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Traf f ic  A ler t /Col l is ion  Avoidance System (TCAS)  wi l l  prov ide  both  v isua l  and aura l  a ler ts  to  the  p i lo t .

ing systems could be installed at entrances to ma-
jor runways to augment runway clearances from
ground controllers. More air traffic controllers for
tower operations would be needed to operate the
lights. A system of in-pavement stop-bar lights and
above-ground signal lights will be tested on 14 run-
way entrances at JFK Airport (approximately one-
quarter of the airport entrances) during 1988. The
cost of equipment and installation for the lighting
will be about $600,000, but a similar installation at
most other major airports would be much more ex-
pensive, because, unlike most airports, JFK already

has a static bar light system at entrances to runways.
Third, training for pilots and controllers on prevent-
ing runway incursions could be increased.

For the longer term, work now underway at the
FAA Technical Center on sign readability under
very low visibility conditions deserves continued sup-
port. Also, more advanced sensors for detecting traf-
fic on the airport surface could be developed, along

with improved displays for controllers and devel-
opment of procedures that permit monitoring of the
displays as part of a reasonable workload.
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Figure 7-5.-Locations of Airport Surface Detection Equipment Radars

HI

NOTE: The ASDE in Anchorage, Alaska is more sophisticated than the systems at the other locations

SOURCE: Federal Aviation Administration.

COMMUNICATIONS

Ground-to-air communications systems are used
to transmit ATC, weather, maintenance, and air-
line administrative information. Existing commu-
nications systems include many types: voice and data
systems, one-way and two-way systems, and both
government and private-owned systems. Analyses
have shown that communication problems are sig-
nificant sources of system safety vulnerability. For
example, FAA reports that controller communica-
tion with pilots and other controllers was the sec-
ond most frequent cause of operational errors at
ARTCCs and third at TRACONS.40 The process—

wu s Department of Transportation, Federal Aviation Adminis-. ,
tration, Office of Aviation Safety, Profile of Operational Errors in the
National Airspace System, Calendar Year 1986 (Washington, DC: No-
vember 1987), p. 4-55.

of communication between ATC and the aircraft
crew is also a significant problem according to
the National Aeronautics and Space Administra-
tion’s (NASA) Aviation Safety Reporting System
database. 41

The very-high frequency (VHF) voice system link-
ing pilots to FAA ground facilities is a government
system primarily used to transmit ATC and weather
information, and for flight plan processing. The
voice link between pilots and ATC facilities is also
the final backup in case all computers or radars fail.

+( David c. Nage],  Chief, Aerospace Human Factors Research Divi-

sion, National Aeronautics and Space Administration, letter to OTA,
Jan. 26, 1988.
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An air traffic controller can operate with multiple
frequencies, and may have as many as 30 pilots on
one frequency. When many pilots are on the same
frequency, each must wait for a gap in communica-
tions with the other pilots before transmitting a mes-
sage, slowing communications in busy airspace.
While air traffic controllers are required to issue
windshear advisories, they provide weather forecast
information only as their higher priority functions
of separating aircraft and issuing safety alerts allow.
Nineteen percent of controllers responding to a 1985
GAO survey reported they often declined to pro-
vide weather information to pilots when working
peak traffic periods. Another 34 percent said they
occasionally decline to give weather advisories.42

Air/ground communications is the weakest link in
transmission of weather information from sensors,
observers, or meteorologists to pilots in flight.

One advantage of having many pilots on the same
frequency is that all the pilots on the frequency can
hear the messages transmitted and received by other
pilots. For example, pilots may transmit pilot reports
about weather or runway conditions over the VHF
voice link. Other messages that are important to pi-
lots on the “party line” include altitude assignments,
ATC clearances, and communication frequency
changes.

Radio-frequency failures are less common now
than in the past for the ground-based VHF voice
link, because most of the aging equipment in the
field has been replaced by modern, solid-state equip-
ment, including standby equipment in case the pri-
mary equipment fails. Nowadays, when a failure oc-
curs, it is more likely to be caused by problems with
the leased telephone lines that connect ATC facil-
ities to transmitters and receivers in the field. The
national reliability for en route ground-to-air com-
munications, including both FAA equipment and
interconnecting links for fiscal year 1987 was 99.6
percent, up from 99.1 in fiscal year 1978.43 Because
a frequency can be blocked if a microphone is stuck
in the transmit position, the Radio Technical Com-
mission of America is currently developing stand-
ards for devices to alert pilots when this problem

occurs. When completed, the standards could be
used as a basis for an FAA regulation requiring
stuck-microphone alerters in aircraft. Short-term
R&D to determine and validate improved ways to
utilize analog voice links could enhance current
methods.

The government also operates broadcast voice
links for transmission of weather and other infor-
mation to pilots. Services include the Hazardous In-
Flight Weather Advisory Service, which is broad-
cast from selected navigation stations, and the Auto-
mated Terminal Information Service (ATIS). ATIS,
which is broadcast from navigation stations located
on or near airports, is a continuous broadcast of
recorded non-ATC information. ATIS relieves air-
port tower controllers from having to provide cer-
tain environmental and runway use information to
individual pilots.

VHF radio has limited range, so it cannot be used
for transoceanic flight. Instead, high-frequency (HF)
radio is used. However, HF communication is not
very reliable and long delays sometimes occur be-
fore messages can be received. Over land, the sec-
ondary surveillance radar system, described later in
more detail, communicates altitude data and a code
number assigned by ATC for each aircraft from air
to ground.

Aeronautical Radio, Inc. (ARINC), a cooperative
owned by over 50 airlines and aviation-related com-
panies, owns and manages the ARINC Communica-
tions Addressing and Reporting System (ACARS),
a terrestrial digital data link for use by airlines.
Nearly 75 percent of the commercial fleet is equipped
with ACARS, which provides continuous coverage
above 20,000 feet in the United States and on-
ground coverage at 95 principal airports.44 ACARS
is used primarily for aircraft operational control and
administrative communications, as well as for auto-
matic aircraft reporting, such as allowing an aircraft
with a system/servicing problem to alert mainte-
nance to have appropriate resources waiting at the
airport for its arrival. Weather information prepared
by airlines is also transmitted over ACARS, most
of it in textual format,45 although Northwest Air-

‘~U.S. Congress, General Accounting Office, Aviation Weather:
Status of FAA New Hazardous Weather Detection and Dissemina-
tion Sysrem,  GAO/RCED-87-208  (Washington, DC: September 1987).

~)wayne  ]. Bar]ow, director, Northwest Mountain Region, Federal
Aviation Administration, letter to OTA,  Dec. 22, 1987.

44R A Pickens,  vice president, Engineering, Aeronautical Radio,
Inc., ~et~er  to OTA, July 30, 1987.

+5Rick  Hambly,  chief  of ACARS  section, Aeronautical Radio, Inc.,
personal communication, Aug. 24, 1987.
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lines transmits graphical weather information to pi-
lots of its Boeing 757 aircraft over ACARS.46

ACARS is nearing capacity in the northeastern
part of the United States, so ARINC has been devel-
oping an upgrade. Enhanced ACARS (EACARS)
will use up to six separate frequency channels, in-
stead of the single channel of the current system,
and will be capable of transmitting at a higher bit
rate than ACARS. In addition, the data will be en-
coded in a format more compatible with transmis-
sion of graphical information.47

Other privately-owned communication systems
used by commercial aviation include the company
radio systems of airlines. Northwest Airlines has an
eight-frequency analog radio system, over which it
transmits graphical weather information to pilots,
using audio tones.48

Two fundamentally new types of communications
systems are currently being developed for aviation
use: the government’s Mode S data link and indus-
try’s satellite communications systems. The expected
proliferation of digital communications links raises
the possibility of coordinated development to pro-
vide air/ground communication that is more relia-
ble and has better coverage and capacity than any
of the individual links.

The Mode S data link, part of the NAS Plan, is
a subsystem of the Mode S secondary surveillance
radar system. Mode S interrogations can be ad-
dressed to individual aircraft, and the signal format
allows bursts of data to be transmitted from the
ground on interrogations and from aircraft on re-
plies. Thus, if an aircraft is equipped with a Mode
S data link transponder, two-way air/ground com-
munication is possible.

Future plans include integrating Mode S data link
with the Advanced Automation System to provide
digital communications between controllers and pi-
lots, as well as weather information through other
interfaces. For the near term, however, a relatively
limited set of functions is planned, including fairly
simple weather messages, pilot advisories, and con-

firmation of assigned altitudes and communication
frequencies. 49

Mode S implementation is expected to proceed
in two phases, with installation of Mode S second-
ary radars on the ground sufficient to provide nomi-
nal coverage down to 12,500 feet above mean sea
level in the United States and down to the surface
of major airports by 1992 as the first phase. Phase
two will involve installation of more Mode S sec-
ondary radars on the ground to provide coverage
down to 6,000 feet in the United States by 1994.

Mode S data link is robust because of its decen-
tralization and because adjacent ground radars often
have overlapping coverage. However, it is basically
a line-of-sight system, likely to have coverage gaps
near the surface of airports and in mountainous re-
gions, although some additional coverage could be
provided by installing extra omnidirectional an-
tennas at airports. Moreover, Mode S will not pro-
vide oceanic coverage and is inefficient for broad-
cast communications, because messages can be
received only by aircraft within the main antenna
beam of the interrogator (with, perhaps, some ex-
ceptions). In addition, information currently avail-
able to pilots over the VHF voice party line will be
lost with Mode S data link and other discreetly ad-
dressed communications systems, unless special pro-
visions are made to transmit that information.

INMARSAT, an international consortium that
operates a global satellite system for mobile com-
munications, is working with three groups, includ-
ing ARINC, to develop aviation satellite services,
mainly for oceanic travel.5o If disputes over fre-
quency allocation can be resolved, the services could
be used by U.S. airlines for oceanic ATC, aircraft
operational control, and administrative communi-
cations, as well as for passenger phone calls in flight,
an economically attractive use. Satellite communi-
cations systems are relatively expensive to use. More-
over, if all types of aeronautical communications are
in the same frequency band, a system must include
a feature to override passenger or administrative
communications should a safety-critical message

‘John Dietrich, Meteorology Department, Northwest Airlines, per-
sonal communication, Aug. 24, 1987.

47 Hambly, Op.  Cit., footnote 45”
48Dietrich,  op. cit., footnote 46.

4~oseph  Fee, Federal Aviation Administration, personal communi-
cation, Sept. 15, 1987.

~im Clark, Aeronautical Department, Service Development Office,
INMARSAT,  personal communication, Jan. 6, 1988.
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need to be sent. However, a satellite system would
provide reliable coverage to the ground over a wide
area on the Earth’s surface, including oceans, and
would be less subject to coverage gaps due to ob-
structions and multipath effects than terrestrial
systems.

The complementary strengths and limitations of
Mode S data link, satellite communications systems,
and ACARS, point to the value of an integrated
approach to aviation communications. Presently,
FAA is developing compatibility standards for ground-
to-air digital communications systems, using the
Open System Interconnection (OSI) model devel-
oped by the International Standards Organization.
The OSI model, which has been applied in the past
to ground-to-ground communications systems, de-
fines communications systems in terms of univer-
sal levels which may be common to more than one
system. Ideally, if digital communications systems
are standardized and integrated, aircraft will not
need dedicated hardware for each system. More im-
portantly from a safety standpoint, a pilot could send
a message without specifying a particular commu-
nications system, and the integrated system would
choose the system based on coverage, capacity, and
other considerations. Thus, the integrated system
would have more coverage and greater reliability
than any individual communications system. Al-
though FAA is developing Mode S standards based
on the OSI model, and EACARS and the ARINC
satellite system are similarly based,51 FAA and in-
dustry have not yet decided to actually attempt to

integrate the communications systems. The integrated
system concept for air/ground communications sys-
tems has attracted the interest of both government
and industry representatives on International Civil
Aviation Organization committees.52

Although digital communications links hold great
promise for the future, they will not replace the cur-
rent air/ground analog voice communications links
as the primary system for real-time ATC and
weather information until at least well into the
1990s. A great deal of work is still needed to estab-

‘*Rick HambIy,  chief of ACARS  section, Aeronautical Radio, Inc.,
personal communication, Sept. 18, 1987; Walter J. Gribbin,  Aeronau-
tical Radio, Inc., “AvSat,  An Aeronautical Satellite Communications
System,” unpublished manuscript, n.d.

