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ABSTRACT

Pulse Code Modulation (PCM) data systems are used extensively
in testing aircraft all over the world.  These systems can be
tailored to almost any set of measurement requirements using
flexible, modular equipment available from several sources. 
This paper describes a system assembled from readily
available components manufactured in the United States that
is being used to certify a Russian aircraft flying in The
Commonwealth of Independent States.  The system features
distributed data acquisition, programmable signal
conditioning and PCM encoding modules, multi-channel
temperature and pressure scanners and real time data displays
on board the aircraft.  The impact of U.S.  export controls
and our experience to date is also discussed.

INTRODUCTION

Pratt & Whitney (P&W) is working with the Ilyushin Design
Bureau in Russia to install and certify PW2337 propulsion
systems on their IL-96M commercial transport aircraft.  Eight
instrumented engines with reversers, nacelles and accessories
are being provided to Ilyushin for the two aircraft, 2O month
flight test program.  P&W is also providing two test data
systems that will be used to acquire data necessary for
certification of the propulsion system installations.

INSTRUMENTATION REQUIREMENTS

Several factors combine to determine what test



instrumentation is needed at each engine position on a
multi-engine aircraft.  In the case of the Il-96M we are
fitting mature engines onto a relatively new but existing
airframe.  As a result, only key starting, performance,
operabiity and control system parameters are needed to verify
the installed operating characteristics of each engine. 
Beyond this, each engine has different instrumentation for
different reasons.  One has more fuel and oil system, nacelle
ventilation and component temperature measurements.  Another
has more inlet, nacelle and engine accessory related
parameters.  Hydraulic systems are instrumented on one
inboard and one outboard engine.  The two right hand engines
are also provisioned for an inlet and nacelle static pressure
survey to monitor airflow turbulence and panel loading during
aircraft maneuvers and high angle of attack testing, but only
one engine needs to be monitored at any given time, so only
one nacelle set is instrumented and it will be moved from the
inboard to outboard position as required.

The resulting matrix of measurement requirements is shown in
Table 1.  A total of 533 pressures, temperatures, ARINC 429
and other  parameters will be recorded most of the time, so
we 1ist them as "operational."  The other 293 parameters will
only be recorded some of the time, so we call them
"provisional."

Nominal, steady state accuracy of +/- 0.5 % full scale is
adequate for most of the measurements.  Exceptions are main
engine fuel flow and some performance and reference pressure
measurements where +/- 0.1 % or better is required, and the
dynamic strain, vibration and acoustic pressure measurements
where +/- 3 to +/- 5 % is sufficient.

Different sample rates are used for different parameters, but
starting, acceleration and deceleration all happen relatively
slowly with these large engines so l0 to l00 samples per
second (sps) per channel is adequate to track transients. 
Steady state performance and background environmental data is
collected at 1 sps.  Aggregate total sample rate for al1 of
the parameters is about 7000 sps.

FUNCTIONAL & PHYSICAL REQUIREMENTS

Functional requirements for the data system include formats
of the recorded data on the aircraft, formats for data
processed on the ground, and features of the on board monitor



system.  Output of the digital data system needs to be an
IRIG 106 format to be compatible with Ilyushin's data
processing system.  Ilyushin also wanted to merge our data
into their central aircraft data system (manufactured by a
French company, SFIM) via PCM data decoder modules, but this
has not been pursued.  FM recording is used for the dynamic
measurements data so that it will be compatible with our
ground analysis system.  Engine vibration signals are usually
low pass filtered, but component strains and vibration use 5
KHz bandpass WB Group I FM channels.

The on board monitor system needs tabular or text displays of
both raw (recorded) data and engineering unit data, the first
for use during instrumentation checks and troubleshooting and
the latter for monitoring engine parameters during steady
state operating conditions.  Graphic data displays are used
to monitor the behavior of engines and control systems during
transients.

Physical requirements for the data system deal mostly with
the installation of the equipment.  Given that the test
vehicle is a large commercial transport and that a dedicated
test airplane, Ilyushin's prototype IL-96M0, would be used
for most of the testing, there is plenty of space available
for installing test equipment in the main cabin with
essentially no weight or power restrictions.  The environment
is also relatively benign so we are able to get good results
in many cases using common, commercial equipment with very
little adaptation.  Static inverters provide 60 Hz power as
required.

