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PREFACE

This document has been prepared under the direction of the Qifice of Research
and Advanced Development of the Jet Propulsion Laboratory, California Institute of
Technology, Pasadena, Caiifornia,

The Semiannual Review of Rescarch and Advanced Developiment is published
in three volumes directed to the appropriate NASA funding offices:

Volume 1 Supporting Research and Technology
for the Office of Space Sciences
and Applications

Volume I Supporting Research and Technology
for the Office of Advanced Research
and Technology

Volume IIi Supporting Research and Technology
for the Office of Tracking and Data
Acquisition {New Systems and
Spacecraft Subsystems)

This issue reports progress for the period of January 1 to June 30,
Fiscal Year 1965.
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INTRODUCTION

This volume contains z review of all supporting rescarch and technology
in progress at the Jet Propulsion Laboratory during the period January | to
June 30, 1963, under direction of the Oifice of Research and Advanced Development,
for the Office of Space Sciences and Applications.

The work units are arranged in numerical sequence by XASA code in each
subject section. To locate a desired unit, refer to the Table of Coatents under the
appropriate subject heading.
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INSTRUMENTATION {185-24)

PULSE HEIGHT ANALYZER DEVELOPMENT
NASA Work Unit 185-24-05-04
JPL 383-32601-2-3230

The objective of the Pulse Height Analyzer Development Program is the
design of a general purpose, or universal, pulse height analyzer for space applica-
tions. It 1s expected that the proposed instrument will possess sufficient versatility
to iend itself to application by any and all of the presently conce:ved space radiation
exper.ments that require cither pulse height analysis or multiscaler capability.

To ensure the des:ired versatility, JPL has solicited {unctional requirements
from prominent scientists who might be cons.dered to have a potential need for such
an analyzer, Scientific groups contacted include those of Dr. Reines ot Case
Institute, Dr. Giaconni at American Science and Engineering, Dr. James Van Allen
at State University of iowa. Dr. James Simpson at University of Chicago. Dr. George
Ludwig at Goddard Space Flight Center. Dr. Herbert Friedman at Naval Research
Laboratories, and others, Reguirements have been received from all but two of the
groups contacted. Fortunately, the requirements submitied do not appear to be
mutually exclusive,

A composite spec:fication 1~ now being generated from the requirements sub-
mitted. On completion of an adequate sel of design specifications. a contract for
the circuit design and breadboarding of the instrument will be placed with a competent
company. The Request-For-Proposal packet has already been prepared. JPL will
perform contracti momtoring and provide technical and contractual liaison of the
contract., JPL will also provide technical support by performing in-hous<e .nvestiga-
tion of troublesome functional and design problems. The completion of the bread-
board w:ll mark the end of Phase I {the circuit design phase} and the beginning of
Phase I! {the packaging phase) at JPL,

In reality there will be a considerable degree of overlap between the two
phases. To accomplish an efficient transition from the {irst phase to the second
uhase, bilateral consultation :s considered necessary. The circuit designer will be
encouraged to use JPL packaging concepts whenever feasible :n the breadboarc
construction. Conversely, once the breadboard has been (onstructed, it 1s expected
that the designer will be retained as a consultant to ensure against packaging that
mught prove incompatible with circuit design.

Specifically, the analyzer will feature between 236 and 312 channels of
memory storage. [Lhe instrument will be capable of dividing 1ts memory in two or
three subsections and perform pulse height analys:s and multiscaling simultaneously.
The tnstrument will not only tabulate pulses according to height but may also label
each analysis with :nformation rogarding the direction from which the particle came
or the gain of the amplifier used in supplying the pulse 10 the analog-digital computer
for conversion. The most advanced technigques of circuit development will be used to
yield a final instrument that will represent ' e best that the state of the art has to
offer. Integrated circuitry, thin film memories, and other current techniques v
be considered.
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Almost as challenging as the design of the analyzer is the design of the
evaluation test equipment. Such equipment must be able to measure the integral and
differential linearity of the analyzer, check the logic margins over voltage and
temperature extremes, measure the hive time (or dead time) of the instrument during
operation. and perform other rather sophisticated measurements. That portion of
the system necessary for checking :ntegral and éifferential linearity has already been
des:igned and :s now under construciion.

The pulse height analyzer development program was funded in FY 1965 under
swo numbers: the 185 Lunar and Planetary Exploration Number, and the 867 Manned
Lunar Scicnce Numbe:. Twentyv-fire percentwas allottedunder i85 and the remainder
from 867. Funds were made available from one of these offices in April, while
expenditures uncer the other oifice were not authorized until May.

Because of the ratner long lead time required in placing a contract, the design
and breadboard contract could not be awarded this fiscal year. However, the funds
allotted in FY 1965 have heen « ommitted 1o the design contract that will be awarded
in early FY 1966. The contract will likely be incrementally funded.

The accompanying n.lestone chart (Fig. 1) indicates the tentative schedule
as it currently exists. The long-range schedule is shown, rather than detailed mile-
stones for FY 1966, because a finer breakdown of the circuit des:gn phase at this
point would be meaningless, Our lirst milestone and immediate goal is to place the
contract as early as practical :n FY 1966,

| FiSCag YEL®
il D es | aes | 96T | 68 1969
FUNCTIONRL DESGR ]
Sitliniied S e I
ELECTROME DESIGN | | S |
h i s S T S |
BALADBCARD —
INGINEERNG WL ifcem SSREE
- -
PACKAGAG LATOUT Aecne et e
ENGINELRNG WOOEL
CconsTRaTON NG TEST =
PRGTOTYRE CONSTRUSTION 1
T e Y T e
PROTOTYPE TESTING i O

[ scrEDwED
Bl cowRLETiD

Fig. I. Estimate of program milestones
for pulse height analyzer
development program.
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SPACE CHEMISTRY (185-37)

INFRARED MULTIPLE DETECTOR SPECTROMETER
INSTRUMENT DEVELOPMENT
WASA Work Unit 183-37-20-06; 1853-37-20.14
JPL 383-31601-2-3230; 383-32001-2-325%0

ACTIVITIES DURING REPORT PERIOD

The High Altitude Aircraft flight with the Scanning Ebert Spectrometer
designed for the Mars-MC mission occurred as scheduled in October.

Hardware delivery has been completed on Contracts 950962 and 950968 and
tests wiil be completed on NASA Program 866 i1n FY 1966,

The GSFC Balloon Flight was in February and the data analysis 15 :n process
and will be carried to completion under NASA Program 866 in FY 1960,

Data analysis of the High Altitude Atrcraft flight data has not been carried to
completion because of the higher quality of the balloon data and schedule commit-
ments for the Balloon Flight,

FUTURE ACTIVITIES PLANNED

This task will be cont:nued 1n FY 1966 under NASA Program 866.

4
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LUNAR AND PLANETARY X-RAY DIFFRACTION PROGRAM

NASA Work Unit 185-37-20-02; 185-37-20-03
JPL 383-30201-2-3250; 383-30301 -2-3290

DATA INTERPRETATION STUDIES

Object

This study is aimed at full evaluation of the extent to which rocks can be
analyzed by X-ray diffraction data alone and by diffraction plus partial X-ray spectra.
It will provide a background for interpretation of lunar and planetary diffraction data
and, conversely, will indicate the best combination of diffractometer optics and
operating mode for any given petrological goal.

Recent Accomplishments

El

zo

3.

4—.

7.

Determination of minimum detectable levels of minerals per
matrix.

Systemnatic analysis of composition-abundance determination for
olivines, rock-forming oxides, and alloys.

Evaluation of statistical uncertainties of determination of
composition vs abundance,

Sensitivity of determination of iron content of diffraction sample
by fluorescence and diffraction.

Devised a method for absorption corrections for iron fluorescence
by diffraction data.

Short-term proton bombardment of silicates: changes in surface
character and luminescence.

Effect of slit size on statistical errors vs resolution.

Activities in Progress

1,

zl-

3.

5.

Systematic study of problems and reproducibility of specimen
preparation as they affect quantitative rock analysis

Effect of scan speed on data guality.
Systematic studies of feldspars and sheet silicates.
Long-term proton bombardment.

Detectability and quantitative analysis of calcium and potassium in
diffraction samples.
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COMPONENT EVALUATION

Ohject

The study has the object of understanding the operational character of
potential diffractometer components that are already in hand, This includes operation
in a laboratory environment and other environments. It is designed to show areas of
scientific weakness and supply data for specifications for improved equipment.

Recent Accomplishments

1. Comparison of operation of all Mark [ side window proportional
counters in hand as a function of temperature, vacuum, voltage,
and input flux.

2. Parametric studies of the beryllium cup response.

3. X-ray tube performance vs temperature.

Activities Planned

l. Studies of specific loading of copper anodes vs temperature.
2. Specifications for new X-ray tube design.

3, Parametric study of diffraction peak characteristics vs divergence
in equatorial and focal planes.

4. High voltage power supply research.
5. Mark 1 system field test.
ADVANCED DIFFRACTOMETER STUDIES
Object

This program has as its objective the generation of a body of knowledge
concerning the performance characteristics and general engineering parameters of
possible diffractometer configurations and, where appropriate, ancillary instrumen-
tation. The essential goal is the definition of engineering breakpoints in light of the
performance parameters required for the solution of given class of petrologic
problems. Beside consideration of well-established techniques, investigation of
advances in the state of the art that show particular potential is included in the scope
of the study, In scientific objectives definition, the advanced diffractometer study
interfaces strongly with the data interpretation study discussed below,

Recent Accomplishments

i. Comparison of Bragg-Brentano and Seemann-Bohlin geometries
for rock analysis.

2. Preliminary evaluation of radioactive X-ray sources,
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3. Ewvaluation of procedure and problems of ancillary counter for
detection of flucrescent X-rays.

4, Discussions, evaluations, suggestions, etc. with MSC contractor
on alternative detection systems.

Activities Planned

1. Evaluation of transmission specimen geometry,
2., Complete RA source studies.
3. Studies of films and intensifiers for detectors.

4. Utility and problems of microfocus hot filament source.

SAMPLING SYSTEMS

Object

The Mark | sampler is a subsystem that will provide the diffractometer with
satisfactorily selected and prepared rock samples. It will be capable of acquiring
muitiple samples of either surface dust, solid bedrock, or bedrock beneath a shallow
dust overlayer. Its functions consist of simultanecus penetration and pulverization
of solid rock, acguisition of bedrock powder and of natural particulate material,
transport of the acquired material to the diffractometer, and transier of a portion
of that material into the diffraction analysis position. The sampler device will form
an integral part of the diffractometer system,

Recent Accomplishments

Several design schemes are being considered, and tests have been made with
breadboard components. The results and the conclusions derived are in print.
Fabrication of three complete breadboard samplers, each of which will test different
sampler concepts, is now under way.

The current goal 1s to evaluate the empirical operation of each model so that
the comparative performance and problems will be understeod. Following testing,
sufficient data will be on hand to write specifications for the best system, If and
when a diffraction system may be used on an unmanned spacecraft, a prototype
sampler can be constructed in a matter of a few months,

REPORTS

A detailed report summarizing the research in the lunar X-ray diffraction
program between July 1, 1964 and April 1, 1965 has been published 2s JPL Technical
Memorandum No. 33-218.
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INFRARED INTERFEROMETER FLIGHT MODEL/
DRIVE SYSTEM DEVELOPMENT
NASA Work Unit 185-37-20-053
JPL 383-30501-2-3230

ACTIVITIES DURING REPORT PERIOD

A breadboard of the drive system was tested and the system characteristics
measured. Drive motors were purchased and characteristics measured. Electronics
design of the power amplifier was started.

The results of this work tndicated that the present design concepls are
adeguate but detail designs must be improved to meet the system requirements,

FUTURE ACTIVITIES PLANNED

No future activities are planned because this task 1s not funded :n FY 1966,

~ 13-




BLANK PAGE



JPL Technical Mcmorandum No. 33-243, Vol. |

INFRARED INTERFEROMETER — SCIENCE FEASIBILITY STUDIES
NASA Work Unit 185-37-20-10; 1685=-37-20-11
JPL 383-32101.2-3250; 383-.32201-2-3290

This work unit is part of a task to develop a flightworthy near-infrared
interference spectrometer with a view to use on Voyager missions. The aim is 10
have sufficient resolution {1 ¢m=1 or better) to résolve the rotational structure in
carbon dioxide,

The optical design of the interferometer shown in Fig 1 {not to scale or pro-
portion} is now under review for a possible patent application.

On the basis of the criteria laid down under this work unit, the fabrication
of the optical system has been subcontracted; the cat's eyes 10 Perkin-Elmer and the
beam splitters to Ferson Optics. The servocontrolled drive system and the design
and fabrication of the mechanical components for a breadboard are under development
at JPL.

The entire optical construction is of fused silica to reduce thermal effects
and the motion based on springs to avoid friction efiects, For testing, a simple screw
drive will be used.

It appecars that the detectivity of available PbSe detectors may have been
underestimated. If so, then the time required for a single spectrum could be reduced
by up to a factor of 50, i.e., 20 sec instead of 1000 sec. This would considerably
reduce the vehicular requirements, which previously demanded & quasi-synchronous
orbiter to avoid ground-smear, However, by the same token, the data rises sharply
and could reach 20, 000 bits/sec in the worst case. The mechanical problems of
scanning at such speeds cot 'd become excessive. Part of the testing program will
be aimed at explaining this,

Current FY 1966 schedules call for a completed opiical breadboard by the
end of the first quarter, testing completed during the second and third quarters and
servodrive acdded at the end of the fourth quarter,
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MICROWAVE RADIOMETRY DEVELOPMENT
NASA Work Unit 185-37-25-01
JPL 383-30901-2-3250

The purposc of this task is to provide microwave radiometry instrumentation
for the Planetary Surface and Atmosphere Studies task and to develop techniques
applicable to future spacecraft microwave expe rimnents.

The variable frequency radiometer developed for planetary studies of Verus
and Jupiter during 1964 (Fig. 1} is undergoing modifications to extend its frequency
range. The previous frequency range of 20 to 24 gMc has been extended to 20 to 26
gMc, Extensive calibrations of this radiometer are now underway, and i1t will be
field-tested in a summer observation program at the Table Mountain {Wrightwood}
facility.

Antenna patterns were obtained on the Goldstone 30-ft antenna during January
1965 1o fac:hitate data reduction of the Jupiter observations made immediately before
that time. A report titled, "Further Antenna Pattern Measurements in the 13-mm
Band on the Goldstone 30-foot Antenna, "' is being published in JPL SPS No. 37-33,
Vol. IV and covers details of the measurements, Figure Z shows the boresighting
transmitter equipment used at Tiefort Mountain, approximately 13 mi away, o obtain
the antenna patterns,

A procurement requisition with preliminary design parameters was initiated
for a 30 to 40 gMc low noise amplifier. This amplifier, in conjunction with the exist-
ing 30 to 40 gMc variable {requency radiometer and a precision i 8-ft antenna, will
allow year round observations of Venus and Jupiter. No contractor has as vet been
selected for fabricating the amplifier. It is anticipated the cost of this item will be
approximately §70, Qoa,

Future plans call for a continued observation program at Goldstone using the
modified 20 to 26 gMc variable frequency radiometer; modification and improvement
of the variable frequency {30 to 40 gMc) scanning radiometer by the addition of a low-
noise amplifier, and installation on a precision antenna to be procured. Evaluation
of the 30 to 40 gMc radiometer will be done in the framework of a scientific observa-
tion program aimed at Venus and Jupiter from the Table Mountain facility.

o
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Fig. 1. Variable-frequency radiometer

Fig. 2. Boresighting transmitter equipment
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MASS SPECTROMETRY ADVANCED STUDIES
NASA Work Unit 185-37-26-01
JPL 383-31001-2-3250

LUNAR ATMOSPHERE MASS SPECTROMETER

Work has continued on the development of a cold electron emitter for the
quadrupole mass spectrometer using a radioactive primary source of electrons and
electron multiplication to achieve suitable ionizing currents. A titanium-doped tin
oxide surface is being tested for secondary electron yields with titanium tritide {oil
as the source of primary electrons, Figure 1 is a schematic of the system being used
to prepare conductive tin oxide coatings on glass test plates. Titanium is later
vacuum-deposited over the tin oxide and then oxidized on a hot plate. Figure < shows
the test jig and two coated glass plates used in the experiments, Strong secondary
electron currents have been observed but stability problems caused by arcing at the
contact to the oxide coating are now being investigated. The AVCO Corporation is
researching similar coating methods and is now coating some eleclron source parts
for JPL on a no~-cost basis,

An ion-counting system has been completely tested and allows count rates as
high as 106 random counts per second 10 be observed with background rates as low as
2 counts per second. Spherical grid focusing i1s being used in iront of the eleciron
multiplier ion detector and has increased ion transmission 1o the first dynode by a
factor of five. The grid system, however, has not been optimized. Phosphor imaging
techniques will be used in the first quarter of FY 1966 to accurately characterize the
focusing properties of the system. The electron muitiplier-grid system is shown in
Fig. 3.

Our efforts on injecting random noise into the quadrupole mass filter are
showing greal promise, Figure 4 shows the results of injecting a pure frequency of
520 ke, 1 v rms on two of the quadrupole rods. The main drive {requency of the gquad-
rupole was 1. 42 Mc with 800 v peak-to-peak at mass 40. The two peaks shown are
mass 40 and mass 28 with the resolution purposely degraded. As can be seen, the
extremely small injected voliage completely attenuates the ion beam {dip in the cenler
of each peak). It has been experimentally determined that to totally reject the same
ton beam, a 5-v noise signal is required. Figure 5is a schematic of the main oscil-
lator and noise injection circuit being used. Figure 6 is a schematic of the notched
noise circuit under construction,

On completion of a usable cold electron emitter, gas-solid interaction studies
will begin. Request for bids have been let out for a multichannel analyzer readout
system so the quadrupele mass filter can follow transient phenomena and print out
data in the same format as that acquired in a flight experiment,

PLANETARY ATMOSPHERE MASS SPECTROMETER

Calibration of the magnetic sector mass spectrometer has continued in the
iast & mo. Little or no effort has been expended on the AFCRL guadrupoie because
the earliest conceivable mission for a Mars atmospheric compositional analysis is a
Voyager landing capsule. Because the quadrupole breadboard does not have a pump,
It is therefore suitable only for short term or descent analysis.

- 19 -
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Figure 7 is a photograph of the magnetic seclor breadboard mass
spectromeater constructed by Professor A, O. C. Nier at the University of Minnesota,
Figure 8 shows data indicating the degree of stability of multiple ionization and frag-
mentation in this instrument. The large deviations from the mean at the low-inlensity
levels can be attributed to poor measurement accuracy caused by excessive ripple
from a faulty 2B-v power supply. Figure 9 shows a slight var:ation of the carbon
dioxide fragmentation pattern while using argon as a control gas. This effect was not
observed when the instrument was new. It is believed due to surface contamination,
and the instrument is now being cleaned to eliminate this phenomena, Daigital data
readout equipment has been ordered, and experimentation on various modes of data
handling will begin on its arrival. To date only theoretical analyses have beer made
pe rtaining 10 this phase of the task,

I* ;s planned to {ly the breadboard mass spectrometer in a U-2 aircraft at
altitudes of between 70,000 and 100, 000 {1 in September. The atmospheric pressures
at th:s altitude are comparable to the best Mars atmospheric models to date. The
molecular leak refiability and ton pump memory problems are expected to be solved
by this ume. The data from this flight 1s expected to demonstrate the functional
capabiiity of the instrument for a Mars Voyager mission,

On receipt of the NASA Voyager AFO preparations are being made to proposc
the magnetic sector mass spectromeler for a Mars compositional analvsis probe,
Brofessor A, O. C. Nier, Dr. Gerhard F. Schilling, and Mr. C. E. Giffin are the
anticipated experimenters. In anticipation of this flight opportunity, the engincering
ciforts on this instrument {packaging, impact tesling, sterilization, etc.) are being
consiaerably accelerated.

During the first quarter of FY 1966 the laboratory in which this work s
being performed will be moved from a JPL annex to the main Laboratory. It is
expected that close to | mo will be lost during the moving process,
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GAS CHEOMATOGRAPH ATAMOSPHERIC ANALYSIS INSTRUMENT DEVELOPMENT
NASA Work Unit 185-37-26-02
JPL 383-31101-2-3220

The development and evaluation of a Mars Atmospheric Gas Chromatograph
has been completed. The chromatograph contains an automatic range=switching
clectrometer. automatic peak detection, and detector bascline compensation clec-
tronics. A dual cross-section ionization detector was also developed for the chroma-
tograph. A 2-in, silica gel and a G-in. melecular sieve column provide the capability
of analyzing for carbon dioxide. argon. and nitrogen. The system is a complctely
automatic gas chromatograph except for the peak area measurement, the development
of which was postponed because of a reduction in funding. In addition, because of the
reduced funding. the development of digital bascline compensation was transfe rred to
another account, This transfer was possible because of the circuit's application to
other tnstruments.

The evaluation of the breadboard (including sensitivity, resolution, and
accuracy) verified the scientific and engincering feasibility of using the gas chroma-
tograph 16 analyze the atmosphere of Mars. A report on the development and
cvaluation is in process.

Because of its advanced state of readiness, the gas chromatograph was
sclected for high-impact technology studies. As a result of the high-impact work,
funded under a separate account number, a sterilizable, high-impact gas chroma-
tograph prototype is now being made.

DB
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ATMOSPHERIC GAS CHROMATOGRAPH
NASA Work Unit 185-37-26-03
JPL 383-31201-2-3200

The progress in gas chromatography atmospheric analysis for the past 6 mo
has included, among other accomplishments, the development of two devices of much

use to this task. These are: a miniaturized pressure regulator and an electronic
" de-tailer.®

Pressure regulation probien.s have occurred throughout most of this program
because of the extremely low flow rates that are used in the microgas chromatograph.
Because of these problems, it was decided to buld a miniaturized pressure regulater
capabic of regulating pressures at {low rates between /10 and | cc/min. The
regulator works quite well and is illustrated n Fig.l with an exploded view showing
the internal part illustrated in Fig. 2.

Because a gas chromatograph 1s & pneumatic system, large amounts of mix-
ine contributes to undes:rable distortion of the sample peaks detected in the detector.
The usual form of this distortion is tailing of the peak. Becausc in many systems it
is most difficult to remove all causes of peak distortion, it would be useful to have a
deviee that corrected the output sipnal for this distortion. Such a device has been
built. The application 1s rigorous because Laplacian mathematics prove that peak
distortion produced by mixing in the system can be corrected by this device. The
device consists of three operational amplifiers. which together perform the follow-
ing functions {as illustrated in Fig. 3} the signal s passed through a diffcrentiator;
the differential result is then added to the original signal: the resualt 13 a removal of
the peak tailing and achicvement of a symmet rical peak as shown in Fig. 4. This
provides an awd 1n interpreting unrcsolved peaks, and therefore. helps to analyze
mixtures in much shorter time.
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Fig. 3. Block diagram of electronic peak "de-tailer™
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Fig. 4. Chromatogram
a) With tailing peaks
b} With peaks "do-tailed”

A low-noise, flexible version of this de-tailing device has been packaged with
two bridge circuits for use as a laboratory, bench-type signal processing system.
This feeds directly into an oscilloscope for readout. Using this system, rapid
analysis of argon, nitrogen, and carbon dioxide has been made possible. The result-~
ing analysis is shown in Fig. 5. This analysis time could be reduced substantially if
certain parameters in the system were optimized. The analysis, as shown, required
inserting a delay tube 6-1/2 in. long between the first detector and the molecular
sieve column to rescive the carbon dioxide and argon peaks.
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GAMMA RAY SPECTROSCOPY
MNASA Work Unit 185-37-26-03
JPL 383-.31301-2-3290

Dectector configuration studies have seen the conclusion of tests wath the
anticoincidence annulus. This design appears Lo be unpromising for a weight-timited
package. Work with a double-crystal telescope has been resumed. The transmission
and resolution characteristics of thin crystal-photomultiplier combinations have been
studied. Edge-mounted crystals are being investigated as 2 means of minimizing
mass absorption. A 4-ft-diameter hemisphere has been constructed and lined with

uraninite ore to provide an enhanced 2= omnidirectional background for the crystal
telescope studies,

A servosystem for gain stabilizaticn has been designed and breadboarded.
The system scnses the location of a calibration peak and corrects the gain as

required, A functional diagram is shown in Fig. 1. and successful operation is
shown in Fig. 2.

The response of certain rock types to irradiation by an artificial source of
xrays was reported in an SPS article (SPS No. 37-31. Vol, IV. p. 273). Ona lunar

orbiter the active Sun is expected to induce monitorable Ka fluoresconce in the
surfacce,

Information has been submitted to MSSD on the 1138 forms for the Apollo AES
Earth Orbiter checkouts and Lunar Orbiter flights. Plans for the next 1/2 yr call
for emphasizing simulation experiments, calculations of expecied xray and gamma
responses. and firmuing up the type of detector(s) to be used. Two development
contracts are anticipated during FY 19o6.
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Fig. 2. Experimental data for servogain stabilization system
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INFRARED SPECTROMETRY — FUNDAMENTAL TECHNIQUES AND APPLICATIONS
NASA Work Unit 185-37-26-0¢8
JPL 383-30601-2-3250

LABORATORY SPECTROSCOPY OF SYNTHETIC ATMOSPHERES

The building for the Spectroscopy Laboratory and Absorption Tube facility
was completed in January 1965, This facility will provide high resclution infrared
spectra of gases over a wide range of temperature and pressure, ir support of
astronomical investigation of planetary atmospheres.

A multiple-reflection absorption tube. which should provide an optical path of
ar least 250 m through a gas sample maintained at anv pressure irom vacuum to
20 atm and any temperature from 100 to 700 K, has been fabricated and installed.
The optical system of the absorption tube has been successfully operated at path
lengths of more than 250 m at room temperature.

A 5-m Jarrell-Ash vacuum spectrograph has been installed in the building
and should be operable by late summer 1965. A 1.8 m vacuum spectrometer has
also been obtained and will be installed and activated concurrently with the larger
instrument. The 1.8 m photometric instrument has achieved a resolution of
550,000 in its present temporary location. The 5-m photographic instrument is
expected to exceed this resolution by a factor of two or more.

It can be expected that some long.path, high-resolution spectra of
carbon dioxide at ambient temperature and moderate pressures will be obtained
by early fall, Achievement r “»e full capabilities of temperature and pressure
wiil require some additiona ns,

INTRRFEROMETRIC STUDIES

During and {ollowing the next fiscal year, this task will be divided in two
tasks, titled “Interferometric Studies" and "Laboratory Spectroscaopy of Synthetic
Atmospheres.' In this segment that part pertaining to Interferometric Studies is
reported.

The objective in this task is the development and exploitation of Fourier
spectroscopy as a tool for the investigation of infrared spectra with special
emphasis on planetary atmospheres.

In this 1/2 yr, the JPL-CNRS planetary interferometer {which had been
shipped to Dr. P, Connes at CNRS, Bellevue, France, last f211) was taken to the
Coudé focus of the 78 in, telescope at Haute Provence, France, for the recent
Mars oc-position. Present throughout the observing period, March 7 to 29, were
Dr. P. Connes of CNRS; Dr. R. Beer of JPL; and {for shorler periods)} Dr. 1.
Pinard, M. G. Michel, and M. J. Maillard, all of CNRS. During this t'gme.
the instrurrent {which had been considerably modified during the winter in Paris)
obtained 14 spectra of Mars at resolutions, all in the i.4to 1.7 ¢ region. Toward
the end of April, Dr. Connes obtained several more spectra in the 2.2 p region
during the early evening hours.
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Figure 1 shows an optical schematic of the instrument.
Figure 2 shows two views of the system.

Figure 2 is a representative Mars spectrum taken with the
instrument showing resolution of the carbon dioxide bands.

It would he appropriate at this time to record appreciation for the efficiency
and aeipfuiness of Dr. C. Ferenbach and his staff at the observatory without whom
we could scarcely have succeeded,
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Fig. 1. Optical schematic of planetary interferometer
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l Fig. 2. Interferomeler system — a. side view, b. end view
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Fig. 3. Represcntative Mars spectrum

In the fall of this vcar, it is planned to return the instrument to Haute
Provence and to obtain more spectra of Venus and Jupiter., It has been proposed
that a new, engineered version be constructed at JPL for the next Mars opposition
in 1967,

The other project in hand has been the construction of a Michelson interfer-
ometer of more classical desi‘.gn for use in the spectral region below 1000 em=!
at resolutions of about 1 em™!, The objective to produce a more rugged interfer-
ometer system has been successfully carried out. Because it i primarily aimed at
atmospheric studies in the pure rotational region, it will be flownina balloon eariy
in the next 1/2 yr and use the Sun as a source to primarily observe the water vapor
in the stratosphere., The experiment is of an exploratory nature, because this
region of the solar spectrum is essentially unknown, Free balloon facilities are
being kindly provided by Dr. D. Murcray of the University of Denver and the system
will be flown from Holloman Air Force Base, New Mexico.

Figure 4 shows a general view of the interferometer from above.

Figure 5 shows an electronic schematic of the system,

Figure 6 shows the instrument in its test stand being illuminated
by solar radiation from a heliostat.

Figure 7 is a portion of a typical interferogram.

Future work with the system will be largely dependent on re sults obtained in the
bailoon flight.
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Fig. 4. Top view of far-inirared balloon-borne interferomete
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Fig. 6. Balloon-borne interferometer in test stand,
illuminated by sunlight from heliostat
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INFRARED SPECTROMETRY — CALIBRATION INSTRUMENTATION
AND SCIENCE SUPPORT
NASA 185372607
JPL 383.30701-2-3290

This work unit consisted o! two major activities during the last half of
FY 1us3: interferometric investigations of Mars on the Kitt Pear solar telescope
and an evaluation of & 13 element PbSe detector assembly purchased during the
first half of FY 1965. The first of these two activities is being concluded and the
second will be transferred to NASA Program 866 in FY 1966,

INTERFEROMETRIC INVESTIGATIONS OF MARS

The instrument that was used on the McGrath solar telescope at Kitt Peak
Observatory has been described in two SP3 articles, the lirst in S5PS No, 3723,
September 1963 and the second in SP3 No. 37-31, May 1965, After laboratory
experiments showed that reliable spectra could be obtained irom interferograms in
the spectral region from 2700 to 3300 cm'l . the imstrument was moved to Kitt
Peak in April 1965,

It was immediately apparent that, despite the instrument's high efficiency
{measured to be around 60%}, the signal-to-noise ratio was extremely low. Because
sufficient telescope time was available, several modifications were made to the
instrument including attempts at photoelectric image stabilization and liquid nitrogen
cooling of the detectors. Both were unsuccessful in improving the situation and
were finally abandoned.

In ali, seven Mars spectra were obtained along with several reference solar
and lunar spectra, Because of the low signal-to-noise ratio, considerable work on
the data reduction program will be required before the data can be released. The
entire program will be reviewed in a forthcoming formal report.

PbSe DETECTOR EVALUATION

An evaluation of the performance of 35 PbSe detectors mounted in a single
assembly was begun during the last half of FY 1965, The assembly was tested in a
liguid nitrogen shrouded vacuum chamber, using a below-room-temperature black
body as an energy source, The detectors have a field of view of approximately
18 ceg that is completely filled by the black body source. Detector temperatures
can be varied to detcrmine their effect on detectivity. The entire setup is geared
for comparative tests on the detectors.

Activities during this period covercd installation and checkout of test
instrumentation. Initial operational tests were performed that eliminated problem
areas such as ground loops, etc., and developed special test setups such as cali-
bration procedures for the amplifiers in the system. In FY 1966 detector evalua~
tions will be carried out under NASA Prograra 3&6.
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GEOSAMPLING IGEOLOGICAL SAMPLING)
NASA Work Unit 183-37-20-08
JPL 383-31701-2-3220

Areas under investigation in geosampling during the reporting period were
those considered most in need of development; namely, {1) acquisition of fragmented
rock irom under, and transpor: through, unconsolidated overburden material;

{2} acquisition of high-porosity consclidated or unconsolidated particulate material;
{3} acquisition of high-porosity vesicular material, particularly under a noncochesive
overburden; and {4) particle size control of acquired samples,

OUTSIDE CONTRACT

A contract for $17,000 was placed with the Hughes Tool Company of Houston,
Texas, for the design of a device that will acquire samples from hard rock in
addition to the first three conditions noted above, A design review on the Hughes
contract is scheduled for mid-July, and completion of design is expected about
September 1, If the resulting detail design is considered feasible, a followon contract
for approximately $40,000 is contemplated to consiruct a breadboard device.

IN-HOUSE EFFORTS

In-house efforts have been directed towardé: {1} development of devices that
are more efficient in the acquisition of high-porosity consolidated or unconsolidated
particulate material or high-porosity vesicular material at the surface {(drill-type
devices are very inefficient in these types of materials); {2} various particulate
transport methods and fragmentation by abrading devices; {3} developing control of
particle-size in fragmentation by abrasion and drilling, and in the acquisition of
overburden material,

SAMPLE ACQUISITION DEVICE FOR OVERBURDEN

Figure 1 shows a conical-shaped device designe? to permit penetration of
consolidated or unconsolidated overburden material or highly vesicular rock. The
device has abrasive material on its exterior to fragment consolidated overburden
or vesicular rock and is perforated with small holes to control the maximum size
particles or iragments acquired. It has been tested in basalt rubble and in vesicular
rock {pumice)} and found promising. It has not yet been tested for particle density
and shape sorting to which it will probably be susceptible in its present configuration.
Methods of combining this device coaxially with a drill to share a common transport
arrangement are being investigated.

SAMPLE TRANSPORT DEVICES

Figure 2 shows a helical conveyor under development that shows promise
for some applications. A tendency for jamming can be eliminated by limiting the
size of particles fed into it. In its present form, it further pulverizes the material
it ~anveys. This characteristic, which may be an advantage or a disadvantage, is
being investigated. Work has been started on vibratory conveying, but is now
awaiting delivery of vibration equipment on order. Work has also been started on
aerosol transport investigations, Continuous aerosol conveying has been discarded
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because of anticipated sealing difficulties, and batch conveying is being investigated.
In this system, particulate material is acguired in a hollow drill or other acquisition
device and the admittance holes closed wh=n a sufficient amount has been introduced;
this material is to be conveyed to an inertial separator with a "puff'" of gas, very
little of which can leak out past the valve. This apparatus, Fig. 3, is now being
installed in a vacuum vessel {or testing.

SAMPLING BY GRINDING DEVICES

Investigations have also been made on abrading devices, because they could
conceivably serve to fragment and transport rock as well as particulate material, to
remove shallow overburden layers over rock. Work carried out to date has consisted
of testing these abrading devices on hard rock {(basalt). The {ragmentation process
tends, in general, to produce finer grain size samples than drilling devices,
although preliminary investigations have indicated that particle size can be somewhat
controlied through varying the operating parameters of the grinder, as shown in
Fig. 4. The best samples obtained in grinding so far have been inferior to those
obtained with the rotary impact drill as determined by x-ray diffractograms of the
samples. These determinations are clouded by the degradation of the difiractogram
by overcomminution of the samples, Investigations are ncw underway to determine
the feasibility of removing overburden with brushes mounted alongside and on the
same shaft as the grinding device; this device is shown on Fig. 5. Following this, we
plan to work with acquisition devices {sample collectors) and finally to investigate
mechanisms for rotating and manipulating the grinder.

Fig. 1. <Conical sampler
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PARTICLE S!ZE CONTROL WITH ROTARY-IMPACT DRILL

In our investigations for the feasibility of controlling particle size with a
drill, the problem is to obtain larger particle sizes (say 100 . size) in appreciable
amounts, We have varied the cérilling parameters over a wide range and produced
no significant change in particle size distribution except when we change drill
rotational speed relative to impact rate. Whern this ratio is made large, the drill
mode approaches rotary drilling and overcomminution results, producing a
predominantly fine sample {with resulring poor diffractogram); see Fig. oa.

When rotational speed is reduced relative to impact rate, a point is finally reached
where the particle size distribution tends to be appreciably coarser; see Fig. eh.
As might be expected, we also obtain a coarser particle-size distribution when
starting a hole than when the drill is fully seated. This may be amuribated to

Fig. 2. Helical conveyor. Particulate material-picked up by the rotaling
helix is thrown outward to drag against the stationary casing, causing
l the material to ride up the helix to be ejected at the top
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cratering. With most acquisition and transport methods, the first quantity of
fragmented rock produced cannot be retrieved. Work will continue along these lines,

MISCELLANEOUS

We have also expended some effort to complete the designs of breadboard
sampiers, partiaily developed under the Surveyor il XRD program, and are having
these fabricated.

Although we have expended some efiort in the direction of explosively actuated
samplers, we have discontinued any {urther effort in this direction other than
encouraging the Hughes Tool Company to investigate such devices independently,

Fig 3. Aernsol transport test setup showing hollow drili stem and
imertial separator being installed i a vacuum chamber
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Fig. 3. Grinding device for tragmenting rock. Test setup in vacuvum
chamber. Brush acqguires or sweeps away over burden. Grinding
wheel fragments and acquires exposed surface of rock.
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DETECTICON OF LIFE RELATED cOMPOUNDsS ¢
GAS CHROMATOGRAPHY-MASS SPECTROMETRY STUDIES
NASA Work Unit §85.37.26-002
JPL 333-31201-2-3250

It must be ncted at the outset of this report that profiress in the last é mo has
been strongly curtailed “ecause of lack of manpower resulting from the high priority
given the Biosatellite Program. This problem has now been alleviated, and a
fuli-time engincer is at work on this task,

The test system was designed wnd constructed at JPL for determining the
effectiveness of ion and chemical pumping of hydrogen carrier gas. The titanium
sublimation pump was alsc built ar JPL and is shown in detail in Fig. 1. The cali-
bration of the test system is under way and preliminary results will be available
shortly, Data on the pumping speed and capacity of titaniuns films will be obta.ned
to determine the most suitable geometry for a {lightworthy pump.