5~Earnest  Lucier, Federal Aviation Administration, personal com-
munication, Sept. 16, 1987.

lish and validate a workable set of services for the
digital links, and to implement an integrated sys-
tem into commercial aircraft cockpits and into
ground systems. issues of what information to trans-
fer over data links, when to transfer it, and to whom,
have not been resolved.

Navigation

Navigation systems help the pilot determine po-
sition with respect to points on the ground. instru-
ments on board aircraft use signals from navigation
aids or from inertial navigation/reference systems
on board to show aircraft position on a display such
as a horizontal situation indicator. inertial naviga-
tion systems may include special-purpose computers
that provide precise Earth latitude and longitude,
ground speed, course, and heading. integration of
navigation systems with automatic pilot allows auto-
matically controlled flight and landings under low
visibility conditions. Using the most advanced in-
tegrated navigation/automatic pilot systems now
available, a pilot could, in principle, fly an airplane
automatically from takeoff to landing, except for
control of the landing gear, flaps, and engine
reversers.

The NAS Plan includes implementation of MLS
to replace the current ILS. MLS has several techni-
cal advantages over ILS, because it is not suscepti-
ble to unintentional signal reflections from struc-
tures or terrain on or near the airport, and it
operates at a frequency band that can accommo-
date more locations than ILS. MLS can provide
signal-in-space accuracy exceeding the requirements
of Category III ILS (the most stringent require-
ments). However, initial MLS units will operate only
at Category I, whereas some ILS sites now operate
to Category III. MLS can be implemented on run-
ways near water or in mountainous terrain where
ILS cannot be used effectively, and is operationally
compatible with heliports and future tilt-rotor land-
ing areas, which ILS is not. Finally, MLS allows
curved and segmented approaches to runways, al-
though curved and segmented approaches at many

airports will be restricted by operational and noise
constraints. MLS may increase the capacity of some
airports and reduce the communications load on
air traffic controllers. However, control of a mixed
population of MLS and ILS traffic will be difficult,
so most aircraft flying into an airport would need
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to be equipped with MLS avionics to realize the
maximum capacity gain.53

The Loran-C navigation system, which gives bear-
ing relative to radio beacon transmitters, has become
more popular as a low-cost navigation system with
many pilots, and its coverage is being expanded to
include the Midwestern United States. However,
Loran-C does not offer redundant coverage in all
areas; the loss of a single transmitter means that
many aircraft over a wide area lose Loran-C navi-
gation capability. By 1991, however, a satellite-based
navigation system, the Global Positioning System,
deployed by the Department of Defense, should be
operational, and could be used in conjunction with
Loran-C to provide redundant coverage. Such re-
dundant coverage could encourage development of
new surveillance concepts based on automatic po-
sition reports from aircraft in areas not covered
adequately by surveillance radars.54 Automatic po-
sition reports would allow much more accurate sur-
veillance of en route oceanic traffic, enhancing air
traffic system capacity over oceans.

Surveillance

Two types of surveillance radars detect the posi-
tions of aircraft for presentation to air traffic con-
trollers. Primary radar sends out a beam of radio-
frequenc y pulses and measures the distance to air-
craft targets by the time it takes to receive the re-
turn pulses reflected from the metal surfaces of the
aircraft. Secondary radar sends out pulse-coded in-
terrogations on a radio-frequency beam, which are
received by transponders on board aircraft. The
transponders reply to each interrogation with a
coded response. The replies can be encoded with
altitude or identification information. This system
of ground interrogators and airborne transponders
is known as the Air Traffic Control Radar Beacon
System (ATCRBS).

Both primary and secondary surveillance radar
systems will be upgraded under the NAS Plan.
Aging radars at 96 major airports will be replaced

‘]National Aeronautics and Space Administration and Stafford, op.
cit., footnote 10; Joseph M. DelBalzo,  director, Eastern Region, Fed-
eral Aviation Administration, “MLS Today for More Capacity and
Less Noise Tomorrow,” presentation at Royal Aeronautical Society,
London, February 1988,

‘+ Federal Aviation Administration, op. cit., footnote 20, pp. 6-16
through 6-18.

by the ASR-9 radar, which offers improved target
and weather detection capabilities that do not ex-
ist in the current airport radars. The more modern
airport surveillance radars (ASR-7s and ASR-8s) al-
ready at airports will be transferred from airports
receiving ASR-9s to smaller airports. Many en route
surveillance radars along the boundaries of the
United States will be replaced by the ARSR-4, which
is being developed by FAA and the Air Force. The
current ATCRBS secondary surveillance radar sys-
tem will be replaced by Mode S, which also func-
tions as a communications system. Overall, these
upgrades in surveillance capabilities will improve the
accuracy of surveillance and increase the reliability
of the system, as well as provide better weather and
ATC information to pilots.

Photo credit: Westlnghouse Electric Co.

The first production system of the ASR-9 Airport
Surveillance Radar undergoing test at Baltimore-

Washington Airport
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WEATHER TECHNOLOGIES AND TRAINING

The types of weather of most concern to commer-
cial aviation pilots are: current and forecast surface
conditions, convective weather and associated pre-
cipitation and turbulence, clear air turbulence, ic-
ing, winds aloft (although this is rarely a safety fac-
tor), and windshear near the surface. Windshear
near the surface is particularly significant because,
over the past 10 years, windshear contributed to
almost one-half of all fatalities resulting from com-
mercial aircraft accidents during takeoff and landing.

Weather technologies include weather sensors,
technologies for data interpretation, message formu-
lation and display, and communications technol-
ogies. Other technologies deal with the effects of
weather, such as de-icing technologies (which are
discussed in chapter 8). Some weather technologies
are entirely contained within the aircraft, and others
are ground-based, with perhaps a ground-to-air com-
munication link to relay the information to the pi-
lot. Many technologies that address weather also
have other functions.

Several generic types of weather sensors are com-
mercially available for use on the aircraft, includ-
ing weather radar, sferics (atmospherics) detectors,
and windshear warning systems. Weather radar pre-
sents to the pilot radio-frequency reflectivity levels,
which suggest precipitation rate, on a map display.
Since turbulence is typically a greater hazard to air-
craft than precipitation, methods have evolved for
using reflectivity data to infer the probable existence
of turbulence, Some newer models of airborne
weather radar include a Doppler channel for direct
detection of turbulence. From the standpoints of
engineering approach and use in the cockpit, Dop-
pler radar remains a developing technology.

Neither conventional nor Doppler airborne ra-
dar is capable of reliably detecting clear air turbu-
lence, which may appear separate from storms or
in the vicinity of storms. Also, airborne weather ra-
dars may be attenuated by nearby precipitation or
by ice on the radome, although some newer models
have a feature that warns pilots when signals are
being attenuated. For these and other reasons,
proper use of airborne weather radar is by no means
straightforward and requires training and experience
on the part of the pilot.

Sferics detectors passively detect electrostatic dis-
charges in the atmosphere. The presence of dis-
charges suggests convective activity where turbu-
lence may be present. Sferics detectors derive the
range of detected weather statistically from the
strength of received signals. As such, the range of
detected weather may be significantly in error. The
output displays of both weather radar and sferics
detectors may be integrated with the horizontal sit-
uation indicator in cockpits equipped with CRT dis-
plays, so that the pilot sees weather in relation to
navigational aids, waypoints, and intended route
of flight on a display.

Federal regulations require weather radar for Part
121 operators55 and for Part 135 operators when
operating large, transport category aircraft.56 Smaller
aircraft with at least 10 passenger seats must carry
approved thunderstorm detection equipment; 57

these aircraft may carry an approved sferics detec-
tor instead of weather radar.

Windshear

Windshear warning systems use the performance
of the aircraft itself as a sensor of conditions that
indicate the presence of a potentially dangerous
windshear. Of all the possible types of windshear,
the microburst is usually the most dangerous, and
windshear warning systems are optimized to detect
the microburst. Visual and audible alarms sound
when performance of the aircraft suggests the pres-
ence of a windshear. Newer models of windshear
warning systems can provide guidance to assist the
pilot to escape the windshear, and the warning sys-
tem can be coupled to the aircraft’s autopilot to
automatically execute procedures to escape the
shear. The weakness of current windshear warning
systems is that the aircraft must already have en-
tered the windshear to detect it; this may be too
late to escape the most severe shears. Detecting
windshear conditions prior to entry represents a sig-
nificant technological and economic challenge to the
aviation industry.

5514  CFR 1.21.357  (Jan. 1, 1987).
5614  CFR 135.175 Uan. 1! 1987).

5714  CFR 135.173 (Jan. 1, 1987).



Windshear warning systems are not currently re-
quired in aircraft; however, a recent Notice of Pro-
posed Rulemaking would require windshear warn-
ing with flight guidance for Part 121 aircraft, along
with training for pilots, and training in windshear
avoidance and escape for pilots of Part 135 opera-
tions. 58 Many airlines include simulator windshear
training to alert flight crews to the indications of
incipient windshear and to help them in control-
ling the aircraft so as to retain sufficient power dur-
ing escape/avoidance maneuvering.

Because of the many subtleties in the use of cock-
pit weather sensors, and because of their inherent

5852 Fe&raj Register 20559-20571 @ne 1, 1987).

limitations, adequate, appropriate training is essen-
tial for their proper use. The training must involve
instruction in the actual use of the equipment, as
well as recognition of visual cues for dangerous
weather conditions, such as windshear. FAA spon-
sored joint industry/government development of a
windshear training program, called Windshear
Training Aid. Completed in February 1987, the pro-
gram represents the consensus of airlines, manufac-
turers, pilots, the research community, and govern-
ment regulatory and safety agencies. The training
program is part of the Integrated FAA Wind Shear
Program Plan.59

5“E.A.  Kupcis,  “Windshear Training Aid,” Boeing Airliner, July-
September 1987, pp. 2-7.
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Although windshear training is receiving increased
attention at this time, training programs for use of
weather information in the cockpit are believed by
some experts to be inadequate. m 1n particular,
many airlines provide minimal pilot training in the
use of information such as that available from air-
borne weather radar. The situation has become
more acute as airlines have cut staff and are less
equipped to offer professional meteorological help.

National Weather Service

FAA, the National Weather Service (NWS), and
some commercial organizations are involved with
detecting weather, interpreting the information, and
communicating the information to pilots and FAA
field personnel. The NWS Aviation Services Branch
is in charge of providing aviation weather informa-
tion, and relies on FAA to stipulate the require-
ments for the information, Airlines, as well as FAA,
use information provided by NWS for functions
such as pilot briefings.

NWS operates ground sensors on airports (FAA
also operates ground sensors on airports; in fact,
more than NWS), 61 Geostat ionary Operat ional
Environmental Satellites (GOES), upper-air sound-
ing devices, and Weather Service Radars to sense
weather for aviation and other users. NWS meteor-
ologists interpret information from the sensors to
produce products specifically tailored to aviation
needs, such as Terminal Forecasts.

FAA operates Flight Service Stations (FSSs) to
provide preflight briefings and in-flight weather in-
formation over VHF radio primarily to general avia-
tion pilots, although Part 135 operators use FSSs
as well. FSSs are staffed by FAA personnel who are
not meteorologists, but who are specifically trained
and have access to information from NWS sources,
including GOES data, surface observations, and
forecasts produced by NWS meteorologists.

‘John  McCarthy, in U.S. Congress, Office of Technology Assess-
ment, “Transcript of Proceedings-OTA Workshop on Technology in
Commercial Aviation Safety,” unpublished typescript, July 1, 1987,
pp. 169-170.

C] Robert E. Brown, deputy director, Program Engineering Service,
Federal Aviation Administration, letter to OTA, n.d.

