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National Transportation Safety Board
Washington, D.C. 20594

Safety Recommendation

Date: March 9, 1995
In reply refer to: A-95-28

To the operators of air carrier service

under 14 CFR Part 121 and commuter
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(see altached mailing list)

On September 8, 1994, a USAir Boeing 737-300, flight 427, was ona scheduled
passenger flight from Chicago, Ilinois, to Pittshurgh, Pennsylvania. During the
approach to landing, the airplane suddenly rolled to the left and pitched nose down
until it reached a nearly vertical attitude and struck the ground near Aliquippa,
Pennsylvania. The airplane was destroyed; the 5 crewmembers and 127 passengers
were fatally injured. The Safety Board’s investigation of this accident is continuing,
and the probable causes have not been determined.

On March 3, 1991, a United Airlines Boeing 737-291, flight 585, was on a
scheduled passenger flight from Denver to Colorado Springs, Colorado. As the
airplane was completing the turn o final approach, it rolled rapidly to the right and
pitched nose down, reaching a nearly vertical attitude before it struck the ground.
The airplane was destroyed; the five crewmembers and 20 passengers were fatally
injured. In its report on this accident, the National Transportation Safety Board did
not reach a determination of the probable cause.!

Both airplanes were equipped with a flight data recorder (FDR). In each case,
however, the FDR did not provide needed information about airplane motion and
flight control surface positions during the accident sequence.

1 National Transportation Safety Board. 1992. United Airlines flight 585, Boeing 737-291,
N999UA, Unconiroiled collision with terrain for undetermined reasons 4 miles south of Colorado
Springs, Colorado, March 3, 1991. Aircraft Accident Report NTSB/AAR-92/08. Washington, DC.
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In the Colorado Springs accident, five parameters--altitude, airspeed, heading,
vertical acceleration, and microphone keying--were recorded by the FDR. Currently,
regulations contained in Title 14 of the Code of Federal Regulations (14 CFR) Part -
121.343 require these five parameters to be recorded by FDRs on airplanes that, like

the airplane involved in the Colorado Springs accident, were type certificated prior .
to October 1, 1969, and were manufactured (received an individual certificate of

airworthiness) prior to May 26, 1989. 2 The FDR of the airplane involved in the
Colorado Springs accident did not record (nor was it required to record) other

parameters critical to this accident investigation: airplane pitch and roll attitude; :

engine thrust values; lateral and longitudinal acceleration; control wheel position;
rudder pedal position; and control surface positions, such as rudder, aileron, and
spoiler. 5

In the Aliquippa accident, the accident airplane was the same type, a Boeing
737, but the airplane’s FDR system had been retrofitted with six additional
parameters, in anticipation of the 1995 deadline for these enhancements. However;
the additional parameters did not include information on cockpit flight control inputs,
flight control surface positions, lateral acceleration, or autopilot status, which has
hampered the Board’s continuing accident investigation. In a public hearing on the-
accident, conducted by the Safety Board in Pittsburgh, Pennsylvania, on January 23-
27, 1995, witnesses from the FAA, aircraft manufacturers, and airlines agreed that
additional FDR parameters would have assisted the Board in determining the
probable cause of this accident.

Had the airplanes involved in the Colorado Springs and Aliquippa accidents
been equipped with enhanced FDRs, information from the additional parameters
would have allowed the Safety Board to quickly identify any abnormal control surface
movements, configuration changes, or autopilot status changes that may have been
involved in the loss of airplane control. Just as important, information from the .
additional parameters would have allowed the Board to rule out certain factors, 1f
warranted, and to focus its investigations on other areas. i

Information from FDRs with additional parameters substantially aided the
Safety Board’s investigations of two regional airline accidents that occurred during =
1994, The first accident occurred on October 31, 1994, while an American Eagle
ATR-72-210, flight 4184, was on a scheduled flight from Indianapolis, Indiana, to

2 Part 121 343 requires that by May 26, 1995, large airplanes type certificated prior to October S
1, 1969 (which would have included the airplanes involved in the Colorado Springs and Aliquippa.

accidents) must be equipped with FDRs that record 11 parameters. The additional parameters are . -

longitudinal acceleration, pitch attitude, roll attitude, control column or pitch control surface position,
and thrust of each engine (two thrust values for the Boeing 737). Part 121.343 also requires that. .
airplanes type certificated after October 1, 1969 (regardless of the date of manufacture) and airplanes
manufactured after May 26, 1989 (regard!ess of the date of type certification) must be equipped with

FDRs that record 17 parameters. Airplanes manufactured after October 11, 1991 (vegardless of the L

date of type certification) must be equipped with FDRs that record 31 parameters
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Chicago, Illinois. The flight had been placed in a holding pattern over Roselawn,
Indiana, hecause of weather delays at O'Hare Airport. The flight was cleared to
remain in the holding pattern and to descend from 10,000 to 8,000 feet. The airplane
rolled to the right, entered a steep descent, and struck the ground, all 64 passengers
and 4 crewmembers were fatally injured. The Safety Board’s continuing investigation
has not yet determined the probable cause of the accident; however, information from
the enhanced FDR enabled the Safety Board to identify, within hours after receiving
the recorder in its laboratories, the key events leading to the airplane’s departure
from controlled flight and the events during its final descent.

The ATR-72 was equipped with an FDR that recorded 98 parameters, including
vane angle of attack (VAOA), aileron bellcrank position, flap position, aileron trim

position, and autopilot engagement status. The FDR data showed that as the ==

airplane was descending through 9,400 feet, the wing flaps began to retract and the
airplane’s VAOA increased. As the VAQA reached 5 degrees the autopilot
disengaged, and within 1/4 second the ailerons deflected to near maximum travel in
the right-wing-down direction. The FDR data also showed that the rolling moment
was reversed when the VAOA was reduced to below 5 degrees, and the ailerons
deflected in the left-wing-down direction. The right rolling moment recurred as the
VAOA again increased to 5 degrees, and the ailerons deflected in the right-wing-down
direction. Control of the airplane was not restored in time to prevent impact with the
ground.

The data available from the ATR-72 FDR indicated to investigators that the
airplane rolled as expected in response Lo aileron control surface movements, and that
the aileron movements were correlated with increases in the airplane’s angle of
attack. As a result, the Safety Board was able to focus its efforts on possible
explanations for the aileron control surface movements and, within days of the
accident, the Board issued urgent safety recommendations to minimize the likelihood
of similar occurrences in the future. As part of its continuing investigation, the
Safety Board is also examining readouts from FDRs with expanded parameters from
seven other ATR airplanes that have reportedly encountered flight control anomalies,
three of which have shown important similarities to the accident flight.

The second accident involving an FDR with expanded parameters was one in
which FDR data quickly moved the focus of the investigation from airplane systems
to operations and human performance. On February 1, 1994, an American Eagle
Saab 34038, flight 3641, was approaching Baton Rouge, Louisiana, on a scheduled
passenger flight from Dallas/Fort Worth, Texas. As the airplane descended through
9,000 feet, hoth engines failed. The flightcrew executed a forced landing at False
River Air Park in New Roads, Louisiana, during which the airplane sustained
substantial damage. The flight attendant received minor injuries during the
emergency evacuation. The 2 pilots and 23 passengers aboard were not injured.

