptance in general aviation. During the past few years,

a few avionics products such as DME, radar altimeters,
encoding altimeters, etc. have been equipped with digital
displays to replace the conventional needle and dial, and
digital displays are gaining general acceptance. Vertical
tape indicators are also being introduced, particularly to
display engine parameters. The trend in displays is towards
greater integration using a CRT-type presentation. This
trend towards integrated multi-function displays is in keep-
ing with the general trend towards systems integration in
avionics. However, a considerable amount of research and
development remains to be performed in this area before the
technology becomes available and acceptable to all classes of
general aviation flying.
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VI. ASSESSMENT OF PUBLIC BENEFITS

In DSC's analysis of the potential public benefits that could

be derived from advances in general aviation avionics

systems, it became guite apparent that the benefits would be
more indirect than .direct and, thus, difficult to guantify. In
Chapter IV dealing with the major industry constraints to growth,
it was seen that the two overriding factors were economics and
the intrinsic fear of flying.

There is little doubt that flying is considered a costly
activity by a large majority of the population and, if the

cost of flying were to be reduced, particularly the initial
cost as opposed to operating cost, it is probable that general
aviation would grow in inverse proportion to the cost decrease.
On the other hand (short of a technological revolution enabling
a considerable reduction in aircraft and, equipment costs at
current volumes), production in general aviation is not now,
and is not forecast to become within the next 10-15 years, of

a large enough volume to lead to sufficiently reduced costs

to encourage a more rapid growth. Moreover, the reduced cost
of avionics, while certainly contrlbutlng to increased avionics
use by the flving community, does not in itself contribute to
the growth of general aviation.

A flow chart of the sequence of events that could lead to poten-—
tial public benefits is shown in Figure VI-1l. Basically,
advances in general aviation avionics could contribute indirectly
to increased safety and operating capability in general aviation.
Insofar as the safety factor is concerned, NTSB statistics show
that the major primary and secondary causes of general aviation
accidents are attributable to pilot error, and only in extremely
rare cases are accidents caused by instruments or avionics
equlpment. Even when examining the detailed causes and factors
involved in the pilot error category, it is impossible to deter-—
mine to what extent the avionics played a contributing role.

For example, under the broad category of pilot error, the follow-
ing detailed causes/factors were identified by the National
Transportation Safety Board to-have accounted for roughly 4%

of the accidents in 1969:

°  Continuation of VFR flight in adverse weather conditions

® Pailure to obtain/maintain flying speed

° Improper level-off

‘103



FOT

FIGURE VI-1

ASSESSMENT

OF BENEFITS

ADVANCES IN
GENERAL
AVIATION
AVIONICS

REDUCED
UNIT
COST

i REDUCED
| p|  INSURANCE
I RATES
|
i
INCREASED
{ P SAFETY ¥
|
|
| o
I
|
i
|
I 2.
| INCREASED : LARGER
"1“*# | GROWTH IN GENERAL
g GENERAL Pl AVIATION
{ AVIATION PRODUCTION
| 3
|
i
|
|
l
| \ 4 A/
| . MORE INCREASED:
l INCREASED APPLICATIONS/ = EMPLOYMENT
| L—p| oPErATING !  GREATER  |——| - EXPENDITURES
| CAPABILITY UTILIZATION - CONTRIBUTION
g TO GNP




Inadequate preflight preparation and/or planning
Selectioﬁ of unsuitable terrain

Misjudgment of distance and speed

Failure to maintain directional control

It is extremely difficult to determine the degree to which
avionics might have contributed in these situations, or to
evaluate how advanced avionics might have remedied these causes.
However, it must be assumed that advanced and/or improved
avionics would advise a pilot of potentially hazardous situa-
tions and assist him to recover from them. Thus, as shown in
Figure VI-1, assuming advanced avionics does contribute to a
greater degree of safety in general aviation, this would lead
to an increased growth of the general aviation fleet. It would
also lead to a reduction in aviation insurance which, in turn,
would be conducive to increased operating capability of aircraft
(e.g., under adverse weather conditions, difficult landing
conditions, etc.). This would subsequently lead to greater
utilization of the fleet and contribute to greater fleet growth.
The benefits derived from this are obviously growth of the
general aviation industrv and production which, in ‘turn, would
provide increased employment and expenditures, contributing
directly to the national economy.

Once a minimum level of safety were achieved, reducing the
fear of flying, the growth of the general aviation industry
would probably accelerate to production levels which would
allow manufacturers to reduce unit cost. This would-help to
attract a larger portion of the public to private flying.

With safety being one of the key elements in general aviation,
it is clear that any advances in avionics that can contribute
to an improved safety record would be of considerable public
benefit.
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VII. AVIONICS PRICE SENSITIVITY AND IMPACT ANALYSIS

A. PRICE SENSITIVITY ANALYSIS

1.

Meﬁhodology

An integral part of this study was to determine targeted
prices for the avionicd which would be recommended for
NASA R&D activities. Recognizing that theére is. a ‘wide
variation in what would be considered an acceptable
price based on user ¢lassifiecation and ‘aircraft type, -
DSC carried out a pric¢e sensitivity analysis of the
general aviation industry. In undertaking this study,
NASA fully appreciated that price for a pilece of avionics
for the corporate fleet would be considerably different
than that marketed or sold to the pleasure aircraft
segment. Since NASA has a strong désire to insure that
avionics developments filter down throughout thé general
aviation population, price and/or cost targets were
established as a primary area of concern and interest

in this study.

Therefore, in the context of this program, DSC under-
took a price sensitivity analysis which was aimed at
determining:

° The future demand for existing avionics

°© The funds available to purchase existing avionics
and néwly developed equipment

? The price range goals that must realistically be
set for new avionics

The initial step in the methodology that was established
to arrive at price sensitivity conclusions was to
identify all of the pertinent wvariables in the avionics
marketplace. A listing of the wvarious demand factors

is shown in Figure VII-1. These factors include the
primary influences which either stimulate or depress

the demand for a piece of avionics eguipment.

Having identified these factors, attributing actual
price sensitivity parameters to them did not prove to
be a directly approachable goal. This was primarily
due to the lack of reliable, wvalid industry data on
avionics prices and demand patterns. Unlike general
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FIGURE VII-1

AVIONICS DEMAND FACTORS

AIRCRAFT FLEET

* PRESENT FLEET - REPLACEMENTS, ADDITIONS
* NEW AIRCRAFT - FACTORY/FIELD INSTALLATIONS
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* FAA INFLUENCES/RULINGS
* ATC AND AIRPORT OPERATIONS
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* AVAILABILITY OF SERVICES

*  MAINTAINABILITY/RELIABILITY
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* INTERCHANGEABILITY (STANDARDIZATION) LEVEL
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*  REDUNDANCY/RELIABILITY

1y



aviation aircraft, avionics are not a measured commodity
of saleg volume except at a very gross level. There-
fore, it was necessary for DSC to develop an indirect
approach to the sensitivity measurements. °

Figure VII-2 illustrates the methodology that DSC
utilized to address the issue of price sensitivity.
The strength of this methodoclogy lies in the use of
factors that have readily available data bases and are
interrelated. They include:

° fTotal aircraft costs and cost trends
° Avionics unit costs and cost trends
° Aircraft avionics complements

® Patterns of aircraft usage

° Types and numbers of aircraft which comprise the
general aviation aircraft fleet

Since avionics represent a portion of the total aircraft
package, DSC established information on aircraft sales
which provided an excellent vehicle for projecting
avionics demand factors. In our analysis, DSC found
that the avionics market is closely tied to new aircraft
deliveries. As illustrated in Figure VII-3, approxi-
mately 80% of total annual avionics sales in general
aviation are installed in new aircraft; 50% of the total
are factory-installed; and 30% are field installed.
Furthermore, projecting to 1985, DSC has established
that the relationship between avionics installations
into new aircraft compared to retrofit sales is likely
to remain relatively constant. However, DSC believes
that due to increasing pressures by the airframe
manufacturers, factory installations of avionics will
increase as a proportion of total avionics installations
in new aircraft.

The categories of avionics and dircraft analyzed in this
price sensitivity study are shown in Figure VII-4.

These breakdowns are consistent with general industry
definitions and facilitate the use of available data.

The data on aircraft and avionics costs were determined
for the years 1965, 1968, 1971, and 1974 through research
into general aviation trade journals and manufacturers'
published price lists.
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FIGURE VII-2
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FIGURE VII-3
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FIGURE VII-4

ALRCRAFT AND AVIONICS CATEGORIES
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2.

Aircraft Analysis

1=

Aircraft Population

Figure VII-5 shows DSC's forecast of general avia-~
tion aircraft deliveries through 1985. . Historical
data is also showd in this figure.

Of additional interest are the dynamics within
each class of aircraft as well as the change of
fleet mix. From Figure VII-6, DSC has contrasted
the percent of new aircraft in a category to that
category as a percentage of the total fleet. This
analysis shows that the most significant changes
of mix of aircraft within class are occurring
within the light singles and jet categories,

as reflected by the percentage of the aircraft
sector consisting of current model aircraft. How-
ever, while the light single sector of the fleet
as a percentage of the total has remained constant,
the jet share has been increasing by over 11%
annually.

Aircraft Costs

Using the period 1965 to 1974 to develop aircraft
price trends, DSC formed the basis for aircraft
cost projections by category. Aircraft retail
sales prices were related to actual sales records
(units in each category) to establish a weighted
average sales price (cost) for each aircraft type.
Statistics employed covered approximately 50% of
all aircraft sales with retail prices as reported
by the General Aviation Manufacturers Association.
The data is shown in Figure VII-7.

However, of more interpretative value are the
graphical depictions for each class, illustrated in
Figures VII-8 through VII-15. Importantly, the
light singles and light twins have virtually a
linear curve. The other single-engine aircraft
classes and twin classes as well as turboprops
indicate accelerating price changes; however,

with only four major data points, no explicit
conclusions are justified.