Air Traffic Control Role

Air traffic controllers in ARTCCs, TRACONs,
and airport towers are an important source of weath-
er information to commercial aviation pilots, al-
though when controllers are busy managing crowded
airspace, significant delays occur before weather in-
formation is relayed to pilots. Controllers currently

receive weather information from pilots in the form
of pilot reports, from the weather channel of the
en route surveillance radar (and in the future, from
ASR-9), from the Center Weather Service Unit
(CWSU) meteorologist located in each ARTCC,
from NWS products supplied directly to them, from
direct observation (in the case of tower cab con-
trollers), and from FAA’s Low Level Windshear
Alert System (LLWAS). The communication links
between the sources of weather information and
controllers are often primitive; CWSU meteorolo-
gists sometimes leave their CWSU stations to de-
liver messages by hand to controllers.

Automation and digital air/ground communica-
tions could reduce or eliminate the controller’s role
in the process of providing weather information to
pilots. However, controllers themselves need to be
aware of bad weather to anticipate when pilots are
likely to ask for deviations from their initial flight
plans, so they can manage the traffic situation bet-
ter. Traffic management controllers at ARTCCs
and, nationally, Central Flow Control controllers
need accurate weather information, so they can ad-
just traffic flows to the capacity of the system.

LLWAS is a system that employs wind vanes and
anemometers in the vicinity of an airport to gener-
ate windshear alerts for tower controllers, who are
supposed to broadcast the information to pilots un-
der their control. LLWAS was developed in the
1970s before windshear phenomena were under-
stood very well, and is optimized for detecting gust
fronts, which are relatively harmless to large aircraft,
rather than for detection of deadly microbursts.
LLWAS misses some microbursts because the sen-
sors are too widely spaced, produces many false
alarms, and its alarms are not timely enough to track
the rapid buildup and decay of most microbursts.62

6ZJohn  Mccarthy, National Gnter for Atmospheric Research, “TO
Improve the Detection of Hazardous Aviation Weather,” testimony

before U.S. Congress, House Committee on Public Works and Trans-
portation, Aviation Subcommittee, Oct. 2 and 30, 1985, pp. 23-61.
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Figure 7-6 plots windshear accidents and incidents
for transport category aircraft by year since 1964;
no statistical evidence shows that LLWAS has re-
duced the rate of incidence of windshear-caused ac-
cidents.

Weather Research and Development

R&D into windshear sensors falls into two catego-
ries, ground-based and airborne, and both categories
are being pursued by FAA as part of its integrated
Wind Shear Program Plan.63 Two ground-based
windshear detection technologies are being devel-
oped: an enhanced version of LLWAS and Termi-
nal Doppler Weather Radar (TDWR). Enhanced
LLWAS includes more sensors at each airport and
software changes to allow better and more timely
detection of microbursts. However even enhanced

S]u s DeP~rt~ent  of Transportation,  Federal Aviation AdrninlS-. .
tration, Integrated FAA Wind Shear Program Plan (Springfield, VA:
National Technical Information Service, April 1987).

Figure 7-6.—Windshear Accidents and Incidents
Before and After LLWAS Implementation

LLWAS cannot detect microbursts before they hit
the ground, which may be too late. TDWR may per-
mit early detection of microbursts, and could be
more reliable than enhanced LLWAS, although ob-
structions on or near the airport surface would limit
the coverage of TDWR. One major technological
challenge is to develop and validate computer al-
gorithms for automatic detection of microbursts with
TDWR.

Originally FAA planned to deploy TDWR at
about 100 airports, but the Office of Management
and Budget recently restricted the number to 44,
based on cost-benefit analysis.64 An integrated sen-
sor system consisting of both enhanced LLWAS and
TDWR may be the best choice at airports where
the windshear threat justifies deploying both, but
the problem of integrating the sensors to produce
a single message to pilots and controllers needs to
be solved. Another challenge is to develop a mes-
sage format and a reliable means of communication
of the information to pilots. A message format de-
veloped in 1987 by a users’ working group has been
used at Denver with the enhanced LLWAS, and
has been found satisfactory for the TDWR opera-
tional demonstration scheduled for summer 1988.
Development of ground-based windshear detection
technology that is less expensive than TDWR, but
more capable than enhanced LLWAS, would help
alleviate microburst risk at smaller airports with in-
creasing traffic levels.

Airborne windshear sensors are in a more prelimi-
nar y stage of development than the ground-based
sensors. FAA is underwriting the basic technical and
scientific developments in airborne systems to the
point where technologies can be developed and mar-
keted commercially. Airborne sensors do not have
the coverage limitations of ground sensors, do not
rely on a ground-to-air communications link, and
provide advance warning. Microwave radar and
light detection and ranging technologies are cur-
rently undergoing assessment by FAA and a con-
sortia of manufacturers, and at least two companies
are independently investigating look-ahead infrared
temperature sensors for microburst detection.6s

‘Arthur L. Hansen, manager, Weather Radar Staff, Federal Avia-
tion Administration, personal communication, Mar. 3, 1988.

65Herb  Schlickenmaier, project manager, Airborne Windshear  De-
tection and Avoidance, Federal Aviation Administration, personal com-
munication, Nov. 3, 1987.
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FAA, NWS, and the Department of Defense are
participating in a joint program, called NEXRAD
(next generation weather radar), to upgrade the cur-
rent system of radars used to map rainfall levels
across the United States. NEXRAD is planned to
replace the current network of NWS radars, and
to provide both reflectivity and velocity dispersion
information for determination of turbulence levels.
NEXRADS will be sited temporarily at airports
where windshear is an especially serious threat to
serve as interim terminal weather radars before
TDWR is introduced. The issue of how to present
NEXRAD information to pilots–through control-
lers or as a graphical product–has not yet been re-
solved. Air traffic controllers will receive graphical
NEXRAD information.

Automated systems to collect other weather in-
formation in the terminal area are being developed
by both FAA and NWS. The replacement of hu-
man observers by these systems is currently con-
troversial, and message formatting and communi-
cation of the information to pilots are unresolved
issues. NWS plans to upgrade its capabilities for pro-
viding information and making forecasts include
replacing the current data analysis and distribution
system with a sophisticated network of computing,

LIABILITY

Liability issues haunt aviation safety because an
accident that implicates a safety technology or train-
ing program could cost a manufacturer or airline
more than it is worthwhile to risk. For example, Boe-
ing nearly backed out of its participation in the
Windshear Training Aid program over liability con-
cerns, until the Secretary of Transportation inter-
vened and convinced the manufacturer to con-
t inue. 67 The industry-wide endorsement of the

b;Edgars  A. Kupcis, New Product Development, Boeing Commer-
cial Airplane Co., personal communication, Aug. 4, 1987.

communications, and display capabilities. Another
developing technology is the profiler system to re-
place current balloon technology for upper atmos-
pheric measurements; the results for aviation include
more accurate and timely winds information, haz-
ardous weather warnings, and forecasts for better
airspace planning.

Some airlines have meteorology departments that
handle preflight briefings, and all airlines are re-
quired to have dispatch organizations that trans-
mit weather information to pilots over the company
radio system or over ACARS.66 Some pilots utilize
publicly televised weather programs such as “A.M.
Weather,” or newspapers to obtain weather infor-
mation.

Improving weather information available to pilots
requires better training for NWS forecasters and ob-
servers, air traffic controllers, and flight service sta-
tion specialists in use of weather information and
observing weather. Moreover, as new weather sensor
technologies are fielded, training for users of the in-
formation must be stepped up to ensure safe air
travel.

~14 CFR 121.599 and 601 (Jan. 1, 1987)

ISSUES

results of the program suggest that a valuable prod-
uct for making commercial aviation safer would have
been lost if the project had been abandoned. No
other commercial aviation safety technologies or
programs have been identified which are in danger
of extinction because of liability, but new industry
initiatives in the future could be impeded. Liability
has had a large impact on the GA industry; while
tort actions have produced improvements in areas
such as handbooks and crash survivability, the GA
industry is in severe financial straits.

CONCLUSIONS AND POLICY OPTIONS

While further safety improvements through tech-
nology will come at relatively high cost, several tech-
nology areas show real promise for improving the
current level of safety even as demands increase on
the air system.

Some ATC facilities are already severely taxed be-
cause of inadequate equipment and unmet controller
training needs. Installation of Host computers at en
route centers was a major step in bringing up the
capabilities of the centers to meet traffic demands.
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However, equipment at en route centers, TRACONS,
and airport tower cabs is old and difficult to replace;
furthermore, the centers have limited expansion ca-
pabilities to handle more radars and controller po-
sitions. AAS will upgrade capabilities at air traffic
facilities, but the system will not be ready in time
to head off capacity problems before the mid- to
late-1990s.

TRACONs and tower cabs that control traffic
around busy airports will face even more responsi-
bilities in the near future when broadened Mode
C transponder requirements become effective. Fur-
thermore, many TRACONs would require capacity
enhancement to include the Mode C Intruder Alert
function. Currently, the New York TRACON
equipment is being upgraded for increased capac-
ity, Mode C Intruder Alert, and better displays.
OTA finds that other TRACONs will need addi-
tional computer capacity to handle expected in-
creases in transponder traffic levels without per-
formance degradation, and still more capacity if
the Mode C Intruder Alert feature is included.
Funds for increasing equipment capacity at TRACONs
are included in FAA’s fiscal year 1989 budget re-
quest. The Mode C Intruder Alert, which will be
used at all ARTCCs, could be used at TRACONs
as well, but needs analysis and testing to ensure that
its false alarm rate is acceptable. Installation of the
Mode C Intruder Alert at TRACONs is expected
to be part of the 1988 version of the NAS Plan.

While recent legislation will require broader car-
riage of Mode C transponders by GA aircraft, some
aircraft will still not carry Mode C transponders.
An option is to continue to increase altitude-encod-
ing transponder requirements, concurrent with in-
creased ATC equipment capabilities and personnel,
to guard against accidental incursions into airspace
where radar coverage is provided and to provide the
maximum protection through TCAS.

Automation tools for controllers at all facilities–
airport tower cabs, TRACONs, ARTCCs, and the
Central Flow Control Facility–could assist in the
safe handling of higher levels of traffic and reduce
pressures on air traffic controllers. In particular, ter-
minal automation development is a potential area
for improvement prior to AAS. While terminal
automation development has not previously been
well funded, additional funding is being sought by

FAA for fiscal year 1989. For the longer term, ATC
problems may worsen as traffic levels increase un-
less the infrastructure of the ATC system is up-
graded. AAS is FAA’s long-term program to avert
ATC problems. In the interim, before AAS is fully
implemented, support to FAA for analysis to iden-
tify emerging operational problems and to estab-
lish parameters for solutions to the problems
would help facilitate adequate ATC system capa-
bilities as the air transportation system evolves.
Timely, cost-effective solutions to ATC problems
must include both technological changes and sup-
port for related personnel needs. (See chapter 3 for
more discussion of ATC personnel problems.) AERA
offers potential long-term benefits for en route con-
trollers through automation, but more work is
needed to understand both the system safety and
efficiency implications of AERA to clarify whether
AERA will facilitate safe control of higher traffic
levels.

Weather is a contributing factor in many aircraft
accidents, and sensors such as TDWR hold great
promise for improving safety through rapid detec-
tion of dangerous weather. The high cost of TDWR,
however, may preclude its use at all but the largest
airports, so other lower cost technologies for
microburst detection (in addition to enhanced
LLWAS) merit further examination. OTA finds
that improved training for pilots in use of weather
information available in the cockpit, and R&D
to develop message formats and workable air/
ground communications for weather information,
are at least as important as weather sensor devel-
opment for improving aviation safety.

Current air/ground communications are not al-
ways adequate to support the needs of pilots for
both real-time ATC and real-time weather infor-
mation. Providing ATC information to ensure sep-
aration between aircraft and issuing safety alerts are
the controllers’ first priorities, and controllers some-
times do not have time to transmit weather infor-
mation to pilots or are distracted from transmitting
information by more urgent demands to separate
traffic. For the near term, better pilot training in
use of information from on-board weather radar
and from visual observations can compensate
somewhat for occasional lack of weather informa-
tion from controllers. The FAA’s Windshear
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Training Aid program, developed cooperatively with
industry, has features that are a step in this direc-
tion. For the longer term, automation and devel-
opment of digital air/ground data links can even-
tually remove controllers from the process of
relaying weather information to pilots and can po-
tentially reduce controller workload for ATC
messages. The Mode S data link can be integrated
with commercial data links to produce a very relia-
ble system with excellent coverage and capacity.
However, in the past, digital communications have
been relegated by FAA to the distant future, and
commitment is needed to replace the current ana-
log voice system. OTA concludes that R&D efforts
on data link services, human factors, and system
integration have a potentially high payoff for effi-
ciency as well as safety. Both FAA and NASA
(which already has personnel, facilities, and equip-
ment to do some of this R&D) have begun work
in this area.

