




















The distribution equipment includes the decommutation and output (or
peripheral) units needed for presentation of the data to the user. Data
to be decommutated is routed to its ultimate destinations through pro-
grammed patchboards that are electronically switched in or out of the
circuitry to accommodate various formats. The format patchboards
(one acquisition and one distribution patchboard for each format) are
used to select the proper signal-conditioner plug-in unit and rearrange
the internal logic to comply with different mission formats. This in-
cludes adjusting the synchronizers to accept different synchronization
codes and distributing different data words from the various multiplexes
to the peripheral equipment. An MSFTP-1 station can recognize strap-
ped channels and distribute them to the appropriate peripheral equip-
ment. Stripping (selecting a group of channels from specific frames
within the subframe of the output multiplex) and distributing the strip-
ped channel groups to the peripheral equipment are also a part of the
distribution function.

Qutputs to the peripheral equipment are either readout commands or
data readouts. The readout commands transfer the data into the periph-
eral equipment. These commands consist of timing signals, synchro-
nization status signals (search, check, and lock) and channel-location
numbering signals. In addition, any channel can be decommutated

and stored in the primary frame or any subframe. Sixty bits are pro-
vided for this function.

The MSFTP-1 equipment supplies output data in three forms: parallel
binary, BCD, and analog. All the parallel binary data may be read out
on command, either in 64-bit form or using the eight most significant
bits. In addition, any channel within a frame (or subframe) can be
transferred to any one of a hundred binary-to-analog converters. Ad-
ditional binary-to-analog converters have a resolution of one part in
256 and can supply 0 to +10 volts into a 10, 000-ohm load.

Comprehensive self- and marginal-check functions are integral with
the main equipment and permit quick and obvious verification of pro-
per station operation without the necessity for a thorough qualification
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in a space environment will be digital television, a new ultra-
violet television pickup tube, and the first practical space test
of large precision optics. Despite its complexity the system

is expected to operate for over one year in space without failure.

Project Celescope is part of the NASA Orbiting Astronomical
Observatory (OAO) organized under the Smithsonian program
for observational astrophysics from space.

The object of Project Celescope is to map the radiant intensity
of the sky in three vacuum ultraviolet regions and to obtain
ultraviolet spectra of a large number of stars. The vacuum
ultraviolet spectrum is of particular interest to astronomers
but is largely unknown because of atmospheric masking.

EMR SATELLITE EQUIPMENT--Equipment supplied by EMR
in OAO will scan both stars and nubulosities transmitting video
information to the ground in both analog and digital form. On
the ground, digital data processing equipment will automatically
print out a star catalog of the 50, 000 stars which are expected
to be measured during the 12-month life of the satellite. This
material is expected to provide astronomers with a wealth of
information concerning the composition of interstellar dust,
the theory of hot star atmospheres, understanding of planetary
nebulae, and possibly understanding of the hot atmosphere of
cool stars.

The satellite equipment supplied by EMR consists of
seven subsystems: UVicon Cameras, Camera Con-
trols, Camera Selector, Analog Data Processing,
Digital Data Processing, Command and Program
Control, and Power Supplies.

While the satellite is stabilized in space four 12-inch Schwarzs-
child telescopes image an area of the sky on four UVicon TV
Camera pickup tubes, Three of these are optically filtered to
receive ultraviolet radiation from three different portions of

the ultraviolet spectrum. The fourth observes the ultraviolet
spectrum from a slitless spectroscope.


















After NASA's Jet Propulsion Laboratory (JPL) had completed a 1-1/2
year study of Surveyor's feasibility, JPL appointed the Hughes Air-
craft Company prime contract negotiator for the construction of Sur-
veyor and its ground and spaceborne instrumentation: Of all of Sur-
veyor's instrumentation, among the most important i;s the communi-
cation and data acquisition equipment; without it, little of the exper-
imental data that Surveyor will accumulate on the moon's surface
would be available. For this important phase of the program, Hughes
chose Electro-Mechanical Research, Inc.

EMR will supply Hughes with 58 EMR Model 167 Phase-Locked-Loop
Discriminators and more than 10 EMR Model 185 Digital Decommu-
tators to be installed in ground stations scattered around the globe.

FM DISCRIMINATORS--The Model 167 Discriminator, a precision in-
strument used for FM telemetry and data-recording systems, separates
individual subcarriers from a multiplex and then demodulates the sub-
carriers by means of an optimized phase-locked-loop detector to pro-
duce an output voltage proportional to the frequency deviation of the
subcarriers. The design of the Model 167 is such that the parameters
of the phase-locked-loop are always optimum for any combination of
channel selector and output filter that results in a deviation ratio of

one or more. This unique feature enables the Model 167 to surpass

the signal-to-noise performance of any other available discriminator.
The combination of the input band-pass filter and the phase-locked-loop,
detector results in 66-db rejection of full-scale modulation on an ad-
jacent £7. 5% deviation IRIG channel, even in the extreme case where
the interfering signal has an amplitude 16 db greater than the desired
signal at the input to the discriminator. This permits each subcarrier
signal in a subcarrier multiplex to be as great as 5 volts rms. Plug-in
channel selectors will be supplied for Surveyor discriminators covering
16 subcarrier frequencies ranging from 0.40 to 150. 0 kec.

DIGITAL DECOMMUTATORS--The EMR 185 Series digital decommu-
tators can be supplied in various configurations to handle PAM, PDM,
PCM, and subcommutated time-multiplex inputs. To meet Surveyor

requirements, special 185 Decommutators will be supplied which pro-



cess only PCM. Up to 64 channels are available as analog outputs.
Plug-in patchboards for main frame and subframe programming are
available at the front panel. This feature makes the Model 185 par-
ticularly well suited for the Surveyor Program since each of the ground
stations contain a complete Model 185 Decommutator back-up facility,

Switching from one station to the other can be accomplished in seconds
by removing and replacing patchboards; also several mission formats
can be preprogrammed on patchboards and mission changes can be
effected in seconds.