Our original proposal was to have a centralize data system in
the cabin and wire or plumb all of the sensors and
transducers up from the engines to the cabin, but this was
rejected by Ilyushin because they thought it would be
difficult to install all of the wiring in the wings.  Even
after reducing the engine instrumentation some it was still
viewed as expensive, so eventually we agreed to distribute
the data acquisition function and locate much of the
equipment directly on the engines.  This equipment is then
subjected to an operating environment varying from about -40
to +175EF ambient temperature and 0 to 40,000 feet pressure
altitude with 10 G's or more vibration (approx.  50 to 2000
HZ) and high acoustic loading.  While this is a relatively
harsh environment, we have had good results using hardware
that is well designed and ruggedly constructed.



EXPORT RESTRICTIONS

One of the first things we did when we started working the
data system for this project in earnest was to contact our
export control group and the U.S. Department of Commerce to
see if there would be any restrictions on what we could take
to Russia.  P&W already had a license to sell the propulsion
systems, but we were concerned about the PCM and computer
equipment.  As it turned out we were unable to get clear
guidelines on what would and would not be approved, so we
resorted to the trial and error method.  A request to export
and use Aydin Vector PCM encoders was rejected, apparently
the Department of State, Office of Munitions Control had some
concerns.  We did however get a license that eventually
included Aydin's thermocouple multiplexer units.  The key
here seems to be that they are considered "dual use"
equipment and have a history of commercial as well as
military use.

We also found that export of computer equipment is controlled
and that some of our selections would have to be limited
accordingly.  System configuration and end use are
considered, but basically computers with Combined Theoretical
Performance or CTP ratings of l0 MTOPS or less can be
exported to Russia on a general license, those rated between
10 and 30 MTOPS need special licenses and those rated above
30 MTOPS are restricted.  CTP ratings can be calculated from
formulas given in appendixes of Export Administration
regulations commodity control lists using information on
processor clock speeds, bus widths, memory size and type,
disk drive capacities and through put rates, etc., but we
found it easier to query the manufacturers.  Generally they
either knew the ratings or could find out and get back to us
within a few days.  In hardware terms this means that a
386/33 MHz personal computer with math co-processor, 8 MBytes
of RAM and a 200 MByte IDE hard drive rated at 6.0 MTOPS is
easy, a Sun IPX SPARC workstation with 64 MBytes of RAM and a
2.6 GByte hard drive rated at 21.7 MTOPS needs a Specific
license, and a multiprocessor, VME bus based, telemetry
system can not taken to Russia.  Our export licenses also
require that we keep the equipment in our control at all
times and return it to the United States at the end of the
program.

AIRBORNE SYSTEMS



Figure 1 shows the configuration of the data system that
ended up on the airplane.  Data acquisition functions are
distributed over five locations using nine Microcom RMU-1000
Remote Multiplexer Units (RMU's).  Each of the four engines
has one or two RMU's installed on the fan case for propulsion
system temperature and pressure measurements.  Figure 2 shows
the mounting location.  Another RMU on engine serves the
nacelle aerodynamic pressure measurements and moves from
engine to engine with the instrumented inlet and nacelle. 
The last two RMU's are in the cabin, monitoring fourteen
ARINC 429 digital data busses to collect information from the
engine electronic controls and aircraft avionics systems. 
Time code information, data from high accuracy, digital
output pressure transducers and frequency/flow parameters are
also sampled in the cabin.

A central Data Merge Unit (DMU) in the cabin accepts inputs
from all of the RMU's and combines the data into two output
PCM data streams.  The two data streams are then recorded on
separate tracks of a Honeywell 101 instrumentation tape
recorder.  One stream contains all of the propulsion system
parameters from the engines plus the aircraft reference
parameters from the cabin.  The other stream contains just
the nacelle pressure measurements and the aircraft reference
parameters.  Keepin the two data streams separate extends our
record time by keepin the data rates low and segregates
parameters which we monitor and process separately anyway.

The computer on the airplane is an industrial, rack mount
80386/33 MHz personal computer with NEC color monitor and
Okidata 830 LED array printer.  It is used before a test to
setup and verify the operation of the data acquisition
equipment using software provided by Microcom .  Several
configurations could be predefined and stored on hard or
floppy disk for downloading during a test, but generally we
record all of the data all of the time and don't need to do
this.  During a test we use the same computer with a
Terametrix SBS-9000 telemetry system and their new DB/GRAFIX
software to provide real time engineering unit data displays
to monitor the conduct of the test and verify the qua ity of
the data as we go.  Snapshots of data can also be captured on
disk for analysis later on the ground, or in the air if
necessary.

REMOTE MULTIPLEXERS



Each RMU is actually a small, ruggedized digital data
acquisition system that can provide transducer excitation,
signal conditioning, bus monitoring and PCM encoding all in
one chassis.  They can be used individually for small tests
or in master/slave combinations with up to 32 units in a
chain 500 feet long for bigger jobs.  Interchangeable input
modules accommodate a variety and mix of parameters up to the
limit of 16 modules per RMU.  The size and configuration of
an RMU is shown in Figure 3.