TCAS has taken a long time to reach its present
stage of readiness for limited installation testing, and
whether TCAS introduces unexpected ATC prob-
lems and human factors questions remains to be
seen. Not all countries are satisfied with TCAS, and
requiring its use in the United States will not guar-
antee its eventual use everywhere. None of these
issues appears to be a crucial stumbling block to
TCAS.

Although the United States has had few recent
fatalities from collisions on the airport surface, a
number of nonfatal collisions and close calls have
occurred. As air traffic levels increase, the probability
of a disastrous ground collision will increase, lack-
ing compensatory measures. The ASDE-3 radar,
currently under development, is one such measure,
but other means to improve ground collision safety
include improved signs on the airport surface, con-
trol lights at entrances to active runways, and more
vigilance by pilots during taxi operations. Congress
may wish to encourage FAA to expedite increased
ground collision safety through technological,
procedural, and training approaches, as well as
through ASDE~3 development. Short-term R&D

to improve sign symbology could provide the basis
for consistent standards for taxiway and runway
signs at all U.S. airports. If current tests are success-
ful, stop/go bar lights and signal lights could be in-
stalled at entrances to major runways to augment
runway clearances from ground controllers. Addi-
tional controllers for airport towers would be needed
to operate the lights. Procedural rules could be
changed to require that both pilots and co-pilots
be free of other work while taxiing, and training for
pilots and controllers on preventing runway incur-
sions could be increased.

Air traffic controllers at some en route facilities
now receive site-specific training at the FAA Acad-
emy in Oklahoma City, because of inadequate re-
sources at the en route facilities. OTA finds that
improved simulation training for air traffic com
trollers could lead to more cost-effective ATC
training, both now and in the future, when fur-
ther automation is introduced.

FAA has begun development of system-wide ca-
pacity models (NASPAC) to take into account traf-
fic flows between airports. Continued emphasis on
analytical modeling to better understand capac-
ity of the air traffic system would help FAA as-
sume a leadership position in the future when dif-
ficult issues regarding capacity, safety, noise, and
airline scheduling arise.

The NAS Plan has suffered because requirements
for its technologies have changed since the Plan was
created in 1981. FAA, recognizing the emergence
of important near-term needs, has established an
interim support program. However, FAA has done
relatively little near-term or far-term research to sup-
port NAS developments. NASPAC and other oper-
ations research and analysis efforts could help FAA
identify emerging ATC problems and parameters
for solutions to the problems. An area for further
investigation is the use of modern prototyping and
test bed technology to help FAA evaluate alterna-
tive technological and operational solutions in a real-
istic way that encourages innovation and timel y

fielding of technology.
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Chapter 8

Aircraft Technologies

Technological advances have generated new types
of sophisticated and complex commercial aircraft.
Functions once performed by pilots using informa-
tion provided by electromechanical displays are now
performed automatically, with information for the
pilot presented on electronic displays. New fly-by-
wire concepts sever the mechanical connection be-
tween pilot and the aircraft wing and tail. Dozens
of electronic devices monitor and control aircraft
components, and newer types of aircraft provide pi-
lots or automated control devices such as computers
and actuators with enormous quantities of informa-
tion. Simultaneously, at the other extreme, many
airlines are operating older types of aircraft, find-
ing the high cost of new equipment prohibitive.
Thus, the commercial aviation industry uses a va-

riety of aircraft technologies of various ages and
levels of sophistication—all regulated by the Federal
Government to assure the safety of the flying public.

This chapter examines the Federal Aviation Ad-
ministration (FAA) rulemaking and enforcement
activities for new aircraft technologies, including
standardization across FAA directorates, technical
expertise and personnel levels, and inspector train-
ing. Because the future will bring new cockpit and
engine technologies and advanced materials, high-
speed aircraft, and vertical and short takeoff and
landing aircraft, the implications of such technol-
ogies for safety and regulatory activities are also re-
viewed.

REGULATION OF AIRCRAFT TECHNOLOGIES

FAA rulemaking in areas of technology is often
controversial; parts of industry have, on occasion,
claimed that FAA has forced the development of
technology by proposing or suggesting a rule, often
at the urging of Congress or the National Trans-
portation Safety Board. However, the point at which
a new technology is ready for implementation is
quite subjective. For instance, anti-misting kerosene
fuel was given a widely publicized crash test in 1984
with direct inference that a rule requiring its use was
forthcoming. The test did not go as planned, at least
in part, because the aircraft, controlled from the
ground, hit the target for the controlled crash a t
an angle. An engine was damaged and exploded,
igniting escaping fuel and creating an inferno. Tem-
peratures within the cabin, however, remained
within the survivable range. The failed crash test
reinforced other evidence that, despite previous suc-
cesses with smaller scale tests, anti-misting kerosene
was still a developmental substance, and further re-
search was needed. Another example is flammabil-
ity standards for cabin materials. An FAA rule re-
quires that cabin materials in transport category
airplanes meet test criteria based on heat release as
a measure of flammability, with two steps to incor-

poration—August 1988 and August 1990. ] S o m e
industry sources have argued that materials meet-
ing the criteria did not exist, at least at the time of
the rulemaking;2 in any case, meeting the criteria
will surely be costly to airlines and manufacturers.
Concerns have also arisen about the applicability
of the required test criteria, since they do not ex-
plicitly include smoke; FAA’s position is that heat
release alone is an adequate criterion because of a
correlation between heat release and smoke.

Congress plays a role in regulating aircraft tech-
nologies through its oversight of FAA and hearings
are often used to focus attention on regulatory is-
sues that are important to Congress. Congress can
also pass laws that force technology requirements.
One example is the recent legislation, discussed in
chapter 7, requiring collision avoidance equipment
in commercial aircraft and expanding Mode C trans-
ponder requirements for general aviation (GA).
Congress also urged rapid completion of regulations
requiring the Ground Proximity Warning System

151  Federal  Register  26206 UUIY 21,  19s~)

’51 Federal Register 26166 (July 21, 1987).
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(GPWS). Although GPWS suffered from false-alarm
problems early on, it has demonstrably improved
safety for approach and descent phases of flight (see
figure 8-1).

Airworthiness

Government responsibilities for equipment airwor-
thiness include development and administration of
safety standards for aircraft, engines, propellers, and
appliances such as avionics. Certification of aircraft
is at three levels: type, production, and original.
Type certification is FAA approval of the design of
an aircraft, production certification is approval of
the quality control system for production, and the
original certification process is the granting of ap-
provals of the first and subsequent aircraft off the
assembly line. ] In cases where the FAA Adminis-
trator finds that airworthiness regulations do not
contain adequate or appropriate safety standards for
an aircraft, aircraft engine, or propellor because of

‘U.S.  Department of Transportation, Federal Aviation Administra-
tion, “Aircraft Certification Safety Regulatory Program Description,”
brwfing  document, n.d.
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KEY  GPWS = Ground Proximity Warning System.

SOURCE Office of Technology Assessment, adapted from L.G.  Lautman  and P,L.
Gallimore, “Controlling the Crew Caused Accident,” Boeing Commer-
cial Aircraft Co., May 1987

Prior to their use, commercial aircraft undergo extensive
testing, such as this water spray test

of the Boeing 767-200.

a novel or unusual design feature, he may prescribe
special conditions for the product to allow its cer-
tification. 4 FAA is also responsible for noise and

emission level certif ication of aircraft .

FAA rarely has the personnel or the specific tech-
nical expertise to certify an aircraft type without
assistance from the manufacturer. FAA relies heavily

on Designated Engineering Representatives (DERs),
who are experienced engineers employed and paid
by the manufacturer, but supervised by FAA, to
help in the certification process. DERs provide op-
portunity for conflicts of interest, although the
professionalism of the DERs and supervision by

FAA mitigate against this.5 Their experience in
working with FAA regulations often makes DERs
prized personnel for manufacturers.6

However, to ensure that certification requirements
are adequately applied, FAA requires technical ex-
pertise on its staff to provide oversight for DERs.
The largest pool of such expertise is in the ranks
of engineers at the manufacturers, and FAA has had
difficulty in attracting highly qualified and experi-
enced engineers to work in certification in recent

+14  CFR 2 1 , 1 6  (Jan.  1, 1987).
5National  Research Council, Improving Aircrafi Safety: FAA Cer-

tification of Commercial Passenger Aircrafi  (Washington, DC: N’ational
Academy of Sciences, 1980), pp. 29-31.

~Wi]liam  AshW,orth,  office  manager, Seattle Aircraft certification
Office, Federal Aviation Administration, Wrsonal communication, Aug.
4, 1987.
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years. Some contend that this is due to the pay scale
for engineers at FAA which has not kept up with
industry, and because of limited career development
opportunities at FAA. 7 The pay scale for certifica-
tion engineers applies to engineers at the National
Aeronautics and Space Administration (NASA),
the Department of Defense (DoD), and other Fed-
eral organizations, as well. FAA maintains that
broader systems knowledge is required of its certifi-
cation engineers than of engineers at the other orga-
nizations and that FAA certification engineers could
be on a higher pay scale.8 FAA employs about 10
National Resource Specialists, who are experts in
particular areas, at a higher salary level.

FAA’s control over type certification is shared by
four of its regional offices, a decentralized organiza-
tion that lends itself to internal FAA disagreements
over regulatory actions. An example is the Boeing
request to screen off two of the 10 exit doors on 747s,
discussed in chapter 3.

The FAA Associate Administrator for Aviation
Standards has recognized that the certification pro-
gram is not standardized across directorates, is un-
able to keep up with technical developments because
of a shortage of expertise, and has human relations
problems and training limitations for certification
personnel. Project SMART is now under way to de-
velop a master plan to address these problems and
upgrade the aircraft certification regulatory program.
So far, a job task analysis and management analy-
sis for certification have been started. The knowl-
edge gained from Project SMART has already be-

gun to benefit  the national training program, job
design and restructuring, and other areas through

i t s  r e c o m m e n d a t i o n s  f o r  i m p r o v e m e n t .  P r o j e c t
SMART has not yet received project funding, but
i s  suppor ted  by  misce l laneous  funds  f rom other

p r o j e c t s . 9

Both Parts 121 and 135 prescribe minimum air-

p lane  ins t rument  and  equipment  requi rements ,1 0

and the regulations contain the specification and
installation requirements for instruments and equip-

ment .  The  ma jor  ca tegor ies  o f  ins t ruments  and

equipment specified in the regulations are: flight and

navigational equipment;  engine instruments;  emer-
gency equipment; seats,  safety belts,  and shoulder

harnesses;  public address and crewmember inter-
phone systems; special instruments for operations

at night and under instrument flight rules or over-

the- top  condi t ions ;  oxygen  and other  protec t ive

breathing equipment; radio equipment; weather de-
tection equipment; flight and cockpit voice recorders;

and  ground prox imi ty  warn ing  dev ices .  Carr ie rs

operating under Parts 121 and 135 are prohibited

from using airplanes unless certain instruments or

pieces of equipment, contained in a minimum equip-

ment l ist  for the aircraft  type, are operable.  How-
ever,  there are numerous differences between the
Part 121 and Part 135 instrument and equipment

regulations. While many of these inconsistencies ex-

ist because of differing design and performance ca-

pabilities of large and small airplanes, certain pieces

of equipment required for Part 121 operations have
been intentionally excluded from Part 135, primar-
ily for economic reasons that predate deregulation.