Turbojets provide a very interesting contrast.
Having achieved major inroads into industry sales,
this category of aircraft represents a Volatile
market segment, evidenced by recent average unit
price reductions.
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FLGURE VII~-5
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FIGURE VII-G

NEW AIRCRAFT AS A % OF AIRCRAFT CATEGORIES:

- AIRCRAFT CATEGORY 1967 | 1968 1969 1970 | 1971 1972 1973
LIGHT SINGLE 18,52 | 17.9% | . 13.6% 7.3% 8.2% 9.74 | 13.4%
(35.0) (35.5) (35.4) (35.0) (35.0) (34.9) (34.9)
MEDIUM-HEAVY SINGLE 7.3 6.0 6.1 3.9 3.9 4,8 6.6
(61.7) | (50.5) | (50.1) | (50.4) | (50.4) | (50.2) | (49.8)
LIGHT THIN ’
13.7 13.8 13,4 7.5 5,4 8,9 13.8
(12.6) 13.2 . . . . .
MEDIUN-HEAVY THIN AR R O O A AR
TURBOJET 16,1 12.0 13.2 7.0 5.2 10.9 17.2
(.52) (.66) (.74) (.74) (.75) (.85) (.98)

(

) = CATEGORY AS A % oF ToTAL FLEET
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FIGURE VIXI-7

AVERAGE AIRCRAFT COSTS -~ 1965-1974
1965 { 1968 1971 1974
AIRCRAFT CATEGORY || AVERAGE | RANGE | AVERAGE | RANGE § AVERAGE | RANGE J AVERAGE | RANGE
: PRICE  fooo's of )} PRICE kooo's of $§ PRICE * (000's of §)f PRICE J(000's of $
LIGHT SINGLES 12,6480  10-15 14,396 | 11-17 16,6311 13-20 18,075] 14-26
MEDIUM SINGLES 17,787}  14-23 18,416 | 15-22 20,998 | 20-24 i 24,316 21-27
HEAVY SINGLES 24,917|  20-29 27,436 | 20-41 32,842 | 24-46 l 37,6721 24-52
LIGHT TWINS 38,146| 34-50 54,406 | 37-73 51,795 | 46-60 | 61,679 53-80
MEDIUM TWINS 60,703 55-80 79,486 | 60~114 89,464 | 63-145 J 120,013 | 73-178
HEAVY TWINS 122,244 94-200 | 152,209 {100-193 | 158,689 |110-197 I 179,956 {114-230
TURBOPROPS 319,304 300-320 l 395,287 |311-442 § 482,262 | 400-605 l 598,286 £27-900
TURBOJETS 1,325,636 595-2,104 970,965 | 649-1,6508 757,271 799—3,000LJ550,897 (25-3,500
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Once the historical price trends of aircraft were
guantitatively established, they were modified by
more qualitative judgments of the present market
status and anticipated product developments to

arrive at projected cost trends. These judgments
were based on interviews and discussions with the
aircraft manufacturers as well as with other industry
representatives to allow us to project into the
future. These trends and the resultant cost projec-
tions by aircraft category are shown in Figure VII-16.

Avionics Complement and Cost Share

Figure VII-17 is a matrix of avionics distribution for
1972. As the matrix breaks down unit representation for
the five categories of aircraft by percentage, total
units in any class can be determined by multiplying

the percentage figure by the total figure at the bottom
of the column.

The data in Figure VII-18 forms the basis for the cost
share analysis of avionics. Summing the total costs of
factoryv-installed and field retrofit avionics and
dividing this figure by the total aircraft delivered
in the category vields the total cost of the avionics |
complement. :

One problem with the use of this data is that approx-
imately 40% of the avioniecs installed in the field go,
into used or older aircraft. This may result in an
over-evaluation of the avionics package by up to 20%..
However, no reliable industry figures exist on field
avionics installations in the older aircraft to enable
the elimination of the over-evaluation., Therefore, an
analysis was made and it was determined that the maximum
error attributable to this spurce would be a 3% high
cost for the total equipped aircraft. It was decided
to accept this higher source but to recognize that an
error could exist.

Combining the average cost of avionics complement
with the average aircraft cost, the avionics cost
share was calculated for 1972. This data, by aircraft
cost, is shown in Figure VII-19. It is significant
that the avionics package contributes up to one-fifth
of the total cost in the single-engine and heavy twin
airéraft versus one-eighth in other categories of the
fleet. )
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FIGURL VII-16

GENERAL AVIATION PRICE PROJECTIONS - FIXED WING AIRCRAFT
o (000's oF $)
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FIGURE VII-17

AVIONICS ‘INSTALL’ATIONS IN GENERAL AVIATION AIRCRAFT
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FIGURE VII-1l7

AVIONICS INSTALLATIONS IN GENERAL AVIATION AIRCRAFT
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FIGURE VII-18

1972 AVIONICS COST ANALYSIS

AViONICS FIELD TOTAL NUMBER OF

TYPE OF INSTALLED 14 || INSTALLED |  AVIONTCS ATRCRAFT || AVIONICS VALUE/
AIRCRAFT NEW ATRCRAFT || AVIONICS | INSTALLATIONS| DELIVEREN|[]  NEW AIRCRAFT
(VALUE) (VALUE) (VALUE)
| SIHGLES $20,018,786  ||$17,858,630 | $37.877,415 | 7,916 $ 4,784
LIGHT 12,185,348 | 7,813,150 | 19,998,498 | 4,476 1,468
MEDIUM-HEAVY | 7,833,438 || 10,045,479 | 17,878,917 ‘| 3,440 5,197
|TwIns 33,074,516 || 4,464,657 | 37,539,173 ‘| 1,729 21,711
LIGHT 1653725 | 2,232,328 | 3,886,053 498 7.803
MEDIUM 13,891,296 || 1,116,164 | 15,007,460 886 16,938
‘ .

HEAVY 9,591,609 “ 446,465 | 10,038,074 224 1,812
TURBOPROPS 7,937,883 669,698 | 8.607,581 | 121 71,137
TURBOJETS | 33,904,900 | -~ | 33.9m5,900 | 127 267,283
SR T L o -

TOTAL 87,038,200 || 22,323,288 109,361,489 —
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FIGURE VII-19

DISTRIBUTION OF AVIONICS EXPENDITURES

1972
AVERAGE AVIONICS - AVIONICS AS A
AIRCRAFT EXPENDITURES BY AVERAGE 7 OF NEW
SEGHMENT " AIRCRAFT SEGMENT | AIRCRAFT COST | AIRCRAFT COST
SINGLES
LIGHT $ 4,468 $ 16,992 | 20,87
* MEDIUM-HEAVY 5,197 22,622 18.7
-~ THINS.
LIGHT 7,803 55,089 | 1.4
- MEDIUM 16,938 o eew | 3
HEAVY 1,812 165,778 | 212
TURROPROPS 71,137 520,937 12,0
TURBOJETS 267,283 1,721,813 13,3




Avionics Price Trends

In order to develop avionics price projections, the
recent price history of the follow1ng equlpment was
plotted:

° VHF transceivers

- NAV/COM
- COM

VHF receivers.

~ NAV/COM~
- NAV .

HF communications

ATC transponders

Autoﬁatic direction finders {ADF)
ILS glideslope

Distance measuring equipment.(DME)
Autopilots .

- 1 and 2 axis
- 3 axis

° Radar altimeters

Pricing analyses for avionics were divided into the
categories shown previously in Figure VII-4. A ten-
year in-depth pricing analysis of these avionics
reveal the intrinsic relationships of equlpment cost
with aircraft demand (sales).

a. VHF Receivers and Transceivexrs

Four system types were studied, i.e., NAV/COM and
COM transceivers, and NAV/COM and NAV receivers.

As a thoroughly developed avionics package, these
systems serve as a reference not only for analyti-
cal approach verification, but also as indicators

of pricing behavicor in a widely fluctuating aircraft
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sales market. As shown in Figures VII-20 through
VII-23, the ten-year price profile is very stable
with each of the three classes of equipment (non-
TS0, TSO and TSO~ARINC) reliably- tracking the
market sales influences.

(1)

(2)

Non-TSO Equipment

Sales of this category of equipment follow
single and light twin aircraft market demand
patterns. The gradual slope of each curve
indicates the well-developed, intensive share
of the aircraft market held by single-engine
aircraft. Competition is intense and DSC
expects no great fluctuation in pricing oxr
sales of these products, barring a techno-
logical breakthrough.

Since these profiles are in current dollars,
the application of constant dollar manipula-
tions would show the classical pattern of a
decreasing unit cost for this category of
equipment over the ten-year span due to steady
improvements in design and value engineering.
This aspect, and the strong correlation of

‘the derived data points {and curve) to both

aircraft demand trends and price stability,
verifies the integrity of the overall analytical

‘approach,

TSO Eguipment

This. equipment is mainly applicable to medium-
heavy -twins and similar high-performance air-
craft. The curves for VHF avionics indicate

a steady, strong demand for these systems despite
a sharply curtailed aircraft sales picture

since 1969. - 'This would indicate a substan-
tial retrofit market .offsetting a decrease in
CEM installations.- As with the non-T80'd equip-
ment, real price profiles (inflation removed)
would result in deereasing unit prices, as
expected for these items.
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FIGURE V11-20

AVIONICS: VHF TRANSCEIVERS -  NAV/COM
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FIGURE VII-21

AVIONICS: VHF TRANSCEIVERS - COMMUNICATIONS ONLY
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HF Communications

This equipment has experienced essentially the

same patterns of sales and costs as the VHF NAV/COM
transceivers, with prices and demand very stable
(see Figure VII~24)., In terms of constant dollars,
the average unit.price has been decreasing con-
sistently. The primary market for HF communications
lies in the combined category of heavy singles and
kight twins.’

Estimated Market Distribution
Installed HFogommunications
(1/1/73)

Heavy Singles 138
Twins 63%
Turboprops 128
Turbojets 123

These figures support the trends in price varia-
bility in that the largest market components
(i.e., singles and twins) expect product pricing
policies to remain competitive.

ATC Transponders

Transponder installations have increased five-fold
during- the pricing analysis study period. These
units and their pricing history represent the
expected developmental impacts on price of a new
product filling a major void (aircraft/ground con-
trol interface, in this case) in flight operations.
Initial acceptance and employment by the heavier
classes of aircraft has been followed by design
breakthroughs and engineering improvements resuli-
ing in penetration to all markets., It can be seen
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in Figure VII-25 that the non-TS0'd products have
been dramatically reduced in price to reach the
most price-sensitive markets, encouraging non-
regressivé approaches to legislating safety require-
mehts to the entire aircraft fleet.

The TSO and TSO-ARINC unit prices track the air-
craft sales record and reflect the demand increases
for more costly market segments. There still seems
to be a lagging competitive market in the higher
priced lines. This, when coupled to the high sales
volumes in heavy twins, turboprops and turboiets,
results in higher average price increases during
the early Sewenties (shown in Figure VII-25).
Market penetration of transponders is shown below:

Estimated Market Distribution]
of :
Installed ATC Transponders

(1/1/73)

Light Singles 19%
‘Medium-Heavy Singles 63%

Twins - : 14%

o

Turbojets and Turboprops 4

Major increases in sales to the single- and twin-
engine aircraft are projected through the 70's,
with further significant unit price reductions
unlikely.

Automatic Direction Finders;(ADF)

ADF unit prices for the NON-TS80 and TSO gualified
lines follow similar trends of other fully-developed
avionics equipment, i.e., VHF transceivers. How-
ever, the TSO-ARINC pricing patterns support the
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lack of competition theorem developed previously
(see Figure VII-26). With prices held at attrac-
tive levels for TSO and non-TSO equipment over the
ten~year analysis period, it might be postulated
that all aircraft markets for this product may be
saturated in terms of cost-benefit to pilots of
smaller aircraft.

ILS Glideslope

As with the other avionics, this equipment has
tracked aircraft sales, remaining competitively
priced in the TSO and non-TS0'd lines. Due to the
larger number of integrated packages becoming avail-
able, the separate units are likely to remain at
current price levels (see Figure VII-27), and ulti-
mately disappear as marker beacon receivers and
glideslope are integrated into other packages,
particularly VHF NAV units. With over 920% of all
twins and 100% of. the heavy aircraft already
equipped, this integration, and inevitably the
resulting price structure due to increased effi-
ciency, further penetration into the singles market
component (now at less than 25%) can be expected
during the projection period (to 1985).

Distance Measuring Equipment (DME)

No major changes in the basic approaches for non-
TS0'd hardware are reflected in Figure VII-28,
while TSO prices are tending sharply upward due to
the shift to remote mountings in mid-range priced
aircraft. TSO-ARINC lines are reasonably stable,
their initial designs having been fully developed
by a number of firms capable of holding the price
line to preserve their respective market shares.