The FDR installed on the Saab 340B recorded 128 parameters. FDR data
showed that as the airplane descended through 9,040 feet, there was a rapid rise of
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both propellers’ rotational speed well above the maximum allowable revolutions per
minute. Because the FDR also was equipped to capture the positions of the engine
power levers, the Safety Board was able to determine that at the same time the
propeller speed increased, the power levers moved from the flight idle gate position
to aft of the ground idle detents. The airplane’s approved flight manual prohibits
such power lever movements while in flight. This flightcrew action explained the
propeller overspeed, which resulted in dual engine failure. With the expanded FDR
data, the Safety Board was able to rule out alternative explanations for the propeller
overspeed, including propeller systems failures that previously had affected similar
propellers installed in another turboprop regional airliner.?

The importance of FDR data is not limited to investigations of catastrophic
accidents. 'DR data from incidents, which are less serious but occur more often, can
provide to investigators and the aviation community critical information to help
prevent accidents involving similar cirvcumstances, Following the Colorado Springs
and Aliquippa accidents, the Safety Board investigated 12 Boeing 737 incidents
involving anomalous rudder activity or uncommanded roll oscillations. The FDRs
aboard the incident airplanes, however, were not equipped to record flight control
surface positions, flight control inputs, or lateral acceleration. Like 79 percent of all
U.S.-registered Boeing 737s, the airplanes involved in the incidents were
manufactured prior to May 26, 1989; consequently, they were required by current
regulations to record only the five basic FDR parameters. As a result, critical,
objective data were not available from the FDRs, and investigators had little more
than the flightcrews’ subjective recollections of these dynamic events.

In contrast to the investigations of these 12 Boeing 737 incidents, for which
important FDR data were not available, investigations of other incidents have been
greatly aided by the availability of enhanced recorded information. These incidents
involved airplanes equipped with a digital data bus that transmits information from
many sensors to the onboard recording devices.

On October 7, 1993, a British Airways Boeing 747-436 experienced a nose-down
pitching moment immediately after departure from London Heathrow Airport. The
captain avoided ground contact by exerting substantial back pressure on his control
column. The incident was investigated by the United Kingdom’s Air Accidents
Investigation Branch (AAIB). Of the many parameters that were available on the
airplane’s digital data bus, recorded by a Quick Access Recorder (QAR)* and available
to the FDR, several were useful in the AAIBR’s investigation. These parameters.
included the position of each of the four elevator control surfaces, control column

% National Transportation Safety Board. 1992. Atlantic Southeast Airlines, Inc., ﬂlght. 2311,
Uncontrolled collision with terrain, an Embraer BMB- 120, N270AS8, Brunswick, Georgla, Apr115 1991 '
Aiveraft Accident Report NTSB/AAR/QZ/OS Washington, DC.

* QARs and FDRs have similar data storage capabilities, but QARs, primarily intended for air
carrier maintenance fault analysis, are not hardened to survive crash impact and fire conditions;
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position, radar altitude, landing gear position, and hydraulic system pressure. By
analyzing the information from the QAR, the AAIB established that "the upset was
caused by the uncommanded pitch-down movement of both right-side elevators,
coincident with landing gear retraction.”™ As a result of its investigation, the AATB
recommended that the FAA require modifications of Boeing 747 hydraulic systems
and elevator power control units.

Between June and August 1993, Air France Boeing 737-300 airplanes
experienced three rudder deflection anomalies. For each incident, about 206 flight
data parameters were available to the French accident investigation authority,
Bureau Enquetes Accidents (BEA). The data were recorded on QARs, and available
parameters included control surface positions, flight path data, acceleration in three
_axes, yaw damper, and autopilot modes. . The Safety Board is evaluating the data
from these incidents for possible applicability to the Aliquippa or Colorado Springs
accidents.

The data required to be recorded on FDRs have been based on the Safety
Board's accident investigation experience and the capacity of the recording devices.
Over the course of decades, many accidents investigated by the Board focused on
wind shear, takeoff overruns, and instances of controlled flight into terrain; fewer
accidents involved the inflight loss of lateral or directional control. In response, FDR
parameter requirements focused on airplane performance (such as airspeed, altitude,
and longitudinal acceleration) rather than on flight control (such as rudder position
and trim seftings). However, the recent accidents and incidents, discussed above,
have demonstrated that more information about flight control parameters should be
recorded by FDRs.

Among the additional flight control parameters that are needed are parameters
that pertain to the positions of flight control inputs and flight control surfaces.
Under current rules, airplanes fitted with conventional flight controls are permitted
to record either the cockpit control input (such as control wheel position) or the
control surface (such as the direction and amount of aileron deflection), if one can be
derived from the other. But in its investigations of the recent Boeing 737 accidents,
the Safety Board found that in some failure modes, flight control surface positions
could move independently of cockpit flight control inputs. Also, under some
conditions, additional information is needed by investigators to determine whether
the controls on the flight deck caused the control surfaces to move, or vice versa.
Consequently, FDRs should record both the flight control inputs and flight control
surface positions.

5 U.K Department of Transport, Air Accidents Investigation Branch. 1995. Report on the incident
to Boeing 747-436, G-BNLY at London Heathrow Airport on 7 Qctober 1893, Aircraft Accident Report
1/95. London, England.
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Flight control trim information, including the positions of trim controls for roll -
and yaw, also has been essential during recent accident investigations. For example, -
the aileron and rudder trim parameters provided answers to critical questions early
in the investigation of the Roselawn accident. The airplane involved had previously
experienced trim anomalies; the FDR revealed none on the accident flight.

Recent technological changes have made feasible the acquisition and storage -
of large amounts of data on FDRs. Today, even for older airplanes, many FDR
systems can record additional parameters because of unused capacity in the flight
recording system. In terms of flight recording systems, there are two general
categories of airplanes in the current air carrier fleet: analog airplanes, and
airplanes equipped with a digital data bus. '

On an analog airplane, information from remotely located data sensors (for
example, a rudder position sensor located in the tail section) is transmitted to the
FDR via dedicated wires in an analog format. The information is then converted to
digital format in the FDR or the flight data acquisition unit (FDAU).

On an airplane equipped with a digital data bus, information is transmitted
in digital format from a multitude of sensors, along a single, high capacity
communications pathway (data bus). Information transmitted on the bus is provided
to a number of systems, including flight management computers, cockpit displays,
QARs, and FDRs. Additional data can readily be fed from the bus to the FDR, based
on information that is already on the bus for other purposes or added to the bus by
Nnew Sensors. '

Upgrading FDRs with additional parameters would result inimproved aviation
safety. The Safety Board acknowledges, however, that retrofitting airplanes that are
currently operating in air carrier service would necessitate a significant monetary
investment, especially for analog airplanes.