The 185 Series handles from 10 to 128 channels per frame at sample
or word rates in the range of 8 to 5500 per second. Incoming signals
of any type are converted to digital form and all internal signal pro-
cessing is primarily digital. Maximum use of digital circuitry results
in high accuracy, great flexibility in synchronization and filtering,
simplified and precise scale compensation, elimination of decay in
analog outputs, and exceptionally rapid acquisition of synchronization
and data.

Output data distribution and display functions are separate from input
data conditioning and decoding functions to assure a free choice of both
mission and type of output presentation. Outputs include but are not
limited to meter displays, binary and decimal light displays, printer
drive, voltage or current suitable for driving recorders, and bar-graph
oscilloscope display. All of these output functions may be performed
simultaneously, if so desired, offering exceptional flexibility in data
presentation and analysis.

The 185 Series employs solid-state circuitry and modular construction
throughout. In typical applications its compact design permits an en-
tire data system to be housed in a single standard rack cabinet.

Simulation and checkout functions are an integral part of the 185 Series,.
Meters and test point selector switches at the rear of logic drawers
serve as a quick check of key voltages. Test points available at the
front panel afford access to critical waveforms greatly expediting
maintenance and trouble-shooting.

The 185 Series consists of a number of basic slide-out drawers housed
in a standard telemetry rack. These drawers may be combined in
various ways to form ground decommutations systems of greater or
less input flexibility and output capacity.









When the design groups of several West German aircraft manufacturers
formed a consortium to build aircraft they called on EMR to build and
install the complete instrumentation system for flight testing. EMR
supplied the manufacturers a complete airborne- and ground-based
instrumentation, tape recording and telemetry system. The complete
instrumentation system conforms to U. S. IRIG Standards for PAM/
FM/FM and FM/FM.

In the airborne portion of the system, EMR supplied commutators

and amplifiers for pulse amplitude time-multiplex telemetry; volt-
age-controlled and millivolt-controlled subcarrier oscillators, and
calibration units for frequency-multiplex telemetry; and FM trans-
mission equipment. All equipment except RF transmitters is com-
pletely transistorized.

In early flight tests 290 channels of data will be telemetered over
two separate radio links in the 450-megacycle band. For later ad-
vanced flight tests the system will be expanded, permitting 560 data
channels to be recorded by an airborne tape recorder while at the
same time, 100 of the data channels are transmitted over a single
radio link, Data signals in early tests range in frequency from 0 to
2.5 kc and full-scale amplitude ranges include both millivolt and
5-volt levels. In later tests data signals will range in frequency
from 0 to 60 kc and again levels include millivolt and 5-volt full-
scale levels, The transition from early flight-test stages to later
stages is designed in such a way that nearly all equipment used in
early stages is also used in later flight tests.

In the ground data-reduction system, EMR is supplying a versatile
complex of ground-station equipment for reception, recording, and
playback of both airborne-and ground-recorded data. This equipment
includes antennas and receivers as well as 21 FM data discrimina-
tors, l4-track tape-recording equipment, tape-speed-compensation















[Milt Litweiller



Mike
Callout
Milt Litweiller


Programmed, solid-state switches with odtstanding characteristics provided
input signal multiplexing. Through a unique circuit design, back current
from this electronic switch was so small that source impedances as high as
5000 ohms could be used with less than 0.1% error. The incorporation of

- ac coupling and synchronously clamped amplifiers eliminated long-term am-
plifier drifts.

X-20 data words consisted of nine bits including parity; the basic bit rate
was 144, 000 bps. Digitized data was converted to NRZ form before trans-
mission. No word synchronization was included in the format; however,
optimized quasirandom frame-synchronization codes were to be used to
identify each of the commutation and subcommutation frames. These syn-
chronization codes were based on statistical analysis of system perform-

ance using a priori knowledge of system characteristics.

FM SUBSYSTEM--The FM telemetry subsystem consisted of 42 subcarrier
oscillators which were frequency modulated by data signals. Each of the 41
subcarrier center frequencies was translated to separate higher frequencies.
All 4] translated subcarrier signals, the one untranslated subcarrier signal,
and the PCM signal were linearly combined into a frequency multiplex by
two separate mixing matrices. The frequency multiplex signals were then
either transmitted to the ground over an rf link or recorded on board by

the video recorder.

The ground instrumentation system for receiving all this data was conceived
as a highly complex world-wide network of stations that could provide either
"on-line" or ''off-line'" data reduction. Six types of ground installations
were to be installed at three locations. In general, equipment included
video tape recorders, FM discriminators, FM detranslators, PCM ground
stations, a large quantity of visual readout equipment, elaborate flight-
control displays, and various computer-entry equipment to prepare data

for computer analysis and inertial-guidance computation.

BOEING AND EDWARDS AFB INSTALLATIONS--One station, intended for
installation at the Boeing Company, Seattle, Washington, was designed for
test-instrumentation subsystem tests, vehicle tests, data reduction, and
data processing for computer entry. In addition, this equipment could be
utilized for airborne equipment calibration and maintenance in Seattle. Two
fixed stations and one trailer-mounted system were planned for Edwards
Air Force Base, The two fixed stations were to perform primary data re-
duction during the air-launch test program, while the trailer-installed sta-
tion was to be used as a back-up and glider-checkout station.






Thus, scientists can observe test channels while the test progresses
and note unexpected behavior for later detailed analysis. Tapes from
the airborne recorder can also be played back through the system to
verify or clarify transmitted data.

OTHER RANGE INSTRUMENTATION--Important data-reduction equip-
ment is duplicated in a trailer-mounted system to back up the primary
flight instrumentation. Immediately preceding launch, EMR-installed
blockhouse equipment is used for resetting the airborne time-code
generator and for controlling the airborne tape recorder.

Because of the broad scope, complexity, and exceptionally stringent
reliability required on the X-20 program many new management
tools, packaging and production methods, and reliability techniques
were developed by EMR. For example, a complete laboratory setup
was built that can closely approximate X-20 system operation. This
system simulator permits examination of a large number of system
parameter variations prior to engineering development. As actual
equipment was built, it was integrated into the simulator until the
simulator for all practical purposes became the system itself.
Tests using the system simulator were also conducted with other
subsystems to ensure that the total vehicle system would function

as planned.