These inconsistencies have caused concern since de-
regulation for several fundamental reasons. First, for

some routes, Part 135 operations have replaced Part
121 operations. Second, the intent of Congress was
to not allow any diminution of safety because of de-

regulation. Third, code-sharing arrangements have

produced cases where passengers are not aware that

they will be flying with a Part 135 operator when
they buy a ticket from a major carrier.  Regulatory

initiatives are under way to address flight and cock-
pit voice recorders,  ground proximity warning de-

vices, and crew interphone systems for Part 135 oper-
ations. 11

Equipment Certification Process

Aircraft engines and propellers are subject to the

same certification process as aircraft. Appliances,
such as avionics, are certified through the develop-

ment of Technical Standard Orders.  The technical

‘Ibid.
‘Dennis  H. Piotrowski,  program manager, Office of Airworthiness,

Federal Aviation Administration, personal communication, Sept. 29,
1987.

‘Ibid.
1014  CFR 121, Subpart K and 14 CFR 135, Subpart C (Jan. 1, 1987).

1 IExamples  of other  differences include: 1) regulations fOr protective
breathing equipment for flight crewmembers  in pressurized aircrafi,  re-
quired under Part 121, are not included in Part 135; and 2) although
airborne weather radar equipment is required for large transport cate-
gory airplanes (20 seats or more) under Parts 121 and 135, multiengined
aircraft with 10 seats or more are required to have airborne thunder-
storm detection equipment only.
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basis for appliance certification is often the work of
standards organizations such as the Radio Techni-
cal Commission for Aeronautics (RTCA) and the
Society of Automotive Engineers (SAE). RTCA cov-
ers communications systems, while SAE covers a
wide variety of systems such as landing gear, oxy-
gen equipment, aircraft instruments, and many
others. RTCA and SAE form committees of indus-
try and government representatives to examine
standards for aircraft appliances, and produce doc-
uments which represent the consensus of the group.
FAA is under no legal obligation to use these doc-
uments, but frequently utilizes them because of the
technical knowledge they embody and because they
are the products of agreement between many dis-
parate groups.12

Maintenance regulations for operations under
Part 121 and for operations using aircraft with 10
or more passenger seats under Part 135 are similar;
separate maintenance requirements for Part 135
operations using aircraft with 9 seats or fewer are
described below.13 Certificate holders, who are pri-
marily responsible for the airworthiness of their air-
craft, are required to establish maintenance orga-
nizations and programs, or arrange to have some
or all of the work performed by qualified outside
entities. 14

The operations specifications for each carrier de-
scribe the maintenance and inspection requirements
that must be met. Typically, these activities include:
routine aircraft inspections, tests, and servicing per-

formed at prescribed intervals;  scheduled mainte-

nance tasks, such as replacement of life-limited items

and nondes t ruc t ive  t es t ing ;  unscheduled  mainte -
nance activities generated by inspections, flight crew

reports,  or other analyses;  specific engine, propel-
ler,  and appliance repair and overhaul tasks;  and

major structural inspections and airframe overhauls.
Required inspection items, work elements that could
endanger the safe operation of an aircraft  if  im-

lzw/illiam  G, Osmun,  The Aurhority  of Agreement: A History of

RTCA  (Washington, DC: Radio Technical Commission for Aeronau-
tics, 1985).

1~14  CFR  121,  Subpart L and 14 CFR  135, SUbpm ] (bn. 1, 1987).
“A carrier authorized by the Federal Aviation Administration to

perform all maintenance and inspection activities required under Part
121 or 135 on its own aircraft or for other carriers or operators does
so under a Continuous Airworthiness Maintenance Program. See U.S.
Department of Transportation, Federal Aviation Administration, “Con-
tinuous Airworthiness Maintenance Programs,” Advisory Circular 120-
16C, Aug. 8, 1980.

properly done, are also specified. All maintenance
activities must be conducted in accordance with per-
formance standards specified in 14 CFR 43, and
records must be kept of all work performed on an
aircraft.

Parts 121 and 135 regulations require that main-
tenance organizations be adequate to perform all
work and required inspections; and that inspection
and maintenance functions are kept separate below
the administrative control level. Mechanics and
repairmen employed by certificated carriers must
meet minimum certification requirements contained
in 14 CFR 65. In addition, carriers are required to
prepare detailed manuals for employees prescribing
methods, standards, and procedures for all main-
tenance. Some airlines use the job cards of the air-
craft manufacturer’s maintenance manual without
modification for their own program; this saves the
airline the cost of having to develop its own sys-
tem.15 Airlines may not perform major repairs on
airplanes unless so authorized by FAA, *6 but there
are ambiguities in the definition of “major re-
pair.” 17 Airlines are required to establish training
programs to inform maintenance and inspection
personnel about procedures, techniques, and new
equipment and to develop an internal audit system
to ensure quality control.

Although work limits have not been prescribed
for maintenance personnel under Part 121, existing
regulations require that they be relieved from duty
for at least 24 consecutive hours during any 7 con-
secutive days or an equivalent period within any
calendar month. A similar provision has not been
included in the Part 135 regulations.18

Maintenance requirements for Part 135 operations
using aircraft with nine seats or fewer are less ex-
tensive. 19 These operators are permitted to follow
the maintenance requirements in 14 CFR 91 for GA
aircraft, unless FAA determines that a more rigor-
ous program is necessary. In these instances, oper-

15David Sayre, supervisor} Maintenance and Ground Systems, Boe-
ing Commercial Airplane Co., personal communication, Aug. 3, 1987.

1~14  CFR ch. 1 SFAR.36  (Jan. 1, 1987), P P. 288-290.

ITWilliam C. Keil, USAir and Melvin C. Beard, Federal Aviation
Administration, in U.S. Congress, Office of Technology Assessment,
“Transcript of Proceedings-OTA  Workshop on TechnoloW  in Com-
mercial Aviation Safety,” unpublished typescript, July 1, 1987, pp.
227-229.

1814 cm 1 2 1 . 3 7 7  Uan.  1, 1987).

1 91 4  CFR  135 .411  (Jan. 1, 1987).
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ations specifications are amended to require a pro-
gram that contains: instructions and procedures for
aircraft inspections, specifying parts and sections of
airframes, engines, propellers, rotors, and appliances;
schedules for performance of aircraft inspections in
terms of time in service, calendar time, or number
of system operations; and instructions and proce-
dures for recording discrepancies found during in-
spections, corrections, or maintenance deferrals.

Principal Maintenance Inspectors (PMIs), who in-
spect airlines’ maintenance operations, are stationed
at FAA field offices. PMIs also participate with fac-
tory maintenance specialists assigned to the aircraft
manufacturer in an FAA review board to develop
minimum maintenance requirements for aircraft
types. Questions have been raised over the adequacy
of FAA surveillance of airline operations and the
capabilities of inspectors to monitor maintenance
programs and approve waivers or deviations from
operating specifications. For further discussion of
the adequacy of the number of FAA inspectors and
FAA training programs for inspectors, see chapters
3 and 5.

An aircraft or part manufacturer may send air-
lines a service bulletin recommending a change in
a configuration or an inspection or maintenance
procedure to be carried out by the maintenance de-
partment. More urgent service bulletins, called alert
service bulletins, usually evolve into Airworthiness
Directives (ADs) issued by FAA, which require
changes that must be made to retain aircraft cer-
tification. Sometimes extensive negotiation is re-
quired between an airline and FAA to ensure that
an airline receives credit for promptly responding
to a service bulletin, prior to the issuing of the
AD.20 In other cases, however, FAA and a manu-
facturer have utilized the efforts of an operator, in-
corporating the procedures into a service bulletin
and AD.21

Simulators for Pilot and Mechanic
Training

Simulators are currently used for initial, transi-
tion, and upgrade training, recurrent training, and

“’Willlam  C. Keil,  staff director, Engineering and Quality Assurance,
~lSAlr,  Inc.,  ~er$(>na]  communication, Oct. 14, 1~87.

L ‘Da\’ld  Letterer, Alr Transport Association of America, letter to
OTA, Jan. i, 1988.

proficiency checking of pilots. The efficiency, speed,
safety, and low cost of simulator training compared
to training in aircraft makes it attractive to airlines,
as they order new aircraft and new aircraft types
and recruit and train pilots. Simulators become more
important from a safety standpoint as airlines must
hire less experienced pilots, because simulators can
provide experience in dealing with many safety-
critical situations in a short time.

In addition to the full-motion, full-visual train-

ing  s imula tors  prov ide ,  a  subs tant ia l  amount  o f
training is done in fixed-base cockpit training de-

vices with no simulated scenes outside the cockpit.

Personal computers (PCs) with graphics and touch-

screen capabilities are also used extensively for air--

craft systems and avionics training, typically one sys-

tem at a time. The fixed-based cockpit training de--
vices and PC-based training aids save precious time
in the expensive full-motion simulators.

In general, a full-motion, full-vision simulator with
a complete mock-up of the cockpit and avionics costs
on the order of $10 million, regardless of aircraft
type. Because of this high cost, airlines that buy
simulators usually intend to sell simulation services
to others, except for large airlines that have many
aircraft of the same type. z: Some airlines also send
pilots to aircraft manufacturers for simulator training.

‘:Mark  Lambert, “Simulator Makers Face NW  Market Conditions,”
Interatia, vol. 42, January 1987, pp. 75-76.

The exterior of a full-motion pilot training simulator
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Part 121 operators use full-motion simulators ex-
tensively, but Part 135 operators generally do not,
because of the prohibitively high cost of the simu-
lators. Federal regulations spell out requirements for
Part 121 operators on simulator capabilities and
what they can be used for, but are not specific on
simulator use by Part 135 operators.23 However,
FAA recently released advisory circulars which
delineate Part 135 requirements for advanced train-
ing devices (ATDs, which are essentially simulators

airlines have been arguing for use of ATDs since
1984. 25

Simulators for aircraft maintenance personnel are
used to provide systems overviews and demonstra-
tions, and for practice at equipment analysis, fault
reporting, and diagnosis. Computer-aided training
using microprocessors is also used at certain stages
of training.26

without motion or visual simulation), and state
where ATDs may be used instead of flight in an ac-
tual aircraft for training and testing.24 The regional

2]14 CFR, Ch.  1, Part 121, Appendix H (Jan. 1, 19s7). zJRlchard  L collie,  Technical  Services, Regional Airline Associa-
24u s Department of Trans~rtation,  Federal Aviation Adminis-. . tion,  personal’ communication, Aug. 17, 1987.

tration,  “Advanced Training Devices (Airplane Only) Evaluation and 26R. O. Jollie,  “Digital Avionics Training,” Boeing Airliner, April-
Qualification,” Advisory Circular No. 120-45, May 11, 1987. June 1987, p. 21.

THE FUTURE OF COMMERCIAL AIRCRAFT TECHNOLOGY

The future will bring changes in commercial avia-
tion technology, including further development and
use of electronic systems for sensing the environ-
ment and control of the aircraft, new aircraft en-
gine types, use of composite materials in aircraft con-
struction, and new types of aircraft such as tilt-rotor
and supersonic/hypersonic aircraft. Most of the
changes will not be motivated primarily by concern
for safety, but by the desire for efficiency and speed
of travel. Significant changes are also likely in the
air traffic control (ATC) system, bringing more auto-
mation, automatic decisionmaking, and methods of
dealing with limited airport capacity. The chang-
ing state of technology and the airspace system re-
quire continuous safety oversight by government
and industry, so that efficiency and speed are not
gained at the expense of safety. Advanced technol-
ogies will present significant challenges to the gov-
ernment in terms of certification and flight safety.
In particular, as automated systems take over more
tasks, including decisionmaking, that are now per-
formed by humans, the interaction between humans
and advanced equipment will need special attention.

Cockpit Technologies

The current trends in cockpit technology are
toward more automation and advanced displays for
pilots, driven primarily by the push for two-pilot

cockpits to save airlines the cost of a third crewmem-
ber. More information is available to pilots from new
sources, and new systems can provide quick, auto-
matic reaction within safe aircraft performance limits
to events such as windshear encounters. Moreover,
new technologies offer increased equipment relia-
bility, trouble-shooting capability, and reduced
weight, compared with older technologies. For all
these reasons, the trends will continue into the for-
eseeable future.