Autopilots

In this category, l1l- and 2—-axis versions were
reviewed along with 3-axis models. The latter
configuration is limited,  from a practical sense,
to larger, high-priced aircraft where completely
integrated flight control systems are the eventual
goal, either through incremental additions to a
modular system or an all-up system. As such, tracing
the pricing of 3-axis systems is difficult; however,
1- and 2-axis systems were analyzed, as shown in
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Figure VII-29. The trends indicate the effect of
changing design approaches, most probably impacted
by uncertainties in attracting lower-middle and
middle-priced aircraft.

Radar Altimeters

These units are now undergoing. sighificant redesign
for inclusion in integrated systems. As such, the
beginnings of higher efficiency in packaging and

- adaption to other electronics, particularly flight

directors, are impacting both non-TSO and T?O-ARINC
lines, as shown in Figure VII-30. Segregation of
both these categories is'seen to conflict due to

_the technology involved and the lack of significantly

different alternatives needed to justify qpality
levels at separate price ranges. Remaining markets
(singles, light twins) will be served by single-
capability units priced at approximately $4,500.

Avionics Projections

Based on these historical trends, price projections
were developed, and modified by the dqualitative feed-
back from interviews with those in the industry. DSC
forecasts of increases (or decreases) by equipment
gualification and function are shown below:

ANNUAL ESTIMATED AVIONICS PRICE CHANGES .
. 1974-1985
(%)
. Non-TS0 TSO "TSO-ARINC
By BEquipment Qualification +1.29 l—-0.39_ +2.86
By Function
®* Navigation . +0.64 -0.75 +3.62
* Communication : -0.50 ~0.64 +3.25
* Flight Control  47.50 N/AR  +0.95
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The next step was to derive actual cost forecasts for
the avionics complements for each class of aircraft.
Figure VII-31 displays these results where a weighted
percentage, according to the functional makeup of
each aircraft's complement, has been applied to the
base complement dollars as developed in Figure VII-18.

Finally, the demand for the various systems whose cost
trends were analyzed in Section 4 of this chapter were
projected to 1985. DSC apportioned the units by avionics
complement to cur forecast of fleet sales to develop
Figure VII-17 shown previously. This data was combined
and is shown in Figure VII-32, displaying projected
equipment sales for 1985.

Avionics Expansion Funds

The final effort undertaken in this sensitivity analysis
was to determine the funds available within each air-
craft segment for expanded avionics capabilities, as
well as for new equipment. This analysis allows us

to establish the level of available funds for avionics
in the fleet and the portion which can absorb new
products and/or price increases. Two assumptions were
made:

(1) The total equipped aircraft cost would be the
dominant factor in future costs.

(2) Today's avionics cost share of aircraft total
cost would remain constant.

The first assumption suggests that the total equipped
aircraft costs will rise as a function of the growth
percentages forecast presented in Figure VII-16. This
is not an unrealistic assumption since the, purchaser
generally lcoks at the aircraft and avionics as a total
package-—the major portion being the airecraft which

has the largest impact on price.

The second consideration assumes that the purchaser
will continue to relate his expenditures for avionics
to a percentage of the total aircraft value, as calcu-
lated in Pigure VII-19. .Therefore, any variation in
available avionics funds due to differences in the
rates of the avionics complement costs increase would
be translated as available for additional avionics
capability. It should.be noted that this money
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FIGURE VII-31

PROJECTED AVIOMICS EXPENNITURES - 1975-1985

(000's oF $)
. AVIONICS $ .
AIRCRAFT TYPE IN | 1975 1977 1979 1981 1983 |- 1985
1972 .
SINGLES - |
LIGHT iy 4,72 5,00 5,30 5,61 5,94 6,26
MEDIUM-HEAVY[|  5.20 5,42 5,75 6.08 6,444 6,82 7.18
TWINS
LIGHT. 7.80 7.9 8.08 8,23 8.37 8,53 8.68
NEDIUN 16.94 16,81 16,69 16,56 16,43 16.30 16.18
HEAVY 44,81 47,05 49,29 51,53 54, 45 57.14 60. 00
TURBOPROPS 71.14 75,26 79,60 84,23 89.06 94,26 99,73
TURBOJETS 267.28 182,79 | 299.09 | 316,46 | 334.64 | 354,15 | 374,73




FEIGURE VIT ~32

FORECAST OF AVIONICS DEMAND - 1985
(BASED ON DSC MEDIUM AIRCRAFT FORECAST)

DME R/NAV, RADIO SAS AUTO-  FLIGHT WEATHER
V/NAV ALT, PILOT DIRECTOR RADAR

PONDER




"would be available" but would only be spent on a

discretionaxy basis by the individual purchaser who

would evaluate that expenditure in terms ot his demand
factors {(outlined in Figure VII~1). The specific
estimates of funds available for avionics by aircraft
class are .shown in Figures VII-33 through VII-39.

A forecast of the price range -for avionics by aircraft
class. in 1980.and 1985. can bé seen. in. Figures VII-40

and VII-41. The overlaps at the low and high ends are
indicated by the peaks and depre551ons occurrlng between
each aircraft type. TurbOJet and turboprop avionics
prices are coincidental over the common range of values
suggestlng the high similarity or appllcablllty of

some avionics packages.

- IMPACT. ANALYSIS

The purpose of this portlon of the DSC study was to deter-
mine what.effects future aviondcs will-have .on the aircraft -
within the general aviation .category. The potential effects

vhave been subdivided .into those of aircraft design and

alrcraft cost.

1.

Aircraft Design

Aircraft design is primarily determined by such con-
siderations as 1lift, thrust, weight, drag and handling
characteristics, .and the avionics complement will have
an effect on the aircraft inasmuch as it affects one
of these parameters.

To determine the effect of future avionics developments,

~the areas of weight, electrical power, airframe considera-

tions and instrument panel layout were addressed. The
top 15 items recommended for NASA's effort by DSC's
panel of experts are qualitatively ranked for ‘their

'_impacts in Figure VII-42,
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FIGURE VII-33

FORECAST AVERAGE AVIONICS EXPENDITURES BY ATRCRAFT TYPE:
LIGHT SINGLE

| 1075 | 1977 | 1979 | 1981 | 1983 | 1985

TOTAL COSTS |
(000's oF $) 24.1

1 27.6 } 29.6 | 31.6 [ 33.9

7 AVIONICS 19.5 1 19.2 | 18.9 | 18.7 | 18.1

— R

AVAILABLE FUNDS FOR NEW AVIONICS

(7 BASE YEAR - % PROJECTED YEAR) U'Blf
X ToTAL cosT (000's oF $)

38] 0.47] 0.56) 0.66]
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FIGURE VII-34

FORECAST AVERAGE AVIONICS EXPENDITURES BY AIRCRAFT TYPE:
'mﬁﬂlum HEAVY SINGLES ,

TOTAL COSTS
(000's-oF $)

7 AVIONICS 13.8 12,8 §12.4 112.0

AVATLABLE FUNDS FOR NEW AVIONICS § ;
(%7 BASE YEAR - % PROJECTED YEAR) 2.07;

| 72} 2.96] 3.l .08
X TOTAL cosT (000"s or $) : '
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FIGURE VII-35

FORECAST AVERAGE AVIONICS EXPENDITURES BY AIRCRAFT TYPE:

LIGHT TWINS

| 1975 1977 {1979

TOTAL COSTS

T

(0007s oF $) ‘75.7 182.7 §90.4 §98.8 j108.0 §118.1
¥
% AVIONICS 10.4 § 9.7
AVAILABLE FUNDS FOR NEW AVIONICS

(% BASE YEAR - % PROJECTED YEAR)
x ToTAL cosT (000's oF $)

1.51

". 4

‘2!23‘ '

AR
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FIGURE VII-36

FORECAST AVERAGE AVIONICS EXPENDITURES BY AIRCRAFT TYPE:
MEDIUM TWINS

AR 15 AR ST i e

| 1975 § 1977 |

TOTAL COSTS Loy o |
000°s or 1518 §168.8 {187.7

7 AVIONICS | 11.0 ;

AVAILABLE FUNDS FOR NEW AVIONICS :
(% BASE YEAR - % PROJECTED YEAR) § 3.18]
x ToTAL cosT (000's oF $) ' :
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FPIGURE VII-37

FORECAST AVERAGE AVIONICS EXPENDITURES BY AIRCRAFT TYPE:
LEAVY THINS

1975 | 1977 {1979 | 1981 | 1983 | 1985
TOTAL COSTS 235.6 |247.1 §258.8 |271.9 }185.1 §299.0
(000's oF $) .
|- i
% AVIONICS 19.9 | 19.9 | 19.9 | 20.0 § 20.0 | 20.0
AVAILABLE FUNDS FOR NEW AVIONICS : | ' :
(% BASE YEAR - % PROJECTED YEAR) | 5:.41f 5.68% 5.95] 3.26H 3420 3.58
X TOTAL cosT (000's oF $) : ‘
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FIGURE VII-38

FORECAST AVERAGE AVIONICS EXPENDITURES BY AIRCRAFT TYPE: .
| TURBOPROPS

1 1975 1977 §1979 | 1981 ) 1983 | 1985

TOTAL COSTS | 1 748.3 837.64 942,4 J1,049.2}1,175.311,316.7
(000’s oF ) '

m " : -

7 AVIONICS 10.0

R

| AVAILABLE FUNDS FOR NEW AVIONICS

(% BASE YEAR - % PROJECTED YEAR) 14:92 20.9
x ToTAL cosT (000's oF $) :

§ 29.2 3i:1 47,08 59.2
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FIGURE VII-39

FORECAST AVERAGE AVIONICS EXPENDITURES BY AIRCRAFT TYPE:

TURBOJETS

1975 § 1977 | 1979

TOTAL COSTS
(000's oF $)

2,098.8] 2,301,9)2,527.0

2,773.0

e e A —

% AVIONICS
;ﬂ:

AVAILABLE FUNDS. FOR NEW AVIONICS
(7 BASE YEAR - % PROJECTED YEAR)

l X ToTaL cosT (000’s oF $)
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LST

AVIONICS COST VS. AIRCRAFT TYPE -/980

FIGURE VII-40
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AVIONICS COST VS. AIRCRAFT TYPE —/985

FIGURE VII~-41
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FIGURE VII-42

FORECAST OF EFFECT ON AIRCRAFT WITH THE ADDITION OF NEW AVIONICS

OWER -
TYPE OF EQUIPMENT AIRFRAME | WELGHT CUNEUHP%ON LmEULT

INTEGRATED ELECTRONICé MULTI- ‘u 1

FUNCTION DISPLAYS N D D S
RADAR ALTIMETER C I I N
ELECTRONIC DIGITAL DISPLAYS | N D D S
ENGINE MONITORS N N N S
CLEAR AIR DETECTOR N 1 I c
MICROWAVE LANDING SYSTEM (NOT

INCLUDING CONVENTIONAL ILS) o I I C
ELECTRONIC CRT DIéPLAYs N I I S
PROXIMITY WARNING SYSTEM N I I c
VLF NAVIGATION c I I c
AUTOMATIC ALTITUDE REPORTING c 1 I N
COLLISION AVOIDANCE SYSTEM [ 1 I c
WEATHER RADAR c I ! S
V/NAV c I I S
T/NAV c I I S
AIR DATA SYSTEM c D D c

N = NO CHANGE

C = SOME CHANGE

S = SUBSTANTIAL CHANGE
I = INCREASE

D = DECREASE
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Weight

As weight is a prime consideration.in any aircraft,
fuel, passengers, baggage, and avionics must be
accommodated within the budget of "useful weight."
The total fixed weight (aircraft and avionics) estab-
lishes the constraints within which the amount of
fuel (therefore, distance). versus passengers and
baggage is determined.