RELIABILITY--In the numerical assessment of MTBF, the cir-
cuits were analyzed for drift characteristics and failure probabili-
ties. The calculated MTBF for most portions of the airborne sys-
tem was so high that spare parts were being provisioned on the
basis of accidental breakage rather than failure. A metallurgi-
cal laboratory performed chemical analyses of component lead
materials to assure that they were as specified. To assure uni-
form production-line circuit welds, this laboratory developed

and maintained weld schedules based on metallurgical analyses

of the best welding techniques. Each production welder was period-
ically calibrated for the various weld schedules employed through-
out the system.












the reception and regeneration of communication signals. High-energy
protons circulating in the inner Van Allen belt through which Telstar travels
can affect power and electronic components adversely, Temperature com-
ponents were resolved and their effect determined. A complete record of
launch conditions, both of vibration and acceleration, was obtained to aid

in the development of future long-life communications satellites. After

the acquisition and assimilation of all this information, the optimum opera-
tional design was derived.

Bell Telephone Laboratories chose EMR to supply the PCM telemetry

ground decommutators for processing the Telstar data. Three EMR -
Model 185 Decommutation Systems were delivered to Bell Telephone

Laboratories six months before Telstar's launch: one to the main re-

ceiving center near Andover, Maine; another to BTL's facility in Hill-

side, New Jersey, where the satellite was assembled; and the third was

installed in a mobile van used for prelaunch checkout and telemetering

during launch at Cape Kennedy. The first ground-station system was -

delivered in less than three months, despite special system design re-
quirements,

In all, 115 separate items are measured and reported, including such
parameters as the density and energies of free protons and electrons
in the Van Allen belt (as well as the new radiation belt created in a
nuclear space blast), temperature at the skin of the satellite and in-
side the electronic chassis, pressure inside the chassis, the amount
of sunlight being received at several points on the skin, and the cur-
rents and voltages of dozens of electronic components.

AT & T anticipates using a number of Telstar satellites. With 40 polar-
orbit and 15 equatorial-orbit satellites, effective point-to-point communi-
cations between any two points on earth could be maintained 99. 9% of

the time. Global communications could be maintained by approximately
25 ideally located ground stations.

All data is telemetered to decommutation stations by means of a PCM/-

FM/AM signal; i.e., a pulse-code-modulation FM signal which in turn

amplitude modulates a 136-mc carrier. Approximately 400 scientists, -
engineers, and technicians of Bell Laboratories are analyzing this in-

formation to obtain additional knowledge of space and to derive new con-

cepts for the ""Telstars" of the future. -
























During environmental qualification of the telemeter, the complete
package is subjected to +7g vibration from 5 to 2000 cps as well as
temperature from -35°F to +125°F.

Acceptance testing for each package includes a Component Reliability
Test, a Functional Test Program, a Package Reliability Test, and a
Production Environmental Test--performed in that order.

The Component Reliability Test is a 50-hour cycled temperature run
to +75°C on those subassemblies of the package which can produce a
catastrophic failure of the system. The setup provides for automatic
shutdown and alarm should the monitored electrical parameters go out
of tolerance. When a shutdown occurs, the test is not resumed until
a '""fix' has been made and the faulty component has been replaced. If

the trouble occurs in the early stages of the test, the test is begun over
again,

In the Functional Test Program, accurate determination is made of

such system characteristics as subcarrier-channel linearity, cross-
talk, and repeatability, commutator back current, system pre-emphasis,
and system stability from day to day. In general, system linearities

are better than 1% for all channels; crosstalk and interference is less
than 1%. Any subassembly not within specifications is reworked or
replaced.

During the Package Reliability Test, a five-hour run, continuous re-
cords are made of: rf deviation, rf frequency, rf power output; os-
cillator linearity, bandwidth, and center frequency; and PAM-to- PDM
converter linearity. Again, rework or replacement is effected for
any out-of-tolerance condition.

The Production Environmental Test subjects the operative package to

3g peak sinusoidal vibration, limited to 0. 50 inch double amplitude,

from 5 to 2000 cps. During the test, all channel outputs, rf frequency,
and rf power output are monitored and recorded. Package pressure

is measured after completion of the test, and pressure-switch operation
is checked at the same time. Subcarrier beats and disturbances, trans-
ients, and dc level shifts must not exceed stringent limits before, during,
and after the test.

As a result of this thorough reliability testing and EMR's normal
reliability program, the telemeter package that is shipped is capable
of unattended, failure-free operation for long periods. Because of this















In the first U.S. attempt to orbit a man, vital data concerning all
aspects of both man and Mercury spacecraft was gathered, coded
and sent to the earth by EMR telemetry equipment. The many de-
cisions which must be made on the ground to ensure the safe return
of spacecraft and man depend upon the telemetry data received
about the performance of the spacecraft and the man. Such data as
temperature, vibration, position, radiation, and many others were
transmitted to the ground by EMR telemetry for analysis.

Eighteen EMR Model 184C subcarrier oscillators (two nine-channel
systems) were carried by the manned capsule as part of the instru-
mentation. Each of these miniature FM oscillators is packaged in a
1-1/2" cube. Eight of them handle a single measurement each; the
ninth contains 90 additional channels of time-multiplexed data. All
these measurements are combined by other EMR electronic equip-
ment into a single signal multiplex. This signal is transmitted to
the ground receiving stations by two EMR Model 121 FM trans-
mitters. For this mission, one of the EMR telemetry transmitters
has been specially modified to include a code key. Should the main
voice transmitter fail during the mission, the astronaut can use the
telemetry transmitter for communication.

EMR's part in this mission did not end with the Mercury space-
craft. After the multiplex signal was received on the ground, EMR
data-processing equipment was used as primary instrumentation
to process the data and present it to NASA scientists for review,
Data vital to the safety of the mission was presented on monitors
for instant review, and all data was recorded for later detailed analy-
sis,

EMR ground data-processing equipment includes Model 67 and 165
FM discriminators to separate and demodulate FM data channels
and M-Series decommutators for handling the numerous time-multi-
plexed data channels.



























The system is capable of handling simultaneously up to three missiles
flown against three remotely controlled drones. The range is usedto
perform operational tests of Air Force interceptor missiles and to
train Air Defense Command missile squadrons.