Diffusive separators for the enrichment of organic samples in the gas chroma-
tographic effluent have been obtained. The testing and optimization of these devices
are awailing the delivery of the gas ton source for the 12 1n. JPL mass spectrom-
eter. This ion sousce is due at JPL on August 1, 1965, The testing program will
be geared toward maximizing sample to carrier gas enrichment factors for flow
rates compatible with the ion amd chemical pumping mechanism being studied now,
Flow rates of 0.1 scc Hp/min or less 1n conjunclion with capillary gas chroma-
tography will be studied,

A significant effort has been made over the last © mo to evaluate high
resolution mass spectrometers for use in the Deteciion of Life Related Compounds
Task in the JPL Chemistry Section. Particular emphasis was placed on the use of
the JPL computer center in reducing mass spectral data taken on magnetic tape.
This effort was coordinated with Dr. 8. R. Lipsky at Yale University and has
resulted in an extremely versatile and proven high resolution mass spectrometer
systemi at Yale of the type required by JPL,

*Jointly Funded Under NASA Code 189-55-03-01 and [85-37-26-10,
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A paper was presented at the last AAAS mectings in Montreal, titled
"Detection of Life Related Compounds on Planetary Surfaces by Gas Chromatography-
Mass Spectrometry Tecnnigues.'” The paper outlined the JPL approach to life
detection on Mars and was very well received, Qut of 724 papers presented at this
meeting. the JPL paper is one of eight still in contention for the Newcomb Cleveland
Prize awarded to the outstanding paper of the meeting. This prize carries with it a
bronze medal and S10060.

During the first gquarter of FY 1666 the laboratory in which this worlk unit is
being performed will be moved from a JPL annex to the main Laboratory., It is
expected that close to | mo will be lost during the moving process,
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DETECTION OF LIFE-RELATED COMPOUNDS
NASA Work Unit 185-37-26-10%
JPL 383-311801-2-3260

The scientific objective of this task is to provide information for defining a
chemical life detection experiment. The analytical procedure being developed is
based on the combined technigues of gas chromatography and mass spectrometry,
The procedure to be followed is: (1) thermal treatment of the sample to vield vola-
tile fragments, {2} separation of these volatiles by gas chromateography, and {(3) mass
spectrometer determination of the components {or components) present in each gas
chromatograph peak.

GAS CHROMATOGRAPHAMASS SPECTROMETER STUDIES

The immediate activities of this task are concerned with the two main inter-
face problems in uniting a gas chromatograph and a mass spectrometer; i.e,, enrich-
ment of sample components in the chromatograph effluent and removal of carrier gas
from the effluent stream. The work on these problems involves: {1} investigation of
enrichment devices used intermediate to the two instruments, a:d {2j study of pump-
ing methods for removal of carrier gas. DMolecular separator devices to be used in
this work were ordered {rom Sweden and have been received. The test system to be
used in studyving pumping methods is ncearing completion.

GAS CHROMATOGRAPHY-MASS SPECTROMETER TECHNIQUES, PREPARATION
OF ORGANIC SAMPLES FOR GAS PHASE ANALYSIS, AND GAS CHROMATOGRAPH-
MASS SPECTROMETER ANALYTICAL SYSTEM

The activities under this task are primarily concerned with the study of
methods for sample preparation and treatment for use in the detection of biologically
important substances. Thermal treatment procedures were investigated 1o convert
nonvolatile samples to substances of sufficient volatility to be separated and detected
by gas chromatography and analvzed by mass spectrometry.

An extensive study of the pyrolys:s of mesoporphyrin has been completed.
The pyrolysis conditions were determined that yvielded the greatest amount of repre-
sentative fragments. Based on this study, similar work was done with deuteropor-
phyrin, ctioporphyrin, protoperphyrin, hematoporphyrin, phylloporphyrin,
pyrroporphyrin, and etiochlorin (of the chlorophyil series), in which the ideal
pyrolysis conditions were detrrmined, and the representative fragments identified,
The analytical techniques used included gas chromatography, mass spectrometry.
and nuclear magnetic resonance. A series of papers reporting this work are planned
to be submitted for publication. The {irst is now in draft.

“Jeintly Funded Under NASA Code 1892550301 and 185-37-26-09
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The study of methods of sample treatmeni for detection of bioclogical
substances in soils has also been continued. Samples of a desert soil were pyrolyzed
in a reducing atmosphere of hydrogen: 45 to 60 min, 400 to 450°C, The reaction
products were collected and analyzed by gas chromatographic and mass spectrometric
methods. Of the products that have been identified. the predominant ones are:
carbon dioxide, ethylene, muethane, ethane, and butenes.

MAJOR PURCHASES

Bids have been requested from manufacturers to supply a high-resolution
mass spectrometer for use in this program. The instrument will allow faster analy-
ses of the products of pyrolysis studies; in addition, the instrument will be connected
to a gas chromatograph {using separator devices} so that a laboratory instrumental
system may be studied.

FUTURE PROGRAM
Gas Chromatograph-Mass Spectrometer Studies

Pumping methods for the removal of carrier gas will be investigated. Chemi-
cal pumping as well as ionic pumping are to be considered. The development of
molecular separator enrichment devices will continue toward optimization of the units
for use in the instrumental system to be assembled, The pumping svstem and enriche-
ment devices will be assembled into a breadboard simulating their use in a gas
chromatograph mass spectrometer instrumental system.

The time sequencing of mass spectral scanning of the gas chromatograph
effluent will be studied with a specially modified mass spectrometer go that a2 scan
initiation will occur at the most opportune time.

Work will continue on the handling of data from a combined gas
chromatograph-mass specirometer system.

Chemical Studies

Pyrolysis studies will be performed on representative desert soils containing
0.5 to 10% orgaric matter. These studies will involve a determination of the best
pyrolysis conditions to yield the most useful information concerning the structure of
the organic material present, In addition, varying amounts of pure compounds such
28 the porphyrins, whose pyrolysis patterns are known, will be added to samples of
the soils and the pyrolysis of the mixture siudied.

Work on other pure compounds such as the peptides and metallo-porphyrins
will continue.

Instrumental Techniques
The high-resolution mass spectrometer will be acquired and put in operation.
A laboratory instrumental system will be assembled having 2 thermal treatment unit,

a gas chromatograph, molecular separators, and the mass spectromeler as contig-
uous units.
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The study of thermal treatment techniques will continue, The possibility of
verforming differential thermal analysis {DTA)} and fluorometric analysis on the
sample simultaneously with the pyrolysis will be investigated., DTA studies will
include rapid heating rate analyses.

Gas chromatographic studies planned will include the development of suitable
column packing to separate the polar organic compounds that are ohiained during the
pyrolysis of high molecular weight organic materials; in addition, feasibility studies
in the use of very low flow rates will be performed.
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ULTRAVIOLET SPECTROMETER — INSTRUMEXNT DEVELOPMENT
NASA Work Unit 185-37-26-11
JPL 383-32301-2-3230

ACTIVITIES DURING REPORT PERIOD

The grating thermal=vacuum tes! has been completed with the grating having
been cvcled between =40 and +60°C while in 2 vacuum of 10°" mm Hg for a period of
&5 days. No visible changes in the grating have taken place; however, no qualitative
tests have been made ag yol. As a spectrometer becomes available from the POGO
Ultraviolet Spectrometer program, tests will be made on the grating.

The rmechanical design concepts for the solution to the problems of mirror
mounting, grating motor drive, and thermal distortion associated with the telescaope
gsecondary mirror are now complete, Detail design is being deferred pending the
results of the Voyager instrument gelection.

Labko Scientific, Inc. {(Contract No. 950983, "Single Channel Stabilized DC
Analne Preamplifier”} has progressed through the early breadboard and now is in the
final desipgn stage. Delivery will be in the first quarter of FY 1966,

The new vacuum chamber is operating and the calibration sources are
instailed. A thermal wall and platiorm are being installed in the chamber for
instrument developmen! tests,

FUTURE ACTIVITIES PLAXNED

There are no future activities planned because this task is not expected to
extend into FY 1966,




BLANK PAGE



JPL Technical Memorandum No, 33-243, Vol. 1

ULTRAVIOLET SPECTHOMETER = SCIENCE
NASA Work Unit 185-37-26-12
JPL 383-32401-1-3280

The oupective of this work unit is to perform experimental research, develop
theoretical background, and supervise instrument design of ultraviole! spectrometer
1000 to 4200CA for planetary flyby spacecraft.

WINDOWLESS PHOTOMULTIPLIER TUBE

Development of a windowless photomultiplier tube for spectiral range below
lithium fluoride cutoff, 1050A, proceeded. Tubes with cesium iodide photocathodes,
silver magnesium dynodes, and blow-off windows have been flown as piggy back
experiments on two Aerobee rockets: 4.111 on January 13, 1965 and 4. 112 on
June 2%, 1965,

Four tubes with copper beryllium dynodes and cathodes of potassium bromide,
rubidium iodide, cesium bromde, and cesium iodide have been developed under sub-
contract, Their spectral and electrical characteristics have heen measured.

SPECTRAL RESPUONSE OF PHOTOCA THODES

The laboratory study of the spectral response of the several photocathodes
continued. The installation of pumps to provide differential pumping for windowless
ultraviolet light source and McPherson model 225 spectrometer is in program under
conlract.

DOCUMENTATION

Theoretical calcvlations of planetary ultraviolet specira have been completed
and included in a many script titied "Ultraviolet Spectroscopy of Planets. "

EOL -
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IONOSPHERIC AND RADIO PHYSICS (185-39)

HIGH-ALTITUDE ROCKET RADAR
NASA Work Unit 185-39-05-01; 185-39-05-02
JPL 383-90101-X-3240; 324-90201-X-3250

The objectives of the rocket radar project include the development of a flight-
worthy radar, the acquisition of radar echo data at various altitudes from 90 1o 180

kin, and the clarification of the relationship between the vcho shape and the surface
characteristics,

The implementation of the project consists of developing two flight radar
systems and a ground support station. Aercbee rockets will be used 1o carry the
radars over the White Sands Missile Range, where the radar antennas will be orien-
ted to look at the Earth,

During the second half of FY 1965, both flight <ystems were assembled and
tested; a portable ground support station was constructed, The first flight was
conducted on June 30, 1965, No echo data was obtained because the transmitter
{apparcently) arced 1n the high-voltage section of the modulator, This arcing may
have been caused by loss of pressure 1n the payload. The payload was recovered by
parachute. The skin of the Aerobeyv was split open near the transmitter. The real
cause of the failure will not be known until the postflight testing ts completed. The
second flight will not be scheduled until the problemn has been solved.
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ASTRONOMY {185-4£1)

LUNAR SPECTRAL PHOTOGRAPHY
NASA Work Unit [85-41-02-01
JPL 383-10101-2-3250

{Thi= work unit is jointly funded under NASA Code 190-42-03-01.
the Manned Space Science Section for the appropriate report, }
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OPTICAL ASTRONOMY
NASA Work Unit i85-41-21-01
JPIl. 383-10201-2-3250

EQUIPMENT

A major improvement in research equipment has been undertaken at Table
Mountain Ovservatory. A coniract was signed June 8 for a new 24-in. reflector with
1/16 Cassegrain and (approximately} {/36 Coud? foci. The mounting will be of the
modern single pier cross-axis type with precision drives and controls. Optics will
be of fused silica with slope errors not to exceed 1/2 part per miilion. The contract
calls for 3¢ wk delivery.

Preliminary wes.ga of a building to house the new telescope has been comple-
ted, and pi.ant planning is now finishing final drawings for it. Construction is
scheduled to begin in September with FY 1965 funds already committed to the task.

Improvements in the optics and dome of the existing [6-in. facility are under
way and scheduled for completion in September and August respectively. Part of the
¢quipment .s on order to enable us to conduct a photographic patrol for lunar
luminescence,

INTERNAL OBSERVING PROGRAM

For the past 3 yr an extensive program ot direct photography has been
carried oul with the l&-in. reflector, particularly of Venus and Mars., The past
& mo have encompassed a Mars opposition and a Mariner flight to Mars, so the
cimphasis has been strongly Martian, With added support of the Mariner Project
Office, Charles Capen has becn responsible for an intensive ""Mars patrol™ using
vur own lb=in. reflector and a 30-in. reflector very kindly made available to us by
the Astrogeology Branch of the U. 8. Geological Survey. Preliminary results of
this "patrol,” which will continue into September, have already been submitied to
the Mariner Project. A formal technical report on the entire patrol will be avail-

able in December.

Because the observation of peculiar red spots in the vicinity of the lunar
crater Aristarchus late in 1963 by Greenacre and coworkers at Lowell Observatory,
an Aristarchus patrol has been carried out at appropriate times by James Young,
Charles Capen, and others, Weather and viewing were particularly bad during
critical observing times so far during 1965. Anyhow, no events have been vbserved.

EXTERNAL OBSERVING PROGRAM

Dr. Ronald Schorn obtained 4 wk of observing time on the 82-in. reflector at
the McDonald Observatory during this reporting period, Dr. Hyron Spinrad and
Roger Moore {of RAND Corp. } working with him part of this time. They obtained a
large number of high-dispersion spectra of Mars in the 8700 A region suitable for
determination of carbon dioxide and water abundances., Dr, Spinrad also obtained
a number of quality spectra of the same region with the 120-in. reflector of the Lick
Observatory. All of these spectra are being reduced, and a preliminary value of
carbon dioxide and water abundance to fullow as sooun thereafter as is practical,
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These ubservers also obtained a number of excellent photographs of Mars that will be
quite useful in developing a picture of Martian conditions during this "Mariner year."

Robgr: Younkin has continued spectrophotometric measurements of the planets
from 3200 A to i. Ix with the Mt. Wilson 60-in. reflector, primary emphasis being
given to Mars this year. The monochromatic color of the planet has been measured
as a function of phase angle, and the specific intensity of the maria {dark arzas)
compared to the continents {bright areas), The absorption band of limonite near
8000 A is totally missing from continental spectra, in contradiction to the assump-
tions of many authors. This work will soon be submitted for publication and will be
presented at the summer meeting of the American Astronomical Society. Younkin
has also obtain=Z a number of superb Martian photographs in support of the general
effort being made to cover Mars as thoroughly as possible.

Ray Newburn and Dr. Hyron Spinrad obtained good new infrared spectra of
Uranus, Neptune, and Titan during eight nights at the 84-in. reflector of the Kiu
Peak National Observatory {four nights in October and four in February). Work on
these plates is proceeding and will be supplemented by one additional observing run
this coming fall. A study of water vapor in cool stars was made by Spinrad and
Newburn as fill-in work at Kitt Peak when planets were not appropriately placed in
the sky. A paper based on earlier work of this sort, "A Low-Dispersion Spectro-
scopic Search for Water Vapor in Cocl Stars" was published this spring in the
Astrophysical Journal, Vol. 141, No. 3, pp. 965-975. A second paper based on

the 83-In. data will be sent to press within a few weeks.

Spinrad, Schorn, Newburn, and Younkin have all searched for any spectro-
scopic evidence of atmospheric gases on the four Galilean satellites of Jupiter. All
results to date have been negative. Upper limits will be set and published, Schorn
and Spinrad have obtained excellent spectrographic results on the Venus [, 054
carbon dioxide band. These are now being studied by Dr., Louise Gray and
Robert McClatchey to determine the temperature and pressure conditions under
which the band was formed.

This spring Drs. Pierre and Janii.e Connes and Dr. Reinhard Beer obtained
the finest spectra of Mars ever taken in the 1,56 region, as described elsewhere
in this semiannual report. These results will be combined with the new carbon
dioxide abundance of Spinrad and Schorn to give a new accurate value for the surface
pressure of Mars. Preliminary results should be available some time in September,

Although some additional observing will be made during the coming & mo, the

major part of the efforl of the optical astronomy group will be devoted to the reduc-
tion and publication of data taken during the past & {and more} mo.
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RADIO ASTRONOMY
NASA Work Unit 185-41.21-02
JPL 383-10301-2-3250

RADIOMETRIC MOON MAPPING AT 3 MILLIMETERS

An atiempt is being made to determine the nature of the lunar surface
material by means of radiometric studies of the Moon's 3. 3-mm wavelength
thermal emission, '

The manner in which the Moon's surface heats up and cools down during a
lunation is determined by the physical characteristics of the surface and subsurface
material, By studying the Moon's thermal behavior at millimeter wavelengths,
it should be possible to add to our knowledge of the lunar material's density,
thermal conductivity, specific heat, dielectric constant, and absorption coefficient
for microwave radiation.

Radiometric maps showing microwave brightness temperature across the
lunar disk have been obiained for 14 phases of the Moon with the Aerospace
Corporation 15«1t radio telescope. The antenna beam of Z.7 min arc afforded a
resolution on the Moon's surface of approximately 260 mi, permitting separate
studies to be made of five different maria and the one large highland area, After
taking into consideration such factors as emissivity, sidelobe smoothing, and the
gradual cooling toward the lunar poles, it was found that all {five maria are warmer
than the highlands by the following amounts {average over a lunation): 2.3, 2.3,
2,4, 2,7, and 2,8% K, 1Itis difficult to reconcile such a large temperature
difference with the value expected from albedo considerations {1.5°K), and there
may be evidence here for associating a lower dielectric constant with the maria.
Furthermore, in the case of the maria regions extending from Imbrium to Nubium,
the temperature excess varied throughout a lunation between (pproximately 0 and
+6°K. Mare Tranquillitatis showed almost no variation {1,0 U, 7 pe °K}, and
Mare Serenitatis showed a large variation (9.0 x1.4 pe®K) that is out of phase with
the others,

Between the latitudes -50 and +50 deg the observed ''polar cooling” is in
agreement with the theoretical relation that specifies the temperature will
decrease toward the poies according to the fourth root of the cosine of the latitude.

An analysis is now under way that should result in determinations of the
coefficient of microwave absorption and thermal inertia {involving density, thermal
conductivity, and specific heat) for the highland and {five maria regions. Prelimi«
nary results sugpest that it will be nesessary to invoke the presence of a "bare
rock" type surface component, comprising approximately 2% of the lunar surface
area, Possibly this component may be associated with the many sharp-edged,
"young-looking' craters detected in the Ranger photographs,

HB -




JPL Technical Memorandum No. 33-243. Vol. |

RADIO ASTRONOMY OBSERVATIONS OF VENUS AND JUPITER

For slightly more than 2 wk during July 1964, Venus was observed at nine
freguencies between 20, 6 and 24. 0 Gec using the 30-{t millimeter wave radio
telescope l:cated at the Venus site. During December and January, Jupiter was
observed at center {requencies of 23, 443, 23,900, and 24. 005 Gc, The results are
summarized as follows:

Yenus

1, There is a broad brightness temperature minimum centered
between 21,5 and 22 Ge,

2., There is the suggestion of fine structure in the data.

3, Two of the frequencies, 21,5 and 23.5 Gec, suggest a positive
correlation with 2800 Mc/s solar flux centered at a lag of about
1.5 days, This is approximately the time of flight for 800
km/sec solar protons.

4, The 22,20 and 22,23 Gc temperatures are respectively about
60 and 150°K higher on the average than those {requencies
nearest on either side, although an anomaious behavior in the
radiometer output at 22,23 Gec puts little weight on the results
at this frequency, However, a consideration of the effect of
this behavior on the reduced data suggests that the 22,23 Ge
temperatures are actually lower limits and the daily histograms
appear to substantiate this because the distributions are
strongly asymmetric on the low side. A plot of the Venus
brightness temperatures is seen in Fig, 1,
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Jupiter

1. The measured brightness temperatures are: 23.445 Ge at
111°K: 23,900 Gc at 144°K: and 24. 005 Gec at 134°K., The rela-
tive probable errors are about 4 K. .\ side band at 23. 900 G
is situated at the 3,3 mm line of NHj3. This suggests the
possibility of the 3.3 mm line of NHj3 being in emission.

2. Two of the three frequencies exhibit farrl, weak but positive
correlation with solar 2800 Mc flux for laus of hetween 1l and
13 davs,

Wihile both programs suggest very exciting possibilities regarding conditions
in the atmospheres of these planets. the results clearly need to be substantiated.
Both programs suffered from short observing periods and the suggested correlations
noted above could wel. be o result of poor statistics, I substantiated. it s
clear that:

I. A mecans for identifying molecules in the Venus atmosphere for
microwave rotational lines would be available ar’ subsequent
narrow band {requency sweep measurements would allow
estimates of the upper atmospheric siructure {i,c.. down to
where the flux of particles from the Sun are siopped),

2. Solar particle flux on Venus could be monitored by observing
the brightness temperature at several closely spaced
frequencies. The suggested information should contribute
greatly to the study of the degrec of homogeneity of solar
particle-field phenomen. in interplanetary space, If Jupiter
temperatures are correlated with solar acuivity the same
applies to Jupiter as well. This would greatly enhance parlicle
and ficld measurements from space probes,

PROPOSED OBSERVING PROGRAM

We propose to use the 30-{t rudio telescope and radiometer system to
observe both Jupiter and Venus over the period December I through Fehruary l4
{FJupiter from December I through December 7, Venus from Dccember 8 through
February 14}, It is hoped that the concluding date :s flexible if interesting things
start occurring onthe Sun. We would probably observe Venus at two or three
frecuencies during 1 e Jupiter program and similarly for Jupiter during the Venus
program. To bolster the manpower, several students irom Brigham Young
University would be available.

Venus will be observed at a number of frequencies from 19 10 26 Ge.
This increased frequency coverage will allow measurements to be made of the
brightness temperature at frequencies that are needed 1o substantiate the suggested
general trend in the spectrum noted above. Measurements in the vicinity of the
water line ot 22, 23 Gc and most of the previous!y observed frequencies will be
needed. Jupiter will he observed at the same frequencies as before and perhaps
on the two others,
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Fig. 2. Location of features on surface of Venus derived from 1%+ CW radar spectra

Cw RADAR STUDIES OF VEXNUS

Between February and August, [964. when Venus was closest to the Earth.
radar observations were made of the pianei at the NASA/IPL Deep Space
Instrumentation Facility at Goldstone., California. One of the experiments under-
taken was to obtain high-resolution spectra of the reflection from Venus of a single
radiofrequency of 2388 mc(i= 12.5 cm). commonly referredto as a CW (continuous
wave)signal. These observations were made in close cooperation with the
Telecommunications Division.

As was mentioned in the previous review, the rotation period and spin axis
of Venus can be found from the changes in the way in which the base of the CW
spectra changes with time. The measurements indicate a sidereal retrograde
peTiod of 249 days 26 days with the spin axis pointed toward R, A, 76 £5 deg and
Dec. =67 <4 deg. Note that the probable error of the R. A, has been substantially
reduced from 44 10 +3 deg. These dawn indicate that the axis of Venus is very
tikely within 10 deg of 113 orbit pole.

Effort has continued in locating surface features on Venus. Figure 2
shows the revised positions of the features seen on the CW spectra. The black
circles show the most reliable positions of the feutures on the planet. The gray
circles are less reliable positions, while the unfiiled circles are quite leulative,
The circles that are connected by lines all represent the same feature and the
data is not sufficient to decide unambiguously which circle marks the true position.
Zero longitude has been chosen as the meridian that was directed toward the
Earth at 00 hours UT on the day of the 1964 conjunction of Venus: June 19, 1964, !
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Fig. 3. Venus backscattering functions

A backscattering function has been computed for Venus based on the cw
spectra and is shown in Fig. 3. The upper solid curve is for the polarized spectra
and the lower solid curve is for the depolarized spectra, This kind of information
is being used to obtluin information on the plaret’s surface structure, The upper
dashed curve is the backscattering function of the Moon measured at 68 cm by
G. H. Pettengill. It was muatched to the Venus curve at 10 deg, The close
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agreement between these curves suggests that the basic scattering mechanism is the
same for the Moon and Venus, but that Venus is consideraol. smoother. The lower
dashed curve shows the backscattering function of the form cos? &  which
corresponds to Lambert scattering.

By using the two Venus backscattering functions shown in Fig. 3 the degree
of polarization as a function of the angle of incidence can be derived, This informa-
tion gives another clue to the nature of Venus' surface. Figure 4 shows the percent
polarization obtained from the Venus data and similar data obtained from laboratory
measuremnents made of sand. gravel. and stone. The laboralory maasurements were
made bv W, H. Peake and R. C. Taylor both at Ohio State University. The gray
area in Fig. 4 is the estimated error of the Venus data. It appears that Venus
cannot be primarily covered with sand but that large amounts of gravel and stone-
sized material must be present.

A paper titled ''Study of Venus by CW Radar--Results of the 1964
Conjunction' was presented by R. L, Carpenter at the March 14-17. 1963
meeting of the American Astronomical Society at Lexington Kentucky. An abstracet
of the paper appears in the March 1965 issue of The Astronomical Journal. A\ more
detaileé paper cn the radar results was presented !y R, L. Carpenter at the
Gordon Rescarch Conference on "Chemistry and Physics of Space.” on July 1. 1965,
held at Tilton, New Hampshire.

Currently. a paper is about ready for publication on the 1964 Venus radar
results, Also, preparations are being made for further radar observations of
Venus during its January 1966 conjunction.
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Fig. 4. Polarization of Venus radar reflection vs angle wl incidence
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PLANETOLOGY (185-42)

INFRARED THERMAL EMISSION FROM SILICATES
NASA Vork Unit 163-42-20-01
JPL 383-20101-2-3230

{This work unit 1s jointly funded under NASA code 190-42-20-20. See the
Manned Space Science section {or the appropriate report. }
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PETROGRAPHIC STUDIES
NASBA Work Unit 185-42-20-02
JPL 343-20201-2-3250

LUNAR AND PLANETARY PETROGRAPHIC MICROSCOPE DEVELOPMENT

Work in the last half of FY {945 on the petrographic microscope has consisted
cf design and fabrication of a sample-processing hoppe: and screen assembly. The
encapsuiation mechanism requires grains with diameters grester than about 300 ..

A screen has been developed for this sizing process, The prelimuinary breadboard
hoppet was eifectively a vibrating cup with a 300 . screen that excluded the {ine
particles. However, it is feared that fine particles .t the lunar surfaice may adhere
to cae another and to the meshes of the screen and that the lunar gravity mav not be
strong enough to break the interparticle bonds.

Accordingly, a hopper and screen mechanism was conceived that forces the
particles through the screen centrifugally and sweeps the screen with a Teflon
brush. The screw and brush mechanism was designed and parually fabricated; work
is continu:ng under the supervision of Mr, George Hotz.

A tentative design has also been produced for the system that ¢contains the
ohjective lens, the analyzer. cyepieces, and tne vidicon camera. [t is desirable to
iave the vidicon remain in a fixed position during viewing and to have the objective
lens remain 1a focus after magnification changes. The interposition of a slider
containing three eyepiece [enses between the ohjective lens and the vidicon {aceplate
appears to be the best way to attack the problem of changing magnification.

A request for proposals to design and {abrigcate . protolype microscope was
sent to vendors in mid-June. The proposals are due in mid-July.
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PLANETARY ATMOSPHERES {185-47)

AERONOMY
NASA Work Unit 185-47-G1-01
JPL 383-70101-1-3280

The objective of this work unit is to conduct a balanced rescarch program in
iaboratory, observational, and thesretical upper atmosphere physics.

TABLE MOUNTAIN AIRGLOW OBSERVATORY

The ultraviolet night airglow has been measured with a spectrometer and
memory unit using pulse-counting techniques,

UPPER ATMOSPHERE PHENOMENA

Laboratory measurements of upper atmosphere phenomena using optical and
eleciron paramagnetic resonance spectrometers continued, Comparison of labora-
tory source of Herzberg bands with flight specira of J. Hennes of Astrophysics
branch, GSFC has been carried oul.

DOCUMENTATION

Theoretical calculations of upper atmosphere phenomena have been published
as follows:

"Calculations of Ultraviclet Molecular Nitrogen Emissions from the
Aurora,” A.E. S, Green and C, A. Barth, Journal of Geophysical
Research Vol. 70, 1083-1092 (19565).

“Rocket Measurement of the Photoelectron — Excited Ultraviclet
Dayglow,” C. A, Barth and J. B. Pearce, Space Research VI,
COSPAR, Buenos Aires, 1965,

"Rocket AMeasurement of the Ultraviclet Aurora,” J. B. Pearce and
€. A. Barth, Transactions American Geophysical Union Vol. 46, 60
{1 +65}).
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MODEL ATMOSPHERES
NASA Work Unit 185-47-26-02
JPL 383-70201-2-3250

The long-term objective of the model atmospheres program is to establish
the physical parameters that define a particular planetary atmosphere., This
involves the use of both experimental observations and theoretical calculations.

The required experimental observations irclude the astronomical measurement of
the spectra of planet-atmusphere systems, more detailed measurement from space
probes, and laboratory spectra of gases, Theoretica: atmospheric models will be
compared with these experimental findings and updated to agree with the most recent
information.

PROGRESS SINCE JANUARY 1965

Theoretical work in support of a remote atmospheric temperature sounding
experiment has required much of our time and effort. A computer program for
computing atmospheric transmission had previously been developed, but only
recently have experimental values of atmospheric transmission become available
for comparison. The work of D, Murcray etal, of the University of Denver has
provided such experimental data and a comparison with our calculations is shown
in Fig. 1. Figure 2 represents a particular temperature profile for the Earth's
atmosphere, and Fig. 3 represents the corresponding emergent spectral distribution
of radiation.

Initial tests of this experiment have been conducted in the Earth’'s atmosphere
and the results are now in the process of being reduced. To interpret these data, a
series of "computer experiments'' have been run. A given temperature distribution
is assumed to exist {see Fig. 4, Real atmospheric model} and an inversion scheme
iz carried out by an iterative procedure. To introduce the least bias into the initial
temperature distribution, an isothermal atmosphere is adopted. The resuling
temperature distributions obtained in the first four iterations are presented in
Fig. 4. It is seen there that the {inal result is almost identical with the original
temperature distribution. To determine the effect of both systematic and random
errors of measurement, similar tests were run with such built-in errors. The
results of these tests are presented in Fig. 5 and 6 for 10% sysiematic and 2%
random error, respectively. Recently, the effect of a triangular slit function has
been included in the radiation calculations and the resulting smoothing is shown by
the solid curve in Fig. 3. The use of the slit function in the entire inversion
scheme has not yet been completed and so is not included here. This is the major
item remaining in this program before some real data is interpreted.

In addition to the temperature scunding experiment, work has continued in
support of astronomical observations of infrared spectra. This work has taken two
different forms:

1. It has been necessary to determine band strengths and individual
line strengths for many of the carbon dioxide bands locited in
the 1.6 and 2.0 p regions. Attempts to fit theoretical trans-
mission calculations to laboratory data have been used when the
available laboratory spectra were measured under conditions
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that do not allow egquivalent widths of individual lines to be
measured. Figure 7 shows such 2 calculation for the 2 « region.
If equivalent widths of individual lincs can be measured. s more
straightforward appro.ch can be used.

2. The possibility of determining both atmospheric pressure and
absorber concentration irom the equivalent widths of two rota-
tional lines 1s being investigated. In the past, the procedure has
been to find 4 region {or a line) of very weak absorption and
another region {or line) of very strong absorption, and to
determine &p sbsorber concentration irom the weak line and a
mp product from the strong line. Apparently it should be possibie
1o pick any two lines as long s they are not both either weak or
strong for the determination of “oth m and p. Thus, the measure-
ment of a single carbon dioxide band should provide many
combinations of lines that will overdetermine m and p. Ve
intend to further investigate this next year.

Recently {last March} spectra were obtained by Pierre Connes and Reinhard
Beer, at Haute Provence in France. of Mars, Venus, aad Jupiter.© The possibility
of computing a better value of the surface pressure from the observations has
prompted a need for laboratory data for the carbon dioxide bands in the l. ¢ . region.
D. Burch of Aeronutronic has obtained such data but did not have sufficient suppors
for the reduction of that data to a suitable form for the evaluation of astronomical

25¢e report on Optical Astronomy, NASA Work Unit 185-41-21-0t
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spectra. A contract has recently been let by JPL to Aeronutronic specifically for
that purpose. These data should become available to us within the next few months.

A theoretical study of radiative transfer by scatiering in inhomogeneous finite
atmospheres is underway, our goal is to integrate this study with the theoretical
studies described above. Preliminary results for two-layer scattering atmospheres
have been obtained, and the fizst in a series of reports on this study is now being
prepared. Figure 8 compares theoretical limb-darkening curves for a two-layer
semi-infinite atmosphere with two semi-infinite isotropic~scattering atmospheres,
Scattering is isotropic in the two-layer model. the top layer having an albedo

= 0,5 and an optical thickness 7 = 0.3, while the bottom layer wy = 0.9, Work
has started on the effects of ground reflections and higher orders of scattering.

PROPOSED WORK FOR FY 1966

In addition to the obvious extension of the work indicated in the above sections,
the following specific tasks will be undertaken in order to work toward the above-
mentioned long ferm goals:

I. Analyze the data obtained from the two flights of the specirometer
and compare the results obtained for the temperature structure of
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the terrestrial atmosphere with radicsonde observations. This
1% not a straightforward data reduction problem and could invoive
considerable alteration of the methods which we will initially
attempt to involve, I initial attempls are not successful, this
project could involve a considerable effor:,

Evaluate the various reported values of the physical parameters
of the Martian atmosphere and establish the best model atmos-
phere for Mars consistent with these parameters,

Calculate radiative equilibrium vertical temperature profiles and
their aerographic, seasonal, and diurnal variations. This will
involve detailed solutions of the radiative transfer equation as a
function of frequency within the carbon dioxide bands that are
important to the atmospheric thermal balance.

[nvestigate the atmospheres of Venus and Jupiter and develop
mode!l atmospheres,
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Interpret ground-based observations of Mars and Venus and
experimental data obtained in the JPL spectroscopy laboratory

for molecules expected to exist in the atmospheres of these
pianets,

Extend the calculations on scattering atmospheres to models
which can be hoped to compare favorably with observations and

develop the new methodology required for the integration of this
study with the other studies listed above.
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SPECIFIC ATMOSPHERIC COMPONENT ANALYSIS
NASA Work Unit 183-47-26-08
IPL 383-70601-2-3290

The objective of this program has been to develop instruments for the
guantitative measurement of specific gases in planetary atmospheres., As previnusly
reported, this effort has been done on a limited basis during FY 1965 with the aim of
closing out the task 23 an SRT program at the end of the fiscal year. It is anticipated
that the methods #tudied may find application in the Voyager program.

RUTHERFORD EXPERIMENT

This experiment is designed to measure the expected major components of the
Martian atmosphere [(nitrogen, carbon dioxide, and argon) by alpha-particle bombard-
ment. The enginesring breadboard model was installed in a vacuum chamber at the
iaboratory in January., Checkout of instrument operation has been made using a
standard Am<i! alpha source and a commercial { TMC} pulse-height analyzer. The
instrument meets specifications on energy scale, resolution, operation of discrimina-
tors {energy windows), and readout of counts in the digitai electronics {square root
converter).

The feasibility of atmospneric analysis by this technique has been demonstrated
earlietr in the program; accurate measerements of nitrogen and argon in air have been
previously reported. A more extensive series of analyses of mixtures of nitrogen,
carbon dioxide, and argon planned for this period have not been conducted because of
manpower limitations.

it should be noted, for possible use in the Voyager program, that heat-
sterilizable semiconductor detectors satisfying the reguirements of this experiment
have been successfully developed under a JPL contract.

KPYPTONATE EXPERIMENT

This technique is designed to measure oxygen concentrations down to very
low levels. Radioactive Krypton-55 is incorporated in the surface of a copper foil.
When the copper is heated in a gas mixture containing oxygen, the copper is oxidized
and Krypton-835 is released. The partial pressure of oxygen in the gas is determined
{rom the rate of loss of radiocactivity.

The study contract with Parametrics, Incorporated was completed in
January, and the final report was delivered to TPL during this period. Technical
accomplishments under this contract have been previcusly reported.

The in<house activity during this period has been directed towargd the verifi-
cation of loss-rate of Krypton-85 from copper foils as a function of oxygen
concentration, source temperature, and total prezsure.

A test system has been built that permits simultaneous measurement and
recording of source temperature, power dissipation, gas pressure and flow rate, and
counting rate of beta particles from the source. Kryptonated coppetr sources,
prepared at Parametrics by the ion-bombardment technique, have been tested at
varicus oxygen concentrations, temperatures, and pressures.
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Tests conducted at a total pressure of one atmosphere with gas mixtures
containing 114 ppm and 17 ppm oxygen have, in general, given Krypton-85 loss rates
that are consistent with the sensitivity and half-order reaction found by Parametrics.
The resuilts indicate that at 700°C, loss rates of about 7%/ min would be observed at
! ppm and one atmosphere, or about 1%/ min at 1 ppm and 20 millibars.

Considerable difficulty has been encountered in performing tests at reduced
pressures because of small leaks in the system. Because of this problem, loss-rates
at reduced pressures have not been verified experimentally. The test system has

been redesign~d and shou.d be capable of low-pressure cperation if the program is
resumed.

ALUMINUM-OXIDE SENSOR

This techrique has been developed to measure water vapor down to extremely

iow concentrations (frost point -110*C) by use of simple impedance changes in an
ajiuminum-oxide film.

The study contract with Parametrics was completed in January and the final
report was delivered to JPL during this period. Technical accomplishments under

this contract have been previocusly reporied. No in-house work was planned for this
reporting period.
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PLANETARY QUARANTINE S5TERILIZATION (186-58)

ACTUATOR STERILIZATION
NASA Work Unit 186-58-02-01
JPL 3834-82801-2-3340

DETENTING MOTOR

This development was undertaken to provide a prime mover for advanced type
spacecrait hinge actuators. Actuators of this type may be required on the Voyager
capsule.

The development of a sterilizable detenting servomotor was performed by
Vernatron Corporation following direction from JPL. The motor is to operate as a
conventional two phase servomotor and to have the feature of stopping within 100#
after power cut off. After stopping, the motor holds in a detenting manner with
approximately one tenth the running torque.

The development was successful. Three production prototype motors
{Fig. 1} have been received and have met the functional, sterilization {(both heat and
ethylene oxidejand environmental regquirements.

The mechanical design makes use of Bartemp bearings and stainiess steel
shaft and housing. The Bartemp bearings at 500°F are capable of running at rated
load for periods in excess of 2,000 hrs. The material used in the laminations, shaft,
and housing will suffer no degradation or change at 500°F. This temperature is
below the annealling temperatures of the lamination material. All soldering makes
use of high-temperature solder with a melting point of 700°F. The bonding and
impregnation resin is Dow Corning 997. This will withstand continual temperature
in excess of 500°F. The copper wire used for winding the coil is Anaconda ML, a
high-temperature insulated wire. ML is a DuPont Polyimide similar to nylon. it
has a trade name designation PYRE-ML. The PYRE-ML compound will withstand
soak temperatures at 500°C for 24 hr without serious degradation or weight loss.
At 250°C, the weight loss is about 5% in 20,000 hrs. It does not cold flow; that is,
it wouid not leave a wire bare of insulation upon long application of force over sharp
edges. However, it must be cured properly at the time of manufacture to be safe
against the possibility of cold flow.

