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INTRODUCTION

On March 9, 1999, the National Transportation Safety issued Recommendations A-99-16 and A-
99-17 calling for revisions to the FAA Regulations dealing with Cockpit Voice Recorders and their
installation in commercial aircraft. These recommendations read as follows.

Require retrofit after January 1, 2005, of all cockpit voice recorders (CVRSs) on all airplanes
required to carry both a CVR and a flight data recorder (FDR) with a CVR that (a) meets
Technical Standard Order (TSO) C123a, (b) is capable of recording the last 2 hours of audio, and
(c) is fitted with an independent power source that is located with the digital CVR and that
automatically engages and provides 10 minutes of operation whenever aircraft power to the
recorder ceases, either by normal shutdown or by a loss of power to the bus. (A-99-16)

Require all aircraft manufactured after January 1, 2003, that must carry both a cockpit voice
recorder (CVR) and a digital flight data recorder (DFDR) to be equipped with two combination
(CVR/DFDR) recording systems. One system should be located as close to the cockpit as
practicable and the other as far aft as practicable. Both recording systems should be capable of
recording all mandatory data parameters covering the previous 25 hours of operation and all
cockpit audio including controller—pilot data link messages for the previous 2 hours of operation.
The system located near the cockpit should be provided with an independent power source that is
located with the combination recorder, and that automatically engages and provides 10 minutes of
operation whenever normal aircraft power ceases, either by normal shutdown or by a loss of power
to the bus. The aft system should be powered by the bus that provides the maximum reliability for
operation without jeopardizing service to essential or emergency loads, whereas the system near
the cockpit should be powered by the bus that provides the second highest reliability for operation
without jeopardizing service to essential or emergency loads. (A-99-17)

A key element of these recommendations is the requirement to provide an independent power
source which provides 10 minutes of continued operation following the removal of the main aircraft
power.

This paper will discuss the feasibility of an independent power source for the Flight Data
Recorder and the Cockpit Voice Recorder. And in addition, offer two options for complying with the
recommended requirement and offer some comparative analysis of the two options.

MAIN SECTION

The purpose of the independent power supply is to enable continued operation of a flight
recorder following an event which otherwise would prevent operation of the system. In the March 9,
1999, letter to the FAA (Reference 1), the NTSB cited several accidents in which continued operation of
either recorder would possibly have provided investigators with valuable additional information. Events



which pose threats to the power supply for the recorder also threaten the aircraft wiring which connects
the recorder to the signal sources providing the requisite information to be recorded. Therefore, any
attempt to provide for continued operation of a flight recorder in a situation which jeopardizes the
aircraft must consider both the power and the signal source interconnections.

FEASIBILITY CONSIDERATIONS FOR THE FDR

The flight data recorder is a single component of a data acquisition and recording system that is
widely distributed in an overall aircraft system. The recording system includes individual sensors that
provide voltage signals representing a wide variety of activities and digital links to other aircraft systems
such as the Digital Air Data Computer. The information is gathered and formatted into a predetermined
digital representation by a Digital Flight Data Acquisition Unit (DFDAU) which is usually a separate
LRU centrally located for ease of interconnection. In the most modern digital aircraft systems, the
function of the DFDAU may be performed by an individual element of a larger system instead of a
dedicated LRU. The formatted digital representation of the aircraft information is then sent to the Digital
Flight Data Recorder, which serves as the crash protected memory element of the entire data recording
system. Figure 1 provides an illustration of the complexity of an aircraft flight data recording system.
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Figure 1: Flight Data Recorder System

For an uninterruptable power scheme to be effective for the data recording system, it would be
necessary to supply a very large array of sensors and other aircraft avionics. In addition, the elements of
the flight recording system are interconnected with an extensive, complex network of aircraft wiring.

For the system to continue useful operation during a hazardous situation the integrity of the
interconnection network would have to be maintained. It is unlikely that the system wiring integrity can
be maintained during a serious threat to the aircraft. Therefore, it is not practical to attempt to design a
flight data recorder system that is capable of continued operation during an extensive aircratft failure.