The Safety Board obtained information about the cost of upgrading FDRs on’
analog airplanes from an air cairier trade group and an FDR equipment -
manufacturer. In a petition submitted to the FAA, the Air Transport Association

(ATA) reported that to upgrade an FDR with six additional parameters would require - .

a one-time expenditure of about $250,000 per airplane type for engineering
specifications and the development of retrofit kits.® These one-time costs would be -
spread over all of the individual airplanes of each type that are retrofitted; that is, '_
if there are 500 airplanes in service, the cost for basic engineering would be $500 per -
airplane. Additional expendxtmes would be required for labor and equipment fo -
upgrade each individual airplane; an ATA member survey stated that the installed

 Letter of June 5, 1992, to the FAA Office of General Counsel Rules Docket, from Joseph D w
Vreeman, Vice President of Engineering, Maintenance, and Materiel, Air Transport Association, =~ = !
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equipment cost fora sixq")arameter upgrade would total between $20,000 and $40,000
per individual airplane.

The Safety Board also obtained estimates of installed equipment cost to
upgrade an FDR to record the parameters listed in "Proposed Minimum FDR
Parameter Requirements for Airplanes in Service" (attachment A to this letter). The
information was provided by an FDAU manufacturer and an FDR manufacturer.

The FDAU manufacturer estimates that retrofitting an analog airplane could
cost about $20,000 to $30,000. This estimate includes about $1,000 per additional
parameter ($200 to $400 of which is for sensors; the remainder is for associated
wiring and labor). The FDR manufacturer estimates that to record the parameters

listed in attachment A, many airplanes may require the use of an FDAU ,whicheould

cost an additional $15,000 to $20,000 for each airplane not already so equipped.
Based on the various estimates, it appears that retrofitting an analog airplane to
record the parameters listed in attachment A could cost between $25,000 and
$70,000.

Retrofitting an airplane equipped with an ARINC 429 digital data bus or
equivalent (such as the Boeing 757 and 767) to record, as a minimum, the parameters
listed in attachment A would be less expensive. Most wiring changes would be
confined to the electronic equipment compartment, and some reprogramming of the
digital FDAU would be required. All of the airplanes would require the addition of
flight control surface position sensors. Some airplanes that were manufactured on
or before October 11, 1991, may also require additional sensors.

During the public hearing on the Aliquippa accident, a major U.S. air carrier
expressed concern about the costs of upgrading FDRs on the carrier’s fleet. The
Safety Board recognizes that enhanced FDR capability needs to be weighed against
the costs. However, the Board also believes that the costs should be balanced against
the remaining useful life and revenue-earning potential of an airplane. Using an
upper-bound retrofit cost of $70,000 per airplane and reasonable assumptions about
airplane utilization,® the Safety Board estimates the cost of retrofitting an airplane
in current service with an enhanced FDR to be less than 7¢ per passenger.

The Safety Board believes that public safety outweighs the 7¢-per-passenger
cost of equipping older airplanes to record more FDR parameters, especially if the
retrofit program is limited to airplane types that remain in production {including

! Summarized by the FAA in its Notice of Proposed Rulemaking on extension of the compliance
date for installation of digital FDRs on Stage 2 airplanes, Federal Register (Vol. 59, No. 36), p. 8573.

8 Assumplions are as follows: average seating capacity of 150 passengers, 3 departures per day,
a 65-percent passenger load factor, and a useful life of 10 years.
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derivative models?). According to information provided by the FAA to the Safety
Board,' the U.S. register currently lists about 2,000 transport category airplanes
(such as DC-9s, B-737s, and F-28s) that were type certificated before October 1,
1969. These types are still in production (including derivatives, such as MD-80s, B-
737-400s, and F-100s), and most of these airplanes use the analog method of data
acquisition and transmission. :

The Safety Board believes that transport category airplanes of a type that is
still in production and operated under 14 CFR Parts 121, 125, or 135 should be
retrofitted with the sensors and FDAU needed to record, as a minimum, the
parameters listed in attachment A. Further, these airplanes should continue to
record the FDR parameters required by current regulations applicable to each
airplane (based on its dates of certification and manufacture). Although Boeing 727
and Lockheed L-1011 airplanes are not currently in production, nearly 800 airplanes
of these types are expected to remain in the U.S. airline fleet by the end of the
1990s."! Accordingly, the Safety Board believes that these airplanes should also be
retrofitted to record on FDRs, as a minimum, the parameters listed in attachment A,

To ensure that individual airplanes have a substantial useful life over which
to recoup the cost of FDR enhancement, the Safety Board believes that the retrofit
should apply only to airplanes (except for Boeing 737s, which are addressed later in
this letter) that comply with Stage 3 noise requirements,'? or that remain in service
after December 31, 1999, by receiving a waiver or exemption from Stage 3 noise
requirements. This criterion would apply the FDR enhancements only to individual
airplanes that have the opportunity to operate well into the next decade.

The Safety Board believes that the FAA should complete its rulemaking on
FDR enhancements by December 31, 1995, Further, the FAA should require all
operators of transport category airplanes under 14 CFR Parts 121, 125, or 135 to
complete the FDR enhancements by January 1, 1998. Airplanes that do not currently
comply with Stage 3 noise requirements should be retrofitted with these FDR
enhancements by January 1, 1998, or by the later date when they meet Stage 3 noise
requirements but, regardless of Stage 3 compliance status, no later than -
December 31, 1999. .

¥ Derivative models are updated versions of older airplane types that continue to uge the orig{ﬁél
FAA aircraft type certificate. Examples include the McDonnell Douglas MD-80 series, based on the
DC-9, and the Fokker F-100, based on the F-28. :

10 Letter of December 14, 1994, from FAA Administrator David R. Hinson to Safety Board .
Chairman Jim Hall. - '

1! Derived from informatien in the letter of December 14, 1994, from FAA Administrétbi‘ Hinson.

12 According to 14 CFR 91.853, all airplanes will be required to meet Stage 3 noise requireménts :
by December 31, 1999. :
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With regard to Boeing 737 airplanes, which account for about 23 percent of the
U.S. air carrier fleet, the Safety Board believes that FDR enhancement is needed
sooner. Data from enhanced FDRs play a vital role in helping to prevent accidents
through information they provide about incidents.!® During the public hearing on the
Aliquippa accident, the Boeing Commercial Airplane Group indicated that it had
records of 187 flight control incidents involving Boeing 737s that occurred between
1970 and 1994. Of the 187 incidents, 35 occurred in 1993 and 1994. Because the
Boeing 737 will be used for years to come, it is essential that the airplanes involved
in future incidents he equipped with enhanced FDRs. Consequently, the Safety
Board believes that the FAA should require that all Boeing 737 airplanes operated
under 14 CFR Parts 121 and 125, regardless of Stage 3 compliance status, be
equipped, by December 31, 1995, with FDRs that record, as a minimum, the
parameters required by current regulations plus the following parameters (recorded

at the sampling rates specified in attachment A): lateral acceleration; flight control
inputs for pitch, roll, and yaw; and primary flight control surface positions for pitch,
roll, and yaw.

According to information provided to the Safety Board by the FAA,' as many
as 1,000 Boeing 737 airplanes would be affected by the retrofit. The additional
parameters could, in most cases, be accommodated by the currently installed FDR
and FDAU systems. As a result, the Safety Board estimates that the cost to add
these parameters would total between $10,000 and $20,000 per airplane.