In addition to the typical spacecraft applications for which the motor was
developed, there are numerous industrial applications. A few are:

t. Micro positioning servo controls for machine tools.
2. Elevator drive systems.

3. Any type electrical positioning mechanism.

4. Switching devices.

5. Similar systems.

JPL is making a patent application on this motor.
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Future Activities Planned

A final report will be written during the next quarter. The motor will be used
in the first experimental antenna actuator now being fabricated.

JET VANE ACTUATOR

An advanced-type jet vane actuator using typical autopilot performance
requirements is under development at Aeroflex Laboratory in Plainview, Long
l1sland, New York. The actuator is to be a moving-coil type using flexural bearings.
The actuator is being developed to stand & temperature soak of 500*F and to be
compatible with ethylene oxide gas.

Aeroflex had some difficulty with the flexural bearing for the jet vane
actuator. A structural dynamic analysis conducted by JPL predicted the difficulty
that was encountered with the first flexural bearing configuration.

A three-beam cross flex configuration is presently under development. The
tribeam flex pivot appears promising. The contract is being revised to eliminate
product design and prototype fabrication. The revised contract will require a com-
pleted development of the flexural bearing as the first step. The second step will be
completion of feawsibility and testing of the breadboard model.

The Electron and Laser Beam Symposium conducted at Pennsylvania State
University March 31 to April 2, 1965, was attended for the purpose of gaining
familiarization with electron-beam welding. This can have wide use in the fabrica-
tion of precision parts for actuators. Aeroflex Laboratories are planning to use
electron beam welding in the fabrication of the flexural bearing in the jet vane
actuator.
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Fig. I. Servo motor { Vernation Corp. }
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HIGH TEMPERATURE PHOTOCATHODE IMAGE DISSECTCR
NASA Work Unit 186-58-02-02
JPL 384-82501-2-3440

The goal of this program is to obtain a flightworthy electrostatic image
dissector, capable of enduring heat and gas sterilization, that can be used in all
celestial sensors requiring high sensitivity. Important applications will be siar sen-
sors for attitude control of spacecraft, orbiters and landers, and long-range Earth
sensors for pointing antennas on soft landers.

PROGRESS

Gas sterilization {(12% ethylene oxide and 88% freon 12, by weight) is not
considered to be a problem. Heat sterilization (143°C for 36 hrs) has adverse efiects
on the most sensitive photocathodes because they generally employ cesium which is
quite volatile at the sterilization temperature. Because of this inherent weakness in
phototubes using cesium the bi-alkali photocathode has been given primary attention.
Other workers in this field have shown that the bi-alkali surface is intrinsically
better abie to withstand elevated temperatures, if only because the alkali metals
sodium and potassium have a lower vapor pressure and are less likely to migrate,
Emphasis was placed on obtaining the highest possible sensitivity. Further, special
attention was paid to the multiplier gain which can be obtained with these tubes,
since in the absence of cesium the secondary emission ratic of conventional silver
magnesium dynodes is somewhat reduced.

The approach iu the problem of achieving useful cathode sensitivity and gain
involved the fabrication of over thirty 2-in. photomulitiplier tubes, each one incor-
porating a processing experiment. Each tube was processed under the closest
possible control to study the various effects of the activation schedule on sensitivity,
gain, and stability when repeatedly sterilized. Heating and cocling rates, tempera-
ture, activation times, pressure, photo-response, gain, and icakage were monitored
throughout the processing of each tube.

Each group of tubes has been subjected to six sterilization cycles. General
improvements in photo-response and stability have resulted with each group of tubes.
Figure 1 illustrates the effect of sterilization on photo-response. Two interesting
characteristics are worth noting. First, the initial photo-response is as good as the
best 5-11 photocathode without the use of cesium. Second, the photo-response has
stabilized by the second or third cycle. (20% stability is considered acceptable for
sensor applications.)} Figure 2 shows that multiplier gain remains quite stable
through three cycles of sterilization and does not suffer an initial loss in sensitivity.
Although performance is somewhat erratic with subsequent cycles, improvement
should come with more experience. Figure 3 shows the spectral characteristics of
the bi-alkali tubes before and after sterilization. The drop in photo-response noted
in Fig. ! has been determined to be caused by a decrease in the red sensitivity of the
tube. The quantum efficiency {generally between 7 and 10%]) remains roughly constant
at = 0.45F with repeated sterilization cycles, while the efficiency at longer wave-
lengths decreases. For tube 1223 the quantum efficiency at 0.45F was within 2%
before and after cycling. All tubes have not been completely evaluated as yet.
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of the CBS bi-alkali photo tube
{tube 1223}
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EFFORT PLANNED FOR THE NEXT SIX MONTHS

Transferring technology learned from the development of 2 in. photomultipliers
to the image dissector geometry is to be accomplished during the next six months.
Two tubes will be delivered and evaluvated on this program. An extension to the
contract will be written to allow the contractor to optimize the activation schedules in
the image dissector geometry and to provide life test data.

TECHNOLOGICAL FALL-OUT

The 2 in. sterilizable photomultiplier tube developed on this contract should be
useful to many of the scientific experiments being considered for Voyager missions.
it is recommended that interested scientists should followup the development of this
tube with CBS, since there are no known sensor appiications that require a 2 in.
photomaultiplier.
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INERTIAL SENSORS - STERILIZATION
MNASA Work Unit 186-58-02-03
JPL 384-82701-2-3440

GYRO DEVELOPMENT

It is the intent of this program to develop the Honeywell GGI59C gas bearing
gyro to be capable of surviving five sterilization cycles without catasirophic failure.
The development effort progressed through materials and subcomponent investigations
and was followed by the fabrication and evaluation of a2 complete gyro.

As part of the development program the contractor (Honeywell) was required
to establish the gyrc presterilization performance coefficients and then subject the
gyro to five sterilization c¢ycles with a standard performance evaluation after each
cycle.

The contractor progressed through the second sterilization cycle and perform-
ance was only slightly outside design goals. The goals are tabulated below:

Performance coefficient Maximum change
from sterilization, deg/hr

Mass unbalance £0. 14
Reaction torque 20, |

After the third sterilization cycle, however, the spin motor failed to start.
The motor was released by snapping the gyro about its spin axis. It is believed that
in addition to damage caused from sterilization, this snapping could easily have
caused reaction torgue and mass balance changes. After the motor was released the
drift rates exceeded the design goal. All of the drift test results are shown in
Table 1.

Table 1. Drift test resulis

Mass unbalance, deg/hr Reaction
Drift coefficient
Input axis Spin axis Torgue, deg/fhr
Reference +0.53 -0. 58 +0. 09
Ist sterilization, change +0. 08 +0. 14 +0. 04
Znd sterilization, change =0, 07 -0. 15 +0. 01
3rd sterilization, change +0.53 | -0, 74 +0. 09
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After a complete preteardown evaluation to identify the failure cause it was
concluded that physical contact betwes=n the rotor and some nonrotating motor part

was the probable failure cause. The gyro was then disassembled and it was discov-
ered that th=re was physical contact between the motor hysteresis ring and the stator
cover. This contact resulted from stator cover distortion caused from thermal
expansion differences between the stator cover and dissimilar materials in contact
with it. This is one area that was overlooked in the design evaluation. Having
uncovered the problem arca additional material evaluation and design changes were
undertaken. Subsequent extensive evaluation of the redesigned spin motor assembly
demonstrated that the redesigned stator cover could survive sterilization without
failure. However, a stator winding shorted out after a number of sterilization
cycles. This problem was solved by increasing the epoxy back {ill to improve insula-
tion. Followaing this correction the gyro was buiit up, and a reference performance
evaluation was conducted. The performance was erratic and a subsequent gyro
teardown exposed a dielectric failure in the gimbal suspension pump. A new pump
was built with special care being exercised to prevent a recurrent failure. Again the
gyro was rebuilt and this time it went through the complete test sequence, including
five sterilization cycles, without catastrophic failure.

TEST RESULTS

The test results are summarized in Fig., 1 and Table 2. Referring to Fig. 1,
one can see that the mass unbalance and reaction torque have a definite trend with each
sterilization cycle. The mass unbalance trend may be caused from f{loatation fluid
absorption and the reaction torque shifts are likely from flex lead null shifts. Fluid
torgque is reasonably stable indicating the case stability. The overall performance
shift with sterilization cycles did not meet performance goals, however, passing
sterilization without catastrophic failure is considered a significant accomplishment
in itseif. If the gyro were used in an application as it is, electrical trimming could
be conducted externally after thermal sterilization. Of course, the best solution is

to uncover the cause of this drift trend and eliminate or reduce it to an acceptable
level.

The gyro has been delivered toc JPL. Further evaluation is planned to deter-
mine the drift shift cause, if possible, and establish the number of sterilization
cyclies which the gyro can be exposed to without catastrophic failure.

Table 2. Torque shifts and random drift

} Torgue shifts, Random drift, - Drift trend,
} deg/hr deg/hr 4 hr, leo deg/hr/hr
Cyele number
RT MUIA !\ri{ESRA OQAV IAY OAY 1AV
Reference - -——— - J. 003 0. 602 0.0002 0. 0007
i =3, 26 0. 2o =0, 34 0. 003 0. 002 =0.0007 | -0, 00064
2 -0. 07 -0. 02 ~0. 09 0. 001 €. 001 0.0002 | -0, 0062
3 -0.07 -0.08 -0, 0% 0. 001 0. 002 -0.0005 | -0.0010
4 -0.09 | -0.08] -0.10 | 0.001 0.002 | -0.0005 | -0, 0009
5 -0.04 | -0.08; -0.13 | 0.002 | 0.003 0. 0008 | -0. 0013
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In addition to the JPL evaluation program. plans are formalated to
purchase more sterilizable gyros for evaluation in FY 1966,
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TAPE RECORDER STERILIZATION
NASA Work Unit 186-58-03-01
JPL 384-85601.2-3341

DECONTAMINATION TESTING

Decontamination testing of the sterilizable Mariner C type of tape recorder
transport case with ethylene oxide was successiully completed. Leak checks
and internal gas analysis indicated no problems.

ASSEMBLY AND CGPERATION

The sterilizable Mariner C type of transport was completely assembled,
using the most successful of the AMC sterilizable heads, and subjected to
complete JPL heat sterilization testing {three 36-hr pericds at 145°C). Upon
subsequent attempted operation, it was found that the transport started normally
with no indications of sticking or binding. The head outputs, flutter, and AN were
normal. About 25 passes of the tape were made prior to opening the case. Upon
opening the case, the following observations were made:

1. A black stain on the Dow 17 finish adjacent to the Viton seal
rubber,

2. Whitigh crystals adjacent to the seal towards the inside of the
case,

3. A soft gray depoeit on the reel housing which soon volatized.

4. A surface phenomenon on the beryllium copper clutch spring
and capstan "True-Arc" {C-Clamp} which gave the appearance
of fine diamond dust.

5. Slight creepage and a crack in the epoxy of the AMC head {not
iocated in the tape pathj. The gap remained constant with no
shifting or stepping.

6. An etched or dulled appearance of the brass flywheel, the clear
anodized aluminum pulleys, and all solder connections.

Figures | and Z are photographs of the opened transport following sterilization.
EVALUATION AND ANALYSIS

A thorough evaluation and analysis of the sterilization test results is
continuing. A sample of Viton rubber, cured toc magnesium, was tested at JPL 1o
investigate the reactions described in {1} and {2} above and for sulphur and chlorine
presence as the effect of sulphur on beryllium copper is similar to that observed on
the spring and True-Arc. The Viton is a fluoro-hydrocarbon, and did not contain
sulphur or chlorine either in formula or as contaminants. However., Dow-Corning
No. 55 silicone grease was usecd as an aid to hermetic sealing the transport case.
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Fig. 1. Sterilized magnetic tape recorder
{front view}

Fig. 2. Sterilized magnetic tape recorder
{rear view}
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Previous testing on the case involving leak checks before, after, and during

heat sterilization and chemical decontamination had not utilized this grease.

Since these tests were successful, this grease ic probably unnecessary.
Unfortunately, however, it was applied to the sealing area prior to sterilization and
is believed to account for the whitish crystals {which analysis shows to be mainly
silicon and magnesium}. In addition, the No. 55 pneumatic grease was tested for
sulphur and chlorine and was found to contain chlorinated aromatic silicon with
lithium oleate plus some diphatic hydrocarbon additives. Furthermore, the total

} volatile material was found to be over 16% when the grease is heated to 110°C for

' 23 hr,

TESTING PROGRAM

sl

Following examination of the transport, a life-testing program was undertaken.
A capstar hearing failure occurred after five days {it became noisy and resuited in
increased flutter) and another failed after ten days. This is attributed to insufficient
lubricant, However, it could also be due to contamination of the lubricant,

DOCUMENTATION

e

B e ]

A paper summarizing the tape recorder sterilization program io date was
written. It is presently being incorporated into 2 comprehensive paper that will
include the entire JPL telecommunications sterilization activity.

]

FUTURE ACTIVITIES PLANNED
E Activities planned for the next six months are summarized as follows:
] 1. Investigate the following areas to determine the extent of work
H required to establish reliable sterilization compatibility and
' undertake development efforts in one or more of these areas if
deemed necessary:
a. Bearing lubricants.
H b. Bearing and capstan design.
l ¢, Head design and head materials.
! d. Magnetic tape binders.

2. Epoxies and cements.

! £, Temperature history of metals.

TS

; g. End-of-tape sensors.

; 2. Continue in-house investigation and analysis of the Mariner C
£ type of tape recorder transpori sterilization test reaults.

3. Investigate the sterilizability of a typical isoelastic reel-to-reel
type tranaporl.
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4. Complete the writing and publication of & comprehensive JPL
telecommunications paper on sterilization that shall include a
summary of the tape recorder sterilization program to date.
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ATMOSPHERIC INSTRUMENTS STERILIZATION
NASA Work Unit i86-38-06-01
JPL 384-84101-2-3220

Since the funding and manpower for Atmospheric Instruments Sterilization was
somewhat limited, it was felt the effort would best be utilized if devoted to developing
a single instrument that was completely sterilizable, rather than to the investigation of
various components from different instruments. The gas chromatograph seemed the
best choice for two reasons; {1} it was well along in its development and {2) its
capability of either atmospheric or organic analysis made it a likely candidate for a
flight program.

Ag a result of preliminary thermal sterilization tests and discussions with the
JPL Engineering Mechanics Division, all of the mechanical components used in the
Mars Gas Chromatograph breadboard were redesigned. The sterilization effort was
integrated into the high-impact development to preduce components resistant both to
sterilization and high impact.

The primary problem in thermal sterilization of the mechanical components
was maintaining tight seals on the sample valve and detectors. This was resolved by
designing them such that the Teflon insulators were well contained and could not
deform under thermal stresses,

Since the separation columns, when being activated, are subjected to
temperatures well in excess of sterilization limits, they did not pose a thermal
problem. However, as in the case of the valves and detectors, care was taken to
insure proper sealing.

Components fromr the JFL Spec. ZPP-2010-5PL-A (Sterilization Parts List)
were used in the develo: .ent of the electronics wherever possible., In the few cases
where new or untried devices were necessary in the circuits, the Parts Reliability
Group added the component to their sterilization evaluation program. A summary of
the atmospheric instruments sterilization progress was submitted for publication in
a JPL technical report on sterilization activities.

A eterilizable, high-impact gas chromatograph prototype is currently being

fxbricated. Testing is expected to be completed by October. At that time, & final
report describing the development and tsst results will be prepared.
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STERILIZABLE, RUGGEDIZED ELECTRO-OPTICAL IMAGE DETECTOR
NASA Work Unit 186-58-06-03
JPL 384-84301-2-3220

In August of 1964, Statement of Work No. 3475 and vequest for proposal were
submitted to industry for the study and development of a sterilizable, ruggedized
vidicon image detector suitable for use in lunar and planetary missions. The effort
requested included two tasks. Task I consisted of study and analysis of the sterili-
zation of photoconductors culminating in a photoconductor capable of withstanding the
high-temperature sterilization compatibility test. Task 1I consisted of design and
development of a sterilizable, ruggedized vidicon which was to be ruggedized to
withstand 3000 g shock.

The statement of work highlights are listed below:

* Image quality similar to presently used slow scan vidicons.

2. Electrostatic deflection and focus.

3. Usable target area of 11 mm?Z in a l-in. envelope.

4. Low-power heater.

5. Minimum weight.

6. Survive storage at temperature between 0 and 21°C at 10" 8mm

Hg for not less than 18 mo.
7. Sarvive sterilization.

a. Three cycles of 36-hr each at 145 #2°C in dry nitrogen
returning to room temperature conditions between cycles,

b, 24-hour soak in a mixture of Ethylene Oxide and Freon 12 at
24°C and 35% relative humidity.

€. As above but at 40%C.

Proposals were received from General Electric, General Electrodynamics
Corp., Westinghouse, and Radio Corp. of America.

CONTRACT SELECTION

A team of space television specialists was chosen to review and evaluate the
proposals. Included on the team was & consultant, Dr. Bube of Stanford University,
an expert in the field of photoconductivity. Based on the inputs from the team., RCA
was chosen as the most likely vendor to succeed for the folloving reasons:

1. They have considerable experience in ASCS material
for slow scan vidicons.
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2. They do not propose & material research program which could not
possibly be completed in the ten months’ time required in the
statement of work.

3. They have performed an admittedly short sterilization test, but
nevertheleas achieved success.

4, They have considerable experience in the use of ceramics and
ceramics-modular construction,

NEGOTIATIONS

RCA's initial bid of approximately 5250, 000 was more than the available funds.
However, it was the team's opinion that RCA was best qualified to do both tasks, It
wap felt that by reducing the quantity of deliveradle items at the program conclusion,
the bid would be within the allowed budget. Although lack of funds affected the
program in magnitude, the design work, fabrication technigues, sterilization, and
high-impact survival aspects will all be completed. Additional testing will be done
to qualify the design in terms of the total sterilization and ruggedization requirements,

Final negotiations with RCA were completed in February 1965, with receipt
of the adjusted quote reflecting rate changes, The final dollar figure arrived at was
£175,023, and the contract was initiated on May 21, 1965,

Negotiations were commenced on December 15. The extended period of
negotiations was primarily due to the datas requirement portion of the contract.
JPL is very concerned about getting into a possible sole-source situation with RCA,
which would not be difficult with a device such as a sterilizable, ruggedized vidicon.
Because of thiz concern JPL was attempting to aveid a poseible sole-source situation
by contractually tying up the rights to the developed device and the knowledge gained
from the development. Ewventually, after much legal consultation, it was decided to
risk the sole-source potentiality to get the program under way, since it appeared that
no method existed to avoid the sole-source situation. RCA has heen in the vidicon
business & long time and has many proprietary procedures and materials associated
with vidicon manufacture and development.

PROGRAM DEVELOPMENT

The  .dicon was developed nearly 18 years ago, and has not been changed
substantially until recently. Vidicons have been used only in entertainment and
industrial application where no high temperatures or shock environments existed.
The development of space photography, using television cameras, has required the
industry to develup new techniques in photoconductor and electron gun fabrication
for programs such as Ranger, Mariner, and Surveyor, to name & few, Future
programs, such as Voyager, will require even newer fabrication techniques because
of the much harsher environment. The sterilizable, ruggedized vidicon program was
designed to develop & vidicon capable of surviving both sterilization and high impacts,
since a sterilizable component would logically find application in a high-impact
environment,
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SCHEDULE

Figure | shows the milestone expected through FY 1966, The work in the
beginning of the program emphasizes material procurements, electron gun design,
and initial sterilizable photoconductor testing. The initial mating of the photo-~
conductor and the electron gun is scheduled for the second quarter of FY 1966, and
prototype delivery is scheduled for the fourth quarter, with the final report due in
the first weeks of FY 1967, This schedule is predicated upon a2 May 21 "go ahead. "

PROGRESS

Work has now commenced and is on schedule. Not much time has elasped
since "'go ahead., ’ bul some significant stieps have been taken,

The electron lens design 18 complete, as is the deflection design. The orignal
idea for scaling the gquartz faceplate to the tube envelope has been changed to a
simpler method that is similar to the sealing technique used on commercial vidicons
and that has proven very satisfactory.

The design of the heater-cathode structure is proceeding well; some
consideration ig being given to a2 directly heated cathode to reduce power consumption.

Four bids on the ceramics have been requested. two have been received.
Very close tolerances were specified, but is apparently no problem.

The evaporation of the initial faceplates for sterilization testing is under way;
no resultes are available zt this writing. The facilities for both gas and heat
sterilization are ready.

Figure 2 is a rendition of the probable configuration of the vidicon.

The FY 1965 funding has provided only a2 minimal effort, resulting in less
than adequate testing and too few deliverable items for thorough evaluation. The
FY 1966 program wili augment the FY 1965 program and bring the total effort to a
high confidence level by increased environmental testing and evaluation. Long-
range plans call for integration of this vidicon in a miniature high-impact.
sterilizable camera.
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FY "85 QUARTERS FY 66 FY ‘&7
SCHEDULED MALESTONES, BASED ON CONTRACT

START DOn MAY 21, 1948
fourth| miast Jsecomnn| mre | FouRmd ”é“,‘: _

PROCURE QUARTZ FACERLATES AND OTHER TUBE MATERIALS
DESIGN ELECTRON GUN

[NITIAL PHOTOCONDUCTOR APPLICATION, INITIAL TYPE 77354 TUBES
HEAT TESTING OF INITIAL TUBES

COMPLETE PHOTOCONDUCIOK TESTING

BLECTRON GUN COMPONENTS AND ASSEMBLY TESTING

MATE PHOTOCONDUCTOR AND ELECTRON GUN FOR INITIAL TUBE

1 TEST iTIAL TuBE

| Finac Tuse oEsiow

| FINAL TUSE FABRICATION ] :

FINAL TUBE TESTING :

FASRICATE AND DELIVER PROTOTYPE -

Firial REPORT DUE AT THE END OF THE FIRST QUARTER FY "67

g

Fig. 1. Sterilizable, ruggedized, electro-optical
image sensor milest« es
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REED-CAPACITOR MODULATOR STERILIZATION
NASA Work Unit 186-58-06-04
JPL 384-84401-2-3220

The reed-capacitor rmodulator has been developed over the last two years
under a contract with the Kinelogic Corporation of Pasadena. Since early August
1964, Kinelogic's efforts have been directed toward perfecting the device so that
it could endure heat sterilization without being adversely affected. A study of this
problem and the refinement of the necessary technology was completed in December
1964, At this time, the construction of proof test model {PTM} 15 was begun. This
unit was to be built to demonstrate the success of the heat sterilization technology
and the overall soundness of the design. With the completion of this unit and delivery
of final detailed drawings and assembly procedures, the contract would be complete.
The scheduled date of completion was February 1, 1965. While the final detailed
drawings and assembly procedures have been reccived {rom the Kinelogic Corpo-
tion, delivery of PTM 15 has been frustrated by unfavorable circumstances and a
series of mishaps.

One of the most serious setbacks was the loss of the two engineers who
created the design and who had been responsible for the development of the dynamic
capacitor. Both men left Kinelogic on January I, 1965. Prior to their leaving a
new vacuum sealing technique had been initiated on the dynamic capacitor. This
type of seal was found to be unworkable by the new project engineer. In an attempt
to salvage parts that had been tinned for use in the new solder-seal procedure, a
strong solder stripping agent was used. These parts were then later assembled
using the earlier established heliarc welding method for vacuum sealing. After
PTM i5 was constructed, it was then subjected to the heat sterilization test (JPL
specification XS0-30275-TSTA, dated 24 May 1963), which it passed with encourag-
ing results {see data shown in Table 1).

Table 1. Heat sterilization test

_ Resonant Conversion | Contact Transducer
Test frequency, efficiency, potential voltage
cps % my mv, rms

Helore Heat

sterilization 4645 9.0 25 - 47
{measured at Z5°*C) ;

After heat

sterilization 4647 g, 2 26 438

{measured at 25°C}

Following the heat sterilisation test, a 200-hr thermal cycling test was
started on PTM 15, Two-thirds of the test had been completed when the temperature
chamber failed. After a one.wk delay, the chamber was repaired and the test was
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to be rerun, It was found, however, that PTM 15 had lost its vacuum and the source
of the leak was apparently the vacuum pinchoff tube.

A conference was held at Kinslogic February 22, 1965, and it was agreed that
priority would be given to the fabrication of & dynamic capacitor which was urgeatly
needed for JPL's high-impact gas chromatograph efiort. Work on PTM 15 was not
restarted until the Ixtter part of April 1965, when it was found that a vacuum leak
had developed in the high-insulation terminals of the drive anvil. A replacement
drive anvil became available May 3, 1965, at which time reassembly of PTM 15
was continued,

The cauee of the vacuum leak has not been definitely established, but evidence
points strongly to it being either {1} solder stripper attacking the terminals or {2}
thermal stresses produced during heliarc welding. Since heliarc welding has been
used successfully with the same type terminals in the past, with a leak-free history,
the solder stripper is the more suspect of the two causes. However, to minimize
the likelihood of any such future failure occurring, it was decided to use the rela-
tively new ion welding technique which would greatly reduce thermal stresses.
Since the number of organisations having ion welding facilities is limited, further
time was consumed in locating an organization that could and would perform this job.

PTM 15 was sealed on June 7, 1965, At that time, evacuation and final
testing began. On June 18, 1965, the vacuum chamber containing PTM 15 lost
power due to a circuit overload. This resulted in the dynamic capscitor becoming
contaminated. Before delivery of this unit can be accomplished, it will have 1o be
disassembled, cleaned, reassembled, ion welded, and evacuated; then sterilization
plus thermal cycling tests must be rerun. Earliest delivery is now expected around
the middi= of July.

In addition to Kinelogic's activities with the dynamic capacitor, high-impact
tests were performed on an earlier unit {PTM 9} at JPL's high-impact testing
facilities under the direction of Section 355. The capacitor was impacted a total of
six times at levels of 5,000 and 10,000 g at impact velocities up to 190 {t/sec.

Certain abnormalities were noted in the operation of this capacitor prior to and

during the course of the test series; however, it could be made tc operate reasonably
well after every test except the last one, a lateral impact of 10,000 g at 190 ft/sec.
Because of design changes incorporated to increase shock resistance {i.e., decreased
anvil mass, greater number of support points, etc.}, it is reasonable to believe that
the current design will survive 10,000 g impacts.

Also during this period, a report was written on the control techniques
developed by Kinelogic that enables the dynamic capacitor to survive thermal
sterilization, In the paper, which will appear in a future sterilization program
technical report, special emphasis is placed on the contact potential problem.
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SENGCER STERILIZATION AND TEST PROGRAM
NASA Work Unit 186-58-06-06
JPL 384-84601-2-3220

During this year, tasks for the development of sterilizable components,
funded during previcus years, were monitored to or toward completion and instru-
mentation to be used during the followon evaluation and testing program. Two
additional tasks were funded from the budget of the current year: {1) optimization
of the reliability and yield of sterilizable Geiger-Meuller tubes and {2} development
of a sterilizable detector-scintillation crystal assembly using a sclid-state optical
detector rather than a detector with 2 temperature-sensitive photocathode surface.
A contract for the performance of the first task has been awarded to EON Corpora-
tion. A contract for the second new task will be awarded to isomet Corporation.

PHOTOMULTIPLIER TUBES

The effort for the development of sterilizable photomultiplier tubes of two
types is being provided by Electro Mechanical Research, Inc. The contract funding
was provided by the FY 1963 program under JPL 5491-3240. The contractor is now
performing the sterilization and environmental test program on the tubes resuiting

nm the development phase. The results following dry heat sterilization appear guite
ouraging for the tubes with a response in the UV, but the tubes with a response in
..« visible region leave much to be desired both in the amount and predictability of
the change in characteristic value. The work being performed under the present
contract will be completed by the end of September 1965.

SOLID-STATE RADIATION DETECTORS

The development of these devices is being performed by the Special Products
Division of Technical Measurement Corporation. The contract was funded as a part
of the FY 1963 program and is identified as JPL Job No., 5492-324C. Four detector
types are being developed; all but one major problem appear to be under control. One
detector type, required for measurement of protons with energies to 10 Mev, must
have a large depletion depth and a resolution better than 50 Kev FWHM. To accom-
plish this, silicon crystals having a high resistivity {10K ohm-cm minimum) and no
crystal defects must be used, As of this time a reliable source has not been found.

At the present time a group of detectors, of all four types, is being subjected
to the total sterilization and environmental requirement. After successfully com-
pleting the testing program, the resuits should indicate that, when the proper
materials are available, the contractor is capable of producing detectors which
satisfy our requirements. It is anticipated that the performance ox thic contract
will be completed during August 1965,

GEIGER -MUELLER TUBES

The development of sterilizable Geiger-Mueller tubes was performed by EON
Corporation. The funding for this contract was provided by the FY 1963 program and
is identified as JPL Job No. 5493-3240, Tubes of two types, thin side wall and mica
end window, were successfully developed and tested. As discussed in the opening
paragraphs of this report, the contractor has been awarded a followon contract to
further enhance the reliability of the tubes.
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INORGANIC SCINTILLATION CRYSTALS

The development of thess sterilizabls crystals is being conducted by lsomet
Corporation. This task was funded by the FY 1964 program and is identified as NASA
Work Unit 186-58-00-08,

Early in the program Thallium activated Sodium Igdide crystals wers selected
as the area of primary interest, among existing crystal types, because of the better
value of palsa height resolution obtainabls. Although very hygroscopic and fragile
the comtractor has satisfactorily packaged the crystals to withstand the sterilization
and smvironmental requirements. A number of samples in the final configuration are
now being final tested.

OPTICAL COUPLING MATERIAL

The development of sterilizable optical coupling material was performed by
Dow Corming Corporation as a part of the FY 1944 program and bears the NASA Work
Unit number 186-58-00-11. The work was successfully completed and the final report
raceived in March 1965,

FOLLOWON TEST PROGRAM

The instrumentation required for the testing of components delivered at the
completion of the development contracts has been selected and purchased. The
actual testing program will commence early in the second quarter of FY 1966. The
development models will ba tested to verify the results obtained by the comtractor,
An additional quantity of each itemn will be purchased to test manufacturing repro-
ducibility and to obtain statistical information for reliability evaluation.
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STERILIZABLE CAPSULE DATA BUFFER
NASA Work Unit 186-58-06-07
JPL 384-84701-X~3240

The objective of this task is to develop a sterilizable capsule data buffer
memory system. This type of memory system is required as a part of a science
capsule system for advanced planetary missions, The effort is divided into two
major areas: {1) construction of a conventional magnetic core memory and subse-
quent testing to verify that it is heat-sterilizable and (2} study and development of
advanced solid -state memory systems which are heat-sterilizable,

MAGNETIC CORE MEMORY

Due to continued delays in procurement, JPL contract 950776 with Electronic
Memories Inc. for the development of a sterilizable 8000-word magnetic core mem-
ory was not reactivated as scheduled, Therefore, no technical progress was made
on this program during this period. However, all procurement and technical details
have been resolved and approved and the contract should be reactivated early in the
next reporting period.

. ik

1 Activities planned for the next six months are summarized as {follows:

i. Reactivate JPL contract 950776,

il

2. <Complete one sterilizable magnetic core memory unit and
initiate testing at JPL.

SOLID-STATE MEMORY

A study of memory devices and schemes which are available or under active
1 development has been made and a report has been written., An industry survey of
f solid-state memory technology has also been made. The survey included the
following organizations (which were visited): IBM, Owego, N. Y., Burroughs,
: Paoli, Pa., Univac, St. Paul. RCA. Needham and Natick, Mass., Bell Laboratories,
! Allentown, Pa., and Librascope, Glendale, California, Informal discussions have
' also been held with people at the Langley Research Center. Participation in the JPL
Solid-State Data Storage Working Group effects information exchange with other
a memory efforts at JPL. Laboratory evaluation of two thin permalloy film devices
!  was begun; the IBM chain-store and the Toko woven plane. This effort is still in
its initial stage, however. and no significant conclusions regarding these devices can
1 be made at this time.

The applicability of encapsulating materials which are sterilizable and will
not induce stresses on encapsulated components have been investigated. Stress-
] inducing encapsulants are not permissible because of the magnetostrictive properties
| of most memory devices. One of these materials has already been used to encapsu-
late flight electronics similar to those used in memories,

! An RFP has been issued for a random access, nondestructive readout
memory. A memory system which represents the ultimate in the present state of
the art of the technology is sought. Sterilizability is a requirement of all components

¥ proposed for use in this system. The development is to be performed in two phases.
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The first phase includes the development of a smail breadboard memory
systam and a packaging study of 2 larger system which utilizes the same electronic
design and organization as the small breadboard system. The capacity of the bread-
board system is to be 128 words of 10 bits sach. The anticipated starting date of the

contract is September 20, 1965,
The second phase of (he contract inciudes the development of a larger proto-

type system which is to be studied in the first phase, The prototype system is to be
in flight-packaged form and have a capacity of 1024 words of 20 bits each.
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STERILIZABLE BATTERY DEVELOPMENT
NASA Work Unit 186-58-07-01
JPL 384.81501-2-3420

The battery for the Voyager project rawust possess certain power properties
after heat sterilization. ¢ ability to function adeguately depends upon the extent to
which its elements can withstand the degrading conditions during sterilization. The
alkaline silver-zinc or silver-cadmium systems are the only candidates which seem
to be capable of satisfying the energy density requirements, The chemical environ-
ment of 2 40% aqueous potassium hydroxide solution containing silver species is so
extremely reactive that the conventional elements fail and new mate ials are neces-
sary. In addition, the battery must also sustain severe shock and vibration loads;
consequently the new materials must have particular mechanical characteristics., In
order to develop the required battery an intensive project has been formulated and is
being expedited,

PROBLEM AREAS

Each component of the battery has been considered as a problem area. The
importance of some areas was delineated in the conclusions of contract No, 950364
with the Delco-Remy Corp. in which it was shown that no available separator
material performed satisfactorily following sterilization; the development of new
scparator materials was mandatory. It was shown also that the battery case was
chemically attacked and was unable to sustain the gas pressures produced during
sterilization, and thus a different case material was necessary., Although no great
deterioration of the electrodes was observed under the limited experimental condi-
tions used, it is believed that the zinc electrode may deteriorate severely under the
complete sterilization conditions and a concentrated research and development
program will be undertaken on the zinc electrode. Other areas will be included as
the problems appear.

SEPARATOR DEVE LOPMENT

Since the development of a suitable separator was recognized to be mandatory,
the search for new materials was the first undertaking. Two separator research and
development programs are in progress, both leading to the fabrication of separators
from organic polymeric materials. In a contract with the Radiation Applications Inc,,
L. L. City, N, Y., polyethylene is the base polymer and different procedures are
used for crosslinking and grafting with acrylic acid. The Narmco Division of
Whittaker Corp., San Diego, Calif., will synthesize new polymeric materials for
which films will be formed and tested as separators.

The RAI contract {JPL 951015} began in Sept. 1964, and will end in Aug. 1965,
It 1s divided into two major phases: (1} The preparation and testing of 51 materials
based on polyethylene; {2} The production of 500 ft& quantities of two materials which
have been shown to have the best heat sterilization and electrical cycling pr&?ernes.
In phase I, six different preparative methods have been used (in these a Co?0 source
is used for all reactions except as noted): (1) electronbeam :irradiation crosslinking
followed by grafting with acrylic acid; (2} precrosslinking with divinylbenzene and
grafting with acrylic acic; {3} simultaneous crosslinking with divinylbenzene and
grafting with acrylic acid; (4) grafting with acrylic acid followed by crosslinking with
divinylbenzene; {5) fractionation to remove low-molecular-weight fractions followed
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by electronbeam irradiation crosslinking and grafting with acrylic acid; {6} grafting
with acrylic acid under different relative humidities. The samples from these
preparations are tested for compliance with standards established for exchange
capacity, tensile strength, and electrical resistance., these tests being done before
and after heat sterilization at 137 and 145°C, Samples which pass these tests
satisfactorily are assembled in cells with silver and zinc electrodes and tested for
electrical clplcit\i in a cycling procedure. The two materials which are to be
prepared in 500 ft< quannties are to be selected from those which attain a better than
S0% capacity retention,

Five materials are being considered as cand:dates for phase 2, the prepara-
tion of 500 f¢ quantities, in virtue of possessing satisfactory test properties. One
of these, 2 material prepared by precrosalinking with an electronbeam to a 70 Mrad
dose followed by double grafting with acrylic acid, is in the final stages of prepara-
tion. Of the other four possibilities, the preparation of one differs from that already
stlected only by the precrosslinking dosage. The other three havi been prepared
using divinylbenzene crosslinking procedures. To investigate materials prepared by
two distinctly different methods the second sample for the 500 fiZ quantity will be
selected from those crossiinked with divinylbenzene,

The Narmco contract, which began June, 1945, is a three phase program. In
the first phase eight polymers will be synthesized: (1) poly -2, 2' — (trimethylene}
-5,5' — bibenzimidazole, (2} poly -2, 2' {octamethylene) -5, 5' bibenzimidazole,

(3) poly -2,2' = (trimethylene]} -5, 5' bibenzothiazole, {4} poly -2, 2' — {octamethylene)
=5, 5’ bibenzothiazole, (5) poly -2, Z' (trimethlylene) -5, 5' — bibenzoxazole, {6) poly
=2, 2" {octamethylene} -5, 5' bibenzoxazole, {7} poly -2, 2' (p, p' — oxybix {phenylene})
-7, 7' biquinoxaline, and (8) poly -2,2' — {p, p' — oxybis {phenylene)} -7, 7' oxybis -
quinoxaline, In the second phase films will be prepared from polymers having the
required characteriatics of resistivity, tensile s*rength, and an oxidation stability in
40% KOH at 145°C. These films will be evaluated in a third phase after heat
sterilization on the basig of the sarme characteristics as in phase 2 and also on
diffusion properties,

RELATED DEVELQOPMENT

More recently, an entire rcsearch and ¢ =velopment project for a heat steri-
lizable, high-impact battery was defined in a request for proposal, the responses to
which are now being evaluated. All elements and phases of fabrication and testing of
the battery were covered and a complementary contract and in-house effort was
described. Negotiation of contracts will begin as soon as practical. The in-house
effort is being implemented with personnel and facilities so that a concerted,
coordinated program will evolve. This effort is beaing carried out in close
coordination with the Voyager program,
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STERILIZED SOLID ROCKET DEVELOPME!
NASA Work Unit 186-58-08-01
JPL 3184-81901-2-381C

The major probiems in the development of solid rocket motors which can
withstand the heat sterilization cycles are accommeodation of the efiects of large
differences in therma! expansion coefficients between the motor compenents and the
ability of the materials to be stable at elevated (300" F) temperatures,

Solié propellants typically have a thermal expansion coefficient of 5 x 10-7 in/
in"F, and the case materials are a factor of 5 less, Thus, when these materials are
combined in a motor design, provision must be made to allow {or the movement due
to thermal expansion, and the design must be within the mechanical strength of the
materials and the bonds between materials, The technique of using slotted grains,
which allows for expansion and contraction and reduces the stress levels in a motor
design where the propellant is bonded to the motor case wall, has been investigated
experimentally; the test resuits are encouraging and indicate that a slotted grain
approach can be utilized in the design of heat sterilizable motors.