Figure VII-43 lists typical standard avionics weight
totals for various aircraft categories and plots

these as a percentage of useful weight. IFR capability
consisting of basic navigation and communications
equipment as specified by the FAA is included in all
but the "Sport-and Trainer™ category, wherein the
avionics equipment is limited to VHF communications

and an ADF.

Two significant items can be derived from this infor-
mation. First, the avionics takes up a minimal
percentage of the available useful weight, due to

the increasing use of solid-state devices in recent
years. Whereas, in the past, a vacuum tube NAV/COM -
might have weighed 25 pounds, today the average one
weighs only 5 pounds. '

Secondly, the larger the plane, the smaller the
fraction avionics represents as a part of the useful
weight, even with ‘increased capability. This allows
for the addition of more advanced avionics such as
weather radar or flight directors with minimal weight
penalties (even though they may double the total
avionics weight). .

The broad range of available avionics is plotted
according to weights, as shown in Figure VII-44,
One noticeable feature is the tendency of equip-
ment to lean towards the lower weight portion of
its spectrum as a function of its market demand
(i.e., cost), complexity and, to some degree, its
maturity.

The NAV/COM transceiver, although relatively complex,
has been reduced to the 2-20 pound range with 80%

of the available products weighing less than 10
pounds. On the other hand, a newer, vet perhaps
equally complex, item such as a flight director

not only has fewer entries, but also a broader range
of weights, i.e., 3 to 70 pounds.
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COMPARISON OF AVIONICS WEIGHT VS. USEFUL WEIGHT FOR
CENERAL AVIATION AIRCRAFT

FIGURE VII-43

WEIGHT OF STANDARD 15 30 50 100
- I
. AVIQ‘\I%LCSSI:’/)AG(AGE ~— . . - A \ p \
q L
N 3
'_.l
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EIGURE VII_44
NUMBER OF AVIONICS ITEMS AVAILABLE CLASSIFIED BY WEIGHT RANGES

_w
Weather Radar
DME 1| 4
Radar Altimeter 2 3
Area Navigation 2 6] 1} 1
|
ADF 1 2 8] 6
Flight Director 2 1 2
Transponders 5 71111 4
Transceivers 8 12 |9 Q10| 14| 2
Encoding 1 2
Altimeter 4 3 517
OBS 12 4 111]2
10 811
F-n-mh--r-L--F--—d- o T p————
1 2 4 56 8 1o 15 20 30

S
&

Weight in Pounds

40 50 60 80 100
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This is indicative of the developmental evolution
that must occur to bring the weight of any piece of
avionics toward its potential minimum. The rapidity
of this evolution is greatly influenced by the price
and demand experienced for a particular item in the
market today. However, a research and development
effort such as NASA's general aviation program could
have a significant impact in bringing more advanced
technology and concepts down to a weight range which
could be accepted without significant weight penalty
across the total spectrum of general aviation.
Examples of these avionics are weather radar, flight
directors, self-contained navigation systems, inte-
grated flight control systems, -etc.

Electrical Power

The recent replacement of tubes by solid-state
components and the continued development of inte-
grated circuits has reduced the need for electrical
power. At the same time, the switch to alternators
(facilitated by solid-state diodes) has increased
the available current.

Today's single-engine aircraft is normally equipped
with 60 amp capacity while, in the twin-engine air-
craft categories, we f£ind 100 amps per engine to

be the case. This is due to the solid-state revolu-
tion where NAV/COM amperage needs are a nominal 5
versus 20 and more for its vacuum tube predecessors.
The same is true of .other avionics, with the result
that adequate power puts no limitation on the addi-
tion of more equipment at this time.

Panel Layout

In new aircraft, panel variations are numerocus and
relatively easy to accomplish as long as there is
sufficient space available. However, once the basic
panel layout is established, additional avionics
generally have to be located wherever there is space,
and making modifications to an already existing lay-
out is difficult,
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Such innovations as an integrated electronic multi-
function display for avionics and flight control
parameters and an integrated engine monitor offer
the opportunity for significant panel improvements
and increased pilot efficiencies. This is due to
the fact that additional avionics functions can be
incorporated into the display in easy view of the
pilot, without requiring a major panel redesign.

Due to the increasing ameunt of avionics, DSC has
suggested that extensive human factors studies
could greatly benefit instrument placement.
Reference was made to the FAA effort that resulted
in the "T" instrument arrangement now generally
accepted throughout the industry. It is felt that
a similar effort including the remaining avionics
in its scope would be of great benefit. At present,
when studies of this nature are carried out, they
are by the individual airframe manufacturers and
not in any coordinated mannexr benefitting the entire
general aviation community.

Strides toward standardization in panel layout and
data display could improve pilot effectiveness.

In the past, human factor considerations have con-
sisted mainly of the particular viewpcoint held by
the chief test pilot or owner of each individual
airframe manufacturer, so that aside from kthe
basic "T", instrument and avionics arrangement
varies from manufacturer to manufacturer.

Aircraft Structure

No significant airframe structural modifications
were foreseen as a result of avionics developments.
The addition of an antenna for some new function
(e.g., microwave landing system) would demand

local structural strengthening; however, this would
represent a very minor change. Such items could

be accomplished within the present airframes
without requiring major revisions.

The one exception to the above statement would be
the incorporation of fly-by-wire. Such systems
presently exist only in isolated test and research
cases for the military sector. Adoption of this
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technology in general aviation could significantly
affect aircraft design and cost. It is envisioned
that the net effect would be a reduction in cost
but much development effort remains, and it will

be necessary to determine the extent of aerodynamics
and structural change before such a statement can
be fully substantiated.

Aircraft Cost

From the foregoing section, it can be seen that avionics
generally have little physical impact on aircraft
structure. Therefore, it is not anticipated that the
basic aircraft cost will be affected by the evolution

in avionics during the next ten years.

In DSC's interviews with pilots and FBO's, it was
found that there is general satisfaction with the
avionics manufacturers' efforts in introducing solid-
state electronics in their products.

Weight of avionics is no longer a significant factor,
and further weight reduction and integration is not
considered to be a major target for much emphasis
warranting any NASA R&D efforts. Rather, standard-
ization and, particularly, improved reliability and
maintainability are the areas that require research
and wherein improvements would be most beneficial
across the total spectrum of general aviation.
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VIITI. MARKET DEMAND FOR AVIONICS DUkING THE EARLY 1980's

Market demand for avionics is influenced by three primary fac-
tors:

° Regulatory requirements
¢ WNew aircraft deliveries
° Avionics cost

In the preceding chapter, forecasts were made of future avionics
expenditures based on analyses and estimations of avionics cost
trends, forecasts of total aircraft expenditures, and future air-
craft costs. In this chapter, Decision Sciences Corporation has
generated forecasts of the unit demand for avionics based pri-
marily on new aircraft deliveries and the regulatory environment
as defined in the current Natioconal Aviation System Plan discussed
in Chapter IIT.

Figure VIII-1 gives the estimated average ranges of avionics
installations in new aircraft during the early 1980's by class
of aircraft and for the major avionics categories. All new air-
craft will be equipped with at least one VHF transceiver, and
aircraft other than light singles will be equipped with two
transceivers. This is also the case for the ATC transponder
unless, with the advent of the Discrete Address Beacon System
(DABS), it becomes mandatory equipment for all aircraft. It

is also anticipated that VOR/DME will continue to be the primary
navigation system in the United States and, subsequently, it is
forecast that a major portion of new aircraft will be delivered
with VHF navigation receivers. Dual installation levels are
forecast to be approximately 60-65% in medium/heavy singles,
75~85% in light twins, and 100% in the higher performance air-~
craft. Only a small percentage of the light singles are expected
to have dual installations.

Automatic direction finders will continue to have a relatively
high degree of acceptance throughout the fleet. The forecast
estimates of installations are 35-45% in light singles, 55~65%
in medium/heavy singles, and 75~-80%, 90-95% and 95% in light
twins, medium/heavy twins, and turbojets, respectively.

In the remaining classes of avionics equipment, it is considered

that the degree of pilot sophistication and aircraft use will
be major determining factors and, therefore, the installation
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FIGURE VIII-1

_LSTIMATED RANGE OF AVIONICS INSTALLED IN NEW AIRtRAFT

1980-1985 TIME FRAME

(% OF AIRCRAFT EQUIPPED)

TYPE OF EQUIPMENT aar | ieaw | et | Theaw
SINGLES | SINGLES | TWINS | TWINS [TURBOJETS

VHF COM 1 100% 100% 100% 100z | 100%
VHF COM 2 5-7% | 60-65% | 80-85% 1003 | 100%
TRANSPONDER* 40-45% | 75-80% 90% 1002 | 100%
VHF NAV 1 70-80% 1003 | 1007 1007 | 100%
VHF NAV 2 57 | 60-65% | 75-85% 1002 | 100%
ADF 35-457 | 55-65% | 75-80% | 90-95% 95%
DME 3-57 | 45-50% | 55-60% | 90-95% | 100%
R/NAV, V/NAV 3-5% | 45-50% | 55-60% | 90-95% | 1007
RADAR ALTIMETER 2-3% 5-g% | 10-15% | 65-70% | 100%
STABILITY AUGMENTATION || 70-75% |- 45-55% | 20-25% -- --

AUTOPILOT o-u7 | 30-357 | 60-65%7 | 85-90% | 100%
FLIGHT DIRECTOR o-47 | 9-127 | 35-45% | 75-80% | 100%
WEATHER RADAR < 1% 467 | 35-u07 | s0-607 | 100

*IT 1S ASSUMED THAT THE DABS TRANSPONDER WILL NOT BE REQUIRED IN

ALL AIRCRAFT,
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rates are expected to be substantially lower in the smaller air-
craft categories. Turbojets and heavy twin-engine aircraft are
currently equipped with full complements of avionics and will
continue to be fully equipped in the future.

In the other categories, the trend is expected to be towards
expanded avionics complements, although the figure shows that
light single—engine aircraft will generally continue to carry
only limited navigation and communications equipment. Never-
theless, a few of the new light singles will receive DME, R/NAV,
radar altimetersand flight directors. Based on the assumption
that a low-cost weather radar for single-engine aircraft will
be introduced during the next 2-3 years, it can be anticipated
that a limited number of these will find their way into light
singles. It is also expected that an increased number of these
aircraft will be equipped with basic stability augmentation
systems with the intention of eventually expanding them into
complete autopilots.

A major change in the avionics complements carried in medium/
heavy singles will be the greatly increased utilization of

DME and R/NAV and V/NAV. It is anticipated that this will lead
to an increased number of autopilot systems and flight directors
being installed in this class of aircraft. Weather radar will
also be a new feature in medium/heavy singles, assuming that

the technology becomes available at the right price.

In Chapter II, it was seen that there is a great similarity

in the avionics complements carried in heavy singles and light
twin aircraft. In the avionics forecast, this continues to be
the case during the early Eighties.