EMR RANGE TELEMETRY --EMR was responsible for supplying, test-
ing, and installing the entire telemetry and data transmission equip-
ment for the system. When the complete system was initially install-
ed, the telemetry portion of the system operated perfectly on the first
test flight made to check out the system and has continued to be out-
standing during the day-to-day range flight tests since installation. The
prime contractor on the project--ITT Laboratories, Nutley, New
Jersey--expressed extreme satisfaction with company performance and
equipment operation at the conclusion of the contract in 1960,

The facilities that are provided for the Eglin Range are unique in that
they enable multiple flight testing; control of both drones and missiles
is accomplished on the ground; and all of the sites and functions are
closely tied together to form an integrated range.

REMOTE PILOT CONTROL--A ground-based pilot is presented with
flight-performance information such as heading, altitude, engine rpm,
etc., from telemetered flightperformance information and radar track-
ing information. From the number of telemetry receiving sites located
along the flight path, a chain telemetry control system selects the one
receiving the best data. The data received at this site is then trans-
mitted by the telemetry data-transmission system and presented on the
instrument panel of the drone controller's console. In a similar man-
ner, the best radar positional information is selected by the radar data
chain control, transmitted through the radar secondary data-handling
system, and presented on the drone controller's plotting board.

When the ground-based pilot, utilizing both the telemetry and radar in-
formation, initiates commands to the drone control system for chang-
ing the attitude of the drone, these commands are relayed by the con-
trol system to the UHF command guidance system, which in turn trans-
mits them to the drone.

TELEMETRY --EMR ground-based telemetering for both missiles and
drones at the eight range sites generally consists of tape recorders to
record missile composite signals; up to 16 FM discriminators and band-
switching discriminators for FM data reduction; PDM/PAM decommu-
tation equipment for demultiplexing time-multiplex signals; fourteen-
channel direct-readout oscillographic recorders for data monitoring;
and other quick-look facilities. Also included in the range instrumen-
tation are numerous bandswitching channel selectors, crystal-reference









When the Boeing Airplane Company started to develop the first Amer-
ican commercial jetliner and jet tanker, the Boeing 707 and KCI135, it
was faced with a serious testing problem.

Boeing's previous flight-test experience had shown that the then stan-
dard methods of recording test-flight data were too cumbersome, time
consuming, and expensive for the highly complex, precision machines
used in modern air travel., Up to that time, all data taken during flight-
test programs had been recorded on oscillographs, strip-chart record-
ers, and photorecorders; thus, almost all flight-test data processing
had to be accomplished manually, requiring months of exhaustive
interpretation for a few days of actual flight time.

For this reason, Boeing's Flight Test Staff decided in January of 1955
to start development of an airborne magnetic-tape recording system to
be mated with a digital data processing facility. The entire system--
known as the Low-Level, Low-Speed, Pulse-Width-Modulated (LLLS-
PWM) Magnetic Tape System--was to be designed to permit publication
of final processed data within 24 hours after test-flight termination, at
lower cost. Although it was known that the initial capital investment for
the system would be higher than the instruments currently in use, it was
felt that the reduction in the enormous cost of evaluating the data man-
ually would more than offset the original expenditure.

THE EMR FLIGHT-TEST SYSTEM--Time-multiplex telemetry had not
yet been developed that could handle the low-level signal requirements
(analog potentials in the 15 mv range). To help them develop this
totally new telemetry system, the Boeing staff turned to EMR--one of
the oldest, most reliable telemetry firms in the country.

After two years of intensive investigation, EMR produced a telemetry
system using standard pulse-width modulation (PWM) telemetry with
the following modifications:

1. A standard 45X20 mode was changed to a 45X2-1/2 mode. By re-
ducing the tape-recording speed by the same factor (from 30 ips to
3-3/4 ips) a tape-recorded signal was produced in standard PWM format.






This system was designed to handle only quasistatic functions, such as
variables formerly recorded by photo-panels and strip-chart recorders;
however, it had adequate response to handle 80% to 90% of the data re-
quired on the 707 and KC135. The telemetry portion of the system pro-
duced by EMR was of such remarkable simplicity, capacity, and accuracy
that data normally requiring five months of interpretation were handled

in under 2.5 days. Thus, a tremendous reduction in data-processing
time and cost was achieved through the pioneering efforts of EMR in the
field of low-speed, low-level telemetry.

Typical of the problems EMR engineers encountered in producing the
LLLS-PWM system was the data-smoothing requirements. Inherent
damping of the oscillograph galvanometers and other recording devices
originally used to record the test flight data had eliminated the spurious
or unwanted dynamic components from the data records. The almost
instantaneous response of EMR's highly accurate PWM system, however,
faithfully recorded the actual signal amplitude at each moment of samp-
ling. Elaborate means had to be devised, therefore, to protect the low-
range transducers from acceleration environments and from spurious
electrically-induced pickups.

Even more difficult to solve was the common-mode rejection problem.
The highly sensitive PWM d-c amplifiers would not tolerate fluctuations
in common-mode potentials beyond approximately 1/8 volt., If EMR
engineers had not come up with the simple but effective solution to this
problem, the entire system would have been inoperative.

These and many other problems encountered in this pioneering effort
were solved through the extensive experience and skill of the EMR
development engineers and the close liaison that was established be-
tween EMR and Boeing personnel. By means of the LLLS-PWM sys-
tem Boeing claimed that PWM data-processing time for the KC135 pro-
gram averaged only 2.5 days and cost $17. 00 per 1000 data points,
compared to $125. 00 per 1000 points for oscillograph data, and $225. 00
for photo-panel data. Although the 707 program was a great deal more
complex than the KC135, requiring final computed answers for such
parameters as Mach number, true airspeed, engine thrust, lift coef-
ficient, drag coefficient and range parameters, the cost increased to
only $22. 00 per 1000 data points. At the completion of the project
EMR had successfully produced, through the exceptional cooperation
and liaison it had established with Boeing, a totally new device to meet
Boeing's specific needs in a field in which no prior experience existed.
























controlled oscillators, reactance-controlled oscillators, and potentio-
meter or dc-amplifier-controlled oscillators. Complementary equip-
ment such as isolation amplifiers, mixers, and chopper-stabilized dc
amplifiers are also available.