Figure ! shows a view of 3 3-in, -diameter by 4 it long test motor case with a
siotted propellant grain that has been potted into the case and restricted within a RTV
silicon elastomer. Figure 2 shows the failure of the silicon between the slots after
three heat sterilization cycles {145°C, 3& hr), Figure 3 showsa the results of x-ray
inspection. Bond failures, which appeared after the first heat cycle. have occurred
at two stress concentration points of the grain. With improved grain design twhich
would minimize stress concentrations} and better potting materials, it :s felt that
case -supported slotted grain designs can be utilized to advantage in heat sterilizable
motors, [t should be noted that the nonslotted case-supported control grain failed
after the first heat cycle; Fig. 4 i1llustrates thus failure.

The results of solid rocket motor sterilization studies have been reported in
JPL Technical Report No, 32-725, titled Sterilized Solid-Propellant Rocket Motors
for Mars Landing Missions. dated March 30, 1985, and classified Confidential.
This report discusses the uhlization of ethylene oxide sterilant in & polyurethane
propeliant, the results of screening tests conducted on seven developed propellants
supplied by industry, the results of a heat-sterilizable silicon propellant develop-
ment program, and the feasibility study conducted on borane compositions. The
unclassified portions of this report are being incorporated into an unclassified
Revision |.

Future work on development of heat sterilizable solid rocket motors includes
a motor design study and the investigation and demonstration of motor design
approaches, Future work will be limited, however, due to the severe manpower
shortage.
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Fig. I. Test motor case with potted, Fig. 3. Results of X-ray inspection of
slotted propellant grain, motor case with failed silicon
restricted within RTV after heat sterilization
silicon elastomer (3 cycles: 145'C, 36 hr}

i

'
i iy

Fig. 2. Motor case showing fa'lure Fig. 4. MNonslotted case-supported
of silicon after three sterilization control grain failure after
cycles {145°C, 36 hr) first heai cycle
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STERILIZABLE PROPULSION SYSTEM DEVELOPMENT
NASA Work Unit 186-58-08-02
JPL 384-82101-2-3840

-

i The original FY 1965 task was cancelled during the Znd quarter due to OSSA

i funging constraints. A small amount of closeout funding was made available during
the third quarter. however. and these funds were used to complete and publish a

report documenting previous aralytical investigations performed under this program.

This report® containes an analysis which presents the general relationship among the

thermodynamic and spatial variables of a closed system consisting of liquid propel-

; lant within a propellant tank with various uilage volumes and prepressurization levels,

i From these relationships. curves are presented illustrating the variation of tank

mass, wall thickness, and tank pressure at sterilization temperature for several

typica! hquid propellants,

For FY 1966 it has been proposed to conduct a two-phase experimental
program 1o establish the feasibility of conducting heat sterilization of a typical
liquid monopropellant system similar to the type employed on Mariner V. The
first phase will involve extensive compatibility testing of var:ous materials with the
propellant, and the second phase will involve sterilization ard subsequent operation
of the complete system. These tasks will both be handled by subcontract.

!Curus. H. D., Harper, A. D.., Optimization of System Operaung Parameters for
Heat Sterilizable Liguid Propulsion Systems. Technical Memorandum. No. 33-211.
Jet Propulsion Laboratory. Pasadena. California. June 1. 1965.
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EFFECTS OF STERILIZATION ON ELECTRICAL CONNECTIONS
MNASA Work Unit 1806=-58-09=-03
JIPL 384-85001-2-3570

ELECTRICAL SOLDERED AND WELDED JQOINTS

In conunection with determining the sterilizability of -iectrical joints to be used
in sterilizable elecironic assemblivs, a statement of work was drafted which
described typical material combinations for soldered « onnections and welded joints
expected to be used 1n Voyager electronic equipment., The description of soldered
connections consisted of various clectronic componernt lead roaterials soldered to
terminals, elecirical wire soldered to terminals, and sirandeu conductors scldered
to two types of connector terminal cups. The welded joints represent component lead
materials resistance-welded to interconnect ribbon.

Any degrasdation that may occur {rom the sterilization of clectrical joints 13
not expected to affect the solder material but rather the joint bond or interiace.
Thus, the test plan consists of mechanical tests. electrical tests during vibration,
and metaliographic examination of the various sculdered joints and welded joints
before and after heat ster:ilizat:on. The type of joint  onsidered most likely to be
bearing a load during ster:l:zation :s the =oldered connection between a conductor
and an electrical connector cup. Therefore, stress rupture fests are also specified
for this type of joint, Awn evaluation of soldered gold-plated surfaces is being accom-
piished by specific tests of .omponent lead materials with and without gold plating and
by electron microprobe analyses to determine the nature of gold diffusion in soldered
and welded joints, Figure ! presents an outline of the test plan for the joints.

Solderability tests, before and after the ethylene oxide and heat sterilization
treatments, are conducted on the separate materials before scldering, Since on
some parts soldering may have to be done after the preliminary sterilization treat-

1ents, the effects of these exposures on metailic surfaces must be determined,

The statement of work was containec in an RFP sent to several companies
qualified to perform this type of development and test program. An evaluation of the
companics' proposals resulted in the award of a cost-plus -fixed-fee contract
{No. 3510469} to the Hughes Aircraft Company on March 18, 1965 for 520, 307, An
added scope of effort for the solderability tests, estimated at S2849. has been
negotiated, This contract was let with funds from FY 1964 Wurlk Umit No.
186-58~"0~18, Puckaging Sterilization. All of the FY 1965 funds {rom
186-5.-09-03-55 are being used to support the multipin electrical connector portion
of this work unit,

At this date the detailed test plan submitted by the contractor has been
approved, the test equipment and f{ixtures have been prepared, and the majority of
the test specimens have been fabricated. A schedule delay has been caused by the
receipt of two materials from a vendor which did not comply with the order specifica-
tion requirements and which were accompanied by erroneous certifications.

A part of the planned activities w1ll depend upon whether the electrical
soldered and welded joint tests indicate any joined material combinations that are
unacceptably degraded by the sterilization treatments, If there are damaged joints,
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Fig. [. Flow diagram of testing for soldered and welded joints
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an analysis will be made of the physical mechamsm responsible for the damage.
Other material combinations wiil be substituted for the {ailed ones and tested, if they
are new joint types,

A new area of planned activity 18 a detailed metallurgical study of nommagnetic
welded interconnections.

ELECTRICAL MULTIPIN CONNECTORS

A preliminary study of 16 types of electrical connectors indicated that four
rectangular and three circular configurations showed promise for evaluation in
sterilizable applications. Candidate connectors in this group are of the types
specified in NAS 1599, MIL-C-3800, MIL-C-8384, MIL-C-26482, and MIL-C-26500.
The selected rectangular connectors are intended to replace a Cannon D subminiature
connector which demonstrated poor contact contiruity after repeated mating and
unmating in previous hardware uses. Samples from a lot of another type of rectan-
gular connector were tested for cure of the diallyl phthalate insert material. The
test indicated an incomplete cure of the polymer as shown in Fig. 2.

A statement of work was prepared which described various tests to be
conducted on the candidate connectors before and after the ethylene oxade decontams-
nation and heat sterilization treatments. The tests are mechamcal and electrical
including dielectric strength, insulation resistance. contact resistance. couphng and
uncoupling torgque, air leakage, insert retention. and contact retention.

The RFP containing this statement of work resulted in proposals from five
companies, These proposals are now being evaluated. The connector specimens
for the proposed test program have been procured and prepared for testing, The
contract to be placed for this work will be funded by this work unit and by funds
from 186-58-13-03-55, Sterilizable Electromc Modules.

Future activities will include the improvement of connector materials and
design details shown to be necessary on any connector types that failed to pass
FY 1965 sterilization effects tests. The testing and selection of additional types of
multipin connectors that may be required and the testing of RF connectors and
electrical wires will be conducted under FY 1966 Work Unit 186-58-13-06-55,
Sterilizable Connectors, Wires, and Cabling Accessories.
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Fig. 2. Deterioration of connector inscrt material
resulting from test for completeness of cure
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STERILIZATION EFFECTS ON THERMAL CONTROL SURFACES
NASA Work Unit 186-58-11-01
JPL 384-85201-2-3510

The purpose of this task is to determine the extent of any effects of dry heat
and ethylene oxide sterilization procedures on spacecralft temperature control
surfaces, Certain optical and mechanical effects have been examined using JPL
equipment while negotiations for a full-scale measurement contract were being
carried out. The measgrement contract, which will include investigation of the
sterilization effect on UV degradation of white paint, has been awarded to the Hughes
Aircraft Company.

The results of the preliminary in-house investigation on optical and
mechanica} property effects can be summarized as follows. Optically. only the
ZnO-silicate-base paint was unaffected in the white paint group tested. The gold
plate appeared 1o show increasec solar absorptance after dry heat sterilization.
Mechanically, metal coatings were unaffected after the sterilization process, but
the ZnO-silicate-base paint deteriorated in adhesive properties.

OPTICAL EFFECTS OF STERILIZATION PROCESSES

White paints ARF-2, 5-13, and PV-100 as well as goid plate have been
sterilized and the solar absorptance has been measured. unsterilized contro! samples
were tested in the same way to chserve changes caused by the sterilization process.
The sterilization exposure was dry heat per JPL Specification X50-30275-TST-A
at 300 and 275"F. The test results are shown in Table |.

Table 1. Effect of sterilization processes on sclar absorptance

Macerial Coatrol 275°F 300°F
PV-100 0. 25 0.29 0. 31
ARF-2 0.21 0.22 0.21
5-113 0. 24 0.24 0. 25
Gold plate 0.27 0.28 0. 34

The following preliminary conclusions are drawn from the recults shown in
Table L:

1. The ZnC base paints, ARF-2 and §-13, are not affected by dry
heat sterilization.

Z. PV-100 is adversely affected by the dry heat sterilization process.
with a 25% increase in solar absorptance.
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3. Gold piate assumes 2 slightly mottled {purple) appearance with an
accompanying rise in og of from 0.01 to 0. 07 units, or 4% to
26%. No explanation for this event presents itself, except for
possibie plating bath contaminants remaining and showing a color
on heating.

MECHANICAL EFFECTS OF STERILIZATION PROCESSES

The change in appearance after dry heat sterilization of two of the white-
painted surfaces is shown in Fig. | and 2. Figure 1, the ZnO-base., ARF-2 paint
showxs no color change, but a deterioration in itz adherence properties is quite
apparent. The plates shown in the top row have undergone an adhesion test {n which
a piece of adhesive tape was stuck to the surface and quickly jerked away. The
parallel scribe marks indicate the taped area. The lower row plates were bent to
about 90 deg around a l-in. -round mandrel to check the strength of the paint film.

It can be seen that the ARF -2 paint shows no great film strength under any circum-
stances. The color of the PV-100 white is distinctly altered as is the film strength.

CONTRACTED EFFORT

The contract awarded to Hughes Aircraft Company will deal with measuring
changes in solar absorptance and emiftance brought about by the sterilization
processes and the combination of sterilization and uitraviolet (UV) irradiation. The
sterilization procedures and tests will be as follows;

1. Samples will be subjected to dry heat per JPL Specification
XSO-30275-TST-A (3 to 36 hr soaks at 295°F in dry N2
atmosphere). Surfaces to be tested are: PV-100, ARF-2, and
5413 white paints, Cat-a-lac flat black paint. buffed aluminum,
gold-piated aluminum, and vapor-deposited aluminum or
aluminum. Solar absorptance and emittance will be measured
and compared to unsterilized contrels. In addition, ARF-2 and
5-13 paints will be evaluated for changes in solar absorptance
after exposure to the sterilization cycles and UV irradiation.

2. The effect of exposure to Ethylene Oxide {(ETO) per JPL
Specification GMQ-50198-ETS-A followed by dry heat steriliza-
tion wiil be measured for the same surfaces as detailed in the
foregoing paragraph. Solar absorptance and emittance will be
measured after the ETO treatment only. A second group of
samples will be measured after being subject to ETO and dry
heat. Degradation of the solar absorptance properties of ARF-2
and S-13 after exposure to ETO, heat, and UV irradiation will
also be evaluated.
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Fig. 1. Surface appearance and mechanical strength
of ARF -2 white paint
idry hoat sterilization)

Fig. 2. Surface appearance and mechanical strength
of PV-100 white paint
{dry heat sterilization}
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STERILIZABLE PYROTECHNICS BDEVELOPMENT PROGRAM
NASA Work Unit 186-58-12-01
JPL 384-82301-2-3810

STERILIZABLE SQUIB INITIATOR

A contract for development of a small ceramic 4-pin steriiizable nonmagnetic
squib header was let to the Hercules Powder Company in February 1965, for
completion in September 1965 {JPL Contract 950186), Hercules have subcontracred
part of this work to the International Telephone and Telegraph Company. Progress
was delayed 1n May and early June as the result of a staff change at Hercules.

Proposals have been sought and received for development of 2 small mating
connector. the MIL-C-26482 connectors typically used with sguibs are considered to
be needlessly bulky and heavy for most spacecraft applications. It is anticipated
that a contract for connector development will be negotiated by August 1965,

Proposals are being sought for development of 4 sterilizable static-discharge
shunt for squib headers. I{ 1s envisaged ti.at a cermet-type material may prove
satisfactory for this purpose. [t is hoped that a relevant contract can be negohtiated
and work completed by December 19¢5.

L:mited in-house work on deposited-film bridges {nicnrome on ¢ceramic) has
given encouraging results. it is proposed to conduct further in-house work and then
let a contract by September 1965 for development of manufacturing techniques,

Close nworking relationsnips are being maintained with MSC Houston to
provide rapid interchange of technical information relat.ng to sqguth 2erv2loprnent,

PERCUSSION INITIATION

A program 18 being undertaken to resolve anomolies reported 1o the behavior
of G-1l1 and G-lc percussion primers exposed to sterilization temperatures. To this
end a primer sensitivily tester has been constructed {to U. 5. Ordnance Dept. Dug
81-3-44) and |. 000 of cach of the two types of primers have been purchased.

Exposure and testiag of these primers should be complete before December
1903, Contact will be marntained with Frankford Arsenal where the same primers
are also being evaluated.

TEST EQUIPMENT

Apart from the primer sensitivily tester meationed above. the loliowing
specialized equipment 18 being purchased. constructed. or assembled

Time-domuin Reflectometer (for nondestructive squib testing)

30 kv .acuum-Capacitor Static Discharge Assembiy {for evaluation
of squis )

50, 000 ps1 {nominal LOO, 000 psi) Static Pressure Test Assembly
fior evaluation of squib headers)
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This equipment should be in service before December [965. [t is proposed
tc commence work on a third-harmonic test assembly {{for nondestructive squib tests)
before August 1965

SUPPORTING TECHNOLOGIES

Strong efforts are being made to improve test techniques and test analysis
techniques with a view to getlting mean:ngful results at lowest cost.

One outcome of these efforts has been the rationalization {apparently for the
first time} of squib firing curves, and correlation of these curves with squib thermal
time constants as measured by the third-harmonic technique. A “yniversal firing
curve has been evolved and 18 proviag useful in detection of anomolous squib
behavior,

Testing of squib firing characteristics by variables rather than by attributes
has proven very satisfactory. A simular approach for squib no-fire characteristics
18 bepinning to show promise.

Attempts to measure squib thermal time constants by display of a bridge
voltage pulse against its time derivative have been unsuccessiul to date; as yet the
third-harmonic technique appears to be the most satisfactory method.

[t 13 hoped that publication (scheduled for July) by Rocketdyne of its
Sensitivity {attribute) Study for Marshall Space Flight Center will provide useful
improvements in the area of smali-sample test methods. It 18 proposed to engage
the services of a2 consulting statistician familiar with small-sample problems to
adapt up-to-date techmiques to the needs of the pyrotechnic sterilization program.

Tablesg of two-sided tolerance factors for the normal di:stri>ution have been

prepared by an IBM 7090 program, and have been published as JPL Technical
Memorandum 33-217.
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ESTABLISH AN APPROVED LIST OF HEAT STERILIZATION
ELECTRONIC COMPONENT PARTS
NASA Work Unit 186-38-13-0]
JPL 3i84-80101-2-1520

The primary objective of this program is to establist 2 Sterilization Parts
List {JPL Specification ZPP-2010-5PL) that tabulates the electronic component parts
capable of withstanding several 36-hr periods of nonoperational storage at 145 +2°C,
tn accordance with JPL Spec. No. X50-302753-T5T-A. without significant degre/ -
tion, A secondary objective .5 to use the test results to compare vendor guality and
perform analysis of long term failure modes.

As an example of a typical Sterilization Test Program, the selected
manufacturer part types are each divided into four groups as follows

Group A — No temperature cyching {control group).

Croup B — Three temperatare cycles, each cycle consistiag of 36 hr at
143°C, followed by 24 hr at 25°C.

Group C — Six temperature cycies as shown in Group B.
Croup D — Six temperature cycles as shown in Group B.

After temperature cycling, pafamelric measurements afe compared with
1nitial test results and analyzed for significant changes. All groups are then
subjected to a [0 000-hr life test te simulate the long flight periods of planetary
maissions. During this life test. Groups A. B. and C are operaled at maximum rated
dc voitage and temperature. Group D parts are storfed al maximum rated tempera-
ture, nonoperational. Group B (3 cycles) and Group C (o cycles) are compared with
Group A (no cycles) al specific periods during the life teat to deteect significant

changes.

Upon completion of the 10, 000-hr life test. Group D parts are removed from
temperature storage and. in conjunction with Group C. are subjected to maximnm
rated dc vollage and temperature for an additional Z50 hr life test period.

The purpose of testing Group D 18 1o simulate conditions similar to extended
nonoperational missions where equipments (parts) are turned on remotely only near
the destination. Group C is included as o control group operated al maximum rated
dc voltage and temperature to simulate an extended operationa: mission. The
following outlines progress of the individual tests {see Fig. I}

i. ZPP-2101-GEN, CAPACITOR TEST. CONTRACT NO. 950383

The test has been completed and the final report (rom the test
agencyis inpreparation. Negotiations to continue the parts on Life
test for an additional 6,000 hr 1s in progress. Resultstodate have
indicated that heat sterilizationposes severe problems with certain
of the capacitors tested. Consequently, a comprehensive follow-on
test has been funded and will begin as soon as practicable. A
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2. 000-hr interim report. outlining the problems in detail, is
available from Section 152, An 8000-hr Section Report is in
production.

ZPP-2102-GEN. FIXED RESISTOR TEST. CONTRACT NO.
950584

The 8, 000-hr measurements were completed, The parts are back
on life test, and they are at the 9355-hr period. There have bheen
no major probiems due to heat sterilization. A 2, (000-hr interim

report i3 available from Section 132,

ZPP-2103-GEN. TRIMMING RESISTOR TEST, CONTRACT XO.
450790

The 6.000-hr measurements were completed. The parts are back
on life test und are at the 7800-hr period. There have beer no
major problems due to heat sterilization. A 2, 000-hr interim
report is available from Section 152,

ZPP-2104-GEN. GENERAL DIODE TEST, CONTRACT XO.
950788

The contract to perform the test was awarded to the Boeing Co. .
Huntsville, Alabama. They have received the parts and are
preparing the equipment and test fixtures.

ZPP-2105-GEN, VARACTOR DIODE TEST. CONTRACT NO.
950859

The 6, 000-hr measurements were completed. The parts are back
on life test, and they are at the 6500-hr period There have been
no major problems due to heat sterilization. A 2000-hr interim
report will be available from Section 152 by July 15, 1985,

ZPP-2107-GEN, FUSE TEST

The responses to the RFP's were unsatisfactory. Consequently,
the scope of the test was reduced, and the test was sent oul for
rehid. Three new test agencies were added to the original
responders. The replys to the rebid are being evaluated.

ZPP-2110-GEN, THERMISTOR TEST

Sperry Utah has been selected to perform the test. Negotiations
have been compieted and JPL and NASA are in the process of
approving the contract. The test should start by July (5. 1905,
ZPP-2113-GEN-A, TRANSISTOR TESF, CONTRACT NO. 950835
The test was awarded to Motorola Sermucenductor Division. The

test started February 2. 1965 The parts have been grouped.
labeied, helium leak tested and sterilization temperature cycled.
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Initial and post-temperature cycling Measurements were
completed. The parts are now undergoing environmental testing.
There have been no major prohlems to date,

ZPP-2116-GEN, CRYSTAL TEST

The test program is being delayed due to an inability to iocate
sufficient sources for procurement of the crystals. Reguest for
price and deliver- .aformation was sent to 22 crystal manufac-
turers and only - responded. This was probably due to the severe
environmental reguirerments of the JPL crystal procurement
specifications. [t is anticipated that a sufficient number of
sources {5 or 6} wiil be located in the near future.

ZPP-2119-GEN, RELAY TEST

Sperry Utah Co. was selected to perform the test, Negotiations
were completed and the contract is being approved by JPL and
NASA.

ZPP-2121-GEN, MICROCIRCUIT TEST

Environmental testing and sterilization heat cycling have becn
completed including all necessary measurements. The parts
ware put on life and the 250 measurements completed. The parts
are back on life test and they are now at the 400-hr period.

ZPP-2124-GEN, INDUCTOR TEST

Philco, WDL has been aslected to perform the test. Negotiations
have been completed and the contract is in the process of being
approved by JPL and NASA,

ZPP-2108-GEN, CAPACITOR FOLLOW-ON TEST

Preston Scientific Corp. has been selected to perform the test.
Negotiations have been completed and the contract is in the
process of being approved by JPL and NASA.

ZPP-2126-GEN, TEMPERATURE GRADIENT TEST

To avoid duplication of effort with Section 357, the scope of the
test has been reduced to include only temperature gradient studies
beiwaen the interior and exterior of component parts when placed
in a 145°C ambient temperature. The reduction deleted thermal
expansion and contraction due to temperature cycling, and
temperature gradients within enclosed equipment from the test
program.
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NOTE.:

{1} All electronic part test procedures used 1n the sterilization
program have been documented and released through either
the ZPP number series or the preceding 674 series.

{2} In addition to the quarterly and the semi-annual reports. the

electronic parts sterilization task has been documented in
monthly status r+ .orts.
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STERILIZABLE POLYMERS
NASA Work Unit 186-58-13-02
JPL 384-83801-2-3510

Approximately |71 polymeric products have been subjected to heat and
20 products to ethylene oxide-Freon 12 (ETO-F12). under JPL's Polymer Steriliza-
tion task, to determine their suitability for use in spacecrafl construction. In the
past six months, candidate products were tested for changes in physical. mechanical,
and electrical properties after exposure to the sterilization regimes.

Of the 171 products submitted. 87 survived preliminary heat screening, 30 are
marginal, and 22 failed. Thirty-two products were initially submitted to Hughes
Aircraft Company {HAC) for ETO-FI1Z screening.

Additional products cf interest from other JPL Sections are being added to
the master screeming list. Therefore, it is anticipated that screening and evaluating
of products will be more extensive than previously indicated and will be continued
until a suitable list of products is available for all spacecraft applications. Figure 1
shows the sequence in which the products are being ¢xposed,

LITERATURE SEARCH

Literature searches were conducted to gain information regarding the
chemical and thermal characteristics of respective products. The purpose of this
effort, once the generic names were established, was to eliminate those products
which were unsuitable for construction of a sterilizable spacecraft. Information
derived from the search only provided guidelines to the testing activities. Because
of the nature of many commercial product formulations used, it was difficult to get
a true picture of their chemical and thermal characteristics,

IN-HOUSE ACTIVITIES {DRY HEAT STERILIZATION}

Testing activities on the dry heat phase of this task are being carried out by
the JPL Polymer Research Section {Section 382} under the direction of the Materials
Section {Section 351). A list of polymeric products was compiled from Mariner Il
drawings and products currently used at JPL. These products were selected as
being representative based on their performance on successful spacecraft missions.

Applicable test methods were assigned to each category of polymeric
products to test those properties which must be known for spacecraft design,
Product testing activities have proceeded as planned. Each of the candidate products
was first subjected to 2 preliminary thermal screening of 40 hr at 149°C to deter-
mine its suitability for further exposure to the "type approval” cycles (3 cycles,
36 hr each at 145°C in dry nitrogen per JPL Specification X50-30275-TST-A).

The additional exposure time and temperature beyond the specification
requirements is to give a slight design margin. To date, 168 of the initial 171
products submitted for evaluation have received preliminary thermal screening.
Subsequent to the preliminary screening, 7] products have been subjected to 149°C,
in nitrogen for 120 hr, and 28 are in various phases of testing. Figure Z presents
product categories and tentative sterilization ratings after preliminary screening.
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CONTRACTED ACTIVITIES {(ETO-F12 AND HEAT STERILIZATION}

Approximately 75 products have been submitted to Hughes Aircraft Company
for evaluation with ethylene oxide-Freon 12 gas mixture, Products which were
submitted to HAC are compatible with the dry heat sterilization regime. Of the
75 products submitted, 20 products have satisfuctortly withstood the ETO-F12
decontamination followed by dry heat sterilization. Soame 360 data points were
collected from the 20 producte tosted. Thirty products are in process of being

evaluated, 12 products are being fabricated for test, and 35 products have been
ordered.

Because of the anticipated segquence of component fabrication and
decontamination, it was necessary to determine if the reverse exposure {(heat
foliowed by ETO-F 12} would be detrimental te products. Therefore, a limited
number of products were exposed first to heat, then ta ETO-FI2 to assess any
detrimental effects. Sufficient data has been generated to indicate that this reverse
exposure has no detrimental eifect on products and further evaluation was therefore
discontinued.

In an effort to better understand the cause and effect of decontaminant gas on
products and m=tallic surfaces, a mechanism study is being carried gut to determine
chemical and physical reactions with ETO-F12Z using pure polymers and metallic
surfaces, These evaluating procedures are consistent with the program plan and
tasks to be accomplished.

MEETINGS

Joint meetings have been held with Stanford Research Institute, HAC, aad
JPL's Polymer Research Section to coordinate the various sterilization tasks. The
purpose of these meetings was 1o avoid duplication of effort and to exchange informa-
tion concerning product evaluation.

DISCUSSION OF RESULTS (DRY HEAT)

No significant trends have been established in the dry heat testing to predict
thermal behavior of any generic family of commercial products. Thermal behavior
of commercial products i{s infliuenced by the various additives (e. g. . flexibilizers,
plasticizers, diluents, etc.) used in commerciai formulations. [t is the additives in
many products that create problems which make it difficult to predict product
performance.

DISCUSSION OF RESULTS {(ETO}

While some products did exhibit siight changes of hardness and tensile shear
due te the ETO-F12 and dry heat exposures, none were catastrophic. Results from
the ETO-F]2 work indicates that silicone and epoxy polymers. both pure and
commercial grade, are capable of phys:cally adsorbing one to four percent by weight
of sterilant gas. Silicone compounds release all but a fraction of a pescent of sorbed
gas when exposed to vacuurn, with little change in physical or mechanical properties.
Epoxy compounds retain & lesser amount of gas in the sorhed state, but show a more
pronounced change in properties suggesting that a chemical reaction also occurs
during exposure.
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The exposure of sil.cone materials to sterilant gas and then to extended heat
cycling produceq a greater loss of tensile properties than exposure to heat followed

by gas, This effect suggests that chermcal interaction is favored by the gas-heat
Tegime,

Based on the sterilization program progress to date, nc real problems have
yet been encountered, and it 18 conce vable that the objectives of the program will
he met.
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STERILIZABLE ELECTRONIC MODULES
NASA Work Umit 1Bo-58~-13-03
JPL 3B4-85301-2-3570

The determination that spacecraft eguipment may require both ethylene oxide
decontarnination and thermal treatrments for sterilization resulted 1n two JPL
environmental test specifications for these treatments. Verification of the compat-
ibility of electronic egquipment with (he ster:lization procedures 1s thus an engineering
requirement and includes sterilizable 2lectromic egquipment provesses,

The materials applications and processes for the assembly and packaging of
electronic equipment of the types expected to be used in Voyager were described in a
staternent of work divided 1ato four subtasks. These were the embedment of welded
modules, conformal coating of orinted wiring board assemblies, adhesive bonding of
metal and plastic surfaces, ana strain relief of component leads for mounting, This
statement of work as a part of an RFP also reguested the proposals to turmshk
specimen descriptions and test methods to be used 1n evaluating the effects of ethylene
oxide decontamination and heat ster:lization treatments on the sul - » equipment
pProcessesd,

Responding proposals were received from several qualified .ompanies,
These were evaluated and as a result a cost-plus-fixed -fee contract was negotiated
with Northrop Space Laboratories on June !, 1965 for 524, 312. This contract has
been let with funds from FY 1964 Work Unit 186-58-00-35, Ethylene Oxide —
Sterilization and Material Effects. All of the FY 1965 funds from 186-58-13-03-55
are being ased to support the multipin electrical connector portion of Work Unit
1 86-58.09.03.55, Effects of Sterilization on Electrical Connections.

To date, technical direction has been previded to the contractor in the
planning and design of test specimens wluch represent the electromc equipment
processes expected to be used. The application of appropriate test instrumentation
ta determine the effects of sterilization on these specimens :3 now being investigated.
At present it appears that the most practical approach 1s the use of two parallel test
methods, One method utilizes pressure indicating devices to measure the siresses
on embedded or coated components and joints; the other method (onsists of electrical
measurements of parts and joints by means of specimen external lead test points.
The first method will compare the stresses umposed by the different materials and
processes, whereas the second method will relate these effects 1n terms of
operational degradation or failure.

Future activities will consist of testing the materials and r «lated apphcation
processes that have passed the tests conducted by the Materials Section under Work
Unit 186-58-13.02, Sterihizable Polymers. Materials suitable for use in electroms
equipment processes will be tested using the test specimens and associated test
tnstrumentation developed in FY 1965. Since the sterilizable polymers tests were
conducted on discrete specimen types suitable for standard mechanical and electrical
tests, these results provide a recommended materials list for further equipment
process evaluation anu testing. [t is expected thatl in most cases more than one
material will be qualit.ed for each principal equipment process because of different
requirements of various types of electronic equipment. Additional work will 1nclude
the investigation of materials and processes, other than the four subtasks previously
dese ribed. such as the potting of electrical connectors and additional types of
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FY 1988 FY 1968
STERRLIZABLE
POL Y MERS
186-58- 13-02
I i
STERTLIZABLE
STERILIZABLE STERILIZABLE
ELECTRONIC MODULES B aecionic |
86~ 58- 130355 1B6-56-13-03-55 ASSEMLY
EFFECTS OF
STERIIZABLE
kil e ELECTRICAL SOLDERED
= AND WELDED JOINTS
LRI TIORS 18658~ 13-05-55
86--58-05-03-55
STERRAZAME
CONNECTORS, WiRES,
AND CAMING
ACCELSOMES
184-58- 13-06-55
Fig. |. Relationship of sterilizable electronic modules tn other

Division 35 ster.lization work units
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encapsulation and :mpregnation processes. Other processes will be added a< thep s
necessity for testing becomes evident from Voyager design planning. [t 15 expe. ted
that these sterilizable process and material application tests will be added to .he
existing contractual work and supported with remaiming FY 19641 tunds anc FY 1906
funding allocations. For this area of effort, the FY 1966 work umt title has been
changed to Sterilizable Flectronic Equipment Processes,

Some of the future effort will be devoted to an in-house investigation of
methods of measuring embedment and coating stresses of polymeric materials an
electronic components., A pressure test method using a laboratory type mer« ury
bulb thermometer ts now being evaluated., and additional or alternate methods and
instrumentation for internal pressure measurement will alse be considered. It is
planned to tmiroduce thete pressure test method determinations into the «ontractor's
tesung of sterihzable equipment processes.

The goal of the FY 1965 and the F'Y 1966 work units 15 to provide data on a
sufficient number of equipment processes. including material applications, so that
preparations can be made for the fabrication of a fairly complex electronic assembly
with a reasonable assurance of reliakle operation after sterilization. The relation-
ship of Sterilizable Electronic modules to other Division 3% sterilization work units
is shown in Fig. 1.
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HIGH-IMPACT STERILIZABLE CRYSTAL DEVELOPMENT#
NASA Work Unit 186-68-10-01
JEL 3184-62801 -2 -3530

JPL Contract 951080 with the Valpey Fisher Company 1s for the completion of
the high-impact sterilizable crystal development. The contract provides for the
fabrication of 20 crystals for sterilization tests. These tests will be performed by
placing all of the crystals into a chamber provided with a dry nitrogen atmosphere,
raising the temperature to 150°C (302" F) and maintaining it for 50 hr. At the end of
this period the lot will he removed from the chamber and stabilized at 25°C for at
least 24 hr, The ster:ilized crystals will be thoroughly checked before and after the
heat cycle and compared with a control lot which will not be heated. The sterilization
procedure will be repeated four tames,

The materials in the crystal are alumnina (which 15 cured at 1700°C), quartz
{(which can withstand repeated exposure to 500° C), kovar, deposited coatings for
electrical conduction and solder -ceramic bonding, and solder., As yet, no prototype
cyrstals have been exposed to the sterilization process. The only foreseeable
problem is the seal. The quartz resonator 1s clamped between the body halves by
loading the assembly prior to applying the solder seal. The clamping force is
critical, as it affects the resonant [requency of the crystal. If the solder creeps
sufficiently during the sterilization cycle to relax this clamping force, the crystal
frequency could exceed the specified liruts. Solder is being used in order to
expedite development of the crystal, since the vendor is familiar with its use in
this particular application, However, other sealing techmgues have been investigated
and appear adequate. Two of them are cold welding and the provision of a mechanical
case. Development of these techniques will proceed in case the solder will not
provide a sterilizable seal. Initial sterilization testing is expected to occur in
December. 1965,

#This work is being rarried out in conjunction with High Impact Electrical Technolagy.
Work Unit 186-68-10-0] and is als® reported in that section.
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SPACECRAFT AND CAPSULE EQUIPMENT DEVELOPMENT {186-48)

PLANETARY ENTRY AND LANDING STRUCTURES
NASA Work Unit 186-68-01-01
JPL 384-60101-2-3530

ENERCY DISSIPATIVE CAPACITY OF PHENOLIC HONEYCOMB

Test results obtained by the General Electric Company (JPL Contract 3305&4)
indicate that phenolic honeycomb has energy dissipative properties comparable to
those of balsa woed when loaded statically. {See Fig. 1.} However. when loaded
dynamicaily {impact) the phenolic honeycomb fails interstitially in the cell walls,
thereby dissipating less energy than predicted. Technical personnel have studied
this failure probiem and it appears to be soluble; thus, a followon contract was
forrmulated to continue development in this area with the General Electric Co.
Unfortunately, duriang the last gquarter, progress with the technical probiem was
halted because of delays in contractual procedures, which should be resolved late
in FY 1965

ENERGY DISSIPATIVE PROPERTIES OF BALSA WOOD IN SIMULATED SPACE
ENVIRONMENTS

Because of the delays encountered 1n formulating the contract with General
Electric, work was iniliated to evaluate the vnergy dissipative properties of balsa
wood., when subjected to environments of hugh vacuum, sustained heat {(300° F) or
cold {-100°F), and/or controlled humidity. To perform these te2ls, an environment
control chamber was needed. During the current quarter, a chamber was designed,
built, proof-tested, and now is in use in actual tests. Application for a patent of
this chamber has been made
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Fig 1. Relation of energy dissipation capacity to malerial density

- 151 -




AT T

JPL Technical Memorandum No. 33-243. Vol. 1

This test program will continue into FY 1966, with test results compiled and
reported in the first or second quarter.

BALSA HIGH VELOCITY TEST RESULTS

The limited data obtained by the General Electric Co. {JPL Purchase Order

AR4-331722) in testing balsa wood {density = B8 Ib/ft°]} parallel to the grain at

approximately 300 fps suggests an increase of 10 to 15% in the energy dissipative
capacity of the wood above its static level Additional testing is required to fully
develop this relationship as a function of density and to validate the previous test
procedures; however, because of manpower constraints, no testing is planned.

METAL CONICAL ARRAY ENERGY DISSIPATOR

In the process of formulating a work statement to contract the fabrication of a
hemispherical array of truncated cones, it was determined that certain topological
problemns should be studied to establish rational means of optimizing the structure
(weight va energy dissipative capacity). Because this design concept is a primary
factor in propesed landing capsule configurations. it was decided to initiate the study
and delay the fabrication phase of the effort until the second or third quarter of

FY 1966,
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APPLICATION OF DIGITAL TECHNIQUES
NASA Work Umit IBo-68-u2- 312
JPL 384-60301 -2 - 3440

SURVEY OF DIGITAL TECHNIQUES

The use of digital techmgues 1n atlitude control anc autopilol systems 18 being
investigated, Methods of suc.essfully using digital sys<tems, their advantages and
disadvantages. and new devices necessary for such systems are being studied

Since January 1965 a survey of the state of the art of the use of digital
technigues has becn conducted on & contract with TRW Systen » tormerle »TL)
The general areas of this survey are:

I. Attitude control during thrusting flight
2 Attitude control during nonthrusting flight
3 Articulation control systemas,

In each of these areas the contractor has investigated the siate of the art of digital
components This :ncludes 1nertial and optical sensors, angle me. ~uring devVives,
and actuators Systems considerations have also been studied Block diagrams of
possibie and actual systems, analys:s and simulation techniques, and a bibliography
of applicable material have been tabulated. Six prugress reports have been issued by
the contractor A [inal report is due August 2, 1965,

All in-house efforts, except minimal support for the (ontracled survey. were
curtailed before January | 965 because of a cutback in funding

FUTURE EFFORTS

This work unit will continue 1n FY [966 under NASA Work Unit 125-19-03-02
lmatial efforts will be directed toward using the results of the contracted survey to
establish promising areas for detailed study. In addition, the use of digital
techniques in control systems for potnting high-gain antennas will be started This
will be a tradeoff study between pointing accuracy and the complexity of the control
sy stem.
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ACTUATOCRS
NASA Work Urnut 186.68-02-03
JPL 384-60401 -2 -3440

This work umt was undertaken to advance the state of the art of actuators
used yn spacecraft control systems [t includes investigations of the actuation
devices as well as components required 1n these devices for attitude control, auto-
pilots, and articulation control systems Eight differen! items are reported in this
report and are discussed in the order in which they appear on the NASA Form | 044
dated July 20, 1%64.