In the ATR-72 and Saab-340B accidents, the traveling public benefited from
earlier corporate decisions by Avions de Transport Regional (ATR), Saab Aircraft AB,
and AMR Corporation/American Eagle to equip the airplanes with FDRs that record
more parameters than are currently required by the Federal Aviation Regulations.
American Eagle also has taken the initiative to retrofit its 19-seat, British Aerospace
Jetstream airplanes with enhanced FDRs. In the Safety Board’s opinion, the
leadership role taken by these companies should be followed by others in the aireraft
manufacturing and air carrier industries. Because the Board recognizes that
regulatory change is not accomplished as quickly as action taken by individual
companies, the Safety Board believes that the operators of transport category
airplanes currently in service under 14 CFR Parts 121 and 135 should voluntarily
modify FDRs installed on their airplanes to record, as a minimum, the parameters
listed in attachment A plus the parameters that are currently required by the
regulations applicable to each airplane.

13 1 addition to the role that enhanced FDR data can play in accident and incident investigations,
the data will be of great assistance to air carriers’ Flight Operations Quality Assurance (FOQA)
programs. FOQA is a proactive, accident prevention program that involves the analysis of data
collected during normal flights, for the purpose of enhancing the safety of flight eperations. The Safety
Board joins the FAA, the Department of Transportation, and many industry representatives in
supporting the development of FOQA programs.

4 1 etter of December 14, 1994, from FAA Administrator Hinson.
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Most newly manufactured airplanes used in air carrier service are routinely
equipped with digital data buses that carry information on hundreds of parameters.
Also, the current state of the art in solid-state memory devices has lifted the previous
constraints on the number of parameters that FDRs can record. Consequently, the
cost of adding FDR parameters usually will be minimal if the parametels are
specified before the airplane is built.

The Safety Board’s accident investigation experience in recent years indicates
that the FDR parameter requirvements for newly manufactured airplanes need to be
expanded further. The Board believes that the required FDR parameters for newly

manufactured airplanes should include those proposed in EUROCAE Document ED- .

5515 plus additional parameters such as flight control input and surface positions.,
Accordingly, the Safety Board believes that the FAA should require that all airplanes
operated under 14 CFR Parts 121, 125, or 135 (10 seats or larger) for which an
original airworthiness certificate is issued after December 31, 1996, be equipped with
FDRs that record the parameters listed in "Proposed FDR Enhancements for Newly
Manufactured Airplanes” (attachment B to this letter). Also, the Safety Board
believes that because available technology now permits all FDRs to record at least
25 hours of data, all I'DRs installed on these newly manufactured airplanes should
have this recording capacity after December 31, 1996,

Because aircraft manufacturers can react more quickly than regulatory
requirements can be changed, the Safety Board also believes that the manufacturers
should establish, for all newly manufactured airplanes that will be operated under
14 CFR Parts 121, 125, or 135 (10 seats or larger), a minimum standard for recording
FDR parameters in accordance with attachment B.

Air travelers and the air carrier industry cannot afford additional unresolved
accidents. The Safety Board will continue its efforts to identify the probable cause
of the accidents at Colorado Springs and Aliquippa, but enhanced FDR data are
essential to help prevent future accidents.

Therefore, the National Transportation Safety Board recommends that the _
operators of air carrier service under 14 CFR Part 121 and commuter air carrier -
service under 14 CFR Part 135:

Ensure that the flight data recorders installed on transport category
airplanes used in air carrier and commuter air carrier service record, as

a minimum, the parameters listed in "Proposed Minimum FDR
Parameter Requirements for Airplanes in Service" plus other
parameters required by current regulations applicable to each airplane.
(Class 1I, Priority Action) (A-95-28)

15 European Organisation For Civil Aviation Equipment [EUROCAE) May 1990, Minir’hﬁfﬁ i
Operational Performance Specification For Flight Data Recorder Systems (ED-55). Paris, France.
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Recommendations were also issued to the Federal Aviation Administration and
to the manufacturers of airplanes operated under Parts 121, 125, or 135.

The National Transportation Safety Board is an independent Federal agency
with the statutory responsibility "...to promote transportation safety by conducting
independent accident investigations and by formulating safety improvement
recommendations” (Public Law 93-633). The Safety Board is vitally interested in any
actions taken as a result of its safety recommendations and would appreciate a
response from you regarding action taken or contemplated with respect to the
recommendation in this letter. Please refer to Safety Recommendation A-95-28 in
your reply.

Chairman HALL, Vice Chairman FRANCIS, and Member HAMMERSCHMIDT
concurred in this recommendation.

LA LA
By: { Jim Hall /
wEhaleaman

Enclosures






Attachment A

Proposed Minimum FDR Parameter Requirements
for Airplanes in Service

Proposed Minimum Parameters:

Altitude

Adrspeed .

Vertical acceleration

Heading

Time of each radio transmission to air traffic control
Pitch attitude

Roll attitude

Longitudinal acceleration

© e ;o W

Pitch trim position*

Josd
)

. Yaw trim position®*

i
—

. Roll trim position**

foad
]

. Control column and pitch control surface position™*

—t
o

. Control wheel and lateral control surface position**

-
S

. Rudder pedal and yaw control surface position**

-
jo1

. Thrust of each engine

oy
o

. Position of each thrust reverser (or equivalent for propeller airplane)*

—
~1

. Trailing edge flap or cockpit flap control position*

ok
oo

. Leading edge flap or cockpit flap control position™

—t
e

. Ground spoiler position/speed brake selection™*

B
[}

. Angle of attack (when information source is available)**

]
—

. Lateral acceleration™*



22. Autopilot engagement status™*

23. Automatic Flight Control System (AFCS) modes and engagement status™*

24, Outside or total air temperature**

(*) Indicates a new or changed parameter relative to the current 1l-parameter
requirement. (**) Indicates a new or changed parameter relative to the current 17-
parameter requirement.

Notes:

1.

Data shall be recorded within the range, resolution, accuracy and sampling
intervals specified in EUROCAE Document ED-55, Chapter 3 and Annex 1,
unless otherwise noted.

Each airplane type will need to be assessed to identify any novel or unique design
or operational characteristics. It will then be necessary to ensure that sufficient
dedicated parameters, appropriate to these characteristics, are recorded in
addition to or in place of other parameters.

The flight recorder shall use a digital method of recording and storing the data
and a method of readily retrieving those data from the storage medium. The data
shall be obtained from sources within the aircraft that enable accurate correlation
with data displayed to the flight crew, except when the flight deck displays are
filtered or manipulated so as to produce values that do not meet the resolution
and accuracy requirements for all phases of flight (for example, some EICAS
flight control position display data).

