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ABSTRACT

Veda Incorporated has developed an airborne instrumentation recorder for a major
commercial aircraft manufacturer. The recorder was developed for use in the aircraft
company's Portable Airborne Digital Data System (PADDS), a small scale data
acquisition and monitor system used for flight testing. The recorder is designed around
an off-the-shelf 8mm tape drive, the Exabyte 8505. It records asynchronous,
variable-rate data in a proprietary 24-bit recording format, and allows the data to be
played back in real time. Its RS-422 control interface is designed to imitate the
recorder used in the company's large scale data acquisition system, the Ampex
DCRSi-II. Special provisions allow it to withstand the environment of an airplane's
EE bay.

KEYWORDS

Digital Recorder, 8mm tape drive

INTRODUCTION

The Portable Airborne Digital Data System (PADDS) requires a small, ruggedized,
and reliable tape drive for recording flight test data collected over test periods ranging
from minutes, to days, weeks, or even months. The PADDS (see Figure 1) is a smaller
version of the company's large scale data acquisition system developed for testing new
aircraft. The PADDS will be FAA certified and used for both new aircraft test
programs and in service testing on older aircraft. Veda Incorporated, developed the
recorder for the PADDS.



TAPE DRIVE SELECTION

The Exabyte model 8505 was chosen because it is a SCSI, incremental, digital
recorder. The Exabyte 8505 has a maximum average bandwidth of 500,000 bytes per
second and a capacity of 5 gigabytes on a standard 112 meter tape. The digital
technology allows for very good bit error rates. Exabyte specifies less than 1
non-recoverable error in 10E17 bits. Using an incremental recorder which only
records when data is present and packs the data on the tape at a uniform density which
allows recording over long periods of time without requiring tape changes. The total
record time for this recorder is equal to the tape capacity (5 gigabytes) divided by the
data input rate. The 8mm tape cartridge is a convenient type of media because it is
small, approximately the size of a standard audio cassette tape. A Small Computer
System Interface (SCSI) tape drive was chosen because it is an industry standard
interface allowing the possibility of changing drives in the future when new
technologies produce better tape drives. The two biggest problems that had to be
overcome with the Exabyte 8505 were its environmental characteristics and its tape
retensioning delays. The Exabyte tape drive is designed as a commercial tape
transport to be installed in a personal computer. The Exabyte in its off the shelf
configuration is not suitable for use in an aircraft electronics bay.

DATA REQUIREMENTS

The primary data interface to the PADDS recorder is a uni-directional high speed
AMD TAXI interface from the PADDS central multiplexer during record operations
and a uni-directional high speed AMD TAXI interface to the PADDS monitor during
playback operations (Figure 2). The AMD Transparent Asynchronous
Transmitter/Receiver Interface (TAXI) chipset consists of the Am7968 transmitter and
Am7969 receiver. The TAXI circuits consist of an ECL serial data link running at



either 10.42MHz or 5.21MHz. In addition to the serial data link a throttle signal is
included in the interfaces. On the CMUX side the throttle allows the relatively slow
PADDS recorder to momentarily halt the record data stream when its input buffers
fill. During playback operations the monitor uses a throttle to the PADDS recorder
when it operates in time reconstruction mode and needs to control the rate of the
playback data for 1:1 real time analysis. Un-throttled, the PADDS recorder plays data
back at its maximum data rate (500,000 bytes per second).

Figure 2 - Recorder I/O

COMMAND/CONTROL INTERFACE

The PADDS recorder is controlled via a bi-directional RS-422 serial interface
(figure 2). Command information is sent to the recorder from either the CMUX in
autonomous PADDS configurations or from a remote operator's panel in
non-autonomous mode. The recorder uses the RS-422 link to send status information
to the controlling unit during operations.

The data sent across the RS-422 control/status interface is standard ASCII data.
Instead of developing a custom command set and protocol, Veda designed the
recorder to accept AMPEX DCRSi commands. All status information sent from the
recorder imitates the DCRSi status messages. This allows a flight test program to use
both the PADDS recorder and the large scale data acquisition system recorder
(AMPEX DCRSi) interchangeably. The PADDS is an inexpensive and smaller
alternative when the data bandwidth requirements are relatively low (500,000 bytes
per second or less) and the DCRSi is available for high data rate requirements.



RECORDER ARCHITECTURE

The PADDS recorder unit consists of the Exabyte 8505 tape drive housed in an
enclosure with four circuit card assemblies (CCAs). The power distribution board,
controller board, data interface board, and buffer board (Figure 3).