MICROTHRUSTERS STUDY (MINIATURE ROCKET MOTOR!}

This 18 & study effort to investigate the use of the solid propellant electrical
thruster {SPET) as an attitude control actuator A contract has been Lot to Gencerai
Electric at Valley Forge for the study of the SPET as a detonation thruster, I the
results of this »tudy are favorable, the SPET may allow a considerable weight saving
in future attitude control systems The work under «ontract 1s divided into three
tasks

Task 1

This task 15 10 be an analytical assessment of the feasibility of produding a
SPET system with a specific impulse between 500 to 800 sed, and (apable of
detivering 0 01 1b thrust,

The studies will include & dynamic analysis of the chemical reactions :n 1he
cumbustion chamber, the determination of vifects of chamber configuration on
efficiency, an establishment of ¢ riteria for choosing propellants and chamber con-
figurations. the tabulation of the physical and chemical reguirements of suitable
propellants, and a detailed analysis of the thruster wath some of the most promising
propellants.

Tass &

This task 15 a prearunary investigation of interface problems that maght
arige between the SPET and other spacecraft subsystems inc luding:
1. The 1dentification of interface considerations requinng further
analysis.

2. The determination of any radic frequency tnterferenc es aused
by the electrical discharge and/er the expulsion of nlasmaoids
irom the SPET,

Task 3

This task 19 the preparation of a final report that will supply all necessary
criterta for design and development of a flight type SPET Thruster system prototype.
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ACCOMPLISHMENTS

The major accomplishment has been in the determination and cancellation of
the radio noise interference. With this task completed, one of the critical road
blocks to the reduction of the proposed scheme to a2 useful space propulsion system
has been overcome. Two major problems have been identified: {1} the analysis of
wave formation and acceleration and the determination of the kinetic coefficients for
the change of phase and chemical reactions may encounter limitations in present
state of the art of analysiz of nonequilibrium phase kinetics; and (2} reaction kinetics
in the very-low-pressure range involves radiation couplings that are not well
mastered in the current analytical state of the art, and it may thus be necessary to
resort to an experimental effort. Other activities since January 1, 1965 are the
initiation of the fluid dynamic and thermal chemistry analyses. Also. some
promising propellants have been identified.

Two modifications to the contract with General Electric are planned. The
first is a no-cost extension of the schedule and the second 18 an increase in scope to
provide for experimental verification and flight-type system prototype development
limited only by the funds available

WARM GAS ATTITUDE CONTROL ACTUATOR

In this development, components of present day state of the art will be
assembled into a mass expulsion attitude control actuator having an appreciable
increase in total impulse capability for a given weight over a cold gas system having
the same total impulse. Arrangements have been made with the Ligquid Propulsion
Section of the Propulsion Division of JPL to use their developments in the decomposi-
tion of hydrazine to gases 1n a catalyst bed. One test firing of their existing,
nonportable hardware has been made. A distribution system has been fabricated 1n
the configuration of a typical attitude -control gas system. A preliminary estimate
of the hardware required to maintain cleanliness of the distribution system 13
complete.

Valves are available to mount at the ends of the distribution lines as soon as
the equipment for maintaining pressure on the system is assembled. This work will
be discussed in future reports. Before connecting the gas generating unit to the
distribution system, evaluation of the cleanliness of the gas generated must be made
and ifs temperature measured and compared to valve capabilities., A heat excharg-r
and filter may be necessary to permit use of existing valves,

ANTENNA ACTUATOR

New concepts and components are being 1nvestigated to reduce the weight and
improve the efficiency of actuators suitable for movable antennas, 1nstrument,
sensor, or camera platforms.

The design approach of an experimental actuator around typical functional
and environmental requirements has been made A complete set of drawings have
been produced completely describing this actuator 1n detail. The drawings have been

| fully checked and have been formally relcased.

The Ranger actuator 1s the basis {from which this development s progressing.
While the Ranger performed reliably as designed. improvements in theoretical
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reliability, reduced cost of fabricafion, and reduced weight wail be gained in tins
development for probable vse on future spaces raft.

To achieve a self-lockang characteristic desired at the actuator output, a new
servomotor has been developed {under NASA Task [86-38-02-01-55 and will be
separately reported) that has a capabitlity of ~tepping 1mmedialely on the removal of
power and holding the stopped position until power 1y again applicd without the use of
friction or megchamcal interlocks. Application of thi» new detenting type servomotor
atlows the use of high vificiency spur pearing to mummize power consumplion It
elinunates the requirement for a torque-Limating « lutch and the use of self-locking
worm gears lrom many apphications. The gquick stop «apabibity will cause the
actuator to stop within command limits without overshoot, The detenting fun.tion
will hold 1t at 1ts : ommand pogition until a new updating « ommand s received. The
experimental actuaior 1s now in (onstruclion :n the JPL machine shop. One model
is being made for cvaluation by subjection to type approval test requirements, as
well as sterilization requirements, n the coming year.

PASSIVE SOLAR VANE ACTUATOR

Exprrivnce tn the development of the solar vane actuator for the Mariner Mara
program indicated o spacceraft reliability advantage on advanced spacecraft by having
the solar vane actuator 1ndenendent of spaced raft power and the Attitude control
sy sterm

The passive solar vane actuator, which would react to varying heat inputs to
a bimetal vlement with spacec raft attitude change, has been brought to the point of
layout design. Two serious problems remain: (1) how to make the operation of the
dctuator the same over the ambient temperature range, and {2) how to guarantee the
nul! position of the actuator with the zero position of the spacecraft attitude « ontrol
sy ster

Al effort on the actuatur nas temporartly ceased because of manpower
himitations Based on Mariner Marw <olar vane actuator experience. development
effort is being used to improve and simplify the present design for advanced
applications

BRUSHLESS POTENTIOMETER

A potentiometer with no shiding (ontacts, adaptablie to telermnetry and «ontrol
systems, immunc to the effects of space vacuum, and with the ability to withstand
sterilizalion would be a relyability advantage for use on the Voyager »pacedrafr,

Th: « potentiometer would not need a sealed case to carry an atmosphere natde

To accomplish a brushless potentiometer, the method advanced used sem;y-
vondus tars which could not withstand the rigors of sterilization. To date, no
commercial hardware has been uncovered worthy of recommendation for soace flhight
An awareness of industry capability will be maintained and should a prormising design
be found, engineering test samples w wuld be purchased for further evaluation

DIGITAL MOTOR

With the mounting interest in digital systems for use¢ 10 advanced snacecraft
comtrol, an industry survey was conducted to improve the awareness of new
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developments and the latest thinking on digital motors for use in spacecraft actuators.
Seventy-four companies were contacted; 37 companies responded Twenty companies
built digital motors. Eight of these companies built digital motors for use only on
large power equipment. Of the 12 remaimng. none demonstrated anything of partic-
ular interest. All effort on this task is held 1n abeyance until future specific
spacecraft requirements are known.

NITROGEN GAS

Because cold gas allitude control actuators will still be required for select
applications. a better understanding of the gas characteristics i3 required. The first
step was to accurmulate all known publications on the subje(? 1nto a handbook

Literature Search No. 653 titled, 'Nitrogen Gas Physical Properties " of 125
pages of abstracts was completed 1n April 1965, It 1s quite general, but does have
emphasis on thermodynamic properties. especially compressib:lity. Owver 380
references are cited. The major quantity of listings s wrclassifie i, but . classified
supplement was made. Evaluation of the results s yet to be aone, with subseguent
vomp:lation into handbook form if such 2 handbook is not un: overed by the search.

NOZZLE ANALYSIS

To increase the confidence 1n the accurate operation of the attitude control gas
actuators on advanced spacecrait with long fhght duration. betfter understanding of
the pulse mode of thruster operation 13 needed. In associat:on with the laboratory
aerodynamicists, an analytical study i= underway using computer techmques. A study
of other known work 1n this area 1s being performed. Experiments will also be
conducted in assoctation with the analytical study to aid :1n obtaining acgurate resulls

The vacuum station :n which the thruster testing will be done 18 undergeing
the [allowing changes:

I. A prer ts being constructed to support the station free of ambient
vibration.

2., The vacuum pump will be mounted away from the station to
eliminate this source of vibration on the vacuum s=tation.

3. A 59-[t3/min pump is being purchased to replace the 15-1t 3‘)"min
pump Lo maintain betier vacuum,

The air bearing 'able used 1n the force rebalance scheme of thruster testing
is having a range of torque moters made to give the greatest sensiivity possible {for
cach stze of thruster tested.

An alternate method of testing., using strain gages 1n place of the air bearing
table. 15 also undrr investigation Attendance at a class at MIT in 1. .se of strain
gage techniques is schedualed

It :s expedtea that the vacuum station and the associated test equiprment will
be ready for operation by July 30, 1965,
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LUNAR AND PLANETARY HORIZOXN SCANNER (LPHS)
WNASA Work Unit 186-65-02-04
JPL 384-60501-2-3440

The LPHS program concerns the development of a long.lhife. mfrarcd horizon
seasar with no mov g parts. This sensor would be usdeful on Voyiager-type missions
for providing information as to the direction of the local vertical of a planet from an
orbiting spacecraft. The development is being made with the awd of an industrial
contracior {Barnes Zngincering Company) for design and fabrnications, with JPL
providing suppart in various design arvas as well 1s detailed testing and evaluation.

PROGRESS
During the latter part of 1964 mitial funcui~nal tests were performed at JPL,
In the presenmt period addilional tests were performed and studies and designs for

further improvements were made.

Contracted Effort

Contractor progres for this perind has covered the following arcas:

1. The prescat LPHS low level commutator  for sampling the detector
inputs. performs satisfactorily but 1t 3 quite bulky and requires
high voltages on the urder o 200 v, At JPL s direction, the con-
tractor has made an 1ntens:ve imvestigation of the sastability of the
recently developed Metac-Onide-Silicon (MOS) Field- Sifect-
Transistors [(FEFs) for use as a low level commutator. MOS
FETs were procurrerd and designed 1nto a breadboard commutator,
Testing of the conunuator over a temperature range of «50 te
+30%°C has shown signals to the leve! of lut can be successfully
commutated. The amitation ar lyty was due to the thermal
design of the breadboard set up and not inherent tn the basic
technigue. The tests have demonstrated tiat this tvpe commutator
can be used in the LPHS and 1t is felt to be a very significant
improvement i1n the LPHS design. The results of the commutator
study and tests have been published tn s report by Barnes Engi-
neering Company titled  Low Level Commuitation Using MOS FET
Transistors” and 1s available from JPL Internal I cument Control
as report no. 65-360.

2. For the commutator application 1t would be highly desirable 1t use
the MOS FET s in integraled circuits. In prelimuinary discussions
with potentia! vendors. the contractor has been investigating the
fabrication of a custom tnmegrated circwmt, The JPL Faots
Reliability Group has participated in discussions relas g ther
providing support in the writing of a procurement spoc: watiun
and subscquent quahification and life testing of the circ it part.

3. A large portion of the logic processing of the signal subsequent to
the commutlator is basically of 2 digital nature. [In additton, the
switching drive circuitry for the commutator 13 digital. A study
“as been made of the application of standard digital imtegrated
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circuits to provide these functions. The performance specifications
of currently availabie integrated circuils elements. as well as the
latest reliability information from the JPL parts testing program,
have been reviewed by the contractor.

4. Contractor personnel have had preliminary discussions with the
3PL Advanced Packaging Group. The use of the lates: techmiques
for flight packaging of integrated circuits was reviewed. The
implementation of these techniques into the design and fabrication
at ihe contractor's facility was explored. A tentative decision
was made that the contractor would obtain assistance from a sub-
contractor specializing in the design and flight packaging of
electronic equipment. The JPL Advanced Packaging Group will
provide ronsulting services and design review 1o the contractor
and his subcontractor.

5. A theoretical analysis of detector respoasuvity by JPL! has
indicated that the currently used L PHS detectors were a factor of
2.5 from achieving the calculated sensitivity. Later investigations
by the contractor have shown that the assumed bulk Seebeck
coefficient of the materials was not being realized in the thin
film configuration of the detector, Further work has tndicated
that the purity of the materials used and the substrate temperature
during the evaporation play an important part in the achievement
of bulk properties. These discoveries should result in the ability
to make more scnsitive detectors in the future,

6. A paper pgiving LPHS design dertails and test results was presented
by contractor personnel at the symposium for “Infrared Sensors
for Spacecraft Guidance and Control. " May 1965, The paper will
appear in the published proceedings of the symposium,

A secondary benefit of the LPHS program has been the fallout of the state-of.
the-art technology developed 1n this program. The MOS FET commutator and offset
radiation source concepls are now being used in similar type instruments under
developmen for NASA.

In-House Efiort

JPL activities in the current period have covered the following 3 reas:

t. Design and testing of a modified offset radiation source for the
LPHS was conducted at JPL. Test results indicated that the
radiation source was still emitting short-wave-length infrared
energy and further medifications to the source structure will have
to be made to climinate the radiation at wave lengths shorter than
15 4. With these modifications it is believed that the sensitivity
of the LPHS will be sufficient to provide for operation capability
against the dark side of the Moon. At present, the demonstrated
capability is sufficient for planetary applications only.

i.! PL Enginesring Note 345-.1 1
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[47]
.

Procurement of an infirarcd spectrophotometer that can cover the
range of 2.5 to 50 u { Beckman [R-i2) was initiated. The spectro-
photometer will be used to measure the opiical properties of the
offset radiation source and the LPHS window. The effects of
coatings, mounting methods. and high energy partical irradiation
on the optical properties will be studied. In addition, modification
will be made to the specirophotometer to enable spectral tests of
thermopile detectors to be performed.

3. The contract with Barnes Engincering Company was modified to
provide for the extensive changes in the clectronic design.
packaging. detecter studies for performance improvement,
weight reduction. and other arvas of design improvement.

FUTURE PLANS

Program plans for the second half of calendar year 195 call for werk
emphasis in the following areas:

1. The contractor will complete the detailed design of a flight
prototype LPHS incorporating all the latest design improvements.

2. An addition to the present LPHS Comract will be negotiated to
provide for fabrication of a flight prototype unit based un the new
design., $142, 000 of FY 1%6 funds have been budgeted for the
prototype fabrication.

3. JPL will complete modifications to the offset radiation source
and conduct further tests of w LPHS in the space vacuum
simulator,

4. Moedifications to the space vacuum simulation facilitv will be
tnittated to provide for Sun simulation,

(¥ (]

Continued technical support will be provided to the contractor
design effort by JPL tn the areas of parts qualifications. circuit
packaging and detector design.

In 1966 i1 1s pianned to complete the fabrication, functional testing. and pre-
biminary flight qualification of a flight prototype LPHS. At this point of the program,
the LPHS can essentially be considered a piece of off~the-sheif hardware, The LPHS
can then be commutted to a spacecraft program without the risks inherent in
tnutiating development of an instrument under a fixed time schedule.
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IMAST T DISSECTOR
NASA Wore ot 1 8g-nMd-02.05
JPL 134-.0n0}-2-3440

This task 1> a contuinuing vffort carried out ain courpunction waith CBS
Laboratorivs. to improve the basic all-clecirosiataic image dissceciar, Qur expe-
rience with appiying the basic tmage dissceter in the M -iner € Canopus Tracker :s
betnng fed back into the second generation cloctrostatic umage dissoector, lmproved
unapge tube characteristics are required for high pertvrmange star sensor and
approach gutdance planet sensor applications,

PROGRFESS

A new specification has been written and releascd, Thir specification encom-
passce the appropriate regquirements of all the previous documents and cfines the
requirements for null stabibhity and maximum ratings,

The scope f the existing contract with CBS has becn increased to cover
improvements an the null stabsilaty,  Null stability 13 to be imiprovetd by the icerpora-
tion of ar improved Schlesingerdeflection voke that mumnmizes exposed dielectric
surfaces and 1s integrated with the focusing anode. Thos part will he called o "draft.
free tntegrated anode cone,

inalog Neld plotting technigues are being used to improve the rlectron opticat
resolution of the tube. Fipure | comparcs the electrostatic ficid configuration in the
basic tube with the most promasing modification te the focus clectrode,

CBS has made prehimunary d-s.gns for the drift {ree integrated anode cone and
i 1 the progess of negotiating a subcontract {ur the development and tabrication of
this part with a suitable ceramics company.

PLANNED EFFORT

Fabricauion of the new design 18 1o be completed by August, Twe prototype
tubes will be evaluated and delive red un this contract. Because the faceplate
geometry has been changed. new fixturing 18 required to perfiorm the evaluation.
This equipment 18 being readied in-house and will be supplicd to the contracior GFE,

A small in-house cffort will also be undertaken to evaluate the off-axis

resolution improvement that can be gatned by cuupling the focus voltage to the
maximum deflection plate voltage.
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Fig. iI. lmage section electrostatic field plots
a} 0Oid electrode configuration
b} Most promising new configuration
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LOW-LEVEL COMMUTATOR
MNASA Work Unit 180-63-02-06
JPL 384-60701-2-3440

The switching and amplification of low-voltage dc sipnals have always
presented design problems to the circuil enginecr. An carly solution 1o this problem
was the chopper-stabilized amplifier. This techmgue mechanically chopped the signal
of the 1nput to the amplifio r and referenced the signal 1o a known voltapg - level, After
later amphification, wn a highly stable ac amplifier. the de level of the signal s
restored by again passing the signal through a switch tha! 1s synchromzed with the
input swatch, @his method clirminates the problems associated with short- and long-
term drifl 1n dc amplificrs. The disadvantage s that it diws use a mechanical switch
{i.¢. relay)and 1s not suitable when many sapnal channeis (nust be switched because
at the size and woeight prohlem,

A mMore fecoen technigue uses a phatoconductnr residtor as 3 circunt element.
The resistancye 19 caused 1o change by tlhimunating the phoetoconductor with ght.
This combination of Light and photorondudrior replaces the mechamcal chopper and
Becausy these clements can be made smallers 1 s posaiible o commuiate many low
level de signals in a medium sazs package., Several ¢ mmercialiy avarlabl instru-
ments now use this method of signal processing,

For some space appilcations the photovondudiar st aeave s muei 1o b
desired. Where there are a very large numa. . of signals to Be switched the lamp-

conductor package again becomes large and buley. What 1» more umpertant the
iamps that are best satted {or the application are noon glow lamps which reguare
a supply voltage of approximately 200 v for satisiactory operatton, The switching

circuitry for e high voltage tothe large array of lamps (two tor eachphorocond: etord
is not coampatibie with high reliabihity requiremaents.,

OBIECTIVE

The purpose of this program was to investigate other methods of lowelevel
commutation tha! would be suitable tor space apphications. Proluminary studies were
made of the ause of clectroluminescent sources and senueonductor iNjection subiasors
as Light sources for photoconductors. The electrolumunescent sonrce alse required
high voltages to achieve sufficient hight and, 1n addition 1n the present state of ther
development. there 18 a gradual decrease tn the hght output with age. The injection
sublascrs arv very 1nef ictent sources from a power standpount and, an the present
state of their development, materials to achieve the best spectral match between
the photoconductors and the source are not vot adequately developed.

PROGRESS AND CONCLUSIONS

The technology of making metal oxide s:rhicon (MOS) 1ype ficld clfec! transiator
{FET) has recently been developed and the devices are now avatlable commercially.
The characteristics of this device appeared interesting for the comunutator apoplica-
tion. In the so-calied enhanced mode of operation the device with ne voltage applied
to it has a very high impedance and 13 cssentially an open swiich., The application of
voltage to the " gate' results ina low resistance between the ‘source and dramn
terminals of the device and these termanals now effectively represent a closed swatch.
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There 15 no offset voltage hetween the source and drain terminals a prablem that
eliminates the use of conventional transistors from this type of application. Because
of the apparent suitability of this device to the low-level commutator application on
the Lunar and Planetary Horizon Scanner (LPHS). and the reduction in funding level
of this low-level cnmmutatar effort, the LPHS contractor was directed to make an
extensive investigation of the MOS FET as a commutator. The results of ths
investigation show that the MOS FET is admirably suited for this application. The
MOS FET together with special circuit techniques developed by the LPHS contractor
{Barnes Engineering Co.) s a sigmficanr sdvancement in the state of the art and
should find wide application in this type of signal processing. The results of the
work have been published in a report by Barnes Engineering Co., "Low Level
Commutators Using MOS8 FET Transistors and 18 avaiiable from JPL Internal
Document Control as repert No, 65-360.
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REACTION CONTROLS FOR SPACECRAFT
NASA Work Unit 186-48-02-07
JPL 384-62901-2-3840

PROPELLANT SHUTOFF VALVE

Experimental tests of a small hydrazine monopropetlant engine suitable for
spaccecralt attitude controi systems have indicated that relhiabiiaty of the propeilant
valve 18 rne »f the critical items of the sveterm. Therofore. the prescnt objective of
this work anit 38 to evaluate the most advanced prapellant shutoff valve design avarl-
able fur spaccecraft apphications. This encompasses the investigation of industry
capability the procurement of nfi-the-shelfl type hardware, and an evaluation test
program to determine periormance and reliability characteristics. Because no
specific spacecraft application i» invuived . general design and performance require-
ments are arbitrarihy assumed with typical criteria as foliows:

L. State of the art — The mos!t advanced confipuraiion avatlabloe,
which 1s assumod 1o bo the Apollo project hardware,

2. 1lvpd vaive = Electirically operated signal shutoff, [he mumimuom
size s himuted o 1/4 a0, hne si1zo and must be direct-operated:
the maximun size may be | 2 in. line si1ze and may be cithor
direct or pilot-operated,

i, Scrvice = The propellant media may be cither NpHy or N20, or
related compounds stk cperating hine pressures ranging from
230 10 300 pst over the ambienl temperature range of 010 L70°F.

4. FPerformance — The arcas of icakage and contamination are <on-
sidered critical conditinns comtribuiing 1o these specific problem
areas will be scrutinmized in detaad,

On the basts of information oblained frem the Apollo program and also NASA
contract NAS 7-305 the hardware sclected for thus program is the Moog modei 52 by
22 single propeilant all-welded construction, Negotiation with this vendor. Moog
Corporation, East Aurcora. New Yurk, has been intttated,

It 15 anticipated that the hardware will be available approxunately December
1965, During the inte run period the necessary test planning for this in-house
program will be compieted. FY [966 funding will be provided by NASA Code 128
from the Chemical Propulsion Division of CART.
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FLIGHT COMPUTERS AND SEQUEXCERS
ADVANCED DEVELOPMENT
NASA Work Unit 1686-658-02-08
JPL 384-03701-2-3410

The progress for this reporting per:od, prescented snder the two major
subtasks {logical organizations study. and circuits and component development), was
substantially less than planned in December 1504, The reasons for the lack of prog-
ress are due tothe extensionofthe Ranger prurcct and the transfer of peraonnel to the
Vovager project, which reduced the manpower planned for this work unit by approx-
xmamiv I man-year.

The major report prepared under this work is "'Flight Computers and
Scquencers, Advanced Development, " JPL SPS 37-31 Vol, IV. Secveral unpublished
internal reports have also been prepared.

LOGICAL ORGANIZATION

The CC&S logical organizations being cvaluated may be classified as cither
timer-oriented of memaory-oricnted. The work during this report period has been
concerned with evaluating the relative merits of these two types for Yoyaguer type
missions,

The arguments in support of the usc of two basic sequencer types for future
deep space missions arc sumunarized as follows.

Case for Timer-Ortented Scequencer

1. More reliable {(favorable ratio of partial failure modes to total
failure modes}.

2. Bascd on considerable space experience,

3. Smaller size, weight. and power.

4. Reguires less alicration of support cquipment.

5. Luwcer development cost.

Casec for Memory-Oriented Sequencer

1. AMore versatile,

2. More mission independent.

3. May be mandatory on missions beyond Voyager.
Examination of the items listed indicates that the case for the timer-oriented (T-0)
sequencer, at onc time overwhelmingly convincing, now is growing more dcbatable,

To illustrate this briefly, consider reliability. the major factor in the argument for
the T-O system. The functional deployment in the T-O organization reduces the
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iikelihood of forfeiting mission objectives because of failure of one of the CC&S
components. This is illustrated by the reliability block shown in Fig. 1. Wherezs,
& component failure in a memory-oriented {M-=0) system means complete reliance

on ground commands for the remainder of 3 mission following the failure, as indicated
by the reliability block diagram shown in Fig. 2.

The validity of the preceding argument dimianishes when it is considered in
terms of future mission requirements. As sophistication increases, the reguired
event sequences become more numerous and complex. In response to demands for
greater capability, the complexity of the T-O CC&S must increase approximately
proportionally while that of the M-0 system remains constant. This is particularly
evident in situations calling for variable or a posteriuri sequoncing. Moreover.
lzarger portions of a T-O system will be requisite to mission success in the future
because complex maneuvers near the end of the mission will not be backed up.

RECT 4R
OSCHLLATOR
a0
" en-FREQUENCY
DIVIOERS
LOW-FREQUENCY LIRNEN LANCH
o COUNTER  famd  OuTRUT _——
SND AT EvENTS
Twd COuNTER CRRSE aND
ineyY 205
DECODER uasTER Thaga [O]  UTWT . ENEOUNTER
waTmN
HHRTUVER
cLOCK
AND
wATIIR
‘— - outeur T
MANEUVER
DURATION
W= QU = woTon SuRw

Fig. 1. Reliability block diagram, Mariner T sequencer

i




P

e |

JPL Technical Memorandum No,

33-243, Val,

I

As an indication of the projected growrh of CCLS equipment thought

indispensable to overall success, the following observation is made,

in the Mariner

C spacecraft, 61% of the CCA&S is vital toc mission success for a period of about | to
wk{unti]l after the midcourse mancuver)and operation of 33% is necessary for about ¢

to 10 mo. in

required to ope

Voyager. on the other hand. an estimated 70% of 2 T-0O CC&S will be
Tate Tlawlessly for about § to 12 mo, Although all of an M-0 system

would be needed for the samic length of time, in the latter mission the amount of
equipment involved in either case is comparable.

Future efforts under this subtask will be concerned with:

I. Relative comparison of;

at
b.

<.

2. Dectermination of types of redundancy applicable to either

3. Derivation of more accurate reliability estimates,

Failure modes that preclude corrective action,

Simplicity and cost of applying redundancy.

Improvements obtained from redundancy.

4. Comparison of advantages of different M-Q organizations in
performing computing tasks.

FORER
CONVERTOR

CIOLLATOR

CLOCK
PULE
GENERATOR

el TRUL T 0N
DECODER

LOBIKC Y
CONTROL accEss WENORY
EVENT
EVENT
ADDRESS ouUTRUT
HETECTaR DECO0ER

Fig. 2. Reliability block diagram, typicai memory-oriented CC&S
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COMPONENTS AND CIRCUITS
Hybrid Istegrated Circuits

The RIQ for the hybrid integrated circuits {(interstage coupling aml resdout
circuit for & larrite switch core counting stage, relay drivera, amd diode matrix for
reoadout of & magnetic counter) was released to Fairchild, Motorola, and Texas
instrements. TheFairchildquote was accepted and units ordered. The units were
received in June.

Thess devices will be used to develop a 20-stage magnetic coumter with 10
stages of readout. The system will be life-tested and subjected 10 voltage-
temperature Margia testing.

Standard hﬂrﬂﬂ Circuits

The standard integrated circuits of various mamfacturers are being evaluated,
Emamples of individual component tests include the sffect of voltage supply variations,
transfer characteristics, and dc aoise immunity. Alsc investigated was the effect of
fan-out on noise immunity. Future tests on thess same devices will include temper-
ature sffects om fan-out crpabilities and power supply levels.

After the individual component testing, two functiomally sdentical systems will
be made using T2 L logic in one case and DTL logic for the other. Each system will
be evaluated {or combined voltage and temperature variations, and noise suscepri-
bility.

H‘_t_Elti.t Wire 'Eldi.l!

Contract No. 951048, awarded 10 WEM's on September il, 1964 to determine
the feasibility of welding insulated magnet wire withowt prior removal of the insuis«
tioa was complsted. Two techniques were iavestigated. They were: {l) uitrasonic
and (2} thermal-flow resistance weld.

The uitrasonic approach was abandoned after considerable effort had been
expended. The largest single problem was the dilference in the energy required to
remove the insulation and that required to make the weld. Severe damage to the
symall copper wire occurred with each weld.

The thermal flow process was more rewarding. Feasibility was demonstrated
although maay refinemants are still required in the process. The development of a
low inertia head for the welding machines seems to be the answer to most of the
remaining problems.

A survey of the welding industry indicated other processes exist that may be
superior to thermal flow welds or machines exist that already have the low inertia
heoads.

Futare activities ia this area wiil be confined to the investigation of lager
welding and thermal flow welds with machines haviag the low inertia heads. It is felt
that one or both of the processes will produce repeatable, reliable weide without strip-
ping the insulation, To this end, two contracts are being planned: one to Hughes for
the evaluation of laser welding and a second to Sippican to develop the thermal flow
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ADVANCED SCAN PLATFORM
NASA Work Unit {86-68-02-09
JPL 384-61901-2- 3440

SYSTEM REQUIREMENTS

The goal of this effort is the development of scan platform systems that
provide a mounting base for scientific instruments. A lightweight, low power, and
high reliability scan system capable of scarch, acquisition, track, and/or scan is
! sought. As shown in Fig. 1, the platform subsystems shall be comprised of a planet
scnsor and/or a programmer, & controlicr, motor, and actuator. Its performance
shall be optimized in terms of scnsitivity, pointing accuracy, and ability to follow
preprogrammed instructions.

The first iteration constraints placed on the scan platiform are as follows:
i. The overall weight of the platform with the instruments is 480 1b.
i 2. The moment of incrtia of the loaded platform is 265 Ib-ft-secl,

3. The platform must have a capability of pointing to the planet
vertical within | deg.

4. The platform must have a capability of pointing to an arbitrary
inertial direclion within 1 deg.

5. The subsystem must see a planel 4 to 160 deg continuously.

e T,

The structural specifications have been arrived at on the basis of the space science
requirements as now cnvisioned, The scicentific instrumcents provided [or make use of
the several frequency ranges of the planet emanating electromagnetic radiation. The
pointing accuracy specifications and the {ield. of-view requirements have becnarrived
at by a compromise between system requirements and existing hardware.

P P—

SYSTEM MECHANIZATION

The sensor arca was {irst investigated. Study has shown that the use of the
infrared horizon in determining the local vertical is superior 1o other methods and
that sensors using this principle have becn built and flown. For the purpose of this
study it is assumed that an infrared horizon scanner is available. Viewing this
BCAnner as an input-output device, the output of the scanner shall be & signal pro-
portional to the difference between the local vertical of the planct surveyed and the
normal to the plane of the platform. The signal is updated every 100 millisec and
miay be available in either digital or analog form.

[ Two dilferent means of mechanizing the subsystem are being studied. Figure
2Za is a block diagram of one of the proposed methods of mechanization. The horizon
scanner owiput is used to actuate a gate whose input is a clock. The gated clock is

i used to drive the stepper motor, which in turn {through appropriate gearing) drives

i the boom mounted platform. The transfer functions of the several blocks are shown
in Fig. 2b. The horizon scanner is represented a9 a sampling switch foliowed by a
zero order hold., It has been shown {in IPL Technical Report No. 32-206) that the
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Fig. 1. Basic block diagram platform position control system

transfer function between the motor shaft output position and the platform position
can be represented by a second order system where the natural frequency and the
damping ratio are » function of the structural properties of the numbers used.

An alternate scheme considered is shown in Fig. 3. The main difference
in the two methods lies in the motor being used. Herc, instead of the stepper motor
we use 3 two.phase induction motor. The controlier mechanization is correspond-
ingly different: a linear amplifier is driven by the sensor generated crror signal,
the amplifier drives the motor. The motor load is unchanged for the two methods.

The main advantage of the stepper motor over the induction motor configura-
tion, based on a cursory examination, is the conservation of power for a stationary
outpul shaft. The two systems are now being examined amalytically for compatibility
with the basic attitude comtrol system, for reslizable loop gain at & given gain
margin, and for average offset errors with a ramp input under steady state opera-
tions. Also, the structural limitations on the support structure sre being determined
by the system performance.

FUTURE EFFORTS

An analog computer program simulating the two configurations will be
gencrated. This will provide a verification to some of the analytical results and
alsc will permit greater flexibility in the study of the systems as a function of the
structural dynamics parameter vatristions.

The two systems shall be breadboarded and tested. Wherever possible the |
actual components shall be used, This includes the controller, motor, actuator, and
{ultimately) sensor. The structural dynamics will be simulated through the use of
inertial wheels and torsionaily flexible rods. Work in this arca has been started with
a paper design of the necessary control electronics.

Once the advantages of one system over the other have been firmly estab-
lished, the fessibility of using microelecironics shall be iavestigaved.
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'l"ig. 3. Imduction motor driven scan platform
a} Functional block diagram
b} Analytic block disgram

Component specifications for the scensor, controller, and actuator will be
generated as an outgrowth of this program.
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ATTITUDE CONTROL OPTIMIZATION
NASA Work Unit 186-68-02-10
JPL 384-63901-2-3440

OPTIMIZATION STUDIES

Artitude control optimization studies were undertaken to develop advanced
sysiems, to indicate new components requiring development, 1o support advanced
technical study efforts, and te develop new analytical technigues for attitude control
system analysis, These studies are being conducted both in-housc and on a con-
tracted basis.

The contract with the Purdue Rescarch Foundation is divided into several
arcas. In one ares & given attitude control system using derived rate stabilization
is being optimized te give the br st performance for parameters lying in a given
range. One analytical technique being studied has worked successfully for some
cascs and its limitations are being investigated, Several other promising optimiza-
tion techniques have been considered and are under further study,

In another phasc of the contract, no attitude control mechanization was
specificd to give more freedom in system optimization. In this phasce the apecific
optimal control {SOC) approach is being investipated. The solution 1o the SOC
problem involving the application of quasilincarization to the resulting two-point
boundary value problem has been under study. Because many of the difficultics are
computational, practical techniques of computer solutions for these problems are
being scught.

A preliminary mnvestligation of a sequential state estimation technigue has
been completed. This is of value when all the state variables cannot be directly
measured. In this technique, rate measurcments about one spacecrafl axis are
uscd in conjunction with a computer model of the spacecraft to estimate the rates
about the other axces. The technique was shown to be feasible, but further work must
be done to simplify the computations reguired.

A study of how to determine the worst case initial conditions for an attitude
caontrol system has begun. Worst case here implies that the performance index
takes on its maximum value. Initial studies show that the necessary computational
prohlems can be formidable and a recasonabic approach may be to try to determine
suitable conditions on the system eguations and the performance index for which the
worst initial conditions will lie on the boundary of the state space being considered.

The first annual report was issucd by Purduce in January (965, and is avail-
able from JPL Document Services as Reorder No, 65-185, It is titled, "Investigation
of Optimization of Attitude Control Systems. ' The fifth quarterly report was issued
in April 1965,

SPINNING CAPSULE STUDY
As part! of the overall problem of attitude control of spacecraft, an in-housc
study of spin-stabilized vehicles was begun. Becausc spin stabilization apparently

offcre the advantage of simplicity, some asscssment of its capabilitics is
warranted,
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The genera! case of the motion of & nonsymmetric torque-free rigid body has
been considered. Computer programs have been written that aliow the determination
of the motion of such & vehiclie if the initial conditions are known,

Ancther phase of this overali problem is that of vehicle spinup. Errors
considered in this analysis were those caused by tumbling before and during spia up,
and misalignment of the spin up rockets. Results of the study show that spin up
errors introduce a fixed offset of the anguiar momentum vector and a coning about
this vector.

Techniques of precessing the spinning vehicle by discrete pulses were alsc
investigated. It was cstablished that the precession errors were dependent on the
body configuration, spin rate, precession torque, and the number of pulses applied to
the system. .

FUTURE PLANS

Future work on spin stabilization will be directed toward stability analysis of
the spacecralt motion. While the rigid body stability requirements are clearly out-
lined, the problem of a torque-{ree spinning elastic body requires investigation. The
requirement of spinning about the largest principal axis is absolute and not guantita-
tive because the rate of error increase is not given. Further work nceds to be done
to define the characteristics of various body configurations and initial conditions to
allow a complete description of long term stability. Another stability probiem ie
that of the precessional control system. While the steady state performance has
been anslyzed, the operation of the control system as it approaches & limit cycle
{or dead zone) needs further investigation.

This work will continue under NASA Work Unit 125-19.04-01,
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STUDY OF ELECTROSTATIC ZYRO APPLICATION
NASA Work Unit 186-658-02-11
JPL 384-64001-2- 3440

OBJECTIVES

The system implications amnd data processing requirements encounterced when
electrostatic gyros (ESG} are used for advanced attitude control or autopilot purposcs
has been under study.

This study was conducted under a contract let to Huneywell, Inc. Their
ciforts were applied in two areas: {]) a parametric study of a strapped down atti.
tude reference system and {2) a specific application. The study has been completed
and the final report dated March 31, 1965, was issued. This report is available
from JPL Document Services Rearder No. 65-191.