National Transportation Safety Board
February 1995



Attachment B

Proposed FDR Enhancements
for Newly Manufactured Airplanes

Acceleration Parameters:
Vertical
Lateral
Longitudinal

Airplane Performance/Position Parameters:
Altitude
Alrspeed
Air/ground sensor (primary airplane systems reference, nose or main gear)
Brake pressure and pedal position
Drift angle (when an information source is installed)
Ground speed (when an information source is installed)
Wind speed and direction (when an information source is installed)
Qutside air temperature or total air temperature
Radio altitude (when an information source is installed)
Latitude and longitude (when an information source is installed)

Airplane Attitude Parameters:
Angle of attack left and right (when an information source is installed)
Pitch
Roll
Magnetic heading
True heading (when an information source is installed,
sampled 1 per 4 seconds)
Yaw or sideslip angle (when an information source is installed)*

Flight Controls Position and Input Parameters:

All control surface positions--primary controls
{pitch, roll, and yaw)

All cockpit flight control input positions and forces
(control wheel, control column, rudder pedal)
(sidestick controllers on fly-by-wire systems)

All trim surface positions--primary controls**
(pitch, roll, and yaw)
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All cockpit trim control input positions--primary controls**
(pitch, roll, and vaw)
Thrust/power--primary flightcrew reference
(may require multiple parameters for all phases of flight)
Throttle/power lever position
Thrust reverser status (i.e., stow, transit, deployed, reverse pitch.)
Thrust command (when an information source is installed)
Thrust target (when an information source is installed)
Engine bleed valve position (when an information source is installed)

Airplane Configuration Parameters:
Flap position (trailing and leading edge)
Spoiler position {ground and speed brake)
Spoiler/speed brake cockpit selection/status (armed--ground spoiler)
Flap cockpit control selection
Landing gear position
Landing gear cockpit control selection
De-icing or anti-icing system selection
(when an information source is installed, sampled 1 per 4 seconds)

Fuel quantity in CG trim tank (when an information source is installed)

Computed center of gravity (when an information source is installed)
AC electrical bus status

DC electrical bus status

APU bleed valve position

Hydraulic pressure (all systems)

Navigation Aids:
Localizer deviation
Glideslope deviation
DME 1 and 2 distances
NAV 1 and 2 selected frequency
GPS position data (when an information source is installed)
Marker beacon passage

Autopilot Parameters:
Engagement status (all systems)
AFCS modes and engagement status



Timing:
Radio transmitter keying
UCT (when an information source is installed)
Recorder elapsed time (frame counter, 0 to 4095)
CVR/DEFDR synchronization reference
{(when an information source is installed)
Event marker

Warning Parameters:
GPWS
Hydraulic pressure low {(each system)
- Master warning
Loss of cabin pressure
TCAS--TA, RA, and sensitivity (as selected by crew)
Icing (when an information source is installed)
Engine warnings each engine--
Vibration (when an information source is installed)
Over temp. (when an information source is installed)
Qil pressure low (when an information source is installed)
Over speed (when an information source is installed)
Windshear (when an information source is installed)
Computer failure
Stick shacker/pusher (when an information source is installed)

Manual/Automatic Selected Parameters:
Selected barometric setting
Selected speed
Selected vertical speed
Selected heading
Selected flight path
Selected decision height
BFIS display format
Head-up display (when an information source is installed)
Para-visual display (when an information source is installed)
Multi-function/engine/alerts display format

(*) Range, as installed; accuracy, as installed; resolution, 0.3% of full range;
sampling, 1 per second. (**) Range, full travel; accuracy, = 3% unless higher
accuracy uniquely required; resolution, 0.3% of full range; sampling, 1 per second.



Notes:

1.

Data shall be recorded within the range, resolution, accuracy and samljling'
intervals specified in EUROCAE Document ED-55, Chapter 3 and Annex 1, .
unless otherwise noted. . "

Each airplane type will need to be assessed to identify any novel or unique design. _

or operational characteristics. It will then be necessary to ensure that sufficient -
dedicated parameters, appropriate to these characteristics, are recorded in . -

addition to or in place of other parameters.

The flight recorder shall use a digital method of recording and storing the data

and a method of readily retrieving those data from the storage medium. The data
shall be obtained from sources within the aircraft that enable accurate correlation
with data displayed to the flighterew, except when the flight deck displays are -
filtered or manipulated so as to produce values that do not meet the resolution
and accuracy requirements for all phases of flight (for example, some EICAS
flight control position display data).

National Transportation Safety Board
February 1995



Mr, Carl Donaway
Chief Executive Qfficer
ABX Air, Inc.

145 Hunter Drive
Wilmington, OH 45177

My, Maurice P. Morissette
Chief Executive Officer
Aerial Transit Company

PO, Box 522760
Miami, FL: 33152

Ms, Susan E, Hoshaw
Chief Executive Officer
Air Cargo Express, Inc.
6348 O1d Airport Road
Fairbanks, AK 99709

Mr. Patrick J. O'Shea
Chief Executive Officer
Air South, Inc.

1800 3t. Julian Place
Columbia, SC 29204

Mr. David M. Clark
Chief Executive Officer

Air Transport International
3800 Rodney Parham Road

Little Rock, AR 72212

Mr. Geoffrey T, Crowley
Chief Executive Officer

Air Wisconsin Airlines Corporation

203 Challenger Drive
Appleton, WI 53915-9120

Mr. Ron R. Hansen
Chief Executive Officer
Airmark Aviation, Inc.

5850 T.G. Lee Boulevard, Suite 345

Orlando, FL 32822

Operators of Air Carrier Service
Under 14 CFR Part 121

Mr. Robert D. Swenson

Chief Executive Officer

Airtran Airways, Inc.

6280 Hazelline National Drive, Suite 100
Orlando, F1L, 32822

Mr. John F. Kelly
Chief Executive Officer
Alaska Airlines, Inc.

-P.O. Box 68900 ...

Seattle, WA 98168

Mr. Ronald A. Aramini

Chief Executive Officer
Allegheny Airlines, Inc.
Harrisburg International Airport
Building 601

Middletown, PA 17057-0432

Mr. Glenn R. Zander
Chief Executive Officer
Aloha Airlines, Inc.
P.O. Box 30028
Honolulu, HI 96820

Mr. A. Maurice Myers

Chief Executive Officer

America West Airlines, Inc.

4000 East Sky Harbor Boulevard
Phoenix, AZ 85034

Mr. Robert L. Crandall

Chief Executive Officer

American Airlines, Inc.

Dallas-Fort Worth International Airport
P.O. Box 619616

Dallas-Fort Worth Airport, TX 65261-9616



Mr. Conrad A. Kalitta
Chief Executive Officer

American International Airways, Inec.

842 Willow Run Airport
Ypsilanti, MI 48198

Mr. J. George Mikelsons
Chief Executive Officer
American Trans Air, Inc.,

Indianapolis International Airport

P.O. Box 51609
Indianapolis, IN 46251-0602

Mr, David G. Bassett

Chief Executive Officer
Ameridet International, Inc.
498 S.W. 34th Street

Fort Lauderdale, FL 33315

My, Jon D. Batchelor
Chief Executive Officer
Arrow Air, Inc.

P.O. Box 26062

Miami, FL 33102-6062

Mr. John Blue

Chief Executive Officer
Atlas Air, Inc.