Some areas of current research and development
(R&D) include liquid crystal flat-panel displays,
head-up displays, voice recognition systems, fly-by-
wire and fly-by-light, and artificial intelligence (AI)
applications. Liquid crystal displays offer the poten-
tial for high luminance and resolution using little
power. Powered by lithium-cell batteries, such dis-
plays could be useful as standbys in case of engine
or power system failure. However, the displays are
very temperature sensitive and have a slow transi-
tion time, weaknesses that are subjects of current
R & D .27

Fly-by-wire technology is included on the Con-
corde, the Boeing 757 with the Pratt and Whitney
2037 engine, and the Airbus 320. Fly-by-light tech-

zT]ohn T Merrifield,  “TranSWrt  Manufacturers Press for Aumrnawd
Cockpits, ’’”Aviation Week & Space Technology, Mar. 10, 1986, p. 247.
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nology may appear on the Boeing 7J7, if Boeing com-
pletes its development of that airplane. These tech-
nologies replace most of the mechanical links from
the pilot’s controls to the wings and tail by electri-
cal wire or optical fibers. Fly-by-wire and fly-by-light
save weight, reduce maintenance, and eliminate the
variabilities of hydromechanical systems, thereby
making airplanes easier to operate and reducing the
rate of increase of aircraft operating costs. Further-
more, computers can analyze information about the
behavior of the airplane and, through the fly-by-
wire or fly-by-light mechanisms, physically prevent
a dangerous maneuver. Currently, research is tak-
ing place in the areas of stick configuration, stick
“feel,” and how to handle cases where both pilots
use the controls simultaneously .28

Most research on AI applications for the cockpit
takes place in a military context. For example, the
Defense Advanced Research Projects Agency spon-
sors the Pilot’s Associate program to evaluate and
demonstrate the utility of AI and expert systems
techniques for military applications. Applications
under examination include monitoring aircraft sys-
tems (i.e., the role of the flight engineer), mission
planning and replanning, external situation assess-
ment, and devising optimum strategies to deal with
external threats.29 NASA-Ames is also pursuing a
program to optimize the guidance and control of
aircraft (including ATC) using AI techniques. Al-
though the program may have civil applications, its
basic thrust is toward military aircraft.30 Poten-
tially, AI techniques could find application to civil
aircraft in monitoring aircraft systems and dealing
with complex weather information.

Advanced Materials for Aircraft

Many new types of advanced materials may be
used in future aircraft. Composite materials are at-
tractive because of their strength/stiffness proper-
ties and their lighter weight and corrosion resistance.
Other advanced materials include aluminum alloys,

z8John  T. Merrifield,  ‘[NASA/Douglas Team Studies Fly-by-wire
Control Concepts,” Aviation Week & Space Techno)~,  Oct.  27, 1986,
p. 38.

“Aviation Week & Space Technology, “DARPA’s  pilot’s ASSOCI-

ate Program Provides Development Challenges, ” Feb. 17, 1986, p. 45.
‘@John T. Merrifield,  “AI Research at Ames Focuses on Increased

Crew Effectiveness,” Aviation Week & Space Technology, June 2, 1986,
p. 73.

advanced ceramics, special high-strength steels, ti-
tanium/aluminum alloys, and rigid-rod polymers,
which consist of small rods of high-strength poly-
mer embedded in a tough polymer matrix. Improved
material coatings may also be used in stressful envi-
ronments, such as for turbine engine blades.31

Processing and assembly techniques are also ad-
vancing in the areas of powder metallurgy, preci-
sion die casting and forging, lightweight metal web
casting, superplastic forming, and diffusion bond-
ing. Powder metallurgy uses highly-engineered pow-
ders at high pressure to form precision metal parts
that do not require machining. Powder metallurgy
permits use of superalloy developed for high tem-
perature service and severe mechanical stressing with
high surface stability. Use of cast metal web parts
is currently limited by Federal regulations, which
apply a safety margin to cast parts that increases
their weight. Superplastic forming produces 1arge
changes in the shape of material under conditions
of high temperature and low pressure. Diffusion
bonding joins parts at high temperature and pres-
sure without melting, because metal atoms diffuse
across the solid surface.32

New types of materials will be used in propulsion
systems and airframes of subsonic aircraft primar-
ily to gain fuel efficiency. Composite materials are
already used in some large commercial aircraft, in-
cluding the Boeing 757 and 767 in ailerons, rudders,
and certain landing gear doors, although not for any

critical structures. 33 For supersonic aircraft, advanced
materials will be used where the aircraft surface
reaches high temperature and in propulsion systems
for weight reduction and resistance to high temper-
atures. 34

Research is under way to examine the implications
of using advanced materials for crashworthiness;35

“Morris  A. Steinberg, “Materials for Aerospace,” Scientific Am er-
ican, October 1986, pp. 67-72.

‘zPierre Condom, “Forming Aircraft Structural Components: A
Slow Revolution,” ]nreravia,  vol. 41, December 1986, pp. 1429-1430.

‘~U.S. Congress, OfYice  of Technology Assessment, New SrructuraJ

Materials Technologies: Opportunities for the Use of Ad\anced  Cer-
amics and Composites-A Technical Memorandum (Springfield, VA:
National Technical Information Service, September 1986).

‘Steinberg, op. cit., footnote 3 I.
~JEdward  H phllllps,  “NASA,  Army Testing Composite Airframe

Crashworthiness,” Aviation Week & Space Technology, Sept. 28, 1987,
p. 61.
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continuing this type of research is important to en-
sure that FAA has sufficient knowledge to regulate
the materials for safe use and maintenance. Com-
posite materials bring a set of unique properties, such
as vulnerability to impact, where surface inspection
cannot detect subsurface delamination, and new
technologies for inspection will be needed. The
proliferation of these new materials will require the
certifying and inspecting agency to have consider-
able expertise in their properties at its disposal, and
at present FAA has one National Resource Specialist
in nonmetallic advanced materials and one in frac-
ture mechanics and metallurgy.

New Aircraft Engine Types

Turbofans are the engines used in most commer-
cial jet aircraft today. While improvements in ma-
terials and computer modeling design techniques will
allow more efficient turbofans to be built, ultra-high
bypass (UHB) engines are likely to surpass turbofans
by sometime in the 1990s. Current UHB engines
are limited to speeds under Mach 0.80 and there-
fore require further development for long-range ap-
plications. (The Boeing 747, for example, currently
flies at speeds of Mach 0.84 to 0.85 where Mach 1
is the speed of sound—about 660 mph at cruise al-
titudes.) Advanced, high-speed propellers in UHB
engines improve the fuel efficiency of the propul-
sion system by as much as 25 percent compared to
current turbofans, potentially cutting by as much
as 10 percent the direct operating costs of airlines.36

UHB engines raise safety concerns in areas such
as bird strike and icing effects, while their external
propellers pose potential safety hazards because of
the possibility of penetrating fuselage, flight controls,
or critical components in case of a malfunction. This
problem is partially mitigated by the relatively light
weight of the small blades—one manufacturer has
developed UHB engine blades weighing only about
10 pounds each. Other safety-related aircraft design
features may include separate routing of connections
to the aircraft’s tail structure and locating the cabin’s
aft pressure bulkhead forward of the blades’ plane
of rotation to prevent rapid decompression in the
event of blade penetration.37

~aAviation  Week & Space Technology, “Ultra-High Bypass Engines
Will Enter Commercial Service by Late 1990s,” Mar. 9, 1987, p. 189.

‘TAviarion  Week & Space Technology, “No. 2 UDF Engine Proto-
type Will Fly on MD-80 by June,” Apr. 13, 1987, p. 58.

The more distant future may bring new types of
engines for use in supersonic and hypersonic air-
craft. (Hypersonic refers to speeds five or more times
the speed of sound in air.) The turboramjet engine
is being studied for hypersonic application. This type
of engine would operate as a turbofan for speeds up
to Mach 3.5 and as a ramjet at higher speeds. Prob-
lems with the turboramjet engine include noise and
the need to use endothermic fuels which can ab-
sorb thermal energy from the surface of the aircraft
produced by aerodynamic heating.38 For speeds
above Mach 6, the supersonic combustion ramjet
(scramjet) is being investigated by NASA and
others. 39

Advanced high-speed aircraft include supersonic
and hypersonic aircraft. Past experience with high-
speed aircraft includes the Concorde and Supersonic
Transport (SST) programs. The Concorde was de-
veloped by the British and French during the 1960s
and 1970s. During the development cycle, sales esti-
mates for Concorde ranged between 100 and 500,
but only 16 Concordes were actually built, at a loss
of over $3 billion. Although the Concorde was an
economic failure, some technology was transferred
to other aircraft projects, particularly the French Mi-
rage fighter airplane.40

The SST program was undertaken in the United
States in 1963 and terminated in 1971, after a total
expenditure of about $1 billion. Sales estimates dur-
ing the program were originally from 25 to 125, and
swelled to over 800 at one point, but no aircraft were
built. The basic reasons for termination concerned
the noise and alleged health consequences of the
SST, the social implications of a taxpayer-funded
project to benefit only a few well-off people, and
technical difficulties: cost estimates by 1971 had
grown considerably beyond the original estimates.4l

‘sPaul Proctor, “Advanced Fuel Systems Crucial to High-Speed
Transport Progress, “ Aviation Week& Space Technology, Feb. 9, 1987,
p. 45.

“%aymond  S. Colladay, associate administrator, Office of Aeronau-
tics and Space Technology, National Aeronautics and Space Admin-
istration, testimony before U.S. Congress, House Committee on Sci-
ence and Technology, Subcommittee on Transportation, Aviation and
Materials, July 24, 1985.

4’W. S, Congress, Office of Technology Assessment, Impact  of Ad-
vanced Air Transport Technology: Part 1, Advanced High-Speed Air-
craft (Springfield, VA: National Technical Information Service, April
1980).

411bid.
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Since the SST, there have been many advances
in computers for wing design, and materials and
propulsion systems, which have given impetus to
further R&D in hypersonic aircraft, although pri-
marily for military application. The National Aero-
Space Plane (NASP) project is a joint DoD/NASA
program to develop a research aircraft with hyper-
sonic cruise and single-stage-to-orbit capabilities.
NASP is currently in a conceptual stage, and speeds
up to Mach 25 are projected, Applications that could
be developed out of the NASP include strategic
reconnaissance aircraft, a replacement for the space
shuttle, and civil hypersonic transport aircraft.42

NASA has also sponsored studies to examine the
viability of SST aircraft around the year 2000. The
studies suggest that transports in the speed range
of Mach 2 to Mach 6 may be commercially viable,
but there appear to be diminishing productivity
returns at Mach numbers greater than six.43

Technical problems with supersonic aircraft in-
clude takeoff noise and sonic boom, possible deple-
tion of the ozone layer, and their very high specific
fuel consumption at low speeds. They could not be
kept cost-effective for very long in holding patterns
at low speed because of high specific fuel consump-
tion and because the value of supersonic travel
would quickly dissipate. Capacity problems at many
U.S. airports along the coasts are already severe,
and may worsen, so airport delays may seriously re-
duce the advantages of supersonic travel. Also, noise
is a major issue with many citizens who live near
airports, and is likely to remain so. For all these rea-
sons, the future of commercial supersonic transpor-
tation is very uncertain.

Vertical takeoff and landing (VTOL) and short
takeoff and landing (STOL) aircraft offer the pos-
sibility for landing in and taking off from downtown
areas of cities, if appropriate sites can be found at
reasonable cost. Passengers on the V/STOL aircraft

‘]John  D. Moteff,  Congressional Research Service, The Library of
Congress, “The National Aero-Space Plane Program: A Brief History,”
issue brief 88-146 SPR, Feb. 17, 1988.

~] Louis J. Wl]llams, National Aeronautics and Space  Administra-
tion, “High-Speed Civil Transport Study Status Report,” briefing doc-
ument, n.d.;  Boeing Commercial Airplane Co., “High-Speed Civil
Transport Studies Phase II Oral Report,” briefing document, Mar. 17,
1988; McDonnell Douglas, “High-Speed Civil Transport Studies NASA
Contract NAS 1-18378 Phase II Summary Review,” briefing document,
Mar. 17, 1988.

could be transported directly to their final destina-
tion, or to a remote airport for a flight on a sub-
sonic or supersonic airliner. The helicopter is one
example of a V/STOL aircraft, but its current speed
and fuel efficiency limitations prevent economic use
for routine passenger service. Efforts to improve on
the basic helicopter design to provide high-speed
V/STOL travel has resulted in two practical designs:
the tilt-rotor and the X-wing. Both designs are in
R&D for military applications with civilian certifi-
cation criteria in mind.