In the parametric study, the cffects of accuracy requirements on the system
complexity were investigated. Two accuracy requiremonts were considered: one
thai demanded that the computer include ¢ompensation for pickof{ nonorthogonality,
gyro misalignments, etc., and the other in which these effects could be neglected.
Two readout rates were allowed, one fast cnough for autopilot prrposes and & slower
rate sufficient only for attitude control reorientations, or acquisitions. Three ESG
configurations, cach using a cosine recadout pattern, were included in the study. The
{first had no torquing or caging capability other than that required for spinup. The
svcond included a caging capability and the third had both caging and torquing capa-
bilitics. For cach of the |2 combinations that can be obtained with the above
variations, the size, weight, power, and relative reliability versus accuracy were
tabulated.

RESULTS

The results of the parametric study have had #n influence on the component
development program (NASA Work Uni- 125-17-01.02). This study showed the
desirability of having a readout channe! for each of the threc pickoffs. The original
design was 1o use two channels and switch from one pickofi to another. The para-
metric study also showed that new methods for obtaining rate information {rom the
ESG must be found. Becausc the velocity signal was obtsined by differentiating
position information, the neoisc component of the velocity signal was excessive,
Further investigations for specific systems may indicate possible sclutions to this
problem srca,

The second part of the Honeywell study was directed toward the application of
the ESG to a landing capsule for use between scparation and entry. A system
configuration was sclected and the size, weight, power, and rcliability were
estimated.

All in-house efforts except minimal support for the contracted study were
curlailed before January 1965 becausce of a cutback in funding.

This work unit will not be continued in F‘Y 1966,
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RANDOM STAR ANGULAR RATE AND POSITION SENSOR {RSARPS)
NASA Work Unit 186-08-02-12
JPL 384-64101-2-3440

The Random Star Angular Rate and Position Sensor {RSARPS) is an instrument
designed to determine the angular rotational rate of a spacecraft, to which it is
attached, by observing the motion of stars passing through its ficld of view. Other
modes of operation could permit measurement of incremental angular changes in
spacectalt attitude from an arbitrary star thus permitting attitude stabilization in
any orientation.

PROGRESS
A breadboard RSARPS has been built using an image dissector for the detect-

ing element. This breadboard has been tested in the laboratory and the field in
several configutations.

A theoretical noise model has been developed for predicting the effects of
parameter changes on the performance of the RSARPS and other instruments using a
similar detector and scanning method.

This theoretical noise model has been experimentally verified over a2 wide
range of system parameters.

The performance achieved during the testing was inadequate {or spacecraft
rate control functions. The problem areas limiting the RSARPS performance have
been identified. Several modificatioms are possible, which nere heyond the scope
of this project. that have the potential of transforming the RSARPS into an insirument
capable of performing all required spacecraft rate control functions.

TECHNICAL REPORTS

An interim report on the RSARPS appeared in JPL SPS 37-31. Vol. 1V,
P pe BS.

A final report is in preparation and will appear in JPL SPS 37-34, Vol. IV.

This project terminates at the end of FY 1965,
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CELESTIAL SENSORS - LEXS DESIGN
NASA Work Unit 186-68-02-13
JPL 384-64201-2-3440

LENS DESIGN AND FABRICATION PROGRESS

The Sun simulator condensing optics were made and tested. As predicted
by the program. the compleled l=ns system produced an image having a blur circle
radius of approximately . 0053 in. This represents a rescolution increase of nine
imes compared to that of the original condensor. which was designed and made by
a competent optical company. The ncw design not only increased the simulator out-
put significantly but also overcame a lens breakage problem caused by thermal
siresses.

A coilimat.ng lens has been designed {or the Sun simulator. It has siightly
better resolution than the original one according 1o ray trace studies and will be 3
in. in diameter compared to 3 in. for the original lens Because the new lens (s a
cemented doublet instead of an air spaced doublet. stray light will be reduced and
the transmission will be increased., The fabrication of this lens is nearly complete
and testing should be completed by July 15, 19635,

The Canopus iracker lens was designed starting from the configuration
shown in Fig. la. The clement shown on the right is the image dissector tube face.
which becomes part of the optical! system because the image is formed on its inner
surface. Figure 1b illustrates the change in configuration after the initial computer
design run. Figure lc shows the configuration after still more design iterations.
Note that two of the clements have becorre extremely thin, indicating that these
clements might not be necessary. The two thin elements were climinated and the
design continued, which fesulted in the finai configuration shown by Fig. 2. [his
design phase resulted in a spot size reduction from 0. 002 to 0. 0015 in. proving
the thin elements were unrecessary. This is important because it is gencerally
thought that automatic iens design programs cannot indicate the type of system bes:?
suited to a particular requirement, but can only optimize a given lens system. U
true, this would mean that two or more systems would have to be optimized individ-
ually and the results compared. In the tracker design. the .omputer output made
it obvious that four clements would do the job instead of the original six.

The configuration shown in Fig. 2 was made and tested. Testing showed
that the lens had color aberrations causing the blur circle radius to be nearly 0. 06
in. compared to the predicted 0. 015 in. This problem was found to be inherent in
the design because of a misinterpretation of the computer data. The design was
improved by additional computer runs until the chromic aberration was nearly elim-
inated. Instead of making this design. it was decided to modify it o provide an image
that is smeared in one axis. This {eature is desirable to smooth out the scnsitivity
response across the face of the image dissector. It is done by cylinderizing t*e
lens surface adjacent to the tube face. This design modification is in progress and
when completed. the lens will be made and tested. Some testing will be feanible
using the tracker lens that has the chromic aberrations.
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Fig. 1a. Six-element lens - initial Fig. 1». Six-element lens - prescription
prescription given com.puter, after initial design attempt, 0. 0043-in.
0.035-in. rms spot size rms spot size radius
radiue

-

Fig. 2. Four-element lens with 0.0015-in.
Fig. lc. Six-element lems - ailowed eight rms spot sise radius. Restarted com-
surface to become spharical instead puter on previous prescriptions except
of fiat, 0.0027-in. rms apot elements 3 and 5 were omitted

pize radius
LENS DESICON REPORT

The compists lens design program report. covering operation and dasign
techaiques. will be published on JPL Techaical Report No. 32-790. Recen: changes
to the program that have increased its {lexibility are indicated and concern the
following new features:

}. Capability of inserting rectangular aperatures in addition to
ctircular ones.

2. Capability of specilying wpper limits on lens elamant thicknesses
and spaces between sisments.

3. Capability of inserting vertical cylindrical surfaces: previously
oaly horiaontal coes could be used.

4. The user must spacify in the program instructions the number
of design iterations to be made, The program will not auto-
matically skip any remaining design iterations if it cannot further
improve the design. This saves computsr time.

ey
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FUTURE OBJECTIVES

The computer program wiil be further changed to allow insertion of aspharic
polynominal surfaces. An optional printout showing the relative sensitivity of the
spot size in relation to each design variable will aiso be added.

Antireflection coating of fabricated lenses will be attempted at the sensor
group facilities.
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CELESTIAL SENSORS — PLANET TRACKER
NASA Work Unit 186-68-02-14
JPL 384 -64401 23440

PROTOTYPE PLANET TRACKER

A proioty pe planet tracker has been made and successfully tested. The
tracker {Fig. 1)} was designed and tested according to the requirements shown in
Table |. A detailed report published in JPL SPS 37.31, Vol. IV, page 82, describes
the pertinent results.

The electronic block diagram and schematic for the planet track:r are

shown in Fig. 2. For all tests to date the electronics were constructed breadboard
fashion and mounted externsily o the tracker housing.

The major problems encountered with the prototype planet tracker are the
large scale factor variation vs apparent planet size and the absolute null stability vs
temperature while operating at low illumination levels. The scale factor variation
problem will be discussed later in this report. The null stability problem is now
being looked at 1o obtain real values for null stability with the present cadmium
sulfide photocelils {Clairex CL-705L).

A contract with Autonetics is now under negotiation, partially funded from
Planet Tracker, NASA 186-68-02-14 ($14,625), to provide fabrication and evaluation
of cadmium sulfide photocells that will hopefully have superior null stability at low
light levels. This contract should be completed by January 1, 1966.

Fig. 1. Front and side views of planet tracker
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Table i. Wide-angie planet tracker requirements

COparational requirements

Acquisition field of view 25 deg total inclwied angie

Scale factor 8 v/éeg {net to {all off more thar
finite diameter of the pianst would
cause)

Sensitivity Operate from 1, 0 ft-cd to 150 ft-cd

Planet size Qperate from a S-deg planst 10 a
60-deg planet

Sun protection Should be abie to withstand full solar
illumination with ao Sun shutter

Time constant 0.5 sec at 1.0 ft=cd illumination

Unit requirements

Total power dissipation 0.5 w

Size <45 in.3 (5.0 x 3.0 x 3.0 in. maxi-
mum)

Weight <i.0Ib

Output requirements

Error signail Two axis {roll and hinge}

Intensity cutput 0.0 to 3.0 v (for inputs of 0.1 to 150 '
ft-cd}

Acquisition signal Not acquired = 0.5 v; |

acquired = 27.0 v i

VARIABLE GEOMETRY DEIVICE E

Conclusions drawn from tesis comducted with the prototype planet tracker
indicate the large scale factor change because of planet size can be minimized by
optimizing lover arm and aperture sise. A variable geometry device (Fig. 3} has
boun designed and made to empirically define these bett parameters.

Tests have bosn concluded with the variable geametry device. Cenclusions
dvawn indicate a lever arm of minimam practical length and an aperture half shad- f
owing the photecell are bast. Tests with the geomstry davice give a change of 11
to | in scale factor from a 5 deg planet to a 100 deg planet. o scals facter vari-
ation is still fairly large. but comsidering the large dymamic range of planst sizes
coversd, the scale lactor variation is acceptable from a system standpeiat.

Koo i
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PLANET TRACKER ENGINEERING EVALUATION MODEL

Frem the mochanical parameters sbtained with the variable geometry dovice, |
a lever arm of 0.175 in. was chesen for the design of the sagineering svalugtion !
model (EEM). Design and fabrication of the EEM planet tracher are complete and
the device is shewn in Fig. 4.

instoad of the conventiomal methed of placing side by side the twe celis that
make wp ons axie of rotatisn. the cells are stacked one over the sther. The reasen
for this configuration is that simulation of a large planet using a flat disc causes
gecmetry srrers when the cells are side by side. By stacking the cells, these errors
are sifectively canceled; eliminating the need for a complex and cestly eptically
collimated planet simulator.

An illgninated flat disc. i2 in. in diameter, has boen constructed for the
planet simulator. Preliminary tests of the simulator indicate satisfactory simula-
tiom of & planst as large as 100 dog subtended angils.

To plot tracker cutput as a function of angls. a special dividing table {Fig.
5) was constructed that weunid allow the tracksr to be positioned close to the illami-
nated disc. This dividing table allows the tracker to be positionsd within $ ia. of
the flat disc simulator. This distance from tracher to disc is required to simulate
a planet subtending an angle of 100 deg.

To date. 2o tete have been conducted with the planet tracker EEM because
of manpowes -h-:::i.d'rnﬁq should bagin by Jul 1, 1963, however, with the
following tests sc s

1. FiaM of view,
2. Scale factor {5 to 100 deg planet)
3. Nuli stability:
a. Vo temparature.
b. Ve light intensity.
4. Acquisition threshold.
5. Imtensity oulput.
6. Hinge and roll characteristic curves.
7. Stray light tosts:
a. Plaset-probe Sun angle. 1
$. Ailscellancons performance toots.

Cadmiwn sullide photecells ocbtained from the Autenstics coatract will be |
svaluated in the planst tracker EEM after complation of the above tests.

A dotailed report will summarise the results of all evaluations. l




o

[

Fig. 4.

Fig. 3.

Planet tracker engineering

evaluation model

Variable geometry device

Fig. 5. Planet track dividing table
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CELESTIAL SENSORS - DETECTORS
NASA Work Unit j86-68-02-16
JPL. 384-64501-2-3440
EVALUATION OF CADMIUM SULFIDE PHOTOCONDUCTORS
An in-house evaiuation of 10 types cf currently available cadmium suifide
photoconductors {Fig. 1} has been completed. This evaiuation consisted of the
following [ive types of testa:
1. Resistance vs intensity.

2. Light history.

3. Temperature,

4. Resistance vs voltage.
5. Ultraviole: radiation.

A detailed final report covering this evaluation has been completed and will
be published.

No further work with commercially available cadmium sulfide photocells is
planned for FY 1966,

VACUUM DEPOSITED CADMIUM SULFIDE PHOTOCONDUC TORS

A comtract has been let to Autonetics for the [abrication ard evaluation of
vacuum deposited cadmium sulfide photoceils. From this contract it is haped a
cell of greatey dc stability and better uniformity will be developed.

The contract is partially funded (38, 399} by FY 1963 funds of NASA 186-68-
02-16: results will be obtained during FY 1966. The vacuum deposition masks are
scheduled for completion on June 29, 1963, with the first cell to be compiated July
10, 1965. A total of 20 photocells are scheduled for completion July 31. 1965.
along with preliminary test reports on the cells.

The second phase of this contract now under megotiation is for the evaluatien
of the previcusly fabricated photocells. The evaluation phase censists of the {ollow-
ing testa:

1. Null stability vs temperature and illumination.
2. Maximum operating limits:

a. VYoltage.

b. Power.

c. HNlumination.

;
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3. Sterilization cycle survival.

4. Vacuum environment effects.

%, Time constants vs temperature and iliamination.
é. Light memory sffects.

This second phase of the Autonetics contract has also been funded from
FY 1965 funds but [rom NASA 186-68-02-14 {Celestial Sensors - Planet Tracker),
Total cost of the second phase is $14. 623.

; The comtract should be completad by January 1. 1966, with final reports to
ollow.

THERMOELECTRIC INFRARED DETECTOR

A comtract with Barnes Engineering Company is being negotiated for the
developmaent of ar improved thermoslectric infrared detector to be used in the Lunar
and Planstary Horison Scanner {LPHS). This contract will be funded by FY 1965
fands of NASA 186-68-02-04 (LPHS) and FY 1966 funds of NASA 186-68-02-19
{Optical Sensor Techniques).

The infrared detector contract will be a level-ci-effort type rovidirg a
9-mo program. Investigations will be in the following four areas:

1. Improved thermoelectric output of the present bismuth -
antimony detectors to achieve buik thermoelectric properties.

2. Improved thermoelectric output through the use of new
materials.

3. lmproved thermoelectric output through lowering of heat loases
from the hot junctions of the detectors.

4. Provide a detector capable of oparation in the termperautre
range of +40 to 160°F and capable of sterilization (145°C for
3 hr, three cycies) in 2n inoperable state.

IN-HOUSE DETECTOR YACUUM DEPOCBITION

There have been no detectors (abricated in-house because of delays in
chamber modifications and a temporary shift of manpower. However. vacuum
depesition chamber modifications have been completed and fixtures mada for work
in detacter fabrication. At this time thare are no plans for detector vacuum depos-
ition under NASA 106-68-02-19. The vacuum chamber and fixtures will be primarily
used for vacuum deposition of optical coatings.
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Fig. 1. Test samples of cadmium sulfide i:hﬂuoducuw detectors
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CELESTIAL SENSORS — TESTING AND EVALUATION
NASA Work Unit 186-68-02-19
JPL 384-64801 -2-3440

The objective of this program is to procure, develop, and maintain equipment

ased in the testing and evaluation of various types of celestial sensors.

PROGRESS

During the present period, maintenance work was performed on the large
heliostat and crane in the JPL 40-fi-diameter domed celestial simulation room
(Celestarium}.

Procurement of test instruments and accessories for existing equipment
included the following main items:

1. 1lon gauge for small vacuum test chamber
2, Bell jar for large vacuum evaparitor

3. Clean mat for Calestarium

4. Optical test equipment for measurement of image quality and
index of refraction of optical materials

5., Integrating digital voltmeter,

Other small procurements of miscellaneous supplies incidental to the operation
of test equipment were made.

FUTURE ACTIVITIES

Besides the continued maintenance of existing equipment, the design and
fabrication of the Sun simulator for the rpace-vacuum test chamber will be started.

The test and evalustion program for FY 1966 is being consolidated with other
programs as "Optical Sensor Techniques” (NASA Work Unit 186-68-02-19-55),

Lens design, detectors, and advanced signal processing techniques will be included
in this Work Unir,
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THERMAL CAMERA
NASA Work Unit 186-68-02-20
JPL 384-64901-2-3440

THERMAL CAMERA USE

The use of the thermal camera{Fig.1) has besn restricted to the apacecraft
control and spacecraft radio sections during the pariod January 1 to June i, 1965,
The spacecralt radio section had thermographs taken of the Mariner C radio power
supply No. 2123; all components were found to be operating within their thermal
tolerances,

The structures group inquired about measuring the emissivity of a complicated
structural device with the thermal camera and it was concluded that the camera could
be used for this purpose. Initial discussions were held on March 29, 1965, and
photographs of a working spacecraft were also discussed at that time, This process
requires the camera to photograph a spacecraft in the large vacuum chamber at the
Laboratory; because of the lack of an infrared transparent window of adequate size,
this subject was not pursued.

THERMAL PHOTOGRAPH OF OPERATING ELECTRONIC MODULE

The thermal camera has been successfully used to photograph working elec-
tronic modules. The thermograph in Fig, 2 shows warm transformers on the lower
right, and warm transistors and heat sinks on the lower left. Other warm components
ars shown at the upper right. These units were operating from about 3J0°F (white)
above roomn temperature down to room temperature {black to dark gray).

The thermal camers is most useful in determining the temperature of all the
parts of 8 complicated structure with one thermal photograph.

The usefulness of the thermal camera in me~suring the temperature difference
between two objects at nearly the same temperature would be greatly enhanced by
the addition of & ¢ooled detector. The camera is now only ~apable of resolving
about 1*F at room temperature,

THERMAL CAMERA FUNDING

The funding for the thermal camers has baen closed out as of the end of FY
1965, Experiments ars now being conducted with the thermal camers an advanced

operational support squipmant,
The final report on the use of the thermal camera titied Photogr in the
3.5 to 15 Micron hg is in the process of completion and should d au?iriﬁli by
vi, as Section Report 34-3,
INFRARED PHOTOGRAPHY IN THERMAL BALANCE OF SPACECRAFT
The measursmant of the operating tamperature of all visible surfaces of

& spacecraft is an area where the camera could be well used. A large inirared
window would be needed, because the camera was not built to be operated in a vacuum,
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Fig. 1a. Thermal camera and elecironic Fig. I1b. Thermal camera and electronic
accessories - front view accessories — rear visw

Fig. 2. Thermagraph of an operating
slectronice meduls f
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If the spacecrait had a common g of surface or if the emissivities of all the surfaces
are known, then the tempersture of each part of the spacecraft could be directly read

from the tharmograph, This method could add to the accuracy of the thermal balance

of the spacecraft as well as reduce the time required to make the thermal balance
calculations.
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I GUIDANCE AND CONTROL, SUBSYSTEM INTEGRATION FOR FUTURE MISSIONS
NASA Work Unit 1 86-68-02-2)
JPL 384-65201-1-3430

ON-BOARD COMPUTER PROGRAM

A program has becn developed that can be used with a prototype on=-board
digital computer to enable & spacecraft to: (1) perform orbit determination using
measurements {rom & planet sensor and {Z) compute the retro maneuver required to
insert the spacecraft into a desired elliptical orbit around the target planet, This
program development was started to support the Magnetic Logic Computer develop-
ment (NASA Work Unit 125-17-04-01, JPL 325.70201-2-3410) being performed by
Section 341,

The program uses a simplified orbit determination procedure with weighting
coefficients precomputed on the basis of the nominal orbit and {ixed measurement
times, and approximated by polynomials in time, A series of computer programs
were developed to determine the measurement sensitivity coefficients, to determine
the overall measurement weights, to determine the orbit parameter perturbations,
and to {it the weighting coefficients with polynomials. The required maneuver is
computed from the updated approach orbit parameters and ellipse parameters. This
maneuver velocitly vector is then transformed into spacecraft turn directions and
velocity magnitude for controlling the maneuver execution,

The on-board computer program developed is a preliminary version and will
probably require modifications and procedure changes to be made compatible with
the magnetic logic computer and to operate efficiently, This effort will be continued
in FY 1966, Other work planned for this effort is the generation of typical data to
exercise the program and computer, the analysis of the accuracy of the computer
resuits, and the evaluation of different approximation techniques that might be used,

HANDBOOK FOR SYSTEM RELIABILITY ASSESSMENT

The '"Handbook for System Reliability Assessment’ developed contains rules
and procedures for organizing system functions and element reliabilities into standard
forms, and for using this information to make gquantitative estimates of system
reliability, This handbook is t0o enable engineers with little background in reliability
analysis to estimate system and subsystemn reliabilities, The general approach
taken makes the technique applicable to a wide range of problems, Final docu-
mentation has heen delayed because of reassignment of manpower to flight programas,
After the docurnentation is complete, the handbook procedures are to be evaluated
using & sample probism and an engineer untrained in reliability analysis.

ORAIT TRIM GUIDANCE

In FY 1966, work will be started on & new phase of the analysis of accuracy
with which an orbit around a planet can be trimmaed or correctad to & more desirable
orbit, This involves determining the effects of the individual error sources in the
guidance and control subsystem oan the overall accuracy of the mansuver and the
resulting orbit, The on-board guidance and control subsystam may also contribute
1o the final orbit uncertainty il on-board sensors are used for orbit determisation,
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This aspect of the problem has been studied previously (reported in SPS 37-27. Vol._
1V, pp. 20-24. * Satellite Orbit Determination Accuracy Using On-Board Instruments’)
but may require further analysis.
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ADVANCED S/C DIGITAL MAGNETIC TAPE RECORDER DEVELOPMENT
NASA Work Unit 186-68-03-0)
JPL 384-60901-2.3341

INCREMENTAL-MOTION TAPE-DRIVE DEVELOPMENT

The possibility and desirability of transporting magnetic tape with incremental
motion to provide variable daia rates during the record mode, the playback mode,
or both, is being considered. Technical proposals were solicited for developing an
incremental tape drive mechanism in accordance with JPL specification GMY-50384-
DSN. A bidders' conference was conducted st JPL and attended by the eight following
companies:

Ampex Corp,
Borg Warner
Consolidated Electrodynamics Corp.
Cook Electric
Leach Corp.
Precision Instruments Co,
Ralph M. Parsons Co,
Potter Instrument Co.
The three following companies responded with proposals:
Ampex Coryp,
Borg Warner
Cook Electric

Following facility and proposal evaluation by JPL persomnsl, Ampex, and
Cook were ashed to submit cost proposals, On the basis of their technical preposal,
facility naa'city. and proposed cost, Ampex was selected, It is anticipated that a
contract {for $44, §84) will be placed snd work started in July 1965, The firet 4 mo
of the contract will be devoted to a design study and motor-drive developmant,

HIGH IMPACT TAPE RECORDER DEVELOPMENT

During March, a formal request for information concerning state of the art
high impact {1,000 to 10,000 g for parieds of 1 10 5 mesc tape recerder Wchaclegy
was submitted to industry (JPL T 5-152). Numereus responses were received,
seversl of which indicatad that the Sandia Corp. had sponseored significant work in
this ares, Two of the companiss, Borg Warner and Raymend Enginseriag, were
found to have existing contracts with Sandia for tape recorders to operate during &
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3000 g vhock. A visit to Sandia Corp. is scheduled for obtaining information
and obeerving high impact tests,

SOELASTIC TAPE-TRANSPORT EVALUATION

An isoslastic tape-transport developed on JPL subcontract 950850 (Fig. 1)
was subjected to JPL Mariner C typs-approval testing during the previous reporting

period. During the present reporiing period, further testing has been periormed;
most notably, flutter messurements that indicate operation of the transport may have

deteriorated somewhat as 3 result of the type-approval stresses, To more precisely
assess this deterioration, the unit has been completaly disassembled and critical
parts examinsd and measured, It will be reassembied {with new parts where
required), retested, and evaluated during the next reporting period.

TAPE RECORDER ELECTRONICS MINIATURIZATION STUDY

This work consists primarily of an on-Laboratory study to determne the

feawibility of replacing the Mariner C tape-reccrder electronics with integrated
circuits, The Mariner C tape ~acorder was chosen to provide a well documented
starting point and an existing subsystem with which to measure progress.

Fig. lb. Isoelastic tape recorder

Fig. 1a. Isoelastic tape recorder
tbx &x 3 5I5in.)

{6x &x 3 323in.)
Record to playback speed Record to playback speed
ratio = 1280:]) ratic = 1280:}
Top view Bottom view
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Discussions werse held with Texas Instruments on the feasibility of integrating
the several circuit sections. A listing of the discrete components which would have
tc be used in conjunction with the I/C networks, revealed capacitors to be the major
item,

Two approaches to integration are being implemented. The first :s to
radically redesign the circuits so that large capacitors are eliminated; a contract to
develop a photon-coupled switch to directly replace the present 1. P, switch will be
placed soon. The second approach ic an in-house effort to fabricate a system using
off-the -shelf integrated circuits and discrete components a8 reguired, Two circuits,
the playback amplifier and the differentiator, have beer fabricated to date. In the
following & mo, other sections of the tape recorder will be {abricated in the same
manner. At the end of this period, a complete hybrid tape recorder electronics
system should be completed,

MAGNETIC SPEED CHANGER DEVELOPMENT

Laboratory personnel were approached by the Magnavox Corp. with a
(proprietary) device for speed changing in a torque transmission system, The
advantages of such a device, if proven [easible, 1n a tape recorder include: {1}
elimination of the drive belt, or belts, having the shortest life {lowes!? reliability)
characteristics of all the belts used in a typical tape transport, and (2} the elimination
of radial load on the motor bearings. 5 -h 8 device would also have the advantage
of an infinite number of speed reduction ratios available by electrical switching,

Procurement proceedings for a design feasibility study were started in
January. A fixed price contract for Phase [ in the amount of $3, 865 was writlten in
May and work began in June. Some initial research on materials and magnetic circuit
configurations has been made,

Test breadboards of the magnetic circuit will be developed and evaluated, and
Phase | will be completed during the {irst quarier of FY 1966, Assuming a successful
conclusion of this effort, Phase I (for the development of a prototype} will be
attempted,

MAGNETIC BEARING DEVELOPMENT

Frotn a peliability standpoint, one of the weaker clements of a tape transport
is its motor bearings. The concept of 2 magnetic bearing that would have no
mechanical contact seems attrac.ve. Such a bearing would be cspecially compatible
with the magnetic speed-reduccr development now in progress, Therefore, an
inhouse feasibility study 18 being conducted. Fhe JPL library has been requested to
make a literature scarch, and some useful information has resulted, A bearing has
been optimally designed with the aid of the IBM 1620 computer and detail drawings
are being prepared, During the next 6 mo, two versions will be constructed and
tested, One will use only permanent magnets, while the other will use both permanent
and electromagnets. Special equipment nceded fo: the evaluation of the bearing has
been purchased or is being designed.
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BRUSHLESS DC MOTOR

Direct current motor characteristics have long been considered ideal for
tape-drive applications. Many ground-station {serviceable) tape transports today
use dc drive systemns, The one major deterrent in applying such systems to space-
craft applications is limited brush-life; however, the advent of the brushless dc
motor promises to eliminate this deterrent. Recent work at GSFC and motor
companies in industry indicates that the major problems associsted with brushless dc
motors have been solved, Advantages in size, weight, and power are anticipated
through the use of such motors in spacecraft tape recorders. Accordingly, a study
is being made where two approaches are being pursued. First, the work being done
by GSFC is being foliowed & closely as possible; secondly, procurrment proceedings
have started for an effort to develop a brushless motor for specific application to a
spacecraft tape recorder. A contract for such a development should be awarded
during the next 6 mo,

FLUX HEAD 5TUDY

The final report on contract 950850 for an evaluation of flux-responsive heads
(Kinclogic Corp. ) has been completed, The following information is extracted
therefrom: all of the heads tested, both ‘iall-effect and modulator type, survived
type-approval testing for shock and vibration without measureable degradation in
performance. The signal-to-noise ratio for all heads was in excess of 40 db, Of the
Hall-type heads, those with indium antimonide elements have the highest output but
their use is limited to temperatures below 40°C. Those with indium arsenide
elements are usable up to a temperature of 100°C but output is low. Flux-modulator
types are usable up to & temperature of 80°C, The power requirements ior both
Hall-effect and flux modulator heads are about the same, approximately 100 mw/
channel. No further work on flux-responsive heads is now contemplated.

DRIVE BELT STUDY

Work has been progressing on the program to evaluate creap and stress-
relaxation of Mylar drive belts under various environmental and design situations.
Speed of the driven pulley is measured by means of the G. R. Strobotac, while the
output torque is measurcd by means of a calibrated pendulum coupled to the driven
shaft through a magnetic clutch. From ths data obtained, curves of speed .s torque
are plotted for various pulley materisls and configurations, belt tensions, and temp-
eratures,

Repeated failures of the magnetic-particie brake, apparently because of
magnetic particles getting into the bearings, resulted in the substitution of a magnetic-
hysteresis brake that has performed satisfactorily. Four test units have heen con-
structed and belt-stress relaxstion tests are being implemented. These tests will
determine the amount of torque transamitted as a function of time, temperature, and
installed stress.

The present program for Mylar belts should be completed during the next
reporting period. Following this, & similar evaluatian of H-{ilm belts is planned.
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TRIPS, SYMPOSIA ATTENDED, ETC,

During the past é mo, personnal asgociated with the spacecraft tape recorder
activity ittended two mechanical-bearing symposia {one sponsored by the Industrial
Tectonics Corp. and Design News, and the other sponsored by the American
Ordnance Association); the [EEE Convention on Military Electronics; and the [EEE
intermag Conference. Two trips were made to GSFC to confer on spacecraft recorder
problems, and a reciprocal visit was received at JPL irom Goddard personnel, A
vigit was received at JPL {rom three members of the Canadian Department of
National Defense Research Telecommunication Establishment for technical discussions
concerning data storage on the ISIS-A satellite, Industrial companies visited during
the past 6 mo by members of the JPL tape recorder activity, for the purpose of
obtaining or exchanging technical information include:

General Kinetics, Inc.

Reed Instrument Bearing Div,
Kinelogic Corp.

Applied Magnetics Corp.

Borg Warncer Controls Div,
Ampex Corporation

Cook Electric Company

United Shoe Machinery
Magnavox Corp,

Leach Corporation

Controls and Guidance Div. of Whittaker Corp.
Raymond Engineering Labs
Lockheed Electronics Company

Two visits were received from Lockheed Missiles and Space Company
personnel to discuss satellite/spacecraft problems.
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ADVANCED §/C DATA HANDLING SYSTEMS DEVELOPMENT
NASA Work Unit 186-68-03-02
JPL 384.6210k-2-3341

ENGINEERING DATA PROCESEING

The final report of the & posteriori redesign of the MA II dats system was
compieted and informally published for Laboratory :nternal distribution on Februaryl,
1965, The report is titled ""Some Considerations of Desp Space Data Compression
F easibility” by Philip Jeweil and ie some 430 pages in length. It is believed that the
report quantitatively establishes the feasibility and desirability of data comprussion
for certain classes of missions: namely, those 1o the planetoids and beyond. The
desirability of data compression for more immediate missions was also evident in
the resuits of the report, aithough this desirability can only be measured qualita-
tively in terms of better instrumentation for a given bit rate and not quantitatively in
terms of such things as weight and power savings. Another report titled "Some
Considerations in Establishing the Feasibility of Data Compression in Unmanned
Spacecraft” by P. Jewell and D. G. Bourks was presented at the AAS Symposium on
the Unmanned Exploration of the Solar System in Denver, Colorado or February 10,
1965 {also JPL Internal Technical Summary 3341-65-6) and summarizes the larger
report mentioned previously.

Using the results of the feasibility study as a basis, it was decided to embark
on the development of a breadboard engineering data handling system that uses dats
compression. The model chosen for this develcpment was the Voyager Orbiter.
Basides the immediate possibility of data compression being inc this mission,
the choice of model was influenced by the need to do an a priori design process for a
data compression system as a part of demonstrating feasibility, because previcus
work had modeled only past missions. .Figure | is a simplified bar chart of the work
plan for this development. A detailed explanation of the task areas in the bar chart
and the approach is discussed later. A few salient points should be aired at this
time. First, although Fig. | shows effort lasting through FY 1966 third quarter, it
is envisioned that the effort will last for a considerably longer time. This time has
significance because it is the time when a decision must be made to commit a system
of this kind to the Voyager project and to proceed with {light prototype development.
Second, it is not envisioned that a complete systern will be buill, only the essential
and critical parts. The fabrication will be heavily supported by software simuiation
and verification studies. During the latter quarter of this year, ail of the remaining
procurement funds under this task were committed to contribyte to the purchase of a
Scientific Data Systems 930 computer system. As a resull, most of the effort will
be in-house.

At the time of this writing, the mission assumptions have bec: written and
the measurement list has been compiled. Measurement processing requirements
are in the process of being defined in detail.

The tctal measurements, which have been compiled through close liaison with
the data user's, number some 736.
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Fig. 1. Development work plan for
engineering data compression
system

DATA SYSTEM RELIABILITY

Two redundant multiplensr configurations have been designed and simuiated
on a computer. The simulation program has the capability for sequentially introduc-
ing random failures sad checking for the correct functioning of the multipiener antil
dastruction. There is &lso pm#:im\ for inducing failures statistically and conse-
quently for deriving relisbility res for the muitiplexsr a» & function of the slement
reliabilities. A report entitled "Relisble Multiplexing by Replacement’” by
1. R. Kinksl is in the process of baing written. Aacther report titled "'Data System

Reliability by J. F. Meyer is still in progress and is due lor compistion at the end
of this quarter.

This subtask is being transferred to OART, NASA Work Uait 125-23-02-15-55,
in FY 1966.

DEVELOPMENT WORK PLAN FOR ENGINEERING DATA COMPRESSION SYSTEM
Primary Objective

To demonstrate the feasibility of an Advanced Enginesring Data Handling
systam that uses data comprension and its attendant functions. Data compression is
defined as being the process of removal of redundancy as defined by the data user
from sensor signais. Functions attendant to data compression are confidence sam-
pling {automatic and commanded}, controlied redundancy introduction for operational
measurements, data buffering, and priority selection during buffer overloading in

addition %o the standard functions of multiplexing, signal conditioning, aud quantising.
Feasibility wiil be demonstratsd for: . s -

i. Hardwrre,
8. Design feasibility.
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b. Reliability, weight, and power coasts.
2. Efficiency of information transmission.

Secondary Objective

To provide meaningful information for later flight system development, design,
and {abrication, if a decision to commit is made.

Methods

The hardware design f{easibility objective wilt be pursued by the design and
fabrication of s breadboard data compression system using modules that are as
representative as possible of flight hardware, and by making flight reliability,
weight, and power cost appraisals.

The hardware reliability, weight, and power costs objectives will be pursued
in three basic steps:

1. Software implamentation of the system transfer function in
paraliel with the system hardware design.

2. Showing agreement of outputs for identical input data to
establish confidence in the software implementation,

3. Further using software simuiation to derive other quantitative
resuits from data that cannot easily be inputed to a hardware
system ({for example, actual telemetry data stored on magnetic
tape is more suitable for input to a software simulation,
realtime data generation on an individual scurce basis is
more suitable for input to a hardwars multiplexer).

The secondary objective acknowledges the importance of good information
turnover in a development process. Data compression systems are more user
oriented. Consequently, data requirements cannot be specified as in past systems
and new methods must be established for carrying out this facet of design. The
objective alsc recognizes that a data handling system input is probably the most
variable interface on the spacecraft but, even though this interface will change, the
design philosophy and certain desirable functional characteristics of the system
must not be compromised during later development and flight design. 1n summary,
information generated for the turnover process must allow for knowledgeable devia~
tion from the specific system while ensuring that functional intagrity is preserved,
Accordingly, the secondary objective will be realized by:

1. The compilation of a specific sei of systam input measurements
in consultation with engineering data users. The spacscraft
model used will be the maximum case EPD 250 mission. Whare
EPD 250 is parametric in subsystem configuration or deficient
in scope as compared to current Vaﬂtr considerations, resolu-
tions will b¢ made based on the most y configurations for a
¥ ¢ mission of on the most diverse set of measyrements
ff%mu consideration does not biae a decision. The choice
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of model wae primarily mads to paralisl Voyager design activities
and secondariily because an a priori design process must be
carried out as & part of demonstrating feasibility.

The compilation and classification of data wser processiag
requirements and the methods used to derive these requirements.

The outlining of a systern design philosophy, design criteria, and
fanctiona] spacifications based on the compiled data processing
reguirerments.

Work Plpn Tasks (Refer o Fig. 1)

Mission Ae s. The objective of this task is to specily the model to be used
for maa nqlatcmm: and constraints on the data handling system. Work
will consider the following mission factors in their potantisl effects on the data

handling systam:
l.

Z.

3-

Communication chanmel.
s. DEF availability.

b. Spacecraft communication parameters and bit rates
during availability of the channel.

¢. Interruption of the channel {rom occultation.
d. Command availability and rates.

Mission modes.

Spacecraft subsystems.

a. Firm up specific models for subsystems with attendant
measuremaent lists.

1) Propulsion.
2} Capsule {(bus source measurements oaly).

3} Engineering mechanics.
4} Power.

5] Attitude control.
é) Scisnce and its relation to engineering design hardware.

7} Video and storage and itz relation %o enginesring design
hardwars.

§) Communications.
9 CC&b
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5. Derive a command list in conjunction with measurement lists.

Measurement Processing Reguirements. The objective of this task is to determine
measurement procedsing requirements to sise system parameters and to determine
the capability that the central processcor of the systam should have.

' _ ' -

Work will procesd in three basic steps:

; l. From the measurement lists, chart the information required to

; carry out the processing on the measurements.

e 2. Set up liaison with the data users to firm yp processing techniques
¥ in gquantitative terms.

. 3. Classify and decompose processing techniques to determine what

i capability should the central processor have. Compile quantita-

tive figures such as number of channels, interrogation rates, etc.

1 Data Handling %-um Functional Requirements. The objective of this task is to

5 system design criteria, system conceptual requirements, and specify design
hardware subsystem functional requirements. The system will be derigned to these

-* specifications.

Data Generation. The objective of this task is to supply meaningful data to verify the
integrity of the hardware system and software simulation programs.

This task wiil be performed in three basic steps:

X I. User estimates of expected data characteristics vs their
{ respective subsystem modes will be compiled.