Based on the forecast of new aircraft deliveries shown in
Chapter II and the rate of avionics installations in new air-
craft between 1980 and 1985, forecasts have been prepared of
the avionics demand in 1980 and in 1985. Figure VIII-2 shows
the demand forecast for 1980 and Figure VIII-3 for 1985. 1In
establishing these estimates, aircraft and avionics for export
have been taken into account. At the present time, aircraft
exports average approximately 25% of the annual production.
Complete avionics export data is not available, and it is assumed
for the purposes of this study that the amount exported is
equivalent to the amount of avionics that would be carried in
the exported aircraft if they were equipped for U.S. use (this
then covers avionics which are sold on the retrofit market).
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Retrofit avionics was also taken into consideration in propor-
tions varying from 25% to 50% of the amounts put in new air-
craft, according to the type of avionics involved. The basic
calculation was made for 1980 and was then extrapolated to
provide the 1985 forecast. It is anticipated that by this
time period, modular and integrated navigation and flight
control systems will be available in the market; however, in
the forecasts, each function is considered a separate unit.
For example, in the case of a complete integrated R/NAV system,
the forecast shows this as a VHF navigation receiver, DME,

and an R/NAV computer and display.
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IX. PROGRAM RECOMMENDATIONS

GENERAL

One of the primary objectives of this study was to determine
areas wherein research and development by NASA would be most
beneficial to the general aviation community. The general
outline of the methodology used in this study for forecasting
the technological requirements is shown in Figure IX-1. It
involved extensive secondary research to assess the present
state-of-the~-art in avionics and to determine the developments
and trends which are likely to influence avionics in the 1980's.,
Interviews were carried out with avionics manufacturers, the
Federal Aviation Administration, industry organizations, and
aviation publications as well as with independent industry
experts -

¢ To obtain opinions of the current trends
and developments in general aviation
avionics, and to gauge reactions to the
new equipment and technologies that are
appearing on the market

¢ and to solicit ideas of the potential
areas where new or advanced technology
in avionics could be most beneficial
to general aviation

In addition to our secondary research and in-person interviews,
Decision Sciences Corporation used as a primary forecasting
vehicle the Delphi technique.

Delphi technological forecasting is based on the use of a
committee of experts in a single area who pool their knowledge
about that area and prepare an intuitive forecast of future
developments. The Delphi technigue tends to produce results
superior to those of conventional face-to-face committees
since it is characterized by anonymous controlled feedback
and statistical response. DSC utilized the Delphi approach
in this program by bringing together an advisory market and
technological forecasting group comprised of representatives
of aircraft manufacturers, avionics manufacturers, and major
service organizations directly involved in the field of
general aviation.. The Delphi methodology used is shown in
Figure IX-2.

The role of the advisory panel was to:
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Provide a critical assessment of DSC's
evaluation of the general aviation market
and the environment in which it will be
operating in the 1980's

Provide insights and wviews from a total
industry perspective of the general aviation
reguirements for awvionics in the 1980's

Assist in identifying and delineating the
constraints in the industry which could
limit the introduction of new technology
in general aviation

Provide panel recommendations to direct
NASA's avionics R&D activities into areas
that would be of most benefit to general
aviation

The advisory panel schedule consisted of an initial meeting
to establish the industry definition, framework for and
preliminary identification of areas of investigation. At
this meeting, the guestionnaire, which was to be completed
by each panel member before the second meeting, was reviewed.
The questionnaire consisted of two basic questions which
were applied to the following five functional areas:

0

Communications
Navigation
Fiight control
Instrumentation

Displays

These functional areas were, in turn, subdivided into the
following five'aircraft categories:

=]

Single-engine piston - 1-3 place
Single=engine piston - 4+ place
Multi-engine piston .
Turboprop

Turbojet
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The primary questions which the advisory panel was asked to
address were:

o

A long-range outlook of the future
technological requirements for general
aviation avionics relating to the
developments which could occur in the
1980-1985 time frame

An assegssment of acceptable R&D design
goals and features for the equipment
identified for the various aircraft classes

The second meeting of the panel was held to review and evaluate
the survey results and to reach a consensus on the recommend-
ations that would be made to NASA for R&D funding.

A number of considerations was discussed at the meeting
in the formulation ©f the ultimate recommendations. They were:

Q

Aviation Environment

General agreement was reached as to the shape
of the envircnment during the next 10 years.
The regulatory environment was defined as

that presented in the FAA National Aviation
System Plan. The size of the general aviation
fleet in 1985 was assumed to be that forecast
by the DSC forecasting model. Airport avail-
ability for gemeral aviation was assumed to be
at a level in 1985 comparable to teoday's, and
alrcraft performance, speed, altitude, and
range were also anticipated to remain approx-
imately the same

Safetz

It was agreed that this would continue to be
of primary concern and would constitute a
dominant factor in general aviation techno-
logical development

Pilot Workload and Limitations of Panel Space

It was agreed that reduction in pilot workload
is a desirable goal in avionics development,
particularly in view of the fact that there

ig an increasing number of regulations and
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procedures, as well as increasing amounts
of equipment adding to the complexity of
flying. The panel, furthermore, took into
account that by 1985, it is forecast that
44% of pilots will be IFR-rated

The advisory panel was invited to comment
and give their views of present cockpit
procedures, limitations of panel space, and
current panel layout .

Present Capabilities of the General Aviation Industry

This consideration was deemed of primary
importance in the formulation of recommendations
for NASA. The panel recognized the considerable
capabilities and resources at NASA's disposal,
and the potential benefits a well~planned
general aviation program could provide to the
general aviation community., At the same time,
the panel felt it important that there should
not be a duplicate effort on NASA's parit of the
current development effort being carried out
within the general aviation industry. In its
recommendations, therefore, the panel took into
consideration the technology currently available
in the general aviation industry, and also the
current technological trends which will impact
upon avionics by 1980, e.g., trends towards
system integration

An additional factor which was taken into con-
sideration was the current level of technical
capability of avionics dealers to service
avionics equipment and an evaluation of eguip-
ment service requirements in 1980

The panel was also asked to take into account technical
considerations such as:

o

Equipment reliability and maintainability
Regquirement for built-in test egquipment
Opinions concerning design goals such as

range, accuracy, sensitivity, etc. that
an R&D program should target for.
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° Targeted costs that would make the avionics
available to the general aviation fleet

Various options on input. mode, fail mode,
" sensor output, redundance and failure
detection

°® Suggestions that would provide guidance
to the planned R&D effort

The recommendations of the panel were, in turn, discussed

in interviews with general aviation pilots to obtain users'
views and opinions of where improvements and technological
advances might be most useful. It was found during these
interviews that pilots generally appear to be satisfied with.
the technological sophistication of avionics equipment avail-
able today. Their major areas of concern expressed .in the
interviews are: :

° Reliability

° Maintainability

° Cost
Regarding the specific areas recommended by the industry
panel, the pilots attitudes were generally positive,
although their interests are primarily directed more towards

their immediate needs and concerns than towards the require-
ments they might have in the 1980's.

RANKING OF PRIORITIES OF NASA R&D FUNDING AND PRODUCT
REQUIREMENTS - ‘

1. Ranking of Priorities. The following is a discussion
of DS8C's evaluation of the priorities that should be
established by NASA in its R&D activities for general
aviation avionics. It 1s based on DSC's forecasts of
market need and desirability, coupled with our panel's
opinions and interviews with pilots, aircraft owners,
and other industry representativesg. Ranking of
priorities. is shown in Figure IX-3.

The rankings were established by interviewing aircraft
owners and other knowledgeable industry representatives,
asking them to weight each product considering each of
the three points cited below:
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_ ésﬁb - PRELIMINARY RANKING OF PRIORITIES FOR NASA R&D
Qby (Within Each Functional Category)
-\Q’ Qﬁ e
,S;9k§§§ RTRCRAFT CATEGORY
‘$<; FULCTIONS Slrf§ﬁiﬁﬂﬁ;NE e piace MULE%éggﬁINE TURBOPROP TURBOJET
¢{ SATELLITE COMMUNICATIONS 5 5 4 5 3
ﬁ. AUTQMATIC ALTITUDE REPORTING 3 3 3 - -
%\ DATALINK 4 4 4 3 4
NS 2 1 i 2 i
‘E PWI 1 2 2 1 2
s | UHF TELEPHONE 6 6 5 3 5
S oHE ] 3 3 1 - -
RADAR ALTIMETER I[_ 1 9 3 - -
HYPERBOLIC H 10 8 8 4 4
.| DGPPLER |! 7 10 - 8 8
? INERTIAL i 7 10 - 7 6
E'RNAV ] 4 6 i - 2 3
é VNAV 5 4 5 3 2
TNAV i 9 4 6 5 5
[TLs GLIDE SLOPE 2 2 - - -
MLS 1 1 2 1 1
VLF 6 7 7 6 7
LIDUAL INDEPENDENT ALT, ATT, ETq 4 1 ’ - - -
i AIR DATA SYSTEMS i - - 4 3 2
4 RECORDERS | - 5 - 4 4
é ERGINE MONITORS 1 2 2 2 3
? WEATHER RADAR l 3 3 3 - -
O JCAT DETECTOR 2 4 1 1 L
ME FLIGHT DIRECTOR 1 1 1 - -
RYAUTO THROTTLE - - - 3 4 4
% INDEPENDENT LANDING MONITOR | - - [ 2 2 2
NFAUTOMATIC LANDING SYSTEM ' - - - 3 3
§ FLY-BY-WIRE [E - - - 1 1
FELECTRONIC - DIGITAL 2 2 2 - -
0 ELECTRONIC - CRT - : 3 1 1
s IPERIPHERAL - - - 3 4
§ HEAD-UP - - - 2 3
* AP - DIRECT/PROJECTED - - - 4 2
INTEGRATED (RMI, HSI, FLT. Dlﬁb 3 ] 1 - -
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1) Desirability
2) Present industry capability, and
3) Target date for market acceptance.

The recommended rankings are shown in Figures IX-4
through IX-9. Overall summary rankings are shown
in Pigures IX~10 through IX-12.

In evaluating the five major functiodnal areas, DSC
recommends. that NASA R&D efforts are most.urgently
required in the area of displays (see Figure IX-4).

The panel arrangement using the "T" layout constitutes
the basic framework for avionics and instrumentation
organization in general aviation aircraft. This layout,
however, was devised almost 15 yvears ago by the FAA
under considerably different circumstances and considera-
tions. Avionics and instruments have proliferated con-
siderably since then. No coordinated industry study
has been undertaken in this area.

In the opinion of DSC, NASA is in a unique position to
undertake the necessary human factors and related studies
to optimize the organization of avionics and instrumenta-
tion in the cockpit. Furthermore, it wolld require an
independent agency like NASA to _carry out the study to
make recommendations on panel design acceptable to all

of general aviation.

DSC's ranking ordexr of prioriﬁy of the majoxr
functional areas for R&D funding is as follows:

° Displays
° Navigation and instrumentation
® Flight controls
° Communications
a. Displays
Within the .general functional area of displays, the
order of priority for R&D funding by specific type
of display is shown in Figure IX~5. It is recommended
that NASA direct its efforts specifically towards

the development of integrated electronic multi-
function displays. Basically, CRT-type display

180



FIGURE IX-4

RANKING OF PRIORITY FOR
NASA R&D FUNDING

CATEGORY OF
AVIONICS FQUIPHENT RANK
COMMUNICATIONS 5
HAVIGATION 7
[HSTRUHENTAT 0N ;
FLIGHT CONTROL y
DISPLAYS O
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FIGURE IX-5

RANKING OF PRIORITY FOR
NASA ReD FUNDING FOR DISPLAYS

TYPE OF DISPLAY RARK
ELECTRONIC - DIGITAL ?
ELECTRONIC - CRT A
PERIPHERAL 6
HEAD-UP 4
MAP - DIRECT OR

PROJECTED 5
INTEGRATED ELECTRONIC

HULT - FUNCT ION ©
DISPLAY
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could be utilized -and although the work has

been carried out in the area, it is felt that

a considerable amobunt of research is necessary

to resolve some fundamental problems that

remain relating to reliability, reédundance, and cost
before this type of a display system becomes a
viable product in the general aviation industry.