The tilt-rotor aircraft is a winged aircraft with two
large rotors on the wings that can tilt to either a
helicopter position for takeoff (with a horizontal
plane of rotation) or a fixed-wing position for cruis-
ing (with a vertical plane of rotation). DoD is fund-
ing development of the V-22 Osprey tilt-rotor aircraft
for military application. Six European companies
have begun preliminary studies of a tilt-rotor air-
craft for civil applications called Eurofar. Tilt rotors
have been flown before, and the main technologi-
cal problem with commercial application is provid-
ing improved performance and reduced weight.
Some projections indicate that a market for tilt-rotor
service exists in the Northeast United States, and
service could begin as soon as the 1990s provided
that the proper infrastructure is in place to support
the operations.44

The X-wing aircraft accomplishes vertical or short
takeoff with helicopter blades, and uses the blades
as an X-shaped wing when cruising. The blades must
stop in order to cruise, and the conversion from
takeoff to cruise configuration has not yet been
mastered. The X-wing concept is under development
by Sikorsky Aircraft, following R&D by NASA,
the Army, and Sikorsky, and the first flight of a
demonstrator could take place around 1990. If suc-
cessful, the X-wing aircraft could achieve higher
cruising speeds than the tilt-rotor.45

If used commercially, V/STOL aircraft would fly
across the centers of cities, so safety and reliability
considerations are especially important. Specifically,

q+Hoyle,  Tanner & Associates, i n c. t “VTOL Intercity  Feasibility
Study,” prepared for The Port Authority of New York and New Jer-
sey, July 1987.

4JAv1ation Week & Space TWhno]oW,  “NASA Rotor systems  Re-

search Leads to X-Wing VTOL Aircraft Design,” June 2, 1986, p. 22;
and Steven Ashley, “X-Wing Aircraft,” Popular Science, July 1987, p. 48.
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Photo credit: Federal Aviation Administration.

The XV-15 tilt rotor technology demonstration aircraft has
been flying successfully since 1977.

transmission systems of tilt-rotor aircraft must be
extremely reliable, since a transmission failure could
cause a catastrophic desynchronization of the ro-
tors, at least in the context of current design think-
ing. Public acceptance of new V/STOL concepts in
terms of safety will be necessary for their success.46

Technologies and Training for Icing

Since 1975, four fatal Part 121 accidents have
occurred in which aircraft icing during takeoff has
been a major causal factor. Thus, improvements in
detecting and removing aircraft ice prior to takeoff
have a potentially great safety payoff.

With the exception of analyses and testing to
ascertain flight characteristics of an aircraft during
flight, all analyses and aircraft certification testing
required by FAA are conducted with a clean air-
craft flying in a clean environment. Thus, current
certification procedures do not require tests for air-
worthiness of an aircraft with ice on its surface prior
to takeoff.47 FAA regulations do not require use of
any de-icing technology before takeoff, but forbid
takeoff when frost, snow, or ice is adhering to the
wings, control surfaces, or propellers of the air-
craft. 48 (Part 135 regulations also forbid takeoff
when frost, snow, or ice adheres to a number of
other surfaces.) In general, U.S. carriers rely on pi-
lots to observe their own aircraft for signs of adher-

‘eMarc Granger, “For or Against the Tilt-Rotor? Two Views of the
Enrofar  Project,” lnteravia,  vol. 42, June 1987, pp. 649-650.

‘;U.S.  Department of Transportation, Federal Aviation Adminis-
tration, “Hazards Following Ground Deicing and Ground Operations
in Conditions Conducive to Aircraft Icing, ” Advisory Circular 20-117,
Dec. 17, 1982.

%ee 14 CFR 121.629, 135.227, and 91.209 (Jan. 1, 1987).

ing ice. FAA has published advisory documents that
provide guidance to airlines and pilots on the icing
phenomenon, on technologies for ice removal, and
on estimated safe holdover times for aircraft that
have been de-iced.49 Additional basic and recur-
rent training for pilots is a relatively low-cost method
for helping prevent icing accidents. FAA is begin-
ning efforts to enhance training programs for pilots
through media such as video presentations.

For roughly 15 years, some European airlines have
successfully used more viscous de-icing fluids than
those used in the United States; these are called
Association of European Airlines (AEA) type-II
fluids. Longer-lasting than fluids used in the United
States, they are fragile and must be handled care-
fully to avoid destroying their desirable character-
istics. They stick readily to aircraft surfaces and may
interfere with the aerodynamic characteristics of the
aircraft. AEA type-11 fluid is, however, designed so
that its viscosity breaks down with shear force, so
that the movement of the aircraft tends to knock
off the fluid. Because humidity/temperature trends
in the United States differ from those in Europe,
U.S. airlines might not be as successful as European
airlines with type-11 fluids; U.S. operators would
need time to learn to use type-II fluids effectively .50

Despite these limitations, Federal Express has re-
cently begun using the type-11 fluids in its aircraft
operations. FAA does not plan to develop more spe-
cific regulatory guidelines on de-icing technologies,
and regulations requiring use of high-viscosity de-
icing fluids would impose large costs on airlines and
providers of de-icing service for new equipment,
operational procedures, and training. FAA regula-
tions might discourage development of more ad-
vanced types of de-icing fluid, which would not meet
the requirements of the regulation, and other ac-
tions can be taken to address icing problems.

Most U.S. airlines de-ice aircraft from trucks at
departure gates, after which the aircraft must taxi
to the runway entrance and may be delayed wait-
ing for other aircraft to take off. If ice forms on the
aircraft during this time, the pilot must taxi back
to the gate for de-icing again. At several foreign air-

wu s Department of Transportation, Federal Aviation Adminis-. .
tration, op. cit, footnote 47.

%ichard  Adams, national resource specialist for Aircraft Icing, Fed-
eral Aviation Administration, personal communication, Feb. 23, 1988.
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ports, including Montreal, fixed-base facilities have
been set up near the end of a runway to permit de-
icing nearer to the time of intended takeoff. One
U.S. airline has a fixed-base de-icing facility at Den-
ver Stapleton Airport. Operation of fixed-base fa-
cilities in the United States could be limited by lia-
bility concerns–most large U.S. airlines do their
own de-icing and so do not now have this problem.
Such facilities, if their use were mandated, could also
limit traffic flow at congested airports.

Another possibility is remote de-icing shortly be-
fore takeoff from trucks located near the entrances
to runways, already a trend, although many airports
are limited by insufficient apron space for de-icing
trucks to travel and operate. Federal funds could
be allocated from the Aviation Trust Fund to ex-
pand aprons near entrances to runways and remote
de-icing sites to allow mobile de-icing equipment to
move and operate.

Lights installed near the airport surface could help
pilots see the surfaces of the aircraft better, and qual-
ified ground personnel could examine surfaces not
visible to the pilots. Another approach to reducing
the icing hazard before takeoff is to use icing sen-
sors on the aircraft surface. Sensors are available,
but they pose problems, because they detect ice only

at specific areas on the aircraft surface, and pilots
may rely heavily on them without proper training.

Given the many possibilities for addressing the
icing hazard, FAA could develop a plan for icing
similar to the Integrated Wind Shear Program Plan.
The best first step could be a training program for
pilots and technicians, developed in cooperation
with industry. Technological and infrastructure ap-
proaches to reducing the icing hazard could also be
evaluated for their impact on safety, cost to gov-
ernment and industry, operational factors, and time
to implement.

Crash and Fire Safety Technologies

Advances have been made in recent years in de-
veloping and implementing technologies to reduce
risk to passengers in the event of a crash or in-flight
fire. Some technologies, such as smoke hoods, are
controversial because their use could have uninten-
tional negative side effects for safety (e.g., putting

on smoke hoods could slow passengers’ egress from
the cabin after a crash) .51 Thus, careful research by
the Federal Government is needed to evaluate po-
tential crash and fire safety technologies; this re-
search is performed at FAA’s Technical Center in
Atlantic City, New Jersey.

Areas for further investigation include aircraft and
aircraft engine structural integrity, improved fire-
and smoke-resistant materials for aircraft interiors,
improved smoke detection and fire containment sys-
tems (particularly for in-flight fires), automated sys-
tems to aid pilots in detecting and responding to
in-flight fires, and advanced fuels with low flamma-
bility.

Although technology can improve crash and fire
safety, regulations requiring these technologies will
have economic and other effects on aircraft manu-
facturers, airlines, and passengers. For example, the
FAA rule to require cabin materials in transport cat-
egory aircraft that meet a test criterion based on heat
release52 will have significant impacts on design
and construction of aircraft interiors. Cost-benefit
analysis can shed light on difficult decisions regard-
ing regulations for crash and fire safety technologies,
but other types of judgment are necessary in balanc-
ing the many disparate considerations.

5iBron  Rek, “Escape From Burning Cabins: Are Smoke Hoods the
Answer!”  Interavia,  vol. 42, January 1987, pp. 3738.

5L51 Federal Register 26206 (July 21, 1987).

CONCLUSIONS AND POLICY OPTIONS

FAA has occasionally attempted to push indus- dustry to develop or implement new technology that
try to develop and/or implement new safety tech- will lead to greater public safety.
nologies. The point at which a new technology is
ready for implementation is inevitably subject to a As the aviation industry continues to undergo
good deal of disagreement. At times, government technological advances and changes, FAA needs
requirements can act as a forcing mechanism on in- adequate numbers of expert technical personnel and



176

training capabilities for new staff not currently avail-
able to it, because funding resources are not suffi-
cient to attract trained experts from industry. FAA
programs such as Project SMART and National Re-
source Specialists are steps to address this issue. The
future will bring new and increasingly sophisticated
commercial aviation technologies, many of which
will be introduced not for the sake of safety, but
for the economic benefits they promise. However,
many hold the potential for decreasing accident risk.
OTA finds that, in the long term, FAA will need
greater expertise on its staff in areas of new avia-
tion technology to provide oversight comparable
to today ’s. Congress may wish to consider make
ing additional funding available to bolster FAA’s
technical staff.

Part 135 regulations have weaker minimum im
strument and equipment requirements than Part
121. This is significant because, since deregulation,
Part 135 operations have replaced Part 121 opera-
tions over some routes, and code-sharing arrange-
ments have created situations where passengers are
not aware they will be flying on a Part 135 opera-
tion. One policy option is to eliminate the differ-
ences between Parts 121 and 135; however, the eco-
nomic consequences for Part 135 operators could
be serious. Another option is to attempt to iden-
tify specific hazards in Part 135 operations, and to

rectify the most serious hazards through cost-effec-
tive measures as part of overall system safety man-
agement.