. 2. Work will then proceed to find methods of generating simulated

t data that is parametrically similar to the expected data. After
methods are found, any fabrication necessary to input this data
to the hardware system and software programs will be done.
Simulated data will be used to verify the integrity of the hardware
system and the software simulation programs, and to verify that
the twu systems (hardware and software) pericrm identically.

[——1

LS |
L
h

Work will then emphasize the generation of what we will term
“extrapolated data, " which wiil be a combination of cleaned up
or reconstructed nonreal-time ﬁ;jrjmdau and user expected
data. Some typical data profiles of modes envisioned for
cha!tr mission will be generated to input to the software
simu r. of the system.

Software Verification. The objective of this task is to derive figures of merit for the
hardware system on data that is not easily inputed to the hardware system {such as
actual stored telemetry data). Work in this task will paraliel the design of the system
in three basic ateps:

i - 215 - L.
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Soware requirements specifications will be completed shortly
aslter sebsystem block diagrams with inleriace diagrams have

bean compieted.

Programming the ceatral processor functions and then special
processing functions to verily their operation. A strong iteration
will be carried out with the system design and fabrication task.

Verification of systemn operation oa simulated data and the deriva-
tion of systew figures of merit weing sxtrapolated data.

2“ ih# and Fabrication. The objective of this task is 0 desiga and fabricate
' re oy par 1 with software development. The work will be carried
ouwt in four basic eteps: .

1.

Condecting of preliminary hardware studies that strongly affect
the astablishing of system design criteria and subsystem functional
roguirewests.

System design and iabrication, starting fivet on the central
processcr and seni on the special processing. A strong iteration
process will take place between this task and software verification.
Systevn weeting and verification with simulated data.

Appraisal of hardware costs (reliability, weight, and power) for
an equivalont flight system.
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SCIENCE SYSTEM DESIGN AND COMPUTER SIMULATION
NASA Work Unit 186 -68-03-02
JPL 3B4-62102-X-3240

A system organization for science data handling (flight) was investigated
{Fig. 1) for a first attemnpt at computer simuiation and analysis at the detail level.
The system design was abbraviated to process the cutput {two channels) of & single
scientific instrumant, an ultraviolet spectrometer.

The logical design of the {realtima)timing and control signals was completed.
The description of this design appeared in JPL SPS No. 37-32, Vol. IV and V.

Nonreal-time portions, including frame identification, frame count, data
count, timing level generation, and control signal generation were logically designed.
The Boolean squations that characterize the outputs of the meamory elemnents in the
synthesis of these subunits are discussed later. The logical diagram is shown in
Fig. 2.

The use of a general-purpose computer as a design aid was demonstrated
in the synthesis of a8 binary sequence detector {SPS No. 37-31, Vol. IV and V}.

A statement of work was prepared and submitted with an RF P to six
companies. Mesa Scientiflic Company was selected to carry out Task ]. Mesa will
prepare a computer program for the IBM 7094 that enables the computer to simulate
the logical behavior of those subunits appearing in Fig. 2.

FUTURE WORK

Minor changes in the contract [or a computer programming study will be
incorporated. In the next quarter, c program will be written under JPL's super.
vision. In the following quarter, an analysis of the dats flow and system organisa-
tiom will be underiaken.

BOOLEAN EQUATIONS

Boolean %“!iﬂ!i Characterizing the Outputs of Memory Elements in the NRT
iming an ata Loaing
3cale of B
Al = AR, + KA,
Aj = Aj i=2,3,4
Input 416_64 ko clock
Output Zg = A, 52.08 ke clock
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'
Scale of 7 )
B; = 3,5233 [ 2 3353
B = Bi.; =21
Input Zg %2.08 kc clock
- internal states combined with C;, C,.....Cgq provide
{bit) timning levels tg, t). ..., t214 and scale of 7 x 31 = 217
Scale of 3! and Frame ldsntifier
cy = (T ;8 C3c5 + &3&
Ci=Cj.y 1=22,3,4,5
Input Zg 52.08 ke clock
Output — 31 bit pseudo-randcom sequence and timing levels
described previously
| A TERNILY
)
= p—
x .;-_’—4 WTTANCE
v T\
I R R A\
. 1 i ! -d\\ 1
: [ | 1
g ]
. | 1 ,f
.‘é:‘
= lamy ey
. i
CENTEC nEteumiats TOOPRG] SMaSun S w
T sam— vame mas s IVITeD Conemn Y
Fig. 1. System organization for science data handling {flight} ‘
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Exame Count
Yi = B, ¥V, +5,V)) + YoV,
R T

Input tia + 5;)BF gated clock
1

$; cycle right shift command
BF buifer full command
Data Count
X{ = 53XsXg + S3XsXg
X = Xyop 02 L2, ..., 9
Input {i.'l + §3} GC  gated pulse count
53 shift right and clear command

GC gate (data) pulse count

A/PW (analog-to-pu.se width) Trigger

Input io £2.08 kc/217 = 240 cps
Output 120 cps
Data Format Control
; = tgy * tgy S,
Sz = toa * Y108 S;
$3 7 e * Tt K1 5y
Whan 5, is 31 «bit frame identifier readout command
Asynchronous Gate-Data Count
Q = CG + GQ + CQ
input G = E1E; + EjE; gate frame
C s 416, ke clock
Q present state of asychronous sequential circuit

Output, 208 kc gated clock
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RADIO FREQUENCY TEST CONSOLE
NASA Work Unit 180-68-04-03
JPL 384-0l20)-2-3341

The Radio Freguency Test Console Phase | contract (JPL 950144} let to
Westinghouse Corporation, Baltimore, Maryland on March %, 194 has been success -
fully completed. The primary goal of this contract was to build a precision
50 Mc signal-to-noise mixer and demonstrate that a signal-to-noise ratio could be
set and maintained within a tolerance of *0. 3 db over a 4 hr period. In aadition,
Westinghouse was required to stady practical methaods of mechanizing an equivalent
DSIF transmitter/receiver pair with an accuracy anc precision at least an order of
magnitude better than that obtainable from an operational DSIF transmitter receiver
pair.

The significant results and the conclusions reached during the course of this
contract are summarized in a final report. In addition, the detailed experimental
and analytical work performed under this contracl is available 1n the Lorm of
appendixes to the final report. For convenience, <ome of the more important
results will be reported here.

The primary aim of the contract was to establish the accuracy with which
average signal-to-noise ratios at 50 Mc could be set. Toward this end, a matrix
of all possible signal-to-noise settings {25 X 10% of them) was arranged into four
quadrants and [0 settings from each quadrant were selected at random plus the
corner setting. The mean, variance, and standard deviation of cach quadrant was
calculated. By comparison, each quadrant was a subset of the total malrix popula -
tion and a mean, variance, and siandard deviation was calculated far all the
readings. From these calculations a 95% confidence interval with 5% tolerance
limita was applied and it was determined that no more than 5% of the readings
would fall outside of * C. 155 db. In addition, as a resull of extensive testing, the
noise power spectral dernsity at the signal to noise mixer oulput was dete rmined
within *« 0.05 db by the frequency response of the maxer.

A design review of the contract was held at Westinghouse in Baitimore on
March 10, 1965 with 10 JPL representatives {selected from Sections 331, 334, 136,
and 339} in attendance. The design review consisted of a presentation of the
significant results of the study effort including the proposcd methods for building
the AF {radio frequency) test console. In addition, a demonstration of the signal-to-
noise mixer and the method of ve -ifying the spectral uniformity of the noise at the
mixer output, using an SDS 910, was presented. There was unanimous agreement
among the JPL attendees that both the guality and quantity of the Westinghouse effort
was well worth the money spent.

A follow-on contract {JPL 95140} was awarded to Westinghouse on June 23,
1965 to build the RF test console {the signal-to-noise mixer was built under JL con-
tract 950144) in accordance with the revised specification contained in the {inal report
of contract 950144, It is anticipated that this followon contract will last 14 mo.
Although this contract will not appear as a formal task in FY 1966, because it was
completely funded in FY i965, the progress of the RF test console wiil be reported
in subsequent reviews.
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PHASE LOCK ACTIVITY {IN-HOUSE)

This activity has been successfully completed and a summary of the results
obtained is being prepared ars a technical memorandum. In particular, during this
reporting period, experimental probability densitias of the phase arror and the times
betwaeen cycle slipping for a practical second order phase-locked loop have been
measured. The performance of the loop as predicted by the familiar linear model
and two different quasi-linear modeis is compared 1o the measured performance in
Fig. 1. An example of the probability density plots obisined for the phase error and
¢ycle slipping phenomens when the sigaal-to-noise ratic in the loop bandwidth is —

3 db is shown in Fig. Z and Fig. 3 respectively.
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CAPSULE TELEMETRY RELAY SYSTEM DEVELOPMENT
NASA WORK UNIT 186-68-04-04
JPL 384-61301-2-331

No significant progress was made on this task until the third quarter of FY
1965. because of manpower limitations and more interest and activity on the direct
link problems (NASA Work Unit 186-68-04-05). Since the third quarter, new empha -
sis has been given to relay link problems, and one engineer has speat appromimately
4“% of his time on this task.

GENERAL RELAY LINK STUDIES

In conjunction with studies pertaining to the advanced Voyager capsuie missions,
studies have been conducted on the general philosophy of relay In:.:_\{ design given the
constraints of transmitter power, anteana gains, acquisition times, etc. For the
cases of spacecraft orbit or fly-by, the original work reported in JPL EPD 139, Vol.
11 still appears to be valid and should form the basis for future relay studies and
design. The problem of communicating from a capsule during the planetary descent
phase, after blackout and until impact occurs, appears to be quite formidable and
further study is required before it can be determined if relay link techniques are
applicable.

RELAY LINK MODULATION STUDIES

The majority of work to date has been for the design and analysis of coherent
phase-modulated systems that use phase-locked-loop receivers aboard the space-
craft and soms form of demodulation/detection before modulation of the spacecraft
transmitter.

When a phase-lock-loop receiver is used in 2 relay link where the RF tracking
bandwidth {ZB is considerably less than the range of transmitter {requency uncer-
tainty it iz necébsary to sweep the uncertainty range to attain carrier lock. As a
result, it is mandatory to keep any sideband power, resulting from carrier modula-
tion that may fall within the uncertaiaty range, at least Z0 db down relative to the
carrier to precliude false lock points. Because the uncertainty range is on the order
of 20 ke {reiative to the nominal carrier frequency), subcarrier frequencies of 40 ke
or greater must be used, requiring a very wide IF predetection bandwidth. Thie, ia
turn. complicates the RF receiver design because of large limites suppression factors
and/or phase detector thresholding, and could evea require that the meduistion be
recoversd before the final IF filter with a separate phase detector.

To ailaviate thase problems, the use of single-sideband angle maodulation
SSB/PM is being investigated; where the lower sideband is sulficiently suppressed to
prevent false locks, and permitting sidebands relatively close to the carrier. Mathe-
matically S5B/PM may be obtained from an equation of the form

yit} = mlsgmlﬂu lucl + Ilt* n
or altersatively
yit) = exp [xi)] Cos |uyt + Reo)] @
- 225 -
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Fig. 1 Simplified SSB/PM system

where

Xit) = the modulitiag signal
ﬁ{ti z its Hilbert transiorm.

When we deal with bisary modulation, Eq (1) appears preferable {rom the standpoint
of dernodulation (phase demodulation after passing the signal through a limiter), while
Eg (2) offers some simplification in amplitude modulation because exp [xt0)] is wtit}
bimary. In any event, we arc forced to obtain the Hilbert transform (or an appromi-
mation thereof) of the modulatirng signal. For binary modulation this might be satis-
factorily dons by shifting the waveform 1/2 bit in time and modifying its amplitude in
some manaet, of it may bs possibie to construct a constant 90 deg phase shift net-
work over the frequency raage of interest. In fact, if the modulation happened to be
a square wave, a 90 deg shift of the waveform would be the exact Hilbert transform
{because the Fourier cosine series representing the square wave would be shifted 90
deg) becauss H [cos wt} = sinwt. This, of course, is not true of the general Fourier
saries whers Ap @ A, # O0; however, approximations of the nature already cited may
be suificient. Figure | shows a simplified block diagram of a modulator using Eq (2).
Laboratory tests to further expicre these processes are planned. and considerable
emphasis will be given to the pra ticality of comstructiag such a system at RF.

SPACECRAFT DEMODULATION, DETECTION

Studies are in progress om the problems associated with spacecraft demodu-
lation, detection, and synchromisatica. Double sideband PM or FM modulation would
e recovered in the usual ways, N SEB/PM i» ueed, the lower sideband must be
restored before demodulation by a phase-coherent loop. This may be done by passing
(at the IF Irequency) the received carrier and upper sideband through a filter-limiter
combiratioa to remove the amplitude modulation.

ARer demodulation, the degree of detection parformed may range {rom simply
filtering and limiting the signal plus nciss before modulation of the spacecralt trans-
mitter {{eedithrough systam), to complets detection and synchronization systemse that
produce a bimary output with some attemdant bit errer probability. Figure 23 shows
the basic fesdthrough approach snd Fig. 2% the basic detection system.
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Fig. 2 Basic approaches
a) Feedthrough
b} Detection

The advantage of the fesdthrough system is its simplicity, while the disadvan-
tages are that: (1} the data rate, {or a given bit error probability. is constrained by
the link, capsule to spacecraft, or spacecraft to Earth (which thresholds first) and
(2} a certain percentage of the available spacecraft transmittar power will be put inte
unwanted noise sidebands because of the noise modulation.

The advantages of the detection approaches are that: {1) the data rates on the
capsule to spacecraft and spacecralt to Earth links do not have to be commansurate
because buffer storage can be used, and (2} for a given signai-to~-noise ratio at the
output of the receiver, higher data rates may be obtained because of higher sfficioncy.
The major disadvantages are those of complexity and the problems associated with
sync and clock recovery.

“‘h is planned to breadboard and test both fesdthrough and detection systems in
FY 1966.

LIMITER ANALYSIS

Filter-imiter combinations have been mentioned in conjunction with SSB/PM
demodulatioi: xad feedthrough sigaal conditioming. Al limiters have been anma-
lysed many times in the past, a further understandiag of limiter am is
required; in particular. the signal-to-noise spectral density ratio (S/Ny)o at the first
zone cutput of the limiter as 2 function of input signal-to-aoise ratio (SNR). Asa saaly-
sis was made and is in the process of being published as a JPL isternal Techaical
Summary, TS-3341-6%-2, "Signal-to-Noise and Signal-to-Noise Spectral Density
Ratios at the Output of Filtar-Limiter Combinations. "
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The major results of the analysis are:
{1} {S/Nglo as a function of {3/N); was obtained {Fig. 3).

{2) It was proven that the total signal pius mois# in any some at the output
remains constant independent of {$/N);.

{3) Using the resuits of item 2, the first zope {S/ N}, was calculated and found
to differ siinﬂicaﬂly {rom Davenport's® rasult over a rather wide range
of input SNR {Fig. 3).

L. I
LTSS BT Sk, - 900l ST

Fig. 3 Firet some limiter

|

lw. ». Devenport, Jr.. "Signal-to-Neise Raties in Band-Pass Limiters.” 3. Appl. .
Phys. Vel. 26, No. 6, Jun, 1933 i
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CAPSULE TELEMETRY DIRECT LINK DEVELOPMENT
NASA WORK UNIT 186-68-04-05
JPL 384-61401i-2-331

COHERENT 31 BPS DEMODULATOR

In the early part of the rasporting period this task was transferred to the com-
mand task (186-68-04- 10} to avoid duplication of sffort amd is consequently reported
under that task.

DIRECT LINK NONCOHERENT TELEMETRY

Because the prime telemetry link from the sarly Voyager landed capsules will
most likely be a direct capsule-to-Earth liak, an investigation of the practical impie-
mentation of low bit rate noacoherent medulatios/damodulation technique is necessary.

The major sffort expended on this task during the reporting period has bewn
directed towards & study of the more theoretical aspects of noacoherent detaction
systems to oblain a better understanding of the practical problems eacountered in the
design of thess aystems. Several well-known optimum implementations. i.e.. con-
figurations for which the error probability is & minirwum, have been sxamined. Iu
particular, a detection scheme that tahes the form of a spectrum snalyser has been
studied in detail. The practical realisation of this system is best carried out by a
digital computer. This necessarily involves sampling asd quantisation of the incom-
ing signal and truncation of its autocorrelation fusction. Although severai theorstical
investigations of the harmful effects of these operations on the system porfermance
have been made by various authors, the range of validity of their results has not been
considered in enough detail. Consequently, am aftempt is being made in the present
study to obtain more realistic results than thoss aow available. A techmical memo-
randurn summarigiag this activity is in preparation.

The comtinuing effort under this task will be for a detailed study of the timing
synchroaisation problem and the simulation of the emtire system on a digital computer.
This task is being transierred to OTDA (NASA Work Unit 150-22-05- 12-55) in FY
1966.
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CAPSULE ANTENNA SYSTEMS STUDY
NASA Work Unit 186-68-04-06
JPL 384-6150i-2-330

SPINNING ORBITER CAPSULE ANTENNA STUDY

OE!'fct'we

The objective of this study was to determine the best high gain :atenna for
a spinning orbiter type planetary capsule.

Summary

A high gain antenna that is compatible with a Sun-oriented, spin-stabilized
capsule has been designed. and prototypes have been fabricated and tested. This
in-house study was staried in the second quarter of FY 1943 and completed in the
third quarter of FY 1565. A final report was generated in the form of a personal
memo. No further work is planned on this iype capsule antenna implementation.
The following is a description of the design requirements, the design evolution,
and the test resulls,

Discussion

The design requirements for this particular implementation were that:
{1) both type ] and type Il trajectories for a typical Mars mission be considersad,
(2} the minimum pesk gain be greater than [0 db, (3} the peak of the baam be
optimized in the cone 40 to 45 deg from the spin axis, and (4} the mechanization be
highly reliable,

A prime decision made early in the study was 1o eliminate consideration of
ail types of implementations { phased and adaptive arrays and mechanically rotated
devices) that require increased complexity, weight, and power if » simple mechani-
sation, which meets the above requirements, was feasible.

The antenna that meets these requirements may be seen in photographic
form in Fig. | and in graphical form in Fig, 2 where { is the focal point of a
parabola a ¢ h whose axis is rotated at an angle o to the axis of rotation to form a
surface of revolution of two parts a’ c a and b ¢ b'.

Naw, if the section of the surface a’ ¢ & is eliminated and the axis of rotation
is considered colinear with the spin axis of the capsule, a single surface of
revolution b ¢ b' exists that will focus energy radiated (rom the focus into & cemical
beam: whose axis is at an angle o to the spin axis.

The gain and beamwidth of the antenna may be calculated from the
following relation:
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Fig. 1. Comical bsam
high gain antenna

CoPEn Ay

Fig. 2. Surface revolution of
two parts
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where G power gain

b = an empirical constant

31,500 degz

fuil 3 db beamwidth in the cone plane, deg

360 deg sin o that is beam position in the cone
piane, deg

hence

2

G = 31,500 de
p ®, X 30 deg sinoc

}

For the antenna seiecled, which meets the look angle requirements for a
Mars 1969 mission, e, - 12. 2 deg and o = 41. 5 deg, hence the peak power gain

G - 31,500 deg®

p l1i.2deg 0 deg sin 41. 5 deg
G = 10,82

P

G = 10, M db

The above parameters were obtained empirically from design curves gensrated
from messured data of prototype antennas of the same diameter, 65 in. , but
different a's, 39.5 and 45 deg. Hence, the scaling is very minor and there i
2 high confidence that the predicted periormance paramsters could be met.

Figure 3 shows a typical 360 deg cone-cut radiation pattern of the
@ = 39,8 deg antenna, The solid line is right<band circular polarization, while the
dashed curve shows the left-hand circular polarization.

Figure | shows that the reflector surfsce was constructed by joining two
conical surfaces with a flat piate. Because the total depth of the reflector is only
3 in. , it is practical to construct the reflector in this manner without deviating
from the true parabolic curve by more than 0. 3 in. This deviation represents a
phase error of less than \/16 and, hence, has a very small effect on gain or the
peak of the beam radiation pattern.

HIGH-IMPACT SURVIVABLE LOW GAIN ANTENNA STUDY

Objective

The objective of this study is o obtain design information for the
censtruction of low-gain capsule antennas with certain eiectrical characteristice
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Fig. 3. 360 deg cone cut radiation pattern of ¢ = 39.3 deg.
65 in. diameter comical beam high gain antenna

that are capable of surviviag the extremely high-impact loads predicted for
the early planstary landed capsules.

Summaty

A survey to determine the possible high-impact survivable types of low-gain
antennas was cenducted, Two types were chosen during the ‘ourth quarter for
further study. High-impact tests have been conducted on the split balun, cupped

‘ tarnetile. Drawings for a ruggedised version have been completed and a second
generation unit is being labricated. Drawiags {or the second typs chosen, an anmular
slot aatenna, are in process. This study is contiouing in FY 1966 with an gput-of-
house contract for appreximately $30, 000 to be Lot in the fiTst quarter. Specifically
the object of this centract is 1o produce design data {or high-impact survivable
iow-gain antennss with epecific electrical characteristics and to prove feasibility

by actual tests on a series of protetype models. Duration of this contract shall be
about & meo.

[}
L3
&

Discussion

To obtain preliminary desiga data for the ruggedized cupped turastile, &
ﬂ&’ll—gml'“-tﬁ* turnstile was high-impact tested. The tests were condacted
e JPL's “sling shot” test facility. The antenma element survived twe 3000 g ohwcito
without any visible damage. These shochs were eriented aleng and orthogenal te
the center columa support. Whes the antenna was similarly shothad at 5000 g, no
discernible affect was noted when shocked inthe direction along the center columa.
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However, when shecked orthogenal te the center column st 6000 g, & small but
permanent distertion of the ceater column occurred Figure 4a shows the center
celumr defermation. Figure 4b is a view at 43 deg of Fig. 4a. Elsctrically, this
damage would have degraded performance by producing an asymmetric beam; yot,
it would not have been catastrophic.

HIGH-IMPACT SURVIVABLE TRANSMISSION LINE HARDWARE

An out-of-house costract is scheduled to be let for » study and develepment
centract te produce high-impact surviving transmission line components in the third
quarter of FY 1566. The major elior: here is to develep & coaxial switch capable of
surviviag high-impact and long term hard vacuum environmest.

Fig. 4a. High impac? tasted turnstile Fig. 4b. High impact tested turastile
antennsa {regular view) antenna {viewed at 45 dag)
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CAPSULE DIRECT RADIO FREQUENCY SYSTEMS
NASA Work Unit 106-68-04-07
JPL 384-$3001-2-334

DEVELOPMENT CONTRACTS

An isclator is required to prevent instabilities in S-band solid state
transmitters because of output impedence mismatch, The capsule envirenmental
requirements, namely 10,000 g shock and high temperature sterilisation (+145°C),
pose a severs problem to magnetic materisls such as those used in an isolater,
Procurement for a higk-impact, sterilizable isolator is in progress. The work
statemaent is being finalised and RFQs will go out in July. The three phase contract
will be divided inte: {1} study effects of shock snd heat on farrites, psrmanent
magnets, and magnetic ahields; (2) develop materials and technigques ts build an
isolator; and (3) build a prototype. Fuading in FY 1965 is $15,000 for Phase L
Funding for later phases will be in FY 1966.

TRAVELING-WAVE TUBE, 20W, STERILIZABLE, HIGH IMPACT, INTEGRAL
AMPLIFIER

Requests for proposale for this development contract are being completed.
is {from FY 1963) $31,000 {rom Power Amplifier {(NASA Work Unit 186-68-

04-09), $53, 000 from Capsule Direct RF Systems (NASA Work Unit 186.468-04-07),
and $111,000 from V. r (NASA Work Unit 818-01-07-01-02). This dietribution
is consistent with the ¢ r of these three work units and the spplicability of the
amplifier to a Voysger capsule mission. This amplifier will contaia the traveling-
wave tube, power converter, and RF filter and will be designed to operste from s
hard landed, sterilizsed capsule before and after impact.

SOLID STATE S-BAND TRANSMITTERS

A Conic 3} w selid-state S-band transmitter has been purchased ($9000)
for svaluation. Similar units made by Moaitor and STL will be naﬂaﬂt(}gag
procurements, NASA Work Unit $19-01-04-01.02) in August. Evaluation 29
devices will aid us in our in-houss developments, determine their applicabllity for
future NASA programs, and sdvance our kmowledge of vendors who may be selected
to build prototype transmittars.

The selid-state 3 w S-dand in-house development is about 30% completed.
The VHF pertion, which bhas a 20 w cutput at 191 Mc and is suitable fer the
capsule relay transmitter {see NASA Werk Unit 186-68+04-08), has passed the
8200 g shock test in three planes and two planss of 10,000 g, 0. 5 maec shock. The
unit fajled the third plane at 10,000 g because of a faulty power transister mounting
schame. Ths high impact weri is heavily supported by NASA Work Unit 186-68-10-01,

Elecirical Technelogy. The initial de of the high frequency varactor

muitiplier is about 30% cemplete. Previeusly available varactors were
for power dissipation at the required frequencies and power levels. The latest
varacters are ea srdar for high power lovel and high impact svaluatisn. Alse,
lumped constant and conxial cavity multipliers are Seing designed te contaln twe
lower powsr varactors. The first resulis indicate reliadle power diveipation lavele

sre achisved. A 3-db less is chserved, however, while the single disde
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{lower power) multiplier exhibite 3 2-db loss. A odised strip line resenater ie
being ezsamined as & possibie means of improving jemcy. It is expected that the
transmitiar design will be completed and ready lor a ceatract for & pratatype in late
FY 1966.

Twe selid-state 1/2 w S-bend transmitters are om life test at 55°C and
stmeepheric prassure. After 12,500 hr, neither unit shows a measurable change in

APt PEGET.
$-BAND CAVITY AMPLITFIERS

A in-house dovelapment of 20 te 100 w cavity amplifiers was initiated during
this peried. These amplifiers are being dosigned for high efficiency, mederate life
{} teo 2 me), and medinum impact capabllity {up te 1000 g). Five Siemans ICIIBA
and five Eimac X483G triodes are on order {$6,000). Radial and 1/4 and 3/4 wave
length coaxial cavities are being explored.
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CAPSULE RELAY RADIO FREQUENCY SYSTEM
NASA Work Unit 186-68-04-08
JPL 384-63101-2-3364

CAPSULE TRANSMITTER

Previous studies conducted at JPL indicated that the best frequency for a
capsule- spacecrait relay link was the region in the VHF band between 200 and 400
Mc. An engissering model of & solid- state transmilter with 20 w output st 190 to
220 Mc which is suitable for the VHF portion of the 3 watt S-band capsule direct
transmitter (see NASA Work Unit 186-68-04-07). has passed §200 g shock in three
pianes and two planes st 10,000¢, 0.5 moec shock. The unit failed the third plane at
10, 000 g because of a faulty power transistor mouating scheme. The eagineering
model of the 190- to 220. Mc transmitter is scheduled for completion in September.

A relay {reguency allocation is being requested. Should the frequency be 400
Mc, two approaches will be tried in parailel to determine which has the greater
reliability and efficiency. Ome approach will be the addition of a doubler to the
present. 200- bic transmitter. The altermate approach will be o generate 400 Mc at
s lower power level and amplifier at 400 dc to 15 w. Funde for the 400-kic develop-
ment are not now available. The high- impact work is heavily supported by NASA
Work Unit 186-68- 10.01, High-Impack Electrical Technology.

SPACECRAFT RECEIVER

A bresdboard 200-Mc sutomatic scquisition phase lock loop receiver was
completed in the first half of FY 1965. During the second half of FY 193, this
receiver has been modified to accommodate larger ranges of loop moise bandwidth
{50 to 800 cps) loop gaims {3 x 10¢ 10 1.5 x 10° 1/5 sec) and swaep rates (10 to
200,000 cps). Within these ranges, the experimental determination of acquisition
probability is consistent with results of the GE study reported in IRE, SET-8;
September, 1962; No. J; p. 210,

Approximately 80% of the breadboard 200 Mc relay receiver is composed of
slightly modified z transponder circuitry. Developmesnt of the fimal 200 Mc
receiver is about complete, with an estimated date of completion of June 1966.
Additional work is needed in the trigger and sweep circuitry and on a high gein VCO
using & fundamestal crystal.

Should a 400 Mc relay frequency becoms a requirement, spproximatsly 60%
of the spacecralt receiver will be composed of slightly modified Maziagl transpoader
circuitry. A new RF amplifier and local oscillstor multiplier chain will have to be
built and the sweep range will have to be dovbled over the present sweep range for
the 200 Mc receiver.
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RADIO FREQUENCY POWER AMPLIFIER DEVELOPMENT
NASA Work Unit 186-68-04-09
JPL Task 384-63401-2-3364

DEVELOPMENT CONTRACTS

ESFA (20 to 100 and 100 to 500 w) Contract No. 951105

This contract was opened to six bidders. Only two responded because of the
very difficult task requested {elecirostatic focusing, hoat radiation, and wide band-
width presenting the major problems). Eitel McCulicugh was selected for their
superior proposal and the four part contract was signed May 10, 1965, The four
paris sre:

1. Developrment of a 20 to 100 w tube.

2. Production of five 20 to 100 w tubes for life test.
3. Development of a 100 to 500 w tube.

4. Production of five 100 1o 500 w tubes for life test.

Part | was funded from carryover FY 1964 OTDA (311.03-53- %2} money
{8206, 000). Theoretical and experimental studics have begun on the locusing, electron
gun, resonators, snd power variability. Testing of tube hardware will begin in the
next few weeks.

Part 3 (100 to 500 w development) will be started in FY 1966 from NASA Work
Unit 186- 68-04-15 money ($100,0600 sufficient for only partial lunding) provided
sufficient progress is made in part i.

Traveling- Wave Tube, [00 and 50 W (Contract Pendiaﬂ

Nine vendors werc roquested to bid on this four phase development. Seven
replied and a bidders conference was held on June 22, 1965. Omne contractor will be
selected and the first phase will begin in September. Present funding {this work
unit, $180,000) covers only the first phase of this effort. The four contract phases
ATE.

I. Development of 100 w tube.
2. Production of five 100 w tubes for life test.
3. Development of a 50 w tube and.
4. Production of five 50 w tubes for life test.
Becpuse it is easier to scale a tube down in power rather than up, the 100 w develop-

ment will be started firet. I is desired thet the 50 w design require only slight
modifications o the 100 w design.
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Traveling- Wave Tube, 20 W, Sterilizable, High Impact, Integral Amplifier -

Regquests for proposais for this integral amplifier have been sent to 10
companies. Funding is {from FY 1965) $31, 000 from Power Amplifier {NASA Work
Unit 186-68-04-09), $53, 0006 from Capsule Direct RF Systems (NASA Work Unit
186-68-04-07), and $i11, 000 from ¥V er {NASA Work Unit 8i8-01-07-0i-02).
This distribution is consistent with ta charters of these threc work units and
the applicability of the amplifier to a \'oxaer capsule mission. This amplifier

will contain the TWT, power converter, & F filters and will be designed to
operate from a hard landing, sterilized capsule beforc and after input,
AMPLIFIER EVALUATION

Test Equipment

All components {power supplies, generators, power monitors, RF hardware.
eic. ) have been purchased {340, 000} for an RF rest set that will handle 5-band tubes
with over 500 w output. This test set will be used for evaluating the tubes produced
during the tube development phases and the tubes produced for life test. The test set
wili be assembled in-house.

During FY 1966, the RF and dc support equipment for the life testing of the
tubes produced on the development contracts will be designed and built.

Hardware Evsluation

A Litton 20 w E.FK ($i1, 800) and a Hughes 20 w TWT {$5,800) have been
ordered. Three Watkins Johnson 20 w TWTs and power supplies have been ordered
on Voyager {NASA Work Unit 818-01-04-01-02}) money (569, 000). The evaluation of
these ifiers will serve two main purposes.

1. To sdvance our knowledge thus improving our capability both for
in-house development and in directing the outside development
contracts now underway.

2. To determine each amplifier’s applicability to future NASA
programs.

Raytheon is preparing a quote for five 22 w amplitrons and three solid- state
pcwer supplies. The lifetime and reproducibility of the amplitrons are the major
interests in this evaiugtion. The funding will be primarily from the $7, 000 remain-
ing in the amplitron contract {OTDA funds from FY 1963, NASA Work Unit 311-03.
53-52).

Life Tests

The status of life tests initiated during FY 1964 follows:

1. Three Siemens AHTC-C triodes {type used in MA-C) in cavity
ampiifiers with 10, 000 hr on sach. Two have dropped appromi-
mately 3 db and the other about 7 db in output.
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2. Three Siemens V-251 triodes in cavity amplifiers each with about
9000 hr. Average decrease in power output is 2 db.

The status of life tests initiated during FY 1963 {ollows:

1. Two Siemens RH7C-C cavity smplifiers with {light power supplies
have dropped 1.4 db in output after 2700 hr.

2. Two Machiett EEICP triodes have dropped 0.7 db after 2000 he,

3. Two 1) w TWTs (Hughes 216H, MA-C type) with flight power
supplies show n0 measurable drop in power output after 3500 hr.

MSC/LEM AMPLITRON CONFERENCE
L. J. Derr, JPL engineer, attended an LEM Amplitron Conference at MSC
January 1), 1965 at the request of C. Riddick., The status of the amplitron was

discussed and it appeared that many of the problems with which JPL is {amiliar
still remain. JPL fecommended 3 Watkins Johnson 20 w TWT as a backup amplifier.
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ADVANCED SPACECRAFT COMMAND SYSTEM DEVELOPMENT
NASA Work Unit 186-68-04.10
JPL 384-62201-2-3341

SINGLE- CHANNEL COMMAND DETECTOR

The development of a 1 bii/sec single-chaanel command detector was started
in FY 1963, the prime motivation being & predicted ¢ db performance increase over
that obtainabie with the ine and Mazinez C two channel detectors. After the
delivery of a breadboard and flight prototype tc JPL in 1964, a series of tests were
begun to assess system performance. As reported in previous quarterly summariss
it was found that:

1. A strong extrancous signal component was being gensrated in the
symnc loop because of correlated inputs to the cross- multiplier.

2. The phase-locked loop error signal was more nonlinesr than had
been anticipsted.

3. The bandwidth of the filters preceeding the cross- multiplier was
approximately 3 cycles wider than had been originally specified.

The cause of the extraneous signal component was analyzed and reported in
IPL internal technical memorandum No. 1341-65-9, 'Single.Channel Cross- Multiplier
Spectrum Due to Iaput Noise. ' Effects of the error signal nonlinearities were
minimized by changing the input signal to the detector to PN @ 2i{g rather than PN §
fs x fg {190 deg. In addition, the filter bandwidths were narrowed to conform o
specifications.

After making the necessary design modifications, tests were performed dur-
ing the third quarter of FY 1965. The results showed that nearly satisfactory hit
error performance could be obtained for a detector input /N, of 15.5 db. However,
when acquisition tests wers performed it was discovered that the acquisition
propertiss were inadequate. Further investigations showed that to achieve sstis-
factory acquisition properties, the bandwidth «f the loop must be increased to the
point where comparable performance to the .xo-channel detectors resulted in a net
system improvement of approximately | db. It became apparent, that to obtain
good acquisition properties and still meet the desired threshold improvement, some
form of adaptable inop bandwidth would have to be used.

As a result of the above difficulties, and the growing awarensss of the desira-
bility of ar automatic acquisition system, work was cessed on further development of
the ! bit/sec single channel detector during the third guarter.

THREE BIT/SEC AUTOMATIC ACQUISITION

The 3-bit/ sec automatic acquisition detector {followon development to the
single channel detector development) is a coheremt PSK desp space command detector
intended to provide better communication performance than the corrumanil
detector. The primary reasons for investigating this system are to 8¢ impreved
comnmunications efficiency, greater confidence in the acquisition process, and
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decreased acquisition time. The 3-tit/ sec direct link coherent telermetry development
{NASA Work Unmit 186-68-04-0%) has been integrated with this task because of the
essential similarity in the technigues required to execute both the telemetry amd
command functions. The functional requirements of the detector are:

1. Data rate = 3 bits/sec.

2. Probability of bit errof = 1075,

3. Threshold input sigaal-to-nolse spectral density = 16.5 db cpe.
4. Probability of acquisition at {first trial 20.95.

5. Acquisitioa time aormally lese thaa 50 sec.

6. Complexity commensurate with that of the Mariger C command
detector.

The basic block diagram of the system is given in Fig. 1. This diagram may
be separated imto two parts:

1. Clock phase acquisition.
2. Code phase acquisition and dats detection.

The purpose of the clock phase acquisition block is to reconstruct a locel
receiver mode! of the basic system clock. Two methods are being condidered to
execute this function. The first isvolves square law detection of the input signal to
isclate a clock {requency component and then locking to this componest with & phase
locked loop (PLL). The second iavolves directly locking a PLL to a CW clock
froquency present in the input sigaal. The first methed enables the sync and data
jmformation to be extracted from the same signal (thus comserving power) while the
second requires that the sync and dats information be transmitted as separate sigaale
{summed). In either case, ti « PLL moise handwiith may be guite small {i/4 cpe) so
that the clock tracking performance is good compared with a Mayiner detector {moiee
sandwidth = 2 cpe).

The mdﬁ-emMuth&nnﬂhhMﬁumh is to
acquire synchroaizstion of the phases of the local and received paewdo moise (PN)
codes and, once having scquired synchronisation, 1o decide whether the iater trams-

: mitted data bits are one or sero. Agsia two poseible techhiques sre being considered
H for the detection of PN sync.

}. Maximum likelihood detection.
2. Threshold detection.

With meximum likelihood detection, the correlatioa of each possible phase of
the PN codes is examined before deciding the correct phase. With thresheld detec-
tion, the correlation of the PN codes is compared with a preselecied threshold. The
maximum likelihood technigus provides a higher prebability of correct acquisition,
but requires grester mechanisstion complexnity.
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Fig. 1. Basic automatic acquisition T
detector block disgram mona_

The functional behavior for the detector specified above has been verified
experimentally with a detector configurstion using a clock acquisition scheme that
locks directly to the transmitted CW clock and threshold detection for the PN code
acquisition. The experimental configuration consisted of a modulator, signal- noise
mixer, and the detector, and thus involved no conversion to S-band. Tests are aow
in progress to verify the detector performance in the flight configuration with the
modulator detector mated to an actusl Marinesr C transponder S-band receiver and
DSIF equivalent transmitter.