A line of calibration units complements the airborne FM subcarrier
oscillators. Crystal reference oscillators are available for automa-
tic system frequency calibration, and a phase-sensitive demodulator
permits calibrating out effects of power-supply frequency variation.

GENERAL--EMR's dominance in the field of FM ground equipment

is based upon a standard product line that includes pulse-averaging
and phase-locked-loop discriminators, band-switching channel selec-
tors, tape-speed compensators, automatic calibration devices, labora-
tory-standard frequency calibrators, crystal reference oscillators,
amplifiers and bandswitching VCO's, FM ground stations produced
by EMR are associated with such well-known programs as PACE,
Project Apollo (boilerplate missions), Subroc, Agena, Project Asset,
Hound Dog, Pershing, Skybolt, and many others, EMR FM and time-
multiplex ground data-reduction stations are standard for all U, S,
government missile test ranges, and complete FM stations have been
supplied for the NASA/Goddard Sounding Rocket Programs.

EMR now offers a line of miniature solid-state modularized FM equip-
ment from which ground stations can be assembled with custom char-
acteristics. Known as the 200 series, this line consists of units that
are matched throughout--even to the standard Model 222A Rack, which
can handle several modular combinations.

SUBCARRIER DISCRIMINATORS=~~Throughout the years, EMR discrim-
inators have continually established new industry standards. For instance,
the EMR Model 67F Discriminator is the only telemetry instrument men-
tioned in the IRIG Telemetering Standards.

The Model 167 was EMR's first solid-state discriminator with a phase-
locked loop. Phase-locked-loop detection in this and later discriminators
resulted in remarkable signal-to-noise performance because of the auto-
matic optimization of loop bandwidth and damping regardless of the chan-
nel selector used and output filter chosen. This has permitted EMR dis-
criminators to acquire actual flight-test data at signal-to-noise ratios which
other discriminators could not match.









synchronization words, 5 to 128 words per frame, and rates up to
80, 000 bits per second. Frame-synchronization word length is inde-
pendent of data word length.

Outstanding success on this series led to the development of the all -new
Model 285 PCM Data Processor, which is designed to meet every re-
quirement for a modern PCM telemetry data-processing ground station.
Chosen for such assignments as the Gemini Aerospace Ground Equipment
(AGE) and the world-wide NASA Manned Space Flight Tracking Range,

its exceptional flexibility make it ideal for a wide variety of mission require-
ments. This new data processor accepts variable-word-length data within
a frame, has a very wide bit-rate range--from one bit per second to

1, 000, 000 bits per second--and up to four independent subdecommutators.
It also includes broadside LSB, MSB, BCD, truncated or untruncated,

and parallel recording outputs. Integral self-checking and marginal-
testing subsystems are incorporated for complete system checkout.

The latest Model 385 is a Model 285 with magnetic-core-memory pro-
gramming, a random-access element that is extremely adaptable to the
control and addressing functions of a decommutator/data processor.

For a given memory size, one large format or two or more smaller ones
can be handled with equal facility. The core-memory-stored program
can be loaded, controlled, or changed by a computer--a feature that is
becoming increasingly important in many modern applications.

The superior performance of EMR's airborne PCM systems is the re-
sult of many years of research and development by EMR's digital scien-
tists. These systems range from complicated high-speed assemblies for
manned spacecraft to small low-power units for satellites, The Gemini
and X-20 systems described in detail under '"Major Programs,' are ex-
amples of the former., The EMR PCM multiplexer-encoder used in the
Gemini system is composed of a programmer, two low-level multiplexers,
and two high-level multiplexers, although the system may be easily ex-
panded to accommodate additional data multiplexers of either type. The
Gemini package is very compact, having a component density of 37, 000
parts per cubic foot, Its total power consumption of only six watts, its
adaptability, and its ability to meet a majority of mission requirements
make it ideal for manned orbital missions. This system has a total of
369 channels available with accuracy ranging from 1. 0% to 0.5%. The
output bit rate is 5. 12 kilobits per second.

The X-20 system included FM as well as PCM data processing and, at
the time the contract was let, was the largest test instrumentation pro-
gram initiated. X-20Q data words consisted of nine bits including parity,
and the basic data rate was 144, 000 bps. The system was designed to
sample nearly 900 data signals.






The PCM equipment for the S-17 Orbiting Solar Observatory is composed
of two digital multiplexer/encoder assemblies and two analog subcommu-
tator assemblies, Designed to sample various data generated within the
satellite and convert it to a PCM code for transmission to ground stations,
the system is expected to operate for a year with a 0. 99 probability of per-
fect operation. This system offers several additional advantages for satel-
lite applications: only 300 ounces of weight in a 284-cubic-inch package

for the entire system, a total of 28 digital and 96 analog inputs, and a power
consumption of 920 milliwatts for the encoder and 200 milliwatts for each of
the two commutators.

Reliability is the common denominator for all EMR airborne PCM systems.

It is attained by minimization of the number of included components, by
rigorous selection of components, and by a design that allows particularly
wide tolerances for the component parameters. Among the most important

of EMR's system approaches to reliability are circuit redundancy (the '"quad"
concept), functional redundancy (elective~-block rendundancy), and highly
stable nonredundant systems (using highly refined ultrareliable circuits).
These arrangements are supported by the use of special low-power techni-
ques and microminiature components that make redundant (multipath arrange-
ments) practical. The extremely high efficiency, hence low power dissipation,
of EMR's low-power circuitry also makes possible an unusually high packing
density., Mechanically, most EMR spaceborne units employ wire-wrapped
terminals and encapsulation to form rugged shock-impervious units.

The requirements imposed on radio transmitters flown in guided missiles
and experimental aircraft for the purposes of transmitting telemetry data
are extremely rigorous in terms of frequency stability and spurious rad-
iation. Existing crystal-control techniques, using crystal oscillators and
frequency multipliers, are often unusable and generally unsatisfactory.
EMR has developed a technique whereby fused quartz, coated with fired
silver, is used as a tuned circvit operating at the transmitter output fre-
quency. The stability exceeds that achievable with crystal oscillators.
Spurious radiation, as a function of frequency multiplication, is eliminated.