538 Commons Drive
Golden, CO 80401

Mr. Richard Pearson
Chief Executive Officer
Buffalo Airways, Inc.
301 E. 51st Street
Kansas City, MO 64112

Myr. John A, Catsimatidas
Chief Executive Officer
Capitol Air Express

Smyrna Airport, Hangar 693
P.O. Box 559

Smyrna, TN 37167

Mr. Danial A. Ratti

Chief Executive Officer
Carnival Air Lines, Inc.
1815 Griffin Road, Suite 205
Dania, FL 33004-2213

Mr. B. F. Spohrer

Chief Executive Officer
Challenge Air Cargo, Inc.
P.O. Box 523979

Miami, FL 33152

Mr. Noel G. Rude

Chief Executive Officer
Condor Aviation, Inc.
Tacoma Narrows Airport
1620 26th Avenue

Gig Harbor, WA 98335

Mr. Gordon M. Bethune
Chief Executive Officer
Continental Airlines, Inc.
2929 Allen Parkway
Houston, TX 77019

Mr. Donald J. Breeding
Chief Executive Officer
Continental Micronesia, Inc.
P.O. Box 8778

Tamuning, Guam 96931

Mr. Ronald W. Allen

Chief Executive Officer

Delta Air Lines, Inc.

Hartsfield Atlanta International Alrport
Atlanta, GA 30320

Mr, Willard H. Scherrer, Jr.
Chief Executive Officer

Emery Worldwide Airlines, Inc.
3350 West Bayshore Road

Palo Alto, CA 94303-0986



Mr. Larry K. Lane
Chief Executive Officer

Evergreen International Airlines, Inc.

3850 Three Mile Laane
McMinnville, OR 97128-9409

Mr. Thomas R. Del-Valle

Chief Executive Officer

Executive Airlines, Inc.

P.O. Box 38082, Airport Station
San Juan, Puerto Rico 00937-0082

-~ Alinda Wikert

Chief Executive Officer
Express One International, Inc.
3890 W. Northwest Highway
Suite 700

Dallas, TX 75220

Mr. Frederick W. Smith
Chief Executive Officer
Federal Express Corporation
2005 Corporate Avenue
Third Floor

Memphis, TN 38132

Mr. Barry Fine

Chief Executive Officer

Fine Airlines, Inc.

P.O. Box 523726

1640 N.W. 62nd Avenue, Bldg. 2169
Miami, FL 33152

Mr. Theodore 1. Vallas
Chief Executive Officer
Flight Trails

246 Fifth Street
Encinitas, CA 92024

Mr. Haberly Richard
Chief Executive Officer
Florida West Airlines, Inc.
P.O. Box 522207

Miami, FL, 33152

Mr. Samual Addams
Chief Executive Officer
Frontier Airlines, Inc.
12015 E. 46th Avenue
Denver, CO 80239

Mr. Shahid Siddiqi

Chief Executive Officer

Grand Airways, Inc.

6005 Las Vegas Boulevard South
Las Vegas, NV 89119

Mr. Lee Mason Fedrick

Chief Executive Officer

Gulf and Caribbean Cargo, Inc.
3415 S.W. 9th Avenue

Fort Lauderdale, FL 333156

Ms. Cheryl 1. Grue
Chief Executive Officer
H C L Aviation, Inc.

1000 Davidson, Suite 201
Savannah, GA 31408

Mr. Bruce Nobles
Chief Executive Officer
Hawaiian Airlines, Inc.
P.0O. Box 30008
Honolulu, HI 96820

Mr. M. Tom Christopher

Chief Executive Officer

Kitty Hawk AirCargo, Inc.

P.O. Box 612787

1515 West 20th Street

Dallas-Fort Worth Airport, TX 75261

Myr. Danny Wright

Chief Executive Officer

Kiwi International Air Lines, Inc.
Hemisphere Building

Routes 1 and 9 South

Newark, NJ 07114



Mr. Mike Nekoba

Chief Executive Officer
Mahalo Air, Inc.

90 Nakolo Place, Suite 215
Honolulu, HI 96819-1850

Mr. Michael A. Bergt
Chief Executive Officer
Markair, Inc.

P.O. Box 196769
Anchorage, AK 99519-6769

Mr. Douglas R. Fischer

Chief Executive Officer

Miami Air International, Ine.
P.O. Box 660880

5000 N.W. 36th Street, Suite 310
Miami, FL. 33159

Mz, Brian J. Olds

Chief Executive Officer
Midway Airlines Corporation
5713 South Central Avenue
Chicago, IL. 60638

Mr. Timothy Hoeksema

Chief Executive Officer

Midwest Express Airlines, Inc.
4915 8. Howell Avenue, 5th Floor
Milwaukee, WI 53207

Mr. Ernesto Millon
Chief Executive Officer
Millon Air, Inc.

P.O. Box 524057
Miami, FL: 33152

Mr, David Neeleman

Chief Executive Officer

Morris Air Corporation

5200 8. Highland Drive, Suite 300
Salt Lake City, UT 84117

Mr. Dan McKinnon

Chief Executive Officer
North American Airlines
JFK International Airport
Building 75, Suite 250
Jamaica, NY 11430

Ms. Rita N. Sholton
Chief Executive Officer
Northern Air Cargo, Inc.

3900 W, International Airport Road

Anchorage, AK 99502

Mr. John H. Dasburg
Chief Executive Officer
Northwest Airlines, Inc.
Department A-1020

5101 Northwest Drive
Saint Paul, MN 55111-3034

Mr. Sanford P. Burnstein
Chief Executive Officer
Omni Air Express, Inec.
P.O. Box 582527

Tulsa, OK 74158

Mr, Elijah Jackson

Chief Executive Officer
Paradise Airways, Inc.
Smyrna Airport, Building 693
Smyrna, TN 37167 '

Mr. John W. Presburg

Chief Executive Officer
Paradise Island Airlines, Inc.
1550 S.W. 43rd Street

Fort Lauderdale, FL 33315

Mr. Andrew Barnes
Chief Executive Officer
Patriot Airlines, Inc.
2001 Gateway Place
Suite 700 West

San Jose, CA 95110



My, John F. Leonard

Chief Executive Officer
Piedmont Airlines, Inc.
5443 Airport Terminal Road
Salisbury, MD 21801

Mr. Edwin Wallace

Chief Executive Officer
Polar Air Cargo, Inc.

100 Oceangate, 15th Floor
Long Beach, CA 90832

~Myr. Miguel Ordonez o

Chief Executive Officer

Private Jet Expeditions, Inc.

The Chattahochee Bank Building, Suite
300

3520 Piedmont Road, N.E.

Atlanta, GA 30305

Mr, Richard D. Reeve

Chief Executive Officer

Reeve Aleutian Airways, Inc.

4700 W. International Airport Road
Anchorage, AK 99502-1091

Mr. Lee M. Hydeman
Chief Executive Officer
Reno Air, Inc.

P.O. Box 30059

Reno, NV 89520-3059

Mr. Lawrence G. Sullivan
Chief Executive Officer
Renown Aviation, Inc.
3940 Mitchell Road
Santa Maria, CA 93455

Myr. William D). Meenan

Chief Executive Officer

Rich International Airways, Inc.
P.O. Box 522067

Miami, FL, 33152

 Mr. Garfield M. Thorsrud

Mr. Jeffrey C. Crippen

Chief Executive Officer

Ryan International Airlines, Inc.
6810 W. Kellogg

Wichita, KS 67209-2218

My, Terry Hallcom
Chief Executive Officer
Shuttle, Inc.