Digital and CRT displays are ranked second and
third, but in DSC's opinion, the top three overlap.
Therefore, if NASA were to develop an acceptable
integrated electronic multi-function display for
- general aviation, the other reguirements would

be satisfied also.

Navigation

In the navigation function, there are .two general
recommendations:

The development of an integrated navigation
system which would accept a variety of inputs
on a plug-in module basis, e.g., VOR/DME and/or
Omega and/or VLF and/or inertial, etc

The development of a low-cost ($5,000-510,000)
self-contained navigation system. Derivations
of INS were considered,but it was unknown to

what extent the cost of these could be reduced
to a level acceptable to general aviation '

Specific areas of recommendation are:

A radar altimeter incorporating both downward
and forward looking features for approaches
and landings’ as well as terrain clearance

Microwave landing systems/receivers which
could lead to many more general aviation
airfields being equipped with an ILS system
(Although MLS was highly placed on the list
of recommendations by the advisory panel and
by industry experts during our field inter-
views, it was ultimately excluded from DSC's
recommendations for NASA R&D as it iss already
a heavily funded development program arxea).

VLF and Omega navigation - It is felt that
although considerable research is ongoing

in this area, much development effort remains
+o be carried out before the accuracy,
reliability and cost make it a wviable product
across the spectrum of general aviation
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The ranking of navigation priorities is shown in
Figure IX-6.

Because of the current FAA MLS program in which NASA

is participating, any separate development effort by
NASA would necessarily be constrained. Therefore,

DSC does not consider MLS an area towards which NASA
R&D funds should be directed .at this time. However,
once MLS receiver specifications are finalized, this
«decision should be reviewed. Thus, the alternate
priority of VNAV/TNAV/RNAV is recommended to NASA.*

The basic concept and technology ‘of area navigation
and variations thereof have been developed over the
past 8-10 years, but the cost of a total system places
it out of reach of the majority of ‘the general aviation
community. Further development effort will be required
to alleviate this constraint.

c) Instfumentation

The primary area for NASA R&D efforts in the area of
instrumentation (see Figure IX-7) is the development of
engine monitoring systems. This is considered to be

an area that 1s generally overlooked and wherein little
research has been done during the past few years. The’
development of an engine monitoring system would ne-
cessitate research into sensor technology, as well as
the development of data matrices against which the
sensed information could be compared to establish
whether there was any departure from normal.

It is suggested that studies be conducted in engine
vibration harmonics. The harmonic profile is stored
in a read only memory and high and low frequency
departures are flagged. The development of an engine
monitoring system could contribute sigrnificantly to
‘easing pilot workload, insofar as it would not be
necessary for the pilot to continucusly monitor such
parameters as manifold pressure, o0il pressure, oil
temperature, electrical system, etc. If a system
monitored engine parameters, the pilot would be able
to concentrate entirely on flying the aircraft. In
the event of any unusual situation arising, the pilot
would be notified and the relevant parameters would
be displayed to enable him to make a decision regard-
ing the appropriate .action to take.:

* Note: TNAV is defined in this study as Time Constrained Area
Variation, wherein ETAs for .each waypoint are input
to_ the system.
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FIGURE 1X-6

RANKING OF PRIORITY FOR
NASA R&D FUNDING IN NAVIGATION

TYPE OF NAVIGATION RANK
DME 7
RADAR ALTIHETER )
HYPERBOLIC (OHEGA,

" LORAK) 8
DOPPLER 11
TNERTTAL NAVIGATION 9
R-NAV (2D) 6
VNAY  (3D) i
THAV  (4D) 5
ILS - GLIDESLOPE 10
LS 2

(u,s. 5 COMMUNI-
Sk AN
QMEGA
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FIGURE IX-7

RANKING OF PRIORITY FOR
NASA R&D FUNDING IN INSTRUMENTATION

| TYPE OF INSTRUMENTATION RANK
DUAL INDEPENDENT ALTI- 5
TUDE, ATTITUBE. ETC,
AIR DATA SYSTEMS .
RECORDERS

ENGINE MONITORING SYSTEM

WEATHER RADAR (WITH ILM
MODULE FEATURE)

> O] -

CLEAR-AIR-TURBULENCE ‘
(CAT) DETECTOR Z

(INCLUDING WAKE VORTEX
DETECTIOM)
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Within the same general functional category, clear-
air turbulence {(CAT) detectors including-wake vortex
detection are considered to be a priority item for
NASA R&D. The recommendation is made not only for
CAT detectors in the conventional sense for use at
high altitude, but alsc to include other forms of
clear air turbulence which could impact on all cate-
gories of aircraft.

Another product area with potential for general
aviation is weather radar featuring an independent
landing monitor (ILM) modular add-on. Avionics manu-
facturers have carried out considerable development
in weather radar technology and it is expected that
within the next 2-3 years, weather radar will become
available for installation in single-engine aircraft.

Over the years, a number of manufacturers have exper-
imented with various types 0of independent landing
monitors with very little success. A system offering

a weather display mode and an ILM mode as an optional
feature would be of greater benefit to general aviation
than two independent systems. Moreover, it would offer
potential cost savings by making use of common compon-
ents and space saving which has become a critical
element. Because of the potential increased safety
that the IIM concept offers, it is considered to be

of highest priority for research and development in

the flight control category (see Figure IX-8). The
other priority products in this group are:

°® Flight directors
° Auto throttle

Although it only received a very low ranking in the
list of priorities, the following special note should
be made regarding fly-by-wire systems:

® Insofar as technological requirements for
general aviation avionics during the early
1980's are concerned, fly-by-wire systems
have yet to prove their potential application
in civil and general aviation aircraft. How-
ever, the real bhenefit ¢f this technology
would lie in improvements in aircraft design
and cost; therefore, R&D in this area should
be pursued outside the scope of the program
under consideration in this study
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FIGURE IX-8

RANKING OF PRIORITY FOR

NASA R&D FUMDING IN FLIGHT CONTROLS

TYPE OF FLIGHT CONTROLS RANK

FLIGHT DIRECTOR

[WDEPERDENT LANDING
MONITOR

7
AUTOTHROTTLE A
©

AUTOMATIC LANDING
SYSTEM 4

FLY-BY-WIRE 5
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(d) Communications

The last functional category under consideration

was airborne communications (Figure IX-9). Because of
the general concern for increased safety and the
specific concern of the danger of mid-air collisions,
research is recommended for both proximity warning
indicators (PWI) and collision avoidance systems
(CAS). 1In DSC's opinion, however, due to the sensi-
tive political status of CAS, this should not be pur-
sued as a viable R&D alternative until the non-tech-
nical issues are resolved. The Advisory Panel and the
number of pilots interviewed expressed the opinion
that automatic altitude sensing and encoding eguip-
ment currently avallable could be significantly
improvéd upon. ‘It is recommended as an area where
NASA R&D could make a significant contribution by
developing avionics that would eliminate discrepancies
in altitude measurement.

Taking into consideration the ranking of each general
functional category and the ranking within each
category of the specific products, DSC has established
an overall ranking shown in Figures IX-10 through IX-12.

EQUIPMENT REQUIREMENTS

Having established the priority areas of funding, DSC studied
the desired sophistication of the various systems and eguipment
that could be made available to general aviation through accel-
erated technology advances. However, in general aviation, the
degree of sophistication is not so much a gquestion of the tech-
nology that should be incorporated, but very much a function

of the cost of the equipment. This point was greatly emphasized
in our interviews with pilots, manufacturers, and industry
representatives.

In regard to the functional specifications and accuracies of
the equipment, the trend in general aviation avionics during
the past few years has been increasingly towards TSO'd equip-
ment. It is felt that any new equipment that is developed
should meet the minimum performance and guality control stand-
ards defined by the Technical Standard Orders. Further perform-
ance standards that should be targeted for in new equipment
are in the Minimum Operational Characteristics developed by
the Radio Technical Commission for Aeronautics and in ARINC
Equipment Characteristics. A matrix of the desirable features
that should be incorporated in new general aviation avionics
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FIGURE IX-9

RANKING OF PRIORITY FOR
NASA RaD FUNDING [N COMMUWICATIONS

TYPE OF COMMUNICATIONS RANK

SATELLITE COMMUNICATIONS 5

AUTOMATIC ALTITUDE

REPORTING (1ncL. ALTI- |} )

TUDE MEA?UREMENT AND
ENCONING

DATALINK 4
COLLISION AVOIDAWCE

SYSTEM (CAS) szs
PROXIMITY WARHING

INDICATOR (PWI) (::)

UHF TELEPHONE ' b
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FIGLRE TX~10

GENERAL RANKING OF PRIORITY FOR NASA R&D FUNDING

- 10 HIGHEST RANKED -

EQUIPMENT RANK
INTEGRATED.ELECTRONIC MULTIFUNCTION DISPLAYS | 1
RADAR ALTIMETER 2
ENGINE MONITORING SYSTEM (excL. EeT) 3
s Tymas “.
MICROWAVE LANDING SYSTEM (MLS) 5
PROXIMITY WARNING SYSTEM (PWI) 6
VLF NAVIGATION (OoTHER THAN LORAN, OMEGA) 7
AUTOMATIC ALTITUDE REPORTING 8
COLLISION AVOIDANCE SYSTEM (CAS) 9

10

WEATHER RADAR (WITH ILM MODULE)
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FIGURL IX-11
GEHERAL RAHKING OF PRIORITY
"FOR NASA R&D TUNDING'

_ 10 LOMEST RANKED -

EQUIPMENT RAKK
DOPPLER NAVIGATION N
UHF TELEPHOKE 31
PERIPHERAL DISPLAYS 30
RECORDERS 29
FLY-BY-WIRE* 28
MAP DISPLAYS 07
ILS GLIDESLOPE 26
HEAD-UP DISPLAYS | 2
SATELLITE COMMUNICATION ;q —
AUTCMATIC LAMDING SYSTEM £3- )

*Despite the low ranking, DSC is aware of current NASA/USAF
programs in this area and-believes this technology could lead

to improvement in aircraft design and cost.
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FIGURE IX-12

GENERAL RANKING OF PRIORITY
. FOR NASA Re&D FUNDING

- OTHER EQUIPMENT -

L EQUIPMENT -~ [RANK
V-NAV (3-D) (VOR/DNE BASED) 11
T-NAV 4-D) (VOR/DME BASED) 12
AIR DATA SYSTEMS | 13

INDEPENDENT LANDING MONITOR C(ILM)y 14

FLIGHT DIRECTORS 15
R-NAV" (2-D) (VOR/DME BASED) 16
DME 117
HYPERBOLIC (LORAN. OMEGA) 18
AUTO THROTTLE 19
- INERTTAL NAVIGATION 20
DATALINK 21

DUAL INDEPENDENT ALTITUDE.
ATTITUDE, ETC. INSTRUMENTS 22
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systems is shown in Figure IX-13.