Telemetry ground stations periodically require alignment prior to use.
EMR manufactures a number of extremely stable units designed to facili-
tate preflight checkout with a high degree of accuracy. Among these use-
ful adjuncts to any telemetry data-gathering station are a bandswitching
voltage-controlled oscillator, a frequency calibrator, a signal simulator,
and fixed-frequency VCO's. For checkout and calibration of PCM data
systems, a PCM signal simulator is available.
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Data systems for satellite and spacecraft applications represent an
important share of the business of Electro-Mechanical Research, Inc.
EMR has supplied many systems for spaceborne data acquisition and
for ground data recovery and processing. Over-all company experience
in designing, manufacturing and installing such equipment is greater
than that of any other single company in the industry.

Reliability demands for satellite instrumentation are particularly
severe, of course, and EMR equipment has performed in outstanding
fashion in such applications. For example, both Tiros I and Tiros II
contain considerable subsystem equipment designed and manufactured
by EMR. During early phases of this contract, the company performed
many reliability and performance studies on components and major
parts of this system; participated in much of the circuit design; and
designed and fabricated the beacon tracking transmitter and switching
portions of the control circuitry. The outstanding performance of the
EMR-designed and manufactured switch in performing hundreds of
thousands of command-control operations is one evidence of company
capability in this area. Some company experience was also gained on
video tape-recorders, video telemetry transmitters, solar cells,
satellite power supplies, and a host of space environmental problems.

In another highly successful satellite, Project SCORE, EMR-designed
subcarrier-beacon transmitters provided the signals by which the
satellite was tracked, and also generated telemetry data. In this
satellite, known as the Atlas '"Talking Satellite, !'" company equipment
operated perfectly for the life of the satellite.

Broad company experience in data systems for satellites has led to
several contracts of an advisory nature in which EMR has acted to
recommend satellite data systems and manage portions of satellite
launch programs. In one of these, '"Study of Satellite Telemetry
Systems, ' from NASA, Goddard Space Flight Center the contract calls
for the study of data transmission systems for satellite applications.
The study is primarily concerned with earth satellites and encom-
passes the entire range of NASA requirements in this area. The study,
now in progress, includes surveys of modulation, transmission,
reception, demodulation, and processing methods for use in satellite
applications.



























EMR' s field service organization is a smoothly functioning group of technically com-
petent specialists specially trained in four major areas: field engineering, customer
services, spares provisioning, and manuals and training, Each.area is strengthen-
ed by its relationship to the others. Field engineers, for example, frequently pro-
vide customer service in the form of a training course, using lesson guides and
technical manuals for reference material,

FIELD ENGINEERING--Field engineering teams provide support for installation, main-
tenance, operation, and modification on all programs requesting this service. Each
team thoroughly indoctrinates itself in its assigned program by following the equipment
from the drafting boards through manufacturing. In most cases, the field engineering
team performs the acceptance tests on the equipment before it is shipped, and then again
for the customer when the equipment arrives at its destination and is installed. Every
effort is made to preserve team integrity; when assignments are changed, teams are
shifted as complete units so that each team member knows the capabilities of each of his
team mates, and the group continues to function at optimum efficiency regardless of the
assignment,

CUSTOMER SERVICES--EMR has placed customer services groups strategically
throughout the United States to facilitate repair, adjustment, and technical consulta-
tion for the standard product line. These groups are never more than a phone call
away from the customer and are prepared to give service day and night. Maintenance
centers are used as bases and are fully equipped to provide nonemergency repair, ad-
justment and alignment, and modifications to all of EMR's standard products. The

customer services group also provides instruction for customer personnel in the opera-
tion and maintenance of all EMR equipment.

SPARES PROVISIONING--The spares provisioning group is permanently based at EMR -
Sarasota to provide logistic support for field engineers and customer services groups.
Spares provisioning obtains and distributes all necessary installation tools and spare
parts for major programs in the field. This group is also in charge of all spares docu-
mentation and prepares provisioning spares lists, estimates the costs, writes perti-
nent portions of proposals, and generates all the parts lists for technical manuals. To
perform these functions as quickly and effectively as possible, direct communication
lines have been established between spares provisioning and all pertinent departments
of the Sarasota Division such as Procurement, Manufacturing, Reliability, and Market-

ing. Thus, requests for spares can be filled almost as soon as they are placed.

MANUALS AND TRAINING--This dual-function group consists of technical

writers, instructors, editors, illustrators, and typists who collectively generate all
technical manuals and training materials for EMR's Sarasota Division. Technical
manuals produced by this group include operating and service instructions for all stan-
dard products and major programs. In addition, this group prepares all necessary
training course lesson guides and supporting material fur both customers and EMR
personnel.







A Planned Integration of the Following Factors:

o Dynamics:

o Balance:

o Standards:

o Leadership:

o Planning:

o Control:

o0 Human Relations:

o Incentives:

o Lovyalty:

Demonstrated by a primary goal of industry
pre-eminence based on aggressive and know-
ledgeable management.

Achieved by managerial selections employ-
ing equilibrium of talents in all operating
organizations.

Maintained through a high technical acumen
in individual fields of specializations, proven
facility for teamwork, complete dedication to
specific assignments.

Demonstrated within our industry through
tangible achievement,

Achieved within our ranks through optimum
use of all available resources.

Recognized to be a pertinent factor in our
past successful operations.

Acknowledged to be the most important
tangible output of management when applied
within enlightened limits.

Characterized by a distaste for artificial

stratification of the organization, coupled
with a recognition of individual values and
ethics.

Provided for the individual by rewarding
personal growth with advancement.
Provided for the total company through
attractive profit-sharing provisions.

Proven by an impressive record of less than
1% turnover of professional personnel over
the last three years.









The Program Manager serves as the focal point for all operating matters
pertaining to the project within EMR, with the prime contractor, and with
other associated agencies. He has authority to plan, assign, and budget
program tasks, as well as to require fiscal and status reports. He has
the responsibility of monitoring all program operations, establishing
standards of performance, preparing requests for added corporate re-
sources, establishing consistent program policies, and above all, pro-
viding unifying leadership for the program.