P.O. Box 710616
LaGuardia Airport
Flushing, NY 11371

Chief Executive Officer
Sierra Pacific Airlines, Inc.
7700 N. Business Park Drive
Tucson, AZ 85743-9622

Mzr. Peter A. Piper

Chief Executive Officer

Simmons Airlines, Inc.

P.O. Box 612527

1700 W. 20th Street

Dallas-Fort Worth Airport, TX 75261-25627

Mr. James Bastian

Chief Executive Officer
Southern Air Transport, Inc.
P.O Box 524093

Miami, FI. 33152

Mr. Herbert D. Kelleher
Chief Executive Officer
Southwest Airlines Company
P.O. Box 36611

Dallas Love Field Airport
Dallas, TX 75235-1611

Mr. Edward W. Homfeld

Chief Executive Officer

Spirit Airlines, Inc.

18121 E. Eight Mile Road, Suite 100
Eastpointe, MI 48021



Mr. Robert P. Fleming
Chief Executive Officer
Sportsflight Airways, Inc.
2285 E. Elvira Road
Tucson, AZ 85706

Myr. John J. Skiba

Chief Executive Officer

Sun Country Airlines, Inc.
2520 Pilot Knob Road
Mendota Heights, MN 55120

Mr, P. Thomas Kolfenhach
Chief Executive Officer

Sun Jet International Airhnes, Inc.

11701 Belcher Road, Suite 130
Largo, 'L, 33624

Mr. Robert Stephen
Chief Executive Officer
Target Airways, Ltd.
P.O. Box 10165

Reno, NV 89510

Mr. Bud C. Phillips

Chief Executive Officer
TEM Enterprises, Inc.

976 Mountain City Highway
Elko, NV 89801

Mr. Morris Nachtomi
Chief Executive Officer
Tower Air, Inc.

Hangar 17

JFK International Airport
Jamaica, NY 11430

Mr. Gary J. Balnicki

Chief Executive Officer
Trans Air Link Corporation
P.O. Box 521298

Miami, FL 33152

Mr. Scott D, Kalitta

Chief Executive Officer

Trans Continental Airlines, Inc.
803 Willow Run Airport
Ypsilanti, MI 48198

Mr. Robert D, Willman

Chief Executive Officer

Trans Florida Airlines, Inc.

P.O. Box 10150

Daytona Beach Regional Airport
Daytona Beach, FL 32120-0150

Mr, J. Erickson

Chief Executive Officer

Trans World Airlines, Inc.

Kansas City International Airport
P.O. Box 20126

Kansas City, MO 64195

Hulas Kanodia

Chief Executive Officer
URS, Inc.

9275 Genaire Drive

St. Louis, MO 63134

Mr. Gerald Greenwald
Chief Executive Officer
United Air Lines, Inc,
P.O. Box 66919
Chicago, IL 60666

Mr. Thomas H. Weidemeyer

Chief Executive Officer

United Parcel Service Company
1400 N. Hurstbourne Parkway =
Louisville, KY 40223

Mr. David B. Hermelin
Chief Executive Officer
USA Jet Airlines, Inc.
48100 Tyler Road
Belleville, MI 48111



Mr. Rocco P. Masiello

Chief Executive Officer

USAfrica Airways, Inc.

11180 Sunrise Valley Drive, Suite 400
Reston, VA 22071

Mr. Seth E. Schofield
Chief Executive Officer
USAir, Inc.

Crystal Park Four
2345 Crystal Drive
Arlington, VA 22227

Mr. Lewis H. Jordan

Chief Executive Officer

ValudJet Airlines, Inc.

1800 Phoenix Parkway, Suite 126
Atlanta, GA 30349

Mr, Robert McAdoo

Chief Executive Officer

Vanguard Airlines, Inc.

30 N.W. Rome Circle, Mezzanine Level
Kansas City International Airport
Kansas City, MO 64153

Mr. Donald D. Rhoads

Chief Executive Officer

Viking International Airlines, Inc.
175 East Reno Avenue, Suite C-9
Las Vegas, NV 89119

Mr. George Travis

Chief Executive Officer
Viscount Air Service, Inc.
1000 E. Valencia Road
Tucson, AZ 85706

Mr. Terence O. Dennison

Chief Executive Officer

Westates Airlines, Inc.

Niagara [alls International Airport
P.O. Box 223

Wheatfield, NY 14304-0223

Mr. Charles W. Pollard
Chief Executive Officer
World Airways, Inc.
13873 Park Center Road
Suite 410

~ Herndon, VA 22071

Mr. J. Pareti Harold

Chief Executive Officer
Worldwide Airline Services, Inc.
Smith Reynolds Airport
Terminal Building, Suite 212
Winston-Salem, NC 27105

Mr. Stuart Hettleman
Chief Executive Officer
Wrangler Aviation, Inc.
P.O. Box 35329
Greensboro, NC 27425

My, Duane A. Zantop

Chief Executive Officer

Zantop International Airlines, Inc.
840 Willow Run Airport

Ypsilanti, MI 48198-0840



Operators of Commuter Air Carrier Service

Mr. Ervin K. Terry

General Manager

Arctic Circle Air Service, Inc.
P.O. Box 60049

Fairbanks, AK 99706

Mr. Michael A. Spisak
President

Alaska Island Air, Inc.
P.O. Box 1167
Kotzebue, AK 99752

Mr, Archille R. Paquette
President

Air Midwest, Inc.

P.O. Box 7724

Wichita, KS 67277

Ms. Marjorie Baker
President

Baker Aviation, Inc.
P.O. Box 708
Kotzebue, AK 99752

Myr. Larry Kiffley
President

Bemidji Aviation Services, Inc.

P.O. Box 624 _
Bemidji, MN 56601

Mr. I. Edward London
President

Chautauqua Airlines, Inc.
2500 South High School Road
Box 160

Indianapolis, IN 46241

Under 14 CFR Part 1356

Mr. Grant B. Thompson
President

Cape Smythe Air Service, Inc.
P.O. Box 549

Barrow, AK 99723

Courtney Anderson

President

Chicago Express Airlines, Inc.
Chicago Midway Airport

5700 South Cicero Avenue
Chicago, IL 60638

Mr. Charles W. Johnson

Chief Operating Officer and President
ERA Aviation, Inc.

6160 South Airpark Drive

Anchorage, AK 99502

Mr. John Hajdukovich
President

Frontier Flying Service, Inc.
3820 University Ave. '
Fairbanks, AK 99709

Mr. Lawrence A, Chenaille
President

Larry’s Flying Service, Inc.
P.O. Box 2348

Fairbanks, AK 99707

Mz, James D. Rowe
Director of Operations
Bering Air, Inc,

P.O. Box 1650

Nome, AK 99762



Mr. Douglas G. Voss

Chief Executive Officer

Great Lakes Aviation, Ltd.
190 Norwest Financial Center
Bloomington, MN 55431

Mr. Richard H. Fontaine
President

GP Express Airlines, Inc.
P.O. Box 218

Grand Island, NE 68802

. Mr. Michael A. Bergt

Mr. Michae!l G. Robinson
General Manager

Trans World Express, Inc.
Northeast Philadelphia Airport
Grant Avenue & Ashton Road
Philadelphia, PA 19114

Mr. Kevin Hack
General Manager
Promech, Inc.