We are currently using dual channel bridge, dual channel RTD
(constant current) , dual channel frequency-to-digital,
16-channel analog, 36-bit discreet, external scanner
interface and ARINC 429 bus monitor modules, but
synchro-to-digital, charge amplifier and other modules are
available.  Standard features include: 

o Programmable excitation (0 to 10 vdc, short circuit
protected)

o Programmable gains (1 to 1024)

o Programmable offsets with automatic zero and
balancing

o Programmable low pass filters (5 to 192O Hz)

o 12-bit A/D converters on each module with
simultaneous sample & hold

o Programmable PCM output codes (NRZ-L, RNRZ-L or
Bi-Phase-L) with 8, l0, 12, 14 or 16-bit words at
rates up to 5 MBits/sec from each RMU string

Each ARINC 429 module can be programmed to trap up to a total
of 128 different words from two busses based on the 8 or
10-bit label embedded in each ARINC word and insert them into
any PCM word or words in the RMU output data stream.

The RMU's are programmed using the personal computer in a
menu driven environment with pop-up windows.  Selections are
downloaded through an RS-422 interface with the master RMU in
a chain, or through a single RS-422 or RS-232 interface on
the DMU for a system like ours.  Setup information is then
retained by the RMU's in EEPROM and is restored to each input
module at power up.



TEMPERATURE AND PRESSURE SCANNERS

In addition to the signals and sensors that are handled
directly by the RMU's, we needed low sample rate data from
hundreds of thermocouples and static pressure taps.  We chose
to use modular, multiplexing temperature and pressure
scanners in conjunction with the RMU's to provide high
density, low cost per channel transducers and/or signal
conditioning that can be positioned around the engine to
minimize wiring and plumbing requirements.  Aydin Vector
TCM-20l thermocouple multiplexers and Pressure Systems Inc. 
ESP-48 pressure scanners are used.  Each is available in 16,
32 or 48 channel versions that provide PAM outputs from the
selected channel in response to randomly addressable,
parallel TTL address signals.  The thermocouple multipexers
include an internal isothermal reference junction for each
input and provide a temperature co nsated, high level voltage
output at scan rates up to l000 channels per second.  The
pressure scanners include an individual semiconductor strain
gage bridge pressure transducer for each input and provide a
low level millivolt output at scan rates up to 10,000
channels per second.

Both scanners directly interface the remote multiplexer units
by way of special interface modules using one module per
scanner, as shown in Figure 4.  Each module provides +5 vdc
and +/- 12 vdc excitation to the scanner and addresses it in
a sequence that is programmed during system setup.  A unique
look ahead feature switches the scanner address to the next
programmed channel immediately after the scanner output has
been sampled.  This extends the settling time available to
the relatively slow scanners to the time between scanner
samples, allowing them to operate much slower that the higher
word rates of the PCM data stream.  The user can then control
the time between scanner samples by positioning them in the
data cycle map.

GROUND DATA PROCESSING

Post test data processing is accomplished on site in Russia
using another personal computer and Terametrix telemetry
system similar to the one installed on airplane.  With this
we can create our configuration data bases on the ground
system and have the same display screens that we use on the
airplane while playing back the magnetic tapes on the ground. 
For post test analysis we recover predefined sets of



parameters "on condition" when selected time, event number or
parameter criteria are met.  The parameter sets are then
converted to engineering unit data files and passed on to a
Sun IPX SPARC workstation for analysis.  Of course the format
of the data files originally produced by the Terametrix
system were not compatible with our analysis programs, so we
had Terametrix modify their software to produce alternate
outputs customized to our requirements, and we can now pass
files directly from the PC to the Sun via floppy disk or
Ethernet.  The workstation also serves as our local data
archival vehicle and can batch transfer files back to P&W's
main plant in E.  Hartford, CT.  over SITA lines that have
been extended to our flight test support office in Moscow.

CONCLUSIONS

As of June 1993 we are still setting up and learning to use
the system described in this paper.  To date we have found
that the hardware performs as expected and that the software
is easy to use and capable of doing our job.  There are some
features that are not fully implemented yet and a few bugs
remain here and there, but all of our suppliers have been
very supportive and I am confident we can solve any problems
that may show up.
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Figure 1 - System Block Diagram



Figure 2 - PW2337 Right Hand Side View



Figure 3 - Microcom Remote Multiplexer Unit

Figure 4 - Scanner Interface to Remote Multiplexer