Initially, the planning and implementing of the project organization, and
the explicit definition of interfaces of responsibility constitute his pri-
mary tasks. As the program progresses, the primary preoccupation of
the Program Manager shifts toward close monitoring of equipment de-
sign status, equipment fabrication and test, and reliability verification.
Near the final phases of the program his major attention is focused on
preparations for production, with attendant requirements for cost re-
duction, production tooling, change management, and system confidence
testing. During all phases of the program, the Program Manager works
very closely with the Prime Contractor to ensure absolutely the reali-
zation of all program objectives.

When other EMR Divisions participate in the program they are directed
by the Program Manager utilizing direct lines of communication and
authority to operating managers in any of the participating EMR Divisions.
In the case where work is to be performed outside the Sarasota Division,
funds are released only after agreement between the Program Manager
and the affected Division has been reached with respect to a detailed
program plan. If necessary, and as an expedient, areas of conflict in
planning, or performance, are resolved at the General Manager level.

An integrated team of functional managers, responsible for the day-to-
day problems associated with the control, design application, and testing
of individual units and subsystems, reports directly to the Program
Manager. Thus, Program Management is responsible for Administration,
Engineering, Manufacturing, Purchasing, Field Services and Support,
Quality Assurance and Reliability, and Engineering Services.

In order to apply the maximum depth and maturity of key personnel re-
sources to the management of the program, the use of a ''double boxed"
organization configuration (i. e., parallel redundancy in the organizational
network) is established for certain managerial functions. In these cases,



a fully qualified assistant assigned to the program on a full-time basis
reports to the Manager.

Sophisticated management of complex programs requires a complement
of standard management functions such as personnel management, man-
ufacturing, subcontracting and procurement, marketing, etc. Itis a
matter of pride that these groups operate within a disciplined framework
of efficiency and teamwork and have made vital contributions toward the
total growth and success of the Sarasota Division.

From these functional groups a great many procedural innovations have
originated. Rather than describe these in great detail or delineate the
statistics of improvements in operation that have been achieved, a few
examples of the more general innovations are included in the following
paragraphs:

o Cost and Product Performance Improvement Methods
Cost reduction programs have been implemented at operating
levels by (1) the use of practices designed to minimize direct
overhead and general and administrative costs; (2) careful
monitoring of customer-sponsored and self-sponsored research
programs; and (3) application of value engineering to EMR pro-
ducts and processes. Utilization of value engineering disciplines
and techniques provides meaningful and logical directions for
achieving lowest total cost, while maintaining essential functions.
It necessitates an objective appraisal and analysis to achieve a
cost without adversely affecting the essential operating charac-
teristics. The basic principle of value engineering is to conduct
reviews of a product, project or process by personnel who are
qualified, but not previously involved with the subject being
treated. EMR, especially with certain product lines having high
rates of production, has shown significant results from application
of these formal costs reduction programs.

o Program Evolution and Review Techniques (PERT)
EMR has developed a comprehensive capability and appreciation
for the use of PERT techniques for scheduling and as a vehicle
for progress reporting. The extend of its usage ranges from the
presentation of total program networks to detailed analyses of







the myriad of individual tasks which comprise the fine structure
of the program.

The PERT approach to scheduling has been applied by EMR to a
whole spectrum of programs. Typical examples include the
total Dyna-Soar Test Instrumentation System and current self-
sponsored Product Development Programs.

Working knowledge of PERT is utilized at all operating levels,
Therefore, data for the master networks is obtained directly
from the level of supervision responsible for working to the
committed schedule. Data for the networks is collated under
one administrative group which is also charged with the respon-
sibility of analysis and eventual follow-up against planned pro-
gress. Experience has been gained in presenting the networks
in the several accepted formats, and in hand-computing flow
times for networks of approximately two hundred events, or
smaller. Facilities for machine analyses of networks, including
cost parameters, are planned for the near future.

Master Scheduling and Cost Controls

Enlightened management decisions applicable to cost controls,
schedules and budgets require that current status information
and projections of future status be readily available at many
levels of detail. This fundamental requirement can only be met
with comprehensive systems for the collection, dissemination
and analysis of operating data. Such requirements can be sat-
isfied by programming techniques which encompass not only in-
house operations, but also those of contributing subcontractors.


















The emphasis that EMR places on reliability is best demonstrated by the
high ratio of reliability engineers to design engineers--at present approx-
imately one to seven. The quality of this group, in terms of training and
experience, is exceptionally high:

o Training and Affiliations--All of the personnel are college grad-
uates in electrical, mechanical, or statistical engineering; two
hold more than one bachelor's degree, and another has a master's
degree in electronics. Each of the men is affiliated with one or
more of the following professional organizations: IRE, SAME,
ASQC and ASA,

o Experience--The reliability manager and his staff have an aggre-
gate of 43 years experience in reliability, electronic design,
packaging, component selection, quality control, statistics, and
test. The manager has 12 years experience in reliability; the
engineers have from 2 to 10 years experience with an average of
6. 2 years,

The reliability program is divided into three phases for control purposes:

... Design Achievement Phase: Details the controls, actions and
techniques necessary to achieve specified reliability.

... Production Assurance Phase: Details the Quality Assurance
activities required to assure that achieved reliability is not
degraded during production,

.+ . End-Product Verification: Details the test and evaluation
techniques that the equipment must undergo.

DESIGN ACHIEVEMENT PHASE--This phase consists of thorough control
and analysis of design while equipment is undergoing development.

o Reliability Allocation - Reliability allocations or budgets are per=-
formed as soon as possible to give design engineers specific re-
liability goals for the various subassemblies in the over-all sys-
tem design. These allocations are developed as the results of
trade-off studies which begin during the proposal stage and con-
tinue up to the time of final Design Drawing release. The assigned




reliability engineer acts as a consultant to the design engineer
while trade-off consideration are in process. Mean-time-to-
failure projections and evaluations of the most probable failure
modes of the proposed designs are weighted in the trade-off
evaluation.

