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Mission 7106 was launched on 30 September 1969 and included in this -
launéh ’in addition to the four primary sApacecraft was the first R&D spacecraft
used in-the Program "C". The design features of this spacecraft fall into two
distinct areas. The extension and advancement of the engineering systems of
the Program "C" effort)and the méjor justification for the spacecraft, the

' advanced ELINTvsystems. As a result of the R&D satellite, Payload lf76, major
new systems were developed and valuable experience was gained with these
new systems. Valuable experience was also gained with advancedv modified '

versions of standard Program "C" systems.
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ADVANCED SATELLITE SYSTEMS

CONT -

Electronic Packaging

A unique ’modulér packaging technique was introduced in Payload 176. A
family of modular packages was developed using standard end rails and
varying length top and sides. The engineeri.ng design is non-recurring and
the pa;c,kage can be utilized for practically any NRL éatellite electronics re-
quirement. The design wiil mean a considerable savings in both size of sub- |
systems and in the time reqx‘nred to complete the system since the package
design is complete and the parts can be fabrica%ced in advance. .

In addition to . the mechanical package,. the system used a modular con-
struction technique cbnsisting 6f thick .ﬁlm hybrid, integrated and discrete
component (1.2" x .6") modules interconnected oh a two sided pri'nted circuit
motherboard. All module lead terminations are interconnected t_hrough the use
of bifurcated terminals. The terminals are swaged and soldered into plated
thru holes in the motherboard, and sp&ced 0.10 inch on centers. The module
-le.-a'ds are inserted through 0.025 inch clearance holes, bent at the prescribed
radius and soldered to the terminals on the opposite side of the board. The
interconnections are accéssible and provide the key to.module s;erviceability.
The proper use of the miniature tennipals effectively gives a third level of inter-

connect to a two side board. The technique provides an excellent compromise

between size and serviceability.
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The packaging designs will result in a 4 to 1 reduction in the size of
~command, control, ®lemetry and video processing equipment flown on the

Mission 7106 primary spacecraft and future NRL spacecraft.

Data Link Modulator Design

An area in past payloads where considerable tim-é has been speﬁt has been
in thg flight quailfying of threshold detectors and down lil'nk-tr,ansponder. timing
circuitry.” Requirements of wide temperature ‘and voltage v‘ariations had to be
met. |

A new ELINT Data Link modulator-threshold detector circuit wa's designed

and developed'for Payload 176. The design performance variation in puise-

:‘; ~ width is no greater that 0.5% over a temperature range of 100°C and 30%
variation in supply voltage. The design does not use voltage regulators or

temperature compensation. The size is small and the stand-by power is low.

Because of the reduction in size and the ease in flight qualifying the
circuitry, it will be used redundantly in the Mission 7107 primary payloads.
.' This particular.circuitry is a crucial link in the data chain of all NRL spacecraft;

¥ therefore this redundant failsafe circuitry will be used in all 7107 spacecraft.

Pt 2

PAM TM
i .The 176 PAM TM: system's multiplexers were a flight prototype of units to

be flown on Mission 7107 paylbads using the new packaging technique and

resulting in a considerable savings in size. Ao ol T
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‘COmm.a‘nd System
The 176 command system was a different design from units flown in the
primary paquads. Certain critiqal ci'rcuivts vital to 'successful operation had
been r.edésigned using quad redundant techniques. Portions of the Payioad 176
’ \

command system are being incorporated into the design of units to be flown on

g -the 7107 series.

~ Digital Encoder

A low power, video pulse encoder was developed for use with th(_e frequency
measurement system on Pa&lbad 176. 'Ihe unit was used in a comparison of
pulse width modulatipn versus pulse code ‘modulatiqn on the down link trans-
mission. The experirﬁept provided a meéns for measuring data quality through

the entire data processing link. -

L
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ADVANCED ELINT SYSTEMS

Freguency Measurement System

This system was designéd to meef the USIB requirements to accurately
measure RF frequency of intercepted radaré. The system consisted of two
special purpose crystal-video receivers that were capable of automatic and
unattended frequency measurement of pulsed UHF signals. Specifically the
frequency ranges covered were_"820 MHz-920 MHz and' 365 MHz-435 MHz.

3] . Frequency measurements were made on a inonopulse basis, to allow operation
in @ multi-emitter eAnviron‘mentT ‘T-hese receivers measure the frequency of any
pulse sigr;al.which (1) falls within its frequency band, (2) has an amplitude
within its dynamic range, (3) has a minimum pulse width of 0.5 us, and (4)

has a maximum rise time of 1 uys. The coded output of the receivers was trans-

i ponded to the POPPY ground station utilizing
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This system clearly demonstrated that the techniques used will give
excellent frequency measuring cap’a'bility to this program without departing

from the basic concépts of Program "C".

Video Amplifier and Thresholding Technique Comparison

This package was designed to evaluate the errors contributed to the total
system error by the f.thresholdingtechniques used in the satellite. The package
consisted of two types of video amplifiers and two types ef thresholding schemes.
There was a linear video ampiifier. a log video amplifier, a 50% thresholder, and
Aa fixed thresholder. The experimental package was d'esighed to allow the
comparison of the 50% thresholder to the fixed thresholder using the same type
of receiver and video amplifier now being employed in the primary payloads..

In addition it allowed the comparison of the two types of video amplifiers using

either one of the two thresholding schemes.
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The .following observations were noted during an evaluation of this system.

1. Arrival times via the 50% thresholder lagged the fixed thresholder

arrival times by approximately 9.5 us. This represents the delay inherent in

the design of the dynamic thresholder.
| 2. Arrival times via the logarithmic amplifier appear ;co lead those
via the linear amplifier by approximately .1 to .4 US.
3. The narrow distributions of arrival times indicate little, if any,
fluctuations caused by varying signal strength.

This experiment renewed confidence in the video amplifiers and thresholding
techniques being used in the primary satellites. It demonstrated that under
normal signal conditions the video ampliﬁers and thresholders now being used
contribute ﬁo significant errors to the system. This is attributed to the very
fast rise times of the incoming radar pulseé. The difference in measurement
between a fixed threshqlder and a 50% thresholder will not exceed one half

the rise time of the incoming pulse'. For most radar pulses this is less than

.50 ns. However, for radars demonstrating slow rise time the 50% thresholder

could be of value in the satellite.

Re cognizexj

k) WA -
s

This system consisted of a very high sensitivity receiver directed specifically

against the narrow portion of the spectrum containing radars. Its

purpose was threefold. To be capable of intercepting side lobes as well as make
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main beam intercepts.

The 'system also

contained a logic package that would r-ecogniz% radars only and

transpond a pulse when one is recognized.

1. The high sensitivity receiver portion transponded data normally.

2. The portion of the experiment to measure the

radars were

intercepted during the evaluation period.

3. The recognizer portion of the experiment malfunction due to

apparent thresholding problems.

}1 No conclusions are available on this experiment at this time.
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CONCLUSION RECOM MENDATION

The concept of utilizing extra space and weight capability on the Program C
launch vehiqles for R&D was fi_rst implemented on Mission 7106. Althougﬁ the
time avatilable for planning and imple,mé'ntation was short and the space |
available was limited to the smaller aft rack, a number of important advanced
cloncepts weré investigated in the flight environment. This type of effort is
essentiai to realistic advanced planning, and NRL intends to persue an expanded
effort alongqthese lines in the future. A memo describing alternatives awvailable
for the fifth spacecraft in Mission 7107 is being prepared and will shorfly be

forwarded to the program office.
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