1.

Built-in Test Equipment

Built-in test equipment is a desirable feature to have,
but it is felt that the cost increment would not be Jjust-
ifiable in single-engine and light twin piston aircraft.
During the course of the interviews conducted with pilots,
their main concern was not for new navigation, communica-
tions or flight control systems, but rather for equipment
that was more reliable and easier to maintain. A major
complaint wag that it was always so difficult to determine
the cause of equipment failure, and that tcoco frequently,
the same piece of equipment had to be serviced two or
three times before being satisfactorily repaired. It was
suggested that automatic ground testing equipment be
developed to resclve this problem. This type of equipment
is being used by the air carriers and in the U.S. Air
Force, but at a price that is prohibitive in general
aviatign.“ The need, therefoxe, 'is to develcop automatic
ground testing equipment at a price that would enable its
use in general aviation avionics service.

Failure Detection and Warning Systems

Failure detection and warning systems are of prime import-
ance in avionics eguipment. Reliable and efficient in-line
monitoring is considered the most effective method of
failure detection, but the method that is used is not as
significant as the fact that there must be some kind of
accurate failure detection and warning system.

Redundancy and Fail Mode

Redundancy is another feature that is almost mandatory

in general aviation avionics systems. The means by which
this is achieved depends primarily on the cost that can

be supported by the aircraft owner/operator. The recommen-
dations on redundancy and fail mode are also shown in
Figure IX-13,

OVERALL RECOMMENDATIONS, TARGETED PRICES, AND RELIABILITY

GOALS

The final ranking of priority for areas of furiding for NASA
R&D in general aviation avionics and the mean target prices
that the program should aim for are shown in Figure IX-14.
The figures in parentheses indicate the ranges of target
prices that are proposed. The equipment and systemg shown
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FIGURE IX-13
DESIRABLE. FEATURES IN 1980‘s AVIONICS FOR R&D FUNDING

961

. USER_ALRCRAFT CATEGORY
S.E, PISTON | S.E. PISTON | MULTI=ENGINE | - :
| "i-3 PLACE I+ PLACE PISTGN.- | TURBOPROP TURBQJET
BUILT-IN TEST EQUIPMENT} NO - DEVELOP {NO - DEVELOP YES YES YES
‘BETTER GROUNDX BETTER GROUND |
TESTING TESTING
FQUIPMENT FQUIPMENT
FAILURE DETECTION AND .
WARNING SYSTEMS YES YES YES . | YES . YES
REDUNDANCY, ACTIVE OR - 1.
STANDBY STANDBY STANDBY STANDBY/ACTIVE ~’ACTIVE | ACTIVE
FAIL MODE, OPERATIONAL - :
OR PASSIVE PASSIVE PASSIVE PASSIVE/ "OPERATIONAL | OPERATIONAL
OPERATIONAL '




in this figure exclude the products currently being developed
in other major funded programs, e.g., microwave landing
systems, and areas of duplication, e.g., CRT displays. No
target prices are given for radar altimeters and automatic
altitude sensing and reporting equipment for the high per-
formance aircraft categories as this equipment is considered

to be available to these aircraft today. It is also considered
that air data systems in 1-3 place single engine piston air-
craft are not a high priority area for specific research and
development efforts.

As reliability is of critical concern to avionics users, it
is considered very important that reliability goals- should
be established for the products recommended for NASA R&D.

In this case, the common measure of reliability is hours MTBF
(mean time between failure) and the reliability goals for the
10 recommended avionics products are shown in Figure IX-15.
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FIGURE IX-14

‘FINAL RANKING OF PRIORITY FOR NASA R&D FUNDING

AND TARGET PRICES FOR GENERAT, AVIATION ACCEPTANCE

(Excluding Products Related to Current Major Funded Programs
and Areas of Duplication)

ATRCRAFT CATEGORIES .

SINGLE-ENG. § SINGLE-ENG.{ MULTI-
EQUIPMENT PISTON PISTON ENGINE
1-3 PLACE 4+ PLACE PISTON TURBOPROP | TURBOJET
INTEGRATED MULTI/ $600 $750 $2,000 $4,000 $5,000

FUNCTION

(250-1,500)

(500-1,500}

(1,000-5,000)

(3,000-7,000)

DISPLAYS
$400 $500 $1,300
RADAR ALTIMETER }(250-500) (250-1,000) (500-1,500)
ENGINE MONITOR- $400 $500 $800 $2,000 $2,500

ING SYSTEM  {(300-2,500) (300-5,000) | (500-5,000) | (700-5,000)  |(2,000-5,000)
CLEAR AIR $200 $400 $750 $2,000 $5,000
TURBULENCE  {(150-1,000) (150-2,000) | (600-5,000) | (1,000-5,000) }(1,000-8,000)
DETECTOR
PROXIMITY $500 ~ $500 $1,000 $2,000 $2,500
WARNING (250-1,000) (250-1,500) | (250-3,000) | (750-5,000)  {(750-5,000)
INDICATOR

VLF AND/OR OMEGA
NAVIGATION

$1,250
(500-2,000)

$1,500
(500-2,500)

$3,500
(2,500-8,000)

$8,000

(5,000-10,000)

$15,000

(5,000-25,000)

AUTOMATIC ALTI-
TUDE SENSING
AND REPORTING

$500
(250-1,000)

$500
(250-1,000)

$750
(500-1,500)

WEATHER RADAR
( INCLUDING
ILM MODULE)

$1,500

(1,000-5,000)

$3,500
(2,500-10,000)

$5,000

(2,500-10,000)}(5,000-15,000)

$6.,500

$ 7,500

$500/$750/

RNAV/VNAY/TNAV $1,200/%1,500/] $1,750/%2,500/ $3,000/$6,000/]$3,000/$6,000/
$1,000 $2,000 $3,500 $8,000 $8,000
AIR DATA SYSTEM $500 $1,500 $2,500 $3,500
(200-800) (1,000-5,000) { (1,000-3,000)

(2,000-10,000)
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FIGURE TX-15

RELIABILITY GOALS FOR THE

10 HIGHEST RANKED AVIONICS PRODUCTS

(MTBF)
In Hours

AIRCRAFT CATEGORIES

SINGLE-ENG. | SINGLE-ENG. MULTI-
EQUIPMENT PISTON PISTON ENGINE
1-3 PLACE 4+ PLACE PISTON TURBOPROP | TURBOJET
INTEGRATED MULTI 2,000 2,000 2,000 2,500 2,500
E?@EE&?Q (1,000-5,000) |(1,000-5,000) |(1,000~5,000) (500-5,000) (500-5,000)

RADAR ALTIMETER

1,500
(1.000-5,000)

1,500
(1,000-5,000)

1,500
(1,000-5,000)

ENGINE MONITOR-

2,000

2,000

2,000
(1,000-~5,000)

2,500
(1 :500"55000)

2,500
(1,500-~5,000)

ING SYSTEM (1,000-5,000) f(1,000~5,000)

CLEAR AIR 2,000 2,000 2,500 3,000 3,000
TURBULENCE (1,000-3,000) §(1,000-3,000) |(1,000-5,000) |(1,000-5,000) (1,000-5,000)
DETECTOR

PROXIMITY 1,000 1,500 1,500 . 2,000 2,500
WARNING (500-3,000)  §(500-5,000) {(500-5,000)  l(1,000-5,000) (1,000-10,000)
INDICATOR -

VLF AND/OR OMEGA

NAVIGATION

1,500
(1,000-2,000)

1,500
(1,000-2,000)

1,500
(1,000-2,000)

1,500
(500-3,000) .

1,500
(500-3,000)

AUTOMATIC ALTI-
TUDE SENSING
AND REPORTING

3

1,000

(500-3,000)

1,000
(500-5,000)

2,000
(500-5,000)

WEATHER RADAR
(INCLUDING
TLM MODULE)

1,500
(500-2,000)

1,500
(500-2,000)

1,500
(500-2,000)

2,000

(1,000-5,000)

3,500
(2,000-5,000)

RNAV/YNAV/TNAY

2,000
(500-5,000)

2,000
(500-5,000)

2,000
(500-5,000)

2,000
(500-5,000)

2,000
(500-5,000)

AIR DATA SYSTEM

1,500
(500-2,000)

2,000
(1,000-5,000)

2,000
(1,000-5,000)

3,500
(2 ,000“5,000)
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‘APPENDIX

DESCRIPTION OF' SELECTED DSC GENERAL .AVIATION PROJECTS

Forecast Model of General Aviation Aircraft Production and
Fleet Size

In the Fall of 1970, Decision Sciences Corporation conducted an

“1n-depth study of the general aviation industry which had, as its
"prlme ochjective, the identification and measurement of the size

and structure of the general aviation market during the time frame
1971-1980. In this strategic base study, DSC conducted an ex-
haustive analysis and investigation of general aviation via personal
interviews, analysis of secondary material, and quantitative anal-
ytical techniques to establish a framework for a sophisticated
structuring by aircraft user types and to forecast future fleet

size and growth by type of aircraft.

As a result of this effort, we were able to develop an in-depth
measurement of the size and growth of each of the various segments
of the market for the time frame 1971-1980, and identify the
sectors' requirements and expenditures for aviation products

and services.

In order to accomplish this program, it was necessary to develop

and implement a sophisticated, comprehensive model which could

be used as a predictive tool to forecast the future size and rate

of growth of the general aviation industry. This-model, shown in

schematic form in Figure 2, establishes a base trend line as the

initial basis from which to measure the integral rate of change

oxr value of general aviation shipments. In addition, the model

calculates the effect of various classes of environmental factors

on the size and growth of the general avidtion fleet. Included

in this analysis of environmental factors are:

® Cost Factors Exclusive of Inflation - These factors

comprise such elements as the effect of regulations

"» which require greater training for pilots, on-board
equipment and aircraft, increases of costs to maintain
aircraft, and other peripheral costs.

FPacilities Available - These factors include not only
airports, but also-airports of different kinds and varied
capabilities. Also included are navigation and communl—
cation facilities..

Airmen and Demographic Data - These factors deal with
the number of students entering into training programs,
the number of students graduating from these programs,
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the number of licensed pilots, and the level of training
of pilots. Also included. are factors relating to' growth
in certain segments of the population.

° External Factors - These factors include the effect of
activity by airlines on the general aviation industry.

In summary, Decision Sciences Corporation has developed a

unique analytical tool which has proven to be extremely accurate
in measuring the size and rate of growth of general aviation
fleet by discrete aircraft user segments including:

° Alircraft type, i.e.

- Light single-engine aircraft
- Medium single~engine aircraft
- Heavy single—engine aircraft
- Light twin-engine aircraft

~ Medium twin-engine aircraft

- Heavy twin-engine aircraft

- Jets

¢ (Class of aircraft owner/operator, i.e., -

- Strictly pleasure

~ Leisure travel

- Pleasure/business

-~ Business

~ Corporate executives

Opportunities for Communication and Navigation Egquipment
in General Aviation Alircraft

DSC carried out a comprehensive definition and delineation of
the needs and requirements of general aviation aircraft for
navigation and communication eguipment during the 1970's. A
detailed estimation of market size and growth rates; competitive
activities; customer needs and reguirements; customer attitudes
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toward competitive avionics firms; state-of-the-art; estimated
market share; and marketing and distribution alternatives

necessary for success were included as part of this study
effort.