1515 Tongass Avenue
Ketchikan, AK 99901

President, Chief Executive Officer

Markair Express, Inc.
P.O. Box 196708
Anchorage, AK 99519

Mr. Phillip Hendrickson
President

Village Aviation, Inc,
P.O. Box 787

Bethel, AK 99559

Myr. Von Elbe Antony

Board of Directors
Champlain Enterprises, Inc.
518 Rugar Street
Plattsburgh, NY 12901

Mr. Mark Leininger

Chief Operating Officer
Phoenix Leasing Corporation
600 Fifth Avenue, 8th Floor
New York, NY 10020

Mr. Charles J. Colgan
President
Colgan Air, Inc.

Mr. Orin D. Seybert
President

Peninsula Airways, Inc.
6231 Collins Way
Anchorage, AK 99502

Hulas Kanodia

President.

Trans States Airlines, Inc.
9275 Genaire Drive

St. Louis, MO 63134

Mr. Richard J. Nelson
Chief Executive Officer
Astral Aviation, Inc.
4792 S. Howell Ave.
Milwaukee, W1 53207

Mr. Floyd Saltz, Jr.
President

F S Air Service, Inc.

6121 South Airpark Place
Anchorage, AK 89502

Mr. Richard E. Pfennig
President

10677 Aviation Lane
Manassas Regional Airport
Manassas, VA 22110

Jetstream International Airlines, Inc.
3401 Park Center Drive, Suite 290
Dayton, OH 45414



Mr, Kerry Skeen
President

Atlantic Coast Airlines
1 Export Drive
Sterling, VA 20164

Mr. Floyd W. Miller
President

ACT International Airlines
1333 Corporate Drive, #210
Irving, TX 75038

My, James W. Petty
President

AV], Inc.

P.O. Box 11008

Las Vegas, NV 89111

Mr. George F. Pickett

Chairman of the Board

Atlantic Southeast Airlines, Inc.
100 Hartsfield Centre, Suite 800
Atlanta, GA 30354

Mr, Clifford N. Langness
President

Scenic Airlines, Inc.

P.O. Box 1385

Page, AZ 86040

Joaquin L. Flores

General Manager

Aviation Services, Ltd.

P.O. Box 1578

Guam International Airport
Agana, Guam 96910

Mr. Jonathan Ornstein

President

Continental Express, Inc.
Gateway 1I, Suite 600

15333 John F. Kennedy Boulevard
Houston, TX 77032
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Mr. Melvin E. Spelde

President and General Manager
Empire Airlines, Inc.

2115 Government Way

Coeur D'Alene, ID 83814

President and Chief Executive Officer
ComAir, Inc. '
Cincinnati/Northern Kentucky
International Airport
Cincinnati, OH 45275

Mr. Robert Calvert

Director of Operations

Dolphin Express Airlines, Inc.
4606 Clyde Morris Boulevard
Suite 2A

Daytona Beach, ¥L 32119

Mr. R. Gauss Eugene
Chief Executive Officer
Direct Air, Inc.

5945 S. Keating
Chicago, Il 60629

Mr. Philip H. Trenary _
President and Chief Executive Officer
Exec Express I1, Inc. o
131 East Exchange Ave., Suite 222 =
Fort Worth, TX 76106 L

Mr. Charles M. Wilklow
Chief Executive Officer
Airways International, Ine.
Miami International Airport
P.O. Box 1244

Miami Springs, FL 33266

Noemi Gonzalez

President

Flamenco Airways, Inc.
P.O. Box 224

Culebra, Puerto Rico 00775



Mr. William Jones

General Manager

Flying Boat, Inc.

750 S.W. 34th Street

Fort Lauderdale, FL 33335

Mr. Thomas L. Cooper
President

Gulfstream International Airlines, Inc.

P.O. Box 777
Miami Springs, FL 33266

~ Mr. Randy Shirley .
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Mr. J. Hayes

President

Flagship Airlines, Inc.

2 International Plaza Drive
P.O. Box 17228

Nashville, TN 37217

Mr. Robert Christian
President

Pacific Island Aviation, Inec.
Pacific Postal Plus 318 .
Box 1000

Saipan, Northern Mariana Island 96950

President
Springdale Air Service, Ine.
P.O. Box 811

Springdale, TX 72764

My, Lawrence C. Cabrinha
President

Aloha IslandAir, Inc.

99 Kapalulu Place
Honolulu, HI 96819

Mr. 8. Timothy Clarey
President

Air LA, Inc.

5933 West Century Boulevard
Suite 500

Los Angeles, CA 90045

Mr. Robert D. Swenson
President

Mesaba Aviation, Inc.
7501 26th Avenue South
Minneapolis, MN 55450

Mr. Larry L. Risley
President

Mesa Airlines, Inc.
2325 E. 30th Street
Farmington, NM 87401

Mz, Bryan Bedford

Chief Executive Officer
Buxiness Express, Inc.

Pease International Tradeport
14 Aviation Avenue
Portsmouth, NH 03801

Ms. Kathleen Iskra

President and Chief Executive Officer
Horizon Air Industries, Inc.

P.O. Box 48309

Seattle, WA 98148

Mr. Michael J. Brady
President

Express Airlines I, Inc.

P.O. Box 30397

Memphis International Airport
Memphis, TN 38130

Mr. Lewis A. Pierce
President

Ross Aviation, Inc.

P.O. Box 9124
Albuquerque, NM 87119

Mr. Allen Adili

President

Air Sunshine, Inc.

P.O. Box 22237

Fort Lauderdale, FL, 33335



Mr. Kenneth W. Gann
President

CCAir, Inc.

4700 Yorkmont Road
Charlotte, NC 28208

Mr, James A. Porter

Manager

Samoa Aviation, Inc.

P.O. Box 280

Pago Pago, American Samoa 96799

Mr. Victor Rivas

President

Conquest Airlines Corporation
2215 E. M. Franklin Avenue
Austin, TX 78723

Mr. Jerry Atkin
President

Skywest Airlines, Inc.
444 South River Road
St. George, UT 84770

Mr. Eugene R. Mallette
Chief Executive Officer
Alpine Aviation, Inc,
P.O. Box 691

Provo, UT 84603

Myr. Dale Kariya

Vice President of Operations
Capitol Air, Inc.

644 Bayfield

St. Paul Downtown Airport
St. Paul, MN 55107
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Mr. Alan Berenstein
President

Alpha Aviation, Inc.
9841 Airport Boulevard
Suite 512

Los Angeles, CA 90045

Mr. Flemming K. Anderson
General Manager

Walkers Aviation Services, Inc.
700 S.W. 34th Street

Fort Lauderdale, ¥F1. 33335

Mr. Larry Risley

Chairman of the Board and
Chief Executive Officer
WestAir Commuter Airlines, Inc.
5588 Air Terminal Drive

Fresno, CA 93727

Ms. Barbara Fesser
President

Wings West Airlines, Inc.

1 Aerovista Place, Suite B
San Luis Obispe, CA 93401

Mr. James C, Swartz
President

Arizona Airways, Inc.
P.O. Box 64297
Tucson, AZ 85728