Figure 3 - Recorder Block Diagram

The power distribution board conditions the +28VDC primary input power using
VICOR DC to DC converters and an input attenuation module (IAM). Besides
supplying +12 VDC and +5VDC to the CCAs and tape drive the power board provides
a battery backup capability during power failures. Power transients less than 200
milliseconds cause a momentary switch to battery power. Power failures longer than
200 milliseconds cause the batteries to be brought on line for 30 seconds. During this
30 seconds an interrupt is generated to the controller board so that a graceful
shutdown can be performed. At the end of 30 seconds if power has returned the
recorder resumes normal operations under primary power, otherwise the batteries are
taken off line to conserve power and the unit will remain off until primary power
returns. The power board incorporates relays that enable alternate power from the
PADDS monitor to power the buffer board even when power to the recorder is off.
The reason for this capability is discussed later.

The controller board (Figure 4) is based upon the Motorola 68340 embedded
processor. The recorder's main operational software runs on this board under the
multi-tasking RTXC real time executive kernel. All firmware is stored in flash
EPROM and can be updated via the remote operator interface. The chief functions of
this board include managing the SCSI interface to the Exabyte 8505 tape drive, setting
up and controlling the data interface board, and providing the command/status
interface for the recorder. An MB87034 controller chip was used as the SCSI interface
because it provided a command/status bus for the 68340 and a separate high speed



DMA interface which could be connected directly to the data interface board. This
separate DMA bus is the key to keeping the processor free during data movement
cycles in record and playback modes. The 68340's serial ports provide the command
and status interface for the recorder. An elaborate command interpreter was written
that converted AMPEX DCRSi commands to Exabyte/SCSI commands. The
command interpreter also sends Exabyte status information to the control interface as
AMPEX DCRSi status. In addition to the DCRSi commands, a comprehensive set of
tape transport specific commands were developed to support built in test functions.

Figure 4 - Controller Board

The data interface board (Figure 5) uses high s digital logic to pass data between the
buffer board and the controller board during record and playback operations. While
passing the data from one board to another the data is decoded and sifted in real time
for various operational uses. During sifting operations 100% data integrity is
maintained on the recorded data. During record the data interface board sifts for time
in the data stream. Time is maintained and constantly updated for use by the controller
board. Besides keeping current time the board keeps track of each data block recorded
and time tags these blocks in the form of a directory which is passed to the controller
board. The directory is saved on tape at the end of every recording session and can be
used for searching in data reduction and analysis operations. Certain status codes are
also sifted during the record process and used in the directory for later analysis.
During playback the data interface board performs similar time sifting functions
maintaining a current time for the controller board to use in status report messages
over the control interface.

The buffer board (Figure 6) performs two functions. During record mode the data
from the CMUX TAXI interface is passed through without any delay times to the
monitor port for operator use. Data to be recorded is bufferred in a 6 Megabyte SRAM
FIFO and sent to the data interface board. Hardware on the board dynamically
reallocates time slicing in the FIFO between data in from the CMUX and data out to
the data interface board. Allocation is done based on incoming data rate fluctuations.



Figure 5 - Data Interface Board

The SRAM FIFO buffer is sized to eliminate minor delays in the Exabyte startup
process as well as to provide buffering during Exabyte re-tensioning calibrations.
6 Megabytes is sufficient to prevent any data loss caused by Exabyte delay times.
During playback the buffer board receives data from the data interface board and
sends it out the monitor interface. As mentioned in the power board discussion, the
buffer board has the capability to be powered from the monitor when the recorder
power is off. This allows the pass-through function to work even if data is not being
recorded.

Figure 6 - Buffer Board

ENVIRONMENTAL PACKAGING

The PADDS recorder was designed as a 3/4 ATR short enclosure meant to fly in the
EE (electronics) bay of a commercial aircraft. This meant that a commercial tape
transport such as the Exabyte 8505 needed to be isolated from that type of
environment. The first problem was temperature. The Exabyte's temperature range is



0 degrees C to +40 degrees C. Veda needed the recorder to operate in an environment
ranging from -15 degrees C to +55 degrees C. This problem was solved by having
TECA design a special thermal electric cooler/heater that fit on the back of the
recorder. Extending only 4" past the back of the enclosure the cooler/heater is
designed to maintain an internal temperature for the recorder between 0 and +40
degrees C. The cooling and heating provides a 15 degree delta T with the outside
ambient and allows operation from -15 to +55 degrees C. Internal thermostats control
the heating and cooling functions on the TECA.

The second major problem with the Exabyte tape drive was shock and vibration. Veda
isolated the tape drive on shock and vibration mounts. The isolation scheme is
designed and tested to a random vibration level of 10 GRMS and shock to 15 Gs for
11 milliseconds.

Veda was also required to design and test to modified RTCA DO-160 specifications
for EMI (radiated and conducted), humidity, water drip, and altitude.

CONCLUSIONS

Veda has developed a small, inexpensive, ruggedized, recorder that fulfills specific
design requirements set forth by a major airplane manufacturer for their PADDS. The
recorder is a drop in replacement for their AMPEX DCRSi large scale data acquisition
system recorder. It should provide reliable operation throughout their new aircraft
testing program and continued duty in their commercial airline in-service testing
programs.