FEASIBILITY CONSIDERATIONS FOR THE CVR

Compared to the flight data system, the Cockpit Voice Recorder (CVR) system is contained and
concentrated. The system is comprised of a Cockpit Voice Recorder, a subsystem for the Cockpit Area
Microphone (CAM), and the interconnections to the aircraft audio system for pilot, co-pilot, and public
address/flight engineer audio signals. The system is illustrated in Figure 2. The CAM subsystem
receives power directly from the CVR. Therefore, for the CVR and the CAM an independent power
source would provide a high probability of achieving the goal of continued operation during an extensive
aircraft failure of the kind cited in the reference. In addition if the CVR were to be located in the forward
section of the aircraft, particularly close to the cockpit, the length of wire necessary to connect the CAM
subsystem to the CVR could be minimized, thereby providing additional assurance that the system would



continue uninterrupted operation during hazardous situations. For the other components of the system,
namely the aircraft audio controller, a design complication similar to that discussed in relation to the
flight data recorder exists. Namely, the involvement of other aircraft systems whose function is not
specifically related to the flight recorder adds sufficient complexity to prevent the likelihood of
successful continued operation. Consequently, it is not practical to attempt to continue to record audio
signals other than those from the CAM.
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To date, there have been two design approaches suggested for the provision of an independent
power source capable of supplying sufficient electrical energy to enable the CVR to continue operation
for 10 minutes following the loss of main aircraft power. The first of these is a large capacitor to store
charge during normal operation, and then discharge through the CVR when main power is removed.
The second is a separate battery to supply the CVR following removal of the main power, and to be
recharged during normal operation. The remainder of this section will deal with proposed system
requirements, design considerations for each type of system, and a comparative analysis.

Requirements

Proposed requirements of an independent power source for the CVR are shown in the following
table. Since emphasis on the subject of independent power source is relatively recent, this list is
preliminary and will likely experience extensive revision. For some entries, suggested tolerance ranges
are indicated.

Requirement Specification

Duration of continued operation 10 minutes (1& t< 12 minutes)

Voltage Greater than the minimum operating voltage for the CVR
for the duration.

Charging time < 30 minutes {The system must be capable of providing
the required function from the actual departure from the
originating terminal gate until the safe arrival at the
destination terminal gate.}




Isolation from aircraft systems During charging, must not interfere with the continued
proper operation of other LRU supplied from the samg
buss; during discharge, must supply only the CVR.
Maintenance Minimal

Interconnection The installation must minimize the risk of
interconnection failure during hazards to the aircraft.
Prevention of accidental erasure The system should be installed to prevent continued
recording should the CVR become separated from the
aircraft.

Capacitive System

A capacitive system is illustrated in Figure 3. Simple computations show that to maintain
sufficient voltage for uninterrupted operation of a CVR consuming 10 Watts would require 26 to 30
Farads of capacitance. These computations are illustrated in Figure 3, which also illustrates the nominal
voltage range.
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Figure 3: Independent Power Source Using a Storage Capacitor



1 Derivation of Capacitor Size
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Figure 4: Capacitor Size Selection

Battery System

A battery system is illustrated in Figure 5. Since available batteries typically supply
considerably more energy, of the order of 10 Amp-Hours, than is required for this application, a
mechanism to disconnect the battery after the specified operational duration is necessary. For the battery
system, the design must include a timer element in the Discharge Control Circuit.

The charging control circuit will require functionality to sense the state of the battery charge and
provide for controlled recharging.
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Figure 5: Independent Power Source Using a Battery



Comparative Analysis

The following table lists a number of design considerations and provides a relative indication of
the complexity of the two independent power options discussed above. The information provided is
intended only as a qualitative indication of the relative standing of the two options. As quantitative
information becomes available, many of the assessments may indeed prove trivial and unimportant.

Item of Comparison Capacitot Battery
Cost - +
Charging circuit complexity - +
Discharging circuit complexity + -
Weight - +
Volume - +
Maintainability + -
Reliability - -
Maintenance hazard - +

4+ indicates a relatively favorable characteristic.

AIRCRAFT INSTALLATION CONSIDERATIONS

Supplying the flight recorder with an independent power source capable of maintaining proper
operation following the removal of the main aircraft power requires that the flight recorder by supplied
from a DC power bus. Historically for large transport aircraft, Flight Data Recorders and Cockpit Voice
Recorders have been supplied with 115 VAC @ 400 Hz AC power. In order to comply with this
requirement flight recorders capable of operating from DC power must be available, and in the retrofit
case, aircraft wiring must be altered. To achieve the maximum probability of continued operation of the
CVR during a hazardous condition, the equipment should be located as close to the cockpit as possible.
For retrofit the addition of a small, lightweight, DC powered CVR, while leaving the existing system
untouched, may very well prove to have the least design, installation, and cost impact on the aircraft.

CONCLUSIONS

Installation of an independent power source to provide continued operation following removal of
main aircraft power is practical for the Cockpit Voice Recorder and the Cockpit Area Microphone
subsystem. Indeed, the technology for at least two design approaches exists and is available to system
designers. Consideration of the continued integrity of the aircraft wiring dictates that the CVR provided
with the independent power supply is located in close proximity to the CAM subsystem. Because of the
distributed nature of the flight data recorder system and the associated, extensive wiring network, an
independent power source for the FDR is not practical.
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