Aircraft icing before takeoff is an important
weather hazard. Better training for pilots and tech-
nicians appears to be the most cost-effective near-
term approach for reducing the icing hazard to air-
craft before takeoff. For the longer term, greater
use of advanced de-icing fluids and de-icing facil-
ities located near the entrances to runways offer
possible improvements, but the economic and
operational consequences of using these technol-
ogies need to be weighed carefully. The Aviation
Trust Fund could be tapped to support construc-
tion of wider aprons on runway ramps which would
help facilitate use of de-icing vehicles near entrances
to runways. Sensors for detection of ice on the air-
craft is another approach, but has operational lia-
bilities if pilots rely too heavily on them. FAA has
begun to increase industry awareness of icing prob-
lems through bulletins and advisory circulars. An
additional option is for FAA to work with indus-
try to develop an integrated plan for training and
other improvements in icing safety. FAA’s inte-
grated windshear plan, with its heavy participa-
tion from many industry groups, is a good model
for this option.
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List of Acronym
A

s

AAS –Advanced Automation System
AAT –Associate Administrator for Air Traffic
ACARS –ARINC Communications Addressing

ACAS
AD
ADA
ADAP
AEA
AERA
AI
AIDS
AIROPS
ALPA
ARINC
ARTCC
ASAS
ASDE
ASRP
ASRS
ATC

—
and Reporting System

–Air Carrier Analysis System
—Airworthiness Directive
–Airline Deregulation Act
–Airport Development Aid Program
—Association of European Airlines
—Advanced En Route Automation
—artificial intelligence
–Accident/Incident Data System
–Air Operator Data System
–Air Line Pilots Association
–Aeronautical Radio, inc.
–Air Route Traffic Control Center
–Aviation Safety Analysis System
–Airport Surface Detection Equipment
–Aviation Safety Reporting Program
–Aviation Safety Reporting System
—air traffic control

ATD —advanced training device
ATCRBS –Air Traffic Control Radar Beacon

ATIS

AVN

AVS
CAA
CAB
CAMI
CERT
CRM
CRS
CWSU
DER
DOT
DYSIM
EIS
FAA
FAR
FSF
FSS
GA
GAO
GOES

System
–Automated Terminal Information

Service
–Aviation Standards National Field

Office
–Aviation Standards
–Civil Aeronautics Authority
–Civil Aeronautics Board
—Civil Aeromedical institute
–Computer Enhanced Radar Training
—cockpit resource management
—computerized reservation system
–Center Weather Service Unit
–Designated Engineering Representative
–U.S. Department of Transportation
–Dynamic Simulation
–Enforcement Information System
—Federal Aviation Administration
–Federal Aviation Regulation
—Flight Safety Foundation
—Flight Service Station
—general aviation
–U.S. General Accounting Office
–Geostationary Operational

Environmental Satellite

GPWS —Ground Proximity Warning System
HF –high-frequency
IFR —instrument flight rules
ILS –Instrument Landing System
IOP —input/output processor
LLWAS –Low Level Windshear Alert System
LOFT –line-oriented flight training
LPP —labor protective provisions
MAC –Military Airlift Command
MLS —Microwave Landing System
MTMC —Military Traffic Management Command
NAS —National Airspace System
NASA –National Aeronautics and Space

Administration
NASP –National Aero-Space Plane
NASPAC —National Airspace System Performance

NATA
NATI

NMAC
NTSB
NWS
OMB
OSI
OST
PC
PMI
R&D
RAA
RSPA

RTCA

SAE
SDRS
SST
STOL
TCA
TCAS

TDWR

Capability
—National Air Transportation Association
—National Air Transportation Inspection

Program
—near midair collision
–National Transportation Safety Board
—National Weather Service
–Office of Management and Budget
—Open System Interconnection
—Office of the Secretary of Transportation
—personal computer
—Principal Maintenance Inspector
—research and development
—Regional Airline Association
—Research and Special Programs

Administration
–Radio Technical Commission for

Aeronautics
–Society of Automotive Engineers
—Service Difficulty Reporting System
–Supersonic Transport
—short takeoff and landing
—terminal control area
—Traffic Alert/Collision Avoidance

System
–Terminal Doppler Weather Radar

TRACON–Terminal Radar Approach Control
UHB —ultra-high bypass
VFR —visual flight rules
VHF —very-high frequency
VTOL —vertical takeoff and landing
WPMS –Work Program Management System
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Appendix B

Workshop
and Contri

Participants, Reviewers,
butors

Participants in Human Factors in Commercial Aviation Safety Workshop
May 28, 1987

John Lauber, Workshop Chairman
National Transportation Safety Board

Charles Billings
Aerospace Human Factors Research Division
Ames Research Center
National Aeronautics and Space Administration

Robert G. Buley
Flight Standards
Northwest Airlines, Inc.

Frank Celona
International Association of Machinists and

Aerospace Workers

Delmar M. Fadden
Flight Crew Operations Requirements
Boeing Commercial Airplane Co.

John Fredericksen
Regional Airline Association

R. Curtis Graeber
Aerospace Human Factors Division
Ames Research Center
National Aeronautics and Space Administration

Mitchell Grossberg
Air Traffic System Resource Analysis Division
Federal Aviation Administration

George A. Hof, Jr.
Flight Operations
American Airlines,

Clyde Kizer

Inc. Flight Academy

Maintenance and Operations Division
United Airlines

James McIntyre
Air Line Pilots Association

Louis M. McNair
Air Line Pilots Association

Kenneth J. McNamara
Commercial Aviation Programs
SimuFlite Training International Division
The Singer Co.

James T. Muldoon
Aviation Technical Services
Port Authority of New York and New Jersey

John J. Nance
Consultant and Author
Tacoma, WA

Michael J. Pangia
Smiley, Olson, Gilman, and Pangia

William T. Shepherd
Biomedical and Behavioral Science Division
Office of Aviation Medicine
Federal Aviation Administration

Robert J. Tibor
Rockwell International
Collins Air Transport Division

Guice Tinsley
Flight Technical Programs Branch
Federal Aviation Administration

Earl L. Wiener
Department of Management Science
University of Miami
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Participants in Technology in Commercial Aviation Safety Workshop
July 1, 1987

John Enders, Workshop Chairman
Flight Safety Foundation, Inc.

Elizabeth E. Bailey
Graduate School of Industrial Administration
Carnegie-Mellon University

Melvin C. Beard
Office of Airworthiness
Federal Aviation Administration

Robert E. Brown
Radar Engineering Division
Federal Aviation Administration

Steven J. Brown
Aviation Policy
Aircraft Owners and Pilots Association

Robert Cooke
National Business Aircraft Association

Robert A. Davis
747 Division
Boeing Commercial Airplane Co.

B. John Garrick
Pickard, Lowe, and Garrick

Paul Gralnick
Bendix-King Air Transport Avionics Division

Kevin Hilliard
Product Liability Claims
Associated Aviation Underwriters

Cornish F. Hitchcock
Public Citizen Litigation Group

William C. Keil
Engineering and Quality Assurance
USAir, Inc.

Clyde Kizer
Maintenance and Operations Division
United Airlines

H. Knickerbocker
Flight Operations
Douglas Aircraft Co.

William Laynor
Bureau of Technology
National Transportation Safety Board

John McCarthy
Research Applications Program
National Center for Atmospheric Research

Louis M. McNair
Air Line Pilots Association

David C. Nagel
Aerospace Human Factors Research Division
National Aeronautics and Space Administration

Andrew Pickens
Aeronautical Radio, Inc.

John Riley
Sperry Commercial Flight Systems Group
Honeywell, Inc.

Charles H. Sprinkle
National Oceanic and Atmospheric

Administration
National Weather Service

Alan Stephen
Scenic Airlines

Joseph W. Stickle
Low-Speed Aerodynamics Division
National Aeronautics and Space Administration

Fred D. Womack
Flight Operations and Flight Safety
Piedmont Airlines
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Participants in Aviation Safety Review Meetings
September 22, 1987 and February 24, 1988

Charles Curtis, Chairman
Partner

Van Ness, Feldman, Sutcliffe, & Curtis

Mark Berman Clyde Kizer
Committee on Transportation, Commerce, and Vice President, Technical Services

C o m m u n i c a t i o n  “ Maintenance and
National Governors’ Association United Airlines

Robert A. Davis Lillian Liburdi
Chief Project Engineer Director
747 Division Management and
Boeing Commercial Airplane Co.

John Enders
President
Flight Safety Foundation, Inc.

Roger Fleming
Vice President
Air Transport Association of America

John Fredericksen
Executive Vice President
Regional Airline Association

John B. Galipault
President
Aviation Safety Institute

Richard Judy
Director
Miami International Airport

Operations Division

Budget Department
Port Authority of New York and New Jersey

Louis M. McNair
Executive Central Air Safety Chairman
Air Line Pilots Association

C.O. Miller
President and Principal Consultant
System Safety, Inc.

John O’Brien
Director, Engineering and Air Safety

Department
Air Line Pilots Association

Richard C. Schwing
Senior Staff Research Engineer
General Motors Research Laboratories

Robert Warner
Executive Vice President
National Association of State Aviation Officials
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Richard I. Adams,
Air Wisconsin

Alaska Airlines

American Airlines

Aspen Airways

Reviewers and

Federal Aviation Administration

Frank H. Austin, Jr., National Aeronautics and
Space Administration

Bar Harbor Airlines

Wayne J. Barlow, Federal Aviation Administration
Joan W. Bauerlein, Federal Aviation Administration

Charles Billings, National Aeronautics and Space
Administration

Neal A. Blake, Federal Aviation Administration

Boeing Commercial Airplane Co.
Anthony J. Broderick, Federal Aviation

Administration

Cynthia Burbank, Department of Transportation

Robin A. Caldwell, Research and Special Programs
Administration

Walter S. Coleman, Air Transport Association

Richard L. Collie, Regional Airline Association

Maurice F. Connor, Federal Manager’s Association

Delta Airlines

Douglas Aircraft Co.
Eastern Air Lines
William Edmunds, Air Line Pilots Association

John J. Fearnsides, MITRE Corp.

Flying Tigers

Edward T. Harris, Federal Aviation Administration
Edwin S. Harris, Federal Aviation Administration
Hawaiian Airlines

Jayetta Z. Hecker, General Accounting Office

William R. Hendricks, Federal Aviation
Administration

Henson Airlines

John M. Howard, Federal Aviation Administration
Charles H. Huettner, Federal Aviation

Administration

Contributors

Howard E. Johannssen, Professional Airways Systems
Specialists

John S. Kern, Federal Aviation Administration

Linda Little, Virginia Polytechnic institute

Robert E. Machol, Federal Aviation Administration

Homer C. McClure, Federal Aviation
Administration

Dale E. McDaniel, Federal Aviation Administration

Metro Airlines

Midway Airlines

Frank Monastero, T.M. Monitor Corp.

Northwest Airlines

John O’Brien, Air Line Pilots Association

Marvin Olson, Federal Aviation Administration

Clinton V. Oster, Indiana University

Pan American World Airways

Piedmont Airlines

Siegbert Poritzky, Airport Operators Council
international

B. Keith Potts, Federal Aviation Administration

Arnold E. Price, BDM Corp.

William Reynard, National Aeronautics and Space
Administration

Harvey B. Safeer, Federal Aviation Administration

Len Samuels, Federal Aviation Administration

J. Stan Smith, National Transportation Safety Board

Suburban Airlines

Barry M. Sweedler, National Transportation Safety
Board

Patricia Szrom, Department of Transportation

Trans World Airlines

Arthur E. Treiber, MITRE Corp.

United Airlines

U S A i r

Richard F. Walsh, Department of Transportation

Clifford M. Winston, Brookings [institution

IThls  hst  Includes  Federal A\,latlon  Admimstration  office directors and super~lsors;  many others In the agency  also pro~,lded  information



Related OTA Reports
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Review of the FAA 1982 National Airspace System Plan.
OTA-STI-176,  August 1982, 80 pages.
NTIS order #PB 83-102772.

Airport and Air Traffic Control System.
OTA-STI-175,  January 1982, 150 pages.
NTIS order #PB 82-207606.

Impact of Advanced Air Transport Technology: Advanced High-Speed Aircraft.
OTA-T-1  12, April 1980, 115 pages.
NTIS order #PB 80-200504.

Impact of Advanced Air Transport Technology: Air Cargo.
OTA-BP-T-1O, January 1982, 60 pages.
NTIS order #PB 82-186818.

Impact of Advanced Air Transport Technology: Air Service to Small Communities.
OTA-T-  170, February 1982, 54 pages.
NTIS order #PB 82-186800.

Impact of Advanced Air Transport Technology: Financing and Program Alternatives for Advanced
High-Speed Aircraft.
OTA-BT-T-14,  August 1982, 56 pages.
NTIS order #PB 83-110585.

U.S. Passenger Rail Technologies.
OTA-STI-222,  December 1983, 130 pages.
GPO stock #052-003-00938-2, NTIS order # 84-182 609/AS.

Airport System Development.
OTA-STI-231,  August 1984, 270 pages.
GPO stock #052-003-00960-9, NTIS order #85-127 793/AS.

NOTE: Reports are available through the U.S. Government Printing Office, Superintendent of Documents, Washington, DC 20401-9325, (202)
783-3238; and/or the National Technical Information Service, 5285 Port Royal Road, Springfield, VA 22161-0001, (703) 487-4650.