Electronic Parts Control - The design reliability analyses are
based upon conservative projections of part performance and
lifetime characteristics under the expected stresses. To provide
a realistic basis for these projections and select the most ap-
plicable components, Reliability Engineering at EMR has built up
an extensive backlog of data on part performance under satellite
and missile-borne environments. Actual failure-rate data is
continually accumulated from all qualified sources as they become
available. Every effort is made to use parts which have received
preferred status on applicable programs. Parts which do not
have such a history are considered non-standard and require
special approval for use in the final design.

Compatibility - Compatibility studies are conducted to assure
that related subassemblies are mutually compatible when assem-
bled, considering all environments that the equipment will en-
counter from manufacture through use. Factors included in
these interface studies are:

--Thermal dependence.

--Radio frequency interference.

--Electrical power considerations,
--Assembly mating and mounting tolerances,

--Electrical tolerance build-up resulting from variations
in test equipment accuracy and precision,

Packaging Selection and Analysis - Optimization of packaging is
considered from the point of view of system reliability, weight,
volume, flexibility, producibility, maintainability, and cost.
Subsequent review assesses the packaging to determine immunity
to external environments, ability to withstand worst-case com-
binations of environments and electrical stresses, and conformance
to maintainability requirements.

Part Application Study - The selected parts are investigated as a
function of the circuit to prevent overstressing and circuit de-
pendence on uncontrolled component parameters. The reliability




engineer reviews and approves the study on a parallel basis with
the design engineer.

Circuit Selection and Analysis - Reliability at the circuit level is
enhanced by using standard circuits with well-defined performance
characteristics. Prior to approval, preliminary schematics and
parts lists are analyzed by Reliability Engineering and the design
engineer to ascertain if the selected circuit can be used for similar
applications, or if existing standard circuits from other programs
are applicable.

For final approval, worst-case circuit analyses are conducted by
the circuit designers to assure that circuit tolerances are consis-
tent with part tolerances and circuit application. Drift analyses
are conducted to establish minimum acceptable standards for
component performance and to eliminate the possible use of
poorly analyzed circuits or improperly applied parts,

Design Reviews - Following the preliminary design review which
occurs during the preparation of the design proposal, two additional
formal design reviews are conducted:

--A Critical Design Review is normally conducted at the
subassembly level after designs are completed but prior
to prototype drawing release.

--Hardware Reviews are usually planned on the major
equipment level after qualification tests. They provide
the opportunity for a detailed evaluation of the system
in the pre-production configuration.

The design reviews are formalized through the medium of a
standard instruction defining the purpose of reviews, scope to be
covered, assignment of required investigation and action, and the
required reporting and completion of required investigations and
actions. Each review is chaired by the Reliability & Quality
Assurance Department.

Engineering Tests and Accelerated Life Testing - From inception
of design to the delivery of production models, engineering tests
are conducted on circuits and packaged modules. These tests are
designed to check performance parameters, reliability, and modes
of failure over a wide range of thermal and vibration conditions.

Critical units are tested under accelerated conditions to foreshorten
the time required to achieve meaningful test results. These pro-
cedures are similar to those developed and documented by Rome
Air Development Center.






PRODUCTION ASSURANCE PHASE--The objective of the assurance phase
is to achieve the inherent reliability during the manufacturing phase. This
is basically a quality-control function. For completeness, standard pro-
cedures have been generated and are in use to provide the necessary con-
trols in such areas as:

o Vendor Surveys and Control

The Reliability & Quality Assurance Program selects subcon-
tractors and/or vendors for equipment, materials, and processes
that will be included in deliverable systems. The Reliability
Engineering Section maintains continuous liaison with vendors
who are selected to assure that required reliability programs

are being carried out and that required reliability is achieved.

0 Manufacturing Process and Workmanship Standards

Quality Control prepares and/or approves the process and work-
manship standards applied to each system. The standards pres-
ently applied at EMR are compared against the customer re-
quirements, and revisions are made, as they become necessary,
prior to manufacturing.

o Quality Control Procedures

Fabrication and assembly inspection is performed at the most
advanced stages possible with the minimum number of inter-
mediate inspections, Inspectors are provided with copies of the
manufacturing operational instructions, drawings, and detailed
plans indicating the extent of inspection required at each point.
Inspection results at the various stages of manufacture are re-
corded on coded defect charts. These are forwarded to the
Quality Control data section, where weekly reports of in-process
quality level are prepared and distributed to the manufacturing
and inspection supervisors.

o Data Collection and Failure Analysis

Any failures encountered during testing of the data system are
recorded on EMR trouble reports. Each report is coded and key-
punched on punch cards so that statistical evaluations of problems
can be obtained from electronic tabulating machines according to
any desired sequence. Failure data is analyzed to determine the
cause of all failures and to recommend steps which can be taken
to prevent recurrence. Whenever it is important to know the
cause of part failure, the failed part is dissected in the laboratory.



o Inspection Plans and Documentation

The inspection plan and documentation requirements for EMR
manufactured items are established and prepared by the Reliability
& Quality Assurance Department. Those for subcontractor and/or
vendor manufactured items are established by the Reliability and
Quality Assurance Department in cooperation with the subcontractor
and/or vendor, and approved prior to use.

Test Surveillance Plans
The test program instituted by EMR is a vital link in the over-all

data system reliability program. The objectives which each test
phase accomplishes are summarized below.

Component Parts Test

~-Eliminates unreliable component parts

--Determines compatibility of parts parameters with
electrical designs

-~-Provides sufficient burn-in time (when required)
to stabilize parameters

Design Approval Test

--Establishes equipment reliability in operational
environments

--Proves equipment performance over complete
environmental range

--Provides engineering with feedback in the event
that design modifications are necessary

Acceptance Test

--Provides assurance that production units have
same capabilities as qualified prototypes

--Provides reliability test-and-time information to
allow assessments to be made on production units



END-PRODUCT VERIFICATION PHASE--Accumulation of data concern- o
ing the quality and the reliability characteristics of the project does not

cease when the product leaves the plant. The reporting and tabulating

programs which have been developed are compatible with programs used -
by our major customers and can be integrated as necessary to relate the

total history of the end item -- from conception to application -- up to the

point where information can no longer serve a useful purpose. Results —
have indicated the usefulness of the Verification Phase in bringing about

design improvements which have ultimately increased reliability.
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