New Navigation Product Study for General Aviation Aircraft
and Commercial Aircraft

For a major electronics firm, DSC carried out a comprehensive
market study of a new navigation product-concept this organization
had in its planning stage. This product contained a number

of very unique characteristics and was a major breakthrough in
product development in the navigation field. To accomplish
this assignment, Decision Sciences clearly identified the
sectors of the market with the highest potential for this product,
evaluated product design alternatives, and recommended appro-
priate strategic .and tactical marketing actions to successfully
penetrate the market.

After-Sales Service Suppoft Activities Required for General
Aviation Avionics

Under contract to one of the largest electronics manufacturers
of general aviation avionics in the United States, Decision
Sciences Corporation carried out a major study of an optimum
after-sales service support network required to adequately
service its customers and provide maximum interface with ground
service operators, This study involved an investigation into
the technology and methods of operation relating to avionics
service activities, and focused in on the entire spectrum of
emerging requirements to support fixed-base operations and
avionics dealerships. Included in this study was a comprehensive
state~-of~the—-art survey of existing and emerging product test
equipment, data flow and interface between the avionics dealer,
the customer, and the electronics manufacturer.

Prospects for Electronic Equipment Sales into the General
Aviation Industry During the Time Frame 1973-1985

DSC recently completed a large-scale investigation of the market
for electronic equipment (ground and airborne) in the general
aviation industry during the '70's and '80's. This study pro-
vided comprehensive insights to allow a major electronics man-
ufacturer to gain an in~depth understanding of the cbstacles,
opportunities, and competitive environment which are faced in
this industry. In addition, DSC provided a detailed delineation
of specific product needs and requirements which must be pro-
vided to the market in the next five years by market sector.
Product needs were defined according to logical decision-oriented
customer groupings, leading to recommendations dealing with:
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Product features and option requlrements in order of
importance to customers

° Competitive share-of-market estimates

® . Competitive product characteristics including
strengths and weaknesses

° Competitive pricing and marketing strategies
©° Estimated sales and profit potentlals

Navigation and Communication Requirements for Small'
Single~Engine Aircraft

DSC carried out a comprehensive identification of the marketing
opportunities and product needs of small single-engine aircraft.
This program provided a clear delineation of product and market
opportunities available in this area, and a comprehensive
appraisal of the competitive environment. It included a fore-
cast of the size and growth of the market during this time frame,
and an identification and breakdown of product needs: and re-
gquirements. In this program, we completed a comprehensive

appralsal of the environment to provide a detailed 1dent1flcatlon
of:

¢ Competition and its products

° Eguipment needs which are not currently belng
satlsfactorlly met

° Industry technological developments and
marketing trends

° Market size potential and share-of-market
estimates-

°® Federal regulatory ¢limate

General Avionics Distribution Study

This study investigated the current distribution channels for
avionics and general aviation equipment servicing the general
aviation fleet. The client was provided with a ‘clear delinea-
tion Of the present and emerging needs of the pilot population
regarding avionics and a projection of ‘the technological change
that will be required by federal regulatory agencies in regard

‘to both airborne and ground equipment in the 1970's., Addition~

ally, the client, a major avionics manufacturer, was provided
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10.

with a distribution system best suited to maximize its market-
ing efforts and increase profits. This study not only developed
a logistics and distribution plan, but also recommended alterna-
tives for meeting current and future problems.

Opportunities for Independent Landing Monitors in General
Aviation

DSC conducted this product evaluation study in which a relatively
new technology was analyzed to assess its applicability to
general aviation. The study evaluated the product, assessed

potential competition (both technological and product competition),

identified opportunities and constraints for market penetra-
tion, and developed a strategic business plan to determine
financial feasibility and market potential. Demand curves
were developed to establish levels of unit sales for different
product configurations at various prices.

General Aviation Forecasting Model

As part of a multi-client study, Decision Sciences Corporation
developed a general aviation forecasting model that projected
not enly aircraft and avionics demand for three-, five-~, .and
10-year periods into the future, but also provided detailed
projections with respect to:

° OBM avioniecs installations

°® Retrofit avionics installations

° Aircraft distribution avionics installations

® Ajrcraft dealer avionics installations
These estimates were developed-in terms of both dollar expendi-
tures and unit sales. Projections were made for major classi-
fications of avionics including NAV/COM, ADF, DME, transponder,
and autopilot systems.
Industry activity, i.e., entry and exit of avionics firms,
dollar sales for both aircraft and avionics, pilot buying
patterns, economic indices, technological state-of-the-art,
and the regulatory environment were all variables in the mode®
which has proved to be extremely accurate.

Analysis of General Aviation Customer Buying Patterns

DSC carried out a study analyzing the general aviation avionics
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buying patterns of pilots. Pilot customers were surveyed
utilizing a variety of marketing research approaches including
mail and telephone surveys and consumer preference panels.
Avionics preferences and needs were determined for aircraft
owners of single-engine, twin-engine, and jet general aviation
aircraft. General aviation avionics expenditures were assessed
by customer segments that included executive transportation,
pleasure flying, business flying, commuter airlines, and air-
frame dealers.

Profiles weré developed for the various segments identifying
current and emerging regquirements for general aviation avionics.
Also evaluated in this study were the buying influences of air-
craft owners for particular avionics. These influences included
such factors as avionics dealer influence, cost of the product,

product availability and convenience of purchase, brand knowledge,

product reliability and product reputation.

Opportunities for Technical Services in Southeast Asia

Part of a study completed by Decision Sciences Corporation for
a major U. S. company was related to the requirements for tech-
nical operations and maintenance services for both ground and
airborne avionics equipment in Southeast Asia. The study con-
tained an assessment of the potential market and strategic and
tactical considerations and recommendations for market entry
based on the nature of the requirements, the sources of avail-
ability of funds to fulfill these requirements, and on an eval-
uation of the competitive environment in the various countries.

Study of the Opportunities for a New Design of a General
Aviation Aircraft

DSC carried out a study for a general aviation aircraft manu-
facturer to determine the marketing opportunities for a newly
designed aircraft. This involved a radical innovation in air-
craft design .and performance characteristics. In order to
effectively develop answers to this issue, DSC conducted in-
depth personal interviews with aircraft owners and operators,
as well as with aircraft dealers throughout the country.

Analysis of the General Aviation Requirements for the 1980's

The primary objective of this project was to provide a frame-
work and structure to support NASA in planning for its avionics
research and development efforts. Thus, the chief aim of this
program was to identify areas where substantial contributions
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could be made toward the design and operation of avionics for
future U. S. general aviation aircraft. To support this
general goal, the following subordinate objectives were met:
° Developed a complete definition of the present general
aviation market and provided forecasts of future

markets for general aviation systems through the
period 1985

Estimated the future demand for avionics equipment as
a function of cost and the effect of demand on cost/

price for given types of avionics equipment and
products

Identified emerging requirements due to new aircraft,
regulations, and a generally changing aviation
environment

Identified major problem areas and constraints to
growth to general aviation and related them to
avionics systems and equipment

Identified potential technological advances in
avionics systems

Forecasted the probable impact from this study including
the economic, social, and general benefits to be derived

Decision Sciences Corporation General Aviation Avionics
Data Base

Decision Sciences Corporation has assembled a comprehensive
data base in the general aviation avionics market. This data
base includes results of over three man-years of both secondary
and primary data collection involving interviews with every
major manufacturer of general aviation aircraft and general
aviation avionics, and includes the results of comprehensive
mail surveys and direct personal interviewing efforts with

over 4,000 U.S. pilots and 1,500 fixed base operators and 500
avionics dealers. The DSC general aviation avionics data base
is summarized in Figure 3.
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FIGURE 3

DSC_GENERAL AVIATION AVIONICS DATA BASE

Tﬁ DATA

FORMAT

TIME PERIOD

SCURCE 1

GENERAL AVIATION AIRCRAFT
DELIVERIES

GENERAL AVIATION AVIONICS
EXPENDITURES

GENERAL AVIATION AIRCRAFT
FLEET SIZE

GENERAL AVIATION AIRCRAFT
FLEET COMPOSITION

AVIONICS DEALER ATTITUDES AND
OPINIONS

ATRCRAFT OWNER BUYING HABITS
AND PATTERNS

ATRCRAFT OWNER ATTITUDES
TOWARD AVIONICS AND SERVICE

TMPACT OF ENVIRONDIENTAL FORCES
ON GLNLRAL AVIATION AIRCRAFT
AND AVIOHICS

AVIOHICS PRODUCT AHD SYSTEMS
IHSTALLATION DATA

PRODUCT DESIGH AND FEATURES
STUDIES, SALES ESTIMATES AND
PRICE/DEHAND ELASTICITY
ANALYSIS

ANNUAL DELIVERIES, BY A/C
‘CLASS, BY .USER CATEGORY

ANNUAL EXPENDITURES FOR.
AVIONECS, BY EQUIPMFNT CLASS,
FOR OEM AND RETROFIT

TOTAL FLEET SIZE, BY CLASS OF

A/C

BY TYPE AIRCRAFT, BY USER

CLASS

ATTITUDES TOWARD EQUIPMENT
AND MAHUFACTURERS

BY USER CATEGORY AND AIRCRAFT
TYPE

USER CATEGORY AND AIRCRAFT
TYPE

TECHROLOGICAL, POLITICAL,
ECONOMIC, SOCTAL

AVIONICS FUNCTIONS BY CLASS
OF AIRCRAFT AND USER CATEGORY

DISTANCE MEASURING EQUIPMENT
THF NAV/COM

ADF

TRANSPONDERS

AUTOPILOTS

AUDIO PANELS

SINGLE SIDEBAND RADIDS

AREA NAVIGATION

VLF NAVIGATION

WEATHER RADAR

PERSPECTIVE RADAR

LOW FREQUENCY BEACONS

DATA LINK COMMUNICATIONS
COLLISION AVOIDAMCE SYSTEMS
SATELLITE COMMUWICATIONS
MLS SYSTEHMS

INTERIM IiLS SYSTEMS
PRECISIOR VOR

VISUAL ILS

WEIGHT & BALANCE VONITORS
SAFE-FLIGHT EVALUATOR
INTEGRATED NAV
AIR-TO-GROUND TELEPHOHES
POWER & SPLED CONTROL DEVICES

1971-1985

1971-1985

1971-1985

1872-1975

1872-1973

19873

1973

1973-1978

1873

1971-1978

DSC AIRCRAFT FORECAST-
ING MODEL

DSC AVIONICS FORECAST-
ING MODEL

DSC GEHERAL AVIATIOH
AIRCRAFT FORECAST
MODEL

R
H

DATA
0Ts; 1,500
EALE

I
ERS §

>~
— B0

€ SURY
,000 P
RFRAME

Or-

DSC SURVEY DATA
(500 DEALERS)

DSC SURVEY DATA
{2,500 PILOTS)

DSC SURVEY
PIL

BA
(2,50 0TS

TA
S)
DSC ENVIRORMENTAL
STUDIES .

DSC SURVEY DATA )

£2 ,000 PILOTS; 1.500
IRFRAME DEALERsi

DSC SURVEY DATA
(BASED ON INTERVIEWS
WITH OVER 2,000
PILOTS, 1,500 AIRFRAME
DEALERS, AND 500
AVIONICS DEALERS)
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