Planned future activities include completion of receiver interface testing,
investigation of the other detector configurations mentioned above, and documentation
of the final test results and analysis so that this automatic acquisition system may be
reicased to the Voyager project,

CVE AND DSN GROUND COMMAND

The procurement of & prototype command verification equipment ({CVE) was
initiated during the first half of FY 1965 but was halted unti] the completion of the
design of the DSN standard ground digital logic family. Meanwhile, an in- house team
design effort {the DSN Monitoring A Tecam) was begun with the objective of cvolving a
plan for the development of the DSIF digital data system and the DSIF station monitor-
ing system valid through the period of FY 1967. This team effort was supported by
the SR&AD group.

The results of the DSN Monitoring A Team effort are documentsd in the Data
Systermn Development Plan {DSDP) to be published July 1, 1965. These resulls
indicate a Scienmtific Deta Systems (SDS) 900 series type computer will be used to
aatisfy the requirements of mission independent teiemetry and command functions.
Simultansously with the monitoring effort, the %5 project command group has
obtained an SDS 920 computer that will be used fo gain experience in computerized
ground command techniques and to develop a prototype %mﬂ command
system. Therefore, the need for 8 CVE procurement has & . and the CVE will
m0 longer appesr a8 a prime objective in this task. SRAAD surveillance of the
computerised ground command cres will continue on & consulting banis.
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ADVANCED SFACECRAFT TELECOMMUNICATIONS SYSTEM
NASA Work Unit 186-68-04-11
JPL 384-63201-2=-3360

The primary objectice of this work unit is to bridge the Advancad Mission
Scudies and Telecommunications Advanced Development work units by coordinating
their technical aspects and organising new efforts. This objective was not fully
realized during the second half of FY 1965 because of manpower akifts to highar
priority projects resulting in curtailed in-house activily. However, elfort was
maintained to carry activities in process to a logical suspension, monitor a reliability
contract, redefine the work unit for greater clarification, plan future activities, and
organize new activities. (See ¥ig. la.)

SUSPENSION OF ACTIVITIES IN PROCESS

A low bit rats telemetry systam has been proposed as part of this work unit
during the first haif of the fiscal year for use in a high impact Mars lander miseion,
Analysis of this problem wae under way at the time of the redaction of manpowar,
but minor sffort and documentation in the form of notes continued until a convenient
point was resched to suspend anslysis for future continuation with minimem loss of
effort.

RELIABILITY CONTRACT

Part of the available manpower was expended in monitoring 8 contract for
reliability analysis with Tam Research Associatas, Pasadena, California.

Two internal reports concerning FY 1963 sffort were issued during the sacond
hall of the fiscal year.

The first report, "A Study on the Uncertainty of Reliakility Predictions, is
concerned with the uncertainty sssociated with reliability estimstes that frequently
arise in the process of obtaining improvement in reliability by various means such
as redundancy, dormancy, system synthesis, simplicity, and selection. it is st
enusual jor these studies to show dilferential changes of reliability in the eocond pod
third decimal place and criticism invaribly centers on the taowledge or lack of know-
ledge of the parameters and on the methods of analysis. Ax allempt %o clarily this
difficeity is made by associating probabilitiss o the values for tha reliability para-
meters {mean time before failure). This ressits in a probability function om e
prodicted relishility for various improvement tachniques. By this methed, & measusre
of significance can be attached to improvemaents by competing systems.

The second report, "Reliability Improvement and Added Economic Burdeas, "
basically discusses the problem of allocations of money, weight, power, and man-
power as a function of the various means of reliakility improvements.
REDEFINITION OF THE WORK UNIT

A redefinition of this work unit was made jor greater clarity. The new

definition makes this work wait the center of the spacecralt telscommunications
sdvanced development eifort by bridging the gop betwosn the Advanced Miosion

.'r‘.t
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Stndiss and the various telecommunications Advanced Development work units. This

not only coordinates the existing work units but plans and orghnises new work units ae
the need arises.

ORGANIZING AND PLANNING OF NIW WORK UNITS

Under the redefinition of this work unit, new work units are to be organised
and planned as needed. Analysis of the various Advanced Mission Studies has shown
the nesd for & new work unit in the area of Spacecraft Guidance Radars. A new work
wnit was organised and planned during the second half of this fiscal year and is des-
cribed under Ressarch and Technical Resume, NASA Form 1122, NABA Work Unit
186-68-02-14-55, JPL 384-61001-2-3360. This work unit will become active in
FY 1966.

Futars Plans
Full activities to be resumed during FY 1966 are summarised in Fig. 1b. The

greatest concentration of effort will be on items 4, 5, and 6 that are most urgently
required for the Yoyager Project.

oo b R R




BLANEK PAGCE



JPL Technica! Memorandum No. 33-243, Vol. 1

APPLICATIONS OF COMPUTER TECHNIQUES
TO WORST-CASE CIRCUIT DESIGN
NASA Work Unit 186-68-04-12
JPL 384-65001-2-3341

ADVANCED DEVELOPMEINT

The advanced deveiopment phase of this task will be terminated at the and of
FY 1965. This is primarily because the degree 1o which thesc computer techniques
have been developed indicate that a continued development affort at this time on the
temaining subtlie problems will only yield diminishing returns. Nevertheless,
contineation of the application of worst-case circuit design techniques to space pro-
grams in FY 1966 is planned undar the Vo ¢ Program, in agreement with the
original task outline suggestad to the N Office of Research and Advanced
Development.

CIRCS LINEAR CIRCUIT ANALYSIS PROGRAM

The CIRCS Program is a linear circuit analysis program that is now fully
operational on the 1BM 1620 computer {20K version witk 1311 Disk Storage Drive).
During the reporting period, the AC and TRANSIENT portions of this program were
successfully used by JPL Division 34 for improving the design of several circuits

contained in the M er C Canopus Sensor. A user's manusl for this program is

available as an internal J PL Section Report titled, A Linear Circuit Analysis Pro-
ram For The IBM 1620/1311, 20K Data Processiag Sy stam {(CIRCS), ﬂl’r 1904, by
. N. e, Section Report 317-1.

TAG NONLINEAR CIRCUIT ANALYSS PROGRAM

The TAG program is a general nonlinear circuit anslysis program that is now
fully operational on the IBM 17094 computar. A rough draft copy cf the revised
aser's manual for the TAG Program has besn prepared and is now available jor
reference. This preliminary mansal contains user instructions and the ressits irom
several typical transient analysis problems.

the reporting period, & major attempt was made %o incorporsts (into
the TAG program} a piscewiss linear transistor model whose parameter values
are relatively sasy to obtain or sstimate. However, while te this schame, an
anomaly became apparent. It was basically s resuit of numeric round-off and wae
experienced oniy on very large problems (24 nodes) in which the smittars of the
transistor model were not connected io ground. ARhough further investigation of
this snomaly continues, the results to date are still negative.

The maia problem occurs within one of the computer subroutines when the
analysis of large circeit problems is sttempted. Although the piecewise fnear
modeling procedure works well on small circuit problemes, it will not be very weeiul
as such. 1t was primarily intended for use in the analysis of complex fesdback
transistor circuits with response time constants orders of magaituie greater than
the smallest time constant in the circuit. A failare to find a satisiactory solution %o
the asomaly will in no way jeopandise the basic wtility of the TAC program. A
satisfactory solution, however, would definitely improve it. .
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Also, dering the reporting period, the TAG program was modified to decresass
the compilation time by a factor of four. Now, & typically large problam of 20 nodes
and 50 or 60 branches requires oaly about § to 8 wmia of 7094 time for compilation.

TAG is now being used by & contractor to perform 4 worst-case analysis on a
family of digital circuits designed in JPL Division 32. In the course of their analysis,
the contractor has made several improvements in the TAG program. The analysis is
still in progress, and the resuits to date are very satisfactory.
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TRACKING ANTENNAS FOR SPACECRAFT (ADVANCED STUDIES)
NASA Work Unit 186-568-04-13
JPL 384-635101-2-3362

ANALYTICAL STUDY

The start of the Tracking Antenna Study program was slightly delayed becruse
of an earlier commitment to another program. This report covers work done during
the iast quarter of FY 1965 with a 50% man-hour work load.

The first task started was a study to determine which of the two most common
monopuise sensing technigues {amplitude-sensing and phase-sensing) would be most
feasible for spaceflight operations. It was determined from this study that phase-
sensing would be most inferior for spacecrait operations compared to amplitude-
sensing. The selection of amplitude-sensing over phase-sensing was because
phase-sensing requires two 0T more aperturss spaced several wavelengthe apart,
and it s very difficult to compensate for any off-axis boresight shifts and reductions
in difference pattern null depths. However, amplitude-sensing requires only one
aperture and the system is such that any errors in ofi-axis boresight shifts or
reductions in the nuil depth can easily be compensated for.

Using the amplitude-sensing system as the desired goal, an investigation was
carried out to determine the criteria that the tracking antenna should meet. The
criteria was detetmined by computing the secondary error beam squint angles that
are a function of focus and the aperture illumination. Group patterns of two point
sources were computed on a8 computer for various phase spacings. The results of
these computations will also be csed to determine ideal antenna patterns that will
assist in making predictions of various pattern shapes without having to go through
laborious and time consuming range measurements. The computations will also be
used for determining the mutual coupling between the varicus elements in the array.

After establishing the criteria of the system, an analytical study was carried
out on the {actors that may degrade the ideal conditions. Most of the factors were
found to be caused by precomparator phase shifts and voltage unbalances. The
mathematical details of this particular phase are beyond the scope of this report.

FUTURE ACTIVITIES

Because of 8 lack of manpower and funding for the next fiscal year (FY 1966},
the Tracking Antenna Study has been postponed until FY 1967. The postponement
came at & time when actual physical modeis were about {0 go into the experimental
stage.
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NEW CIRCUIT DEVELOPMENT
NASA Work Unit 186-65-06-04
TPL 384-63301-2-3220

The new circuit development account has been used primarily {or the
development of automatic range switching electrometers. These electrometers have
potential application in gas chromatographs, mass specirometers, solar plasma
analyzers, and other low current measuring instruments requiring long term
stabitity.

An electrometer using an electrostatically driven dynamic capacitor w.
developed, tested, and later substituted for an earlier clectrometer in a gas
chromatograph breadboard. In addition, an automatic resonance tracking oscillator
was developed to drive the dynamic capacitor. The capacitor, which had been
developed and reported earlier under this account, provides the capability of
measuring currents as low as 107 5 amp.

Concurrent with the effort on the dynamic capac'tor electrometer, an
extensive evaluation of the new metal oxide silicon {MOS) transistors was started
to determine their suitability for use in high quality flight electrometers, Asa
result of these investigations, an electrometer was developed using one of the MOS
transistors. The advantages offered by this electrometer over the dynamic capacitor
type are: (1) greater relisbility, {Z} lower power consumption, and (3} lower
weight, Its lin.itation is that its current measuring threshold is somewhat higher
{on the order of 10-13 amp) than that of the dynamic capacitor electrometer. An
MOS electrometer is now ander development for possible use in an atmospheric

mass spectrometer. A report is being preparcd that wiil desc -ibe the application
of MOS transistors in clectrometer design.

In addition to the electrometer development, a paper on unipolar and bipolar
logarithmic compressors is being prepared for submission to the Review of Scientific
Instruments A paper titled "Electrometers for Scientific Instruments in Space
Exploration” was submitted to the IZEE Transactions, SET, tor publication.
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ENGINEERING MECHANICS STUDIES - CAPSULE ENTRY
NASA Work Unit 186-68-09-04
JPL 384-62301-2-3550

HEAT SHIELD MATERIALS

Past studies of heat shield materials have indicated: (1} that design
thicknesses for a Mars entry body heat shisid may be determined by bonding and
fabrication requirements rather than by heating and (2} that uncertainties in radiant

heat inputs have & potentially :nuch larger affect on heat shield thicknssses than
uncertaintiss in convective heat inpuats.

Dauring the past 6 mo, the materials aspects of the Engineering Mechanics
Studies operation have been centered on the usefulneas of present radiative heat
transfer data and theory for real material analysis, and on the analysin of

measurements of the pDroperties of key materials in the ablation and insulation
process.

Radiative Heat Transier and Material Analysis

The available radiative heat transfer data for typical Mars atmospheres
from the Ames {ree-flight facility and {rom the JPL and General Electric high-
energy shock tube facilities were gathered "nd analyzed in a least-squares sense,
and the results matched with the available empirical equations derived in part or
whole from theory. The egquation fitted in & least-squares sense was

. F 1]
q./ R_ = Ap:.“v_

where

qr the radiative heating rate in Bru/ft? sec

Ry

P, = free stream rensity

nose radius of vehicle

L}

Vo

free stream wvelocity

A, m.,n constants

Only data at velocities below 26,000 ft/sec were used in the calculations; the data
showed anomalies at velocities above this because of a breakdown in the key cyanogen
radiators. Figure 1 shows one way of plotting the available data. Tentatively, the
{ollowing observations can be made:

1. There is too little experimmental data at velocities below 24,000
it/aec.

2. The [ew data points near 16,000 it/eec are very impoftant and
tend to influence the rest of the curve mignificantly when moved
about within the bounds of their probable accuracy.
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3. The normalization exponent for density is a key calculation. The
data tend to indicate that the exponent {~1.0} is lower than the
lower limit predicted theoretically for the atmospheres studied
{-1.3). The use of a density exponent of 1.0 rather than 1.3
tends to double or tripls the total radiant heat to an entry body
during a typical Mars entry trajectory. Under certain circum-
stances this could as much as double the weight of the heat shield
required at the stagnation point of the entry vehicle. However,
the correct density exponent has not been verified.

A report concerning more extensive investigations of the problem is being
prepaved.

Therma! Conductivity of Phenolic Nylon Chars

In this and the following effort, the actual contract funds cams from Advanced
Development Tasks; however, the interpretation of the results is part of the
Engineering Mechanics Studies activity.

Tae final report on JPL contract 950868 titled "Thermal Conductance of
Polymer Chars' was received (rom Lockheed Missiles and Space Company in March
1968, The conductance of phenolic nylon chars was measured by laser pulsing
techniques. The chars were varied in their nylon fiber and powder diameter and
in their method of preparation. Each char was identified by its density, porosity,

degree of molecular ordering, etc., befors and after testing. The following
tentative obssrvations can be made:

1. The natural variation of conductance because mhomogeneity
disguises any *rend in conductance because o1 .ost of the param-
eters studied in this contract.
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2. The rise in conductance with temperature is greater than that
predicted from steady state methods used elsewhere.

3. The degree of ordering in the char microstructure appears to
dominate the conductance. This ordering is a function of the
thermal history of the char {see Fig. 2). The major implication
in this observation is that the chars on restartable ablative rocket
nozzles and liners could have conductivities in the initial stages
of the restart that may be as much as an order of magnitude
larger than that used on the original ignition. This decreasas
the actual life of the nozzle or liner below that which might
normally have been predicted.

Reflectance of Graphites and Phenolic Nylon Chars st High Temperatures

JPL Contract 950867 titled "High Temperature Spectral Emittance and
Reflectance Measurements” is proceeding at Arthur D. Littlie, Inc. This contract
is establishing the techniques for measuring the reflectance of graphite materials
at high temperatures (to 4500°F) as a function of spectral wave-length and angle of
incidence. Chars representing a wide range of char surface conditions are to be
investigated as well as several graphites. Three major accomplishments are
expected {rom the contract:

1. An apparatus that can measure reflectance accurately at high
temperatures without the limitations of the arc imaging
techniques now used elsewher=.

2. The range of reflectances possible ios the maximum probable
variation in the su.face propertiss of phenolic nylon chars.

3. A reduction in the radiant heat transfer predictions to entry
bodies because of new measurements that will incorporate the
effects of angle of incidence on reflectance for use in integrating
the total boundary layer radiation o a surface point.

The contract will end ir October 1965,
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TRANSPORT PROPERTIES AND CONVECTIVE HEAT TRANSFER

During the investigation of uncertainties in heat shield design, the literature
vielded considerable evidence of uncertainties in predicting cold wall stagnation
point heat transfer. While it can be argued that the cold wall problem is somewhat
academic to heat shield design, a careful assessment of the probiem of heat transfer
to an ablating surface will reveal that many questions are common to both. Among
these are the following questions: {1} what are the proper assumptions for
simplifying the fluid mechanics problem (Z) what are the proper procedures for
calculating the high temperature thermodynamic and transport properties, {3) what
numerical technique should be used in obtaining solutions? In face of these guestions
common to both the cold and ablating wall situations, the ageless maxim of research
"investigate the simple situation first” seemed to justify a thorough investigation of
the cold-wall stagnation point convective heat transfer problem.

in sufveying the literature, one first becomes aware of the variety of "theories”
for predicting cold-wall stagnation point heat tranafer. These "theories” are actually
correlation equations that represent empirical fits to the data points resulting from
"numerical experiments” i.e., solving the stagnation point boundary layer problem
using a digital computer. The use of "theories” to arrive at an understanding of
stagnation point convective heat transfer in a planetary atmosphere is rather
guestionable as illustrated by Fig 3. This figure presents heat transfer rates in
argon given by investigators who used the "Fay-Riddeil Theory."” This comparison
attests to the caution that should be exercised in the use of such correlation equations.
Thete equations should be used only with the thermodyanic and transport properties
that were used in originally generating them.

Consideration of the fundamental questions mentioned earlier: (1) fluid
mechanics, (2} transport properties, and {3} numerical solution techniques reveal
that a great deal of attention has been directed 10 the {irst and third questions. For
example, there have been at least three. Ref. (1), (2). {3}, different approaches to
the solution of the stagnation point bouncary layer problem using the same transport
properties (Hansen). Thess approaches show only a slight varistion in calculated
heating rate with the fluid mechanics assumptiors and solution techaique. An encel-
lent summary of approaches to the stagnation poirt convection heat transfer problem
is given by Domovan in Ref. {4).

The question of the effect of high temperature transport propertiss on
convective heat transfer does not seemn to have been as systematically investigated
as the other two questions. However, the following evidence seemas to indicate that
highk temperature properties play an important role:

I. The well-known disagreement between GE and Avco, shown in
Fig. 4. has definitsly bean shown by Pallome ana -an Tassell,
Ref. 5. to be due to a dilference in high-temparature transport
properties. In this investigetion, the same fluid mechanice
assumptions and eclution technique were used with two different
sats of transport properties. those of Yos {Avco) ané of Scala
(GE). Thus. the large discrepancy between Sca.a’e work and that
of others is because of the large difference in high temperature
transport properties
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Fig. 3. Shock tube test conditions
{etagnation point. air}

2. The disagreement between the regults of analvses by Hoshisaki,
Ref. (1), and by Van Tassell. Ref. (6). shown in Fig. 5 is pri-
marily because of transport properties. The inient of these two
investigations was to examine the affact of gas composition on
beat transfer. Hoshizaki obtained solutions for the stagnation
point heat transfer using transport properties for air and carbon
dioxide that were calculated by the technique outlined in Hansen's
report. The work of Van Tassell uses a different procedure for
solving the boundary layer probiem and uses transport praperties
for carbor dioxide-nitrogen mixtures calculated by a procedure
simiiar to chat of Yos. (It is interesting to note that the propertiss
used by Van Tassell for a mixture of 10% carbon dioxide -90%
nitrogen, which is chemically similar to air. differs marhkedly
from You's properties for air.) The interesting point of Fig. 5 ia
that these two investigators, each of which has systematically
analysed the affect of gas composition, differ so greatly for the
same gas mixture. One concludes from this comparison that the
diiferences resulting from the technique uted 1o caiculate transport
properties are greater than the differences in transport properties
because of the variation of gas compoeition.
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An examination of the high-temperature transport properries in the Literature
shows considerable disagreem.ent; see Fig. 6. In fact, 1n comparing the viscosity of
air and carbon dioxide, we find that the disagreement between the carbon dioxide
curve for Van Tassell and Thomas is greater than the difference between Van Tassell's
air and carbon dioxide or between Thomas' carbon dioxide arud Hansen's air. The

differences in transport properties are reflected in the differences in heat tranafer
rate:

The sources of the discrepancy between the data are two-{old. First, the
collisinn cross-sections for the various particles are not weil known and different
techmi. ues for estimating the cross-sections have been used by the various investi-
gators. T'e question of proper collision cross-section seems to be the real problem
area in caliulating transport properties. The other source of discrepancy the
proper squations for predictiag the transport properties of gas mixtures. seems 1o
be well developed but not yet used by any of the investigators reviewed.

Because the existing analyses of stagnation point heat transfer diifer not only
irom differences in transport properties but also because of the variety of assump-
tions and mumerical techniques that were used, calculations should be perfiormed
applying one fluid mechanics approach and numerical technique while using the
various literature values for the high temperature transport properties of 8 gas such
as air. Preliminary work for such an investigation has been completed (JPL SP5
Mo. 37-31. Vol, IV. Feb. 28, 136% p. 115). The major conclusion of the study is
that there is a 20% variation in convective heating at 25, 000 ft/sec in air depending
on what set of tramspor! properties are adopted.

Future study effort will be performed to determine the affect of sblation
products released from the heat shield on radiative heating to the forebody and aft
body of 2 Mars entry capsule.
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STRUCTURAL MECHANICS EFFORT

The struciural mechanics effort of Enpineering Mechanics Studies (EMS} has
been directed toward providing the toois for analys:s of thin-walled shell structures.
These tools have later been used effectively 18 support of entry capsuie studies.

The most umportant contribution i1s the development of a digital computer
program for the geometrically nonlinear analysis of axisymetricaily loaded thin
shells of revolution. This program was deveioped by Dynmamic Science Corporation
{Dynamic Science Corporation Report No. SN.318-%). The computer checkcut and
techmical monitoring of the contract during the period of developiag the program
was funded by EMS. The main use of this program will be to determine whether the
loading on the shell 16 such that axisymmetr:c buckling may be critical. The program
uses the proportional loading method and solves the nonlinear equations for dis-
placen.ents, rotations, and internal forces at each load step. The process is
repeated until the shell s 1n unstabie equilibrium. The difference between theory
and experiment s such that even with this monlinear analys:s a reduction factor
should be used.

A subroutine has been written to simplify the input to both the A. D. Little
thin-shell program (linear) and the nonlinear program. This routine may be used
\f the generator of the shell is made up of circular arcs and tangents. This sub-
routine [AUX) is being used in production with the A. D. Little program.

A proposal has been received from Philco WDL to include a conical element
in the structural analysis system (SAS). This addition will allow the analysis of
amsymmetric shells using a reasonable number of elements. The lcading may be
axisymmetric or asymmetric and is expanded into a sine and cosine series in the
hoop direction. The required stiffness and mass matrices for this element were
formulated in a paper by J. H. Percy, T. H. H. Pian. 5. Klein and have been
checked and put in a form suitable for programming at JPL. Thiz effort to incor-
porate asymmetric loads of axisymmetric bodies will be performed in FY 1966,
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SPACECRAF T DESIGN TECHNOLOGY
NASA Work Unit 184-68-09-06
JPL 384-63801-2-2920

The approach used in this study is directed at extending the functional
anatysis tachnique now used in system study and system design efforts at JPL, By
means of this technique. the objectives of a mission are converted into the functional

riormance requirements that must be met by the sysiem. Various combinations
of the possible subsystem machanisations capable of performing these functions are
formed. yielding a number of systems potentially capable of carrying out the mission
objectives and illustrating a variety of overall system philosophics. These combina-
tions are then examinad for performance level. systems integration problems, prob-
ability of mission success. state-of-the-art. and relevant parameters.

The scope of planned effort for FY 1965 consisted of two major subtasks:
{1) the creation of a design data information system and (2} a significant spacec raft
design technology study. Original funding for the task wae $227. 000 and was 10 be
supgortad by 4 man-years in-house effort and supporting coatractor effort.

Early in Novemnber 1964, when OART determined that a mission planning
and evaluation study could no longer be supported, this ef{or: was continued by
OSSA under this work unit by an addendum to the original scope of effort. An
additional $30, 000 was added to the total funding. During budgetary review in May
1965, a reduction of $145, 000 reduced total funding to $132.000. This reduction
resuited in the dropping of two procurement actions in process at the time.

Effort during this report period has been concentrated on: {1} in-house data
collection and contract planning for a design data information system, {2} several
inehouse advanced technology studies and comtract planning for a data handling.
contrel, sequencing. and malfunction detection system conceptua! design and trade-
off study, and {3} a mission planning and evaluation study. The progress during
this report period and the status of each segment of the work unit follows,

DESICN DATA INFORMA TION SYSTEM

This subtask requires the formulation of a design data information system
{DDIS) and the compilation of relevant design data of past and current spacecraft
projects in a suitable form for use in future design and mission planning activities.
The system has been envisioned as 3 volume of design books indexned to reflect the
various functional dtﬂ?n ot spacecraflt systams. Data content and format wers
established the first part of FY 1965. To test the system. data collection
on M&; Block LI and Mariner 1V was made during this report period. A prototype
portion of the planned DBIE ie scheduled for reproduction at the close of the fiscal
year. The prototype systcm is composed of spproximately 30 data scts of each
Ranger and Mariner system, subsystem, and scientiflic experiment.

Contrac: planaing in support of this subtask inciypded an industry survey for
appropriate talent and interest in data collection systems. review of this capability.
and the preparation of a statement of work and procurement requisition. Budget
reviews in May reduced total of the task and precluded carrying the contract
effiort to the planned level. Late in Juns. & revised staterment of work was j.epared
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for an effort level reduced to the limit of available funds. The initial coatroct will
be funded to approximately $30, 000, which will parmit testing of a contractor's
capability, identification of problems associated with the sffort. and deatermining
{later in FY 1966) the merit of proceeding with plans to complete up to 35 spacecraft
sysiems for DDIS,

IN-HOUSE SPACECRAF T DESIGN TECHNOLOGY STUDIES

This portion of the work unit is concerned with the identification of spacecraft
design techmology problems [rom currest spacecraft or future mission study projects
as likely candidates for intensive technology study. The candidate problems are then
considered and selection for further study is based on their criticality lo future pro-
ject effort. The foilowing studies were initiated in FY 1965 and will be completed
early in FY 1966.

Stwidies in Progress

Asdundanc
posa of This & 8 a mode present a decisioa-maker with a
surface that shows the probability of seccess of a spacecraft as a function of cost
and weight. The allocation of resources is optimiszed for each functional subsystem.
The final surface is then obtained by the optimization. for a number of fixed valuse
of cost and weight, of the total spacecrait for the optimised subsystems and to the
systems sffort. Machine programs have been developed {or the computations, and
data have been collected for the Mars 1964 spacecraft to test the model
and to serve as a basie for its & to future missions. As one input to this
model. the sffact of best use of redundancy on reliability and waight has been cal-
culated for each slectronic subsystem of the Mazisax Mars 1964 spacecraft. The
results of this in-house effort will be published in a JPL report.

Redundancy Reliability Estimation Te s, Prior work in this
area, AR Upper t to el ty & in a given systam
of sequential components by the use of active paraliel redundancy, has been extended
in several directions. Asymptotic forms of the previously derived limit have bean
daveloped: these forms are much simplar and generally provide just as good an
appromimation to the exact, discrete solution. A "mized"” form of the solution.
partially discrete and partially continucus, has been devised to deal with a type of
system where the straight continucus approximation fails markedly. A start has
been made on the much more difficult problem of obtaining similar results for the
more reslistic standby redundancy. Results of this study will be summarised in 2
JPL report early in FY 1966,

Cantrol of Plamstary £ . The purpose of this study was to inves-
dgats otmance characterintics of an optimal feedback entry
control system. The effort in this area has recently been divided in two tasks; the
constrection of both analog and digital computer models of the proposed system and
the preparation of descriptive material suitable for publication as a JPL report.
This material includes discussions of the value of comtrolied lifting planetary entry
and the additional gains achieved by an optimal comtrol systeem. Whils it was hoped
that this report wonld be completed in FY 1965, several programming difficulties
have prevented the necessary data {rem beiag available at this timne. Although it is
expected that these difficuities will seon be overcome. the aseluiness of the para-
metric supansion method of sptimal ceatrol syatem synthesis is being questionad
becaude of the many computational problems that have been encountered.
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Dee ce Mission Attitude Control and System Tradeoffs. An analysis of
problems pr v ¢ 3 ilized altitude
control system instead of other stabilization techniques for deep space missions was
initiated. Progress consisted of the following:

1. A report of a typical mission sequence and & list of the pros and
cons of the two systems,

2. The mathematical background and derivation of the equations for
a spinning vehicle were obtained. In addition, an analyasis involv-
ing the simple case (i.e. 1, etc. = 0) and the progression to the
nonlinear analysis were made.

3, Two computer simulations were performed, Results will be
published in a JPL report early in FY 1966,

. of the Relationships of Electronic System Complexity with Other
cecraft Systemn Parametlers. is study, performe er contract {No. 930798)
w:lii Space érnﬁ. Incorporated, under FY 1964 iunding, was an extension of &
previous contract. The unsolicited proposal sought to cxtend and verify trends
of the relationship of cost, reliability, manufacturing mode, countable parameters,
and performanc ¢ 1o the spacecraft subsystem integ ration effort by consideration of
additional spacecraft systems, The contractor concluded that collection of data at
the electronic components level was 100 frustrating and lime-consuming for the level
of results obtained, Electronic countable parsmeter data colliected on several space-
craft systems did not validate the cont: actor's initial hypothesis presented at the
completion of the first contract. Results tend to increase the validity of a top-to-
bottom approach. A more significant countable parameter may be “direct project

manhours” in lieu of basic electronic components. A final report was received on
May 31, 1965 and is now under evaluation,

Data Handling, Control, Sequencing, and Malfunction Detection. A
significant !plc.cr;!t design technelogy ltuliy was planned Jor contracted effort
during FY 1965. The problems associated with the centralizaticn of the data handling,
control, sequancing, and malfunction detection function of spacecraft design were 10
be studied, The proposed study was also to require a comparison of the effectiveness
of thess functions that range in centraligation from a Mariner 1964 type system o
fully integrated digital computer-based systems. The study was to include system
aspects and the effects of the possibie means of implementing these functions on the
rest of the system. The statement of work and supporting documentation and
procurement requisition were prepared for contract solicitation. However, budgetary
reviews in May reduced the total funds to a level that preciudes contract efforts at
this Hme. In the early part of FY 1966, it is planned to revizw this study plan with
the intention of contracting during FY 1956,

Potantial Studise

Other study candidates that wers examined during this report period for
possible intensive study are as follows,
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affect on the probability of mission success and the effects of system performance

of spacecraft systems operated in an intermittent mode where parts, or all the
system, is deensrgized for periods during its mission life. This study is divided in
two phases, Phase | will ascertain the availability of applicable data on which an
analysis may be based. Phase I is intended to develop the analytic means, system
reliability models, and system performance implications of such 8 mnce of operation
if Phase I provides adequate quantity and quality of data from which valid results may
be predicted.

Aerobraking Mars Orbiter {AMO). The mass associated with the use of retro
rockets to inject an interplanstary probe into a stable orbit about Mars is quite
large; usually more than half of the original probe weight rmust be allocated to the
propulsion eystem and related equipment. A mass penalty of this magnitude invites
the system designer to cast about for alternate means of achieving a planetary orbit,

One possible method is to use ar asrobraking - retro fire sequence that would
result in greater total payload in orbit. To achieve this end, the vehicle must pass
by Mars in a graszing trajectory: close enough to reduce its velocity below escape
and far enough o prevent capture and impact. Once the vehicle has left the
stmosphere on a satellite . rbit, a retro maneuver may be performed to raise the
periapsis above the atmosphere,

It was proposad that a study be parformed to investigate the true feasibility
of such s scheme and 0 determine tha systern implications of such an injection
sesquence,

Des Reliability. System design aspects of achieving high reliability
particularly on long life missions is required. A fair amount of literature exists
on the methods of reliability calculation and modeling; however, the e are many
questions of actual implementation that have yet to be fully answered, Typical
quastions arising in design and reliability analysis concern:

3. The feasible levsls and techniques of using switching logic
for standby redundancy.

2. The methods and problems of tight control of component
snviroament to reduce stress levels that lead to higher
probability of failure, Increasss in reliability through
environmaent control would be compared to redundancy
required to achisve comparable gains.

A study is proposad to investigate these anc other questions relative w0
design reliability in which the Maginst Mars 1964 spacecraft will be used as a
represeniastive systemn on which the analysis will be based,

Best Eatry and ace. Ths problem of bringing a payload to a
solt 1a on su re may bu interpreted a8 & multis decision
process in which weight is sxpended 1o achieve velecity reductiom, sidering the

use of all possible techniques, & compiete sequance would be:
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i. Approach retro fire; jettison empty tankage,
2. Atmospheric entzy,

3. Deploy drag device,

4, Deploy parachute,

8., Terrminal retrofire,

6, Crushup landing.

It would be useful to perform a study to determine the best emphasis to place
on each of these operations, Mathematically, it could be attacked by:

I. Formulating 8 model of the process in which at each stage the
velocity reduction achieved is a function of the present velocity,
mass, and mass expended,

2. Determining the best sequence of mass expenditures to maximize
the landed payload.

It is proposed that a study be performed to develop such a model and solution
and to investigate the feasibility of actually implementing the solution obtained, The
system implications of the best entry sequence would be fully investigated,

MISSION PLANNING AND EVALUATION

This study task is planned to extend JPL's ability to plan {or advanced space
projecta by developing & generalized methodology for the quantitative evaluation
of advanced space projects. Such a3 methodology treats reliability, spacac raft
performance, scientific data acquisition, costs, and time of performance. The
inte rrelationships of these factors at a generalized level of consideration will be
defined. A definite goal is to improve JPL's ability to predict {approximately) the
nature and costs of advanced projects and thus to plan more efficiently and effectively.

Review of this task with NASA/OART continued throughout October 1964,
Early in November, it was decided that OART could no longer provide budgetary
support for this effort, and work under NASA Work Unit No, 124-06-01 -03 was
stopped. Effart in the general arsa was continued by OSSA as an addendum to
Spacecraft Design Technology, NASA Work Unit No, 186-68-0%.06-55,

During the (irst quarter of FY 1965, sfforts were limited to in-house
activities because the budget was under review with NASA Headquarters during that
period. These activities, which have continued throughout the year, were largely
devoted 10 the technical direction of the Lockheed contract, 0 a continuing effort to
collect, analyze, and interpret historical JPL data with the aim of defining relation-
ships between cosi, periormance, reliability, and project organization for achieving
the ultimate goai of developing modeis useful in planning and evaluation; and to an
in-house study.

-an -
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The in-house study was started with the aim of developing a partial mission
planning model that wili predict the maximum probability of success obtainable for
various levels of funding and of spacecraft weight, In this model, a miseion is
divided into functions that must be performed, For each function, reliability is
estimated as a function of cost and weigh! on the basis of previous experience and of
engineering judgment, Factors influencing the reliability ol a function include
redundancy, use of improved parts, design effort, and subsystem testing, The
probability of mission success is also influenced by system design effort and systems
testing, which are treated as elements of cost. These relationships will be used to
determine, by the usa of dynamic programming, the “maximum’ probability of
success for various levels of cost and weight., A second portion of the computer
program will be developed for the purpose of retrieving the corresponding cost and
weight data by functionsl ares and systems effort for a particular miseion; e. g., for
a particular point in the performance probability of success, cost, and weight "policy
space” previously developed. The current status of tnis planning model is as
follows:

1. A method of approach has been worked out ior the calculation of
reliability/ cost/weight relationships.

2. The feasibility of this approach has been tested by programming
a simplified problem for an IBM 1620 computer, The problem
selected was an analysis of the affect of weight on reliability
for the Maziner C subsystemns, with the machine program being
used to compute the best allocation of redundant weight among
the subassemblies of the subsystem,

3. The results of the Lockheed study have been applied to curyrent
project cost estimating and used in the evaluation of technical
tradeoifs.

On February 15, 195, Lockheed concluded the study under JPL contract
950851, and delivered a final report, "Advanced Mission Planning and Evalustion
Metkodology” to JPL, During an oral review of sccomplishments presented to JPL,
s case example of a Jupiter mission was used to illustrate the principles derived
from ths study.

Since the conclusion of the Lockheed contract, the matarial presented by
the study has been under review at JPL, Based on this review, & continuation effort
was planned for FY 1966, This plan would have been directsd toward the collection
of technical data, establishing indicastors for asseseiag each technical category,
determining the sensitivity of tha mathodology to variance, and establishing confidence
levels on sesults of the evaluations. Howsever, bacause budgetary support for the
continuation effcrt is not available, this task is tsrminated at the close of FY 1965,
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ENGINEERING MECHANICS STUDIES - CRUISE PHASE
NASA Work Unit | 86-68-09-07
JPL 384.6530]1-2.3550

VOYAGER BUS MODULES

Voyager bus modules can be thermally controlled with techniques similar to
those used on Mariner IV,

ADVANCED TECHNOLOGY ELECTRONIC PACKAGING STUDIES

The objectives of the advanced technology electronic packaging studies are
to develop pachaging concepts that will provide substantial reliability improvements
in future spacecraft and to provide the detailed spacecraft study activity and the
support required for advanced technical and project studies,

A major part of this effort is in the technical direction and evaluation of
in-house development of advanced packaging and cabling concepts. Advanced concepts
that were cngaged in during FY 1965 were:

1. The developmaent of a printed conductor {P.C.) ring harness for
the Mariner spacecraft,

2. The development of & new packaging concept for integrated
circuit {L. C. ) devices,

A printed conductor ring harness was designed and developed to determine the
feasibility of replacing the two upper ring harnesses and through assembly in the
inez JV proof test model. In April 1965, the assembly was tested on the Mariner
prool test model and the electrical performance was excelient; in fact, it was con-
sidered flight acceptable,

The advantages of the P. C. configuration when compared to conventional
harnesses ares

l. Lower weight,
2. Lowesr manufacturing cost,
3. Better rejection of high frequency electrical noise.

Based on the April proof test model test, a few modifications are being made
on the P.C. assembly to improve the electrical performance. The modified assembly
will be retested in August, and the resultan: information will permit relative
evaluation of the conventional wiring harness compared to the P. C, configuration,

A unique configuration for 1. C. pachaging has been developed, This design i
now being used in the pachaging of approximatsly 300 integrated circuil devices for
the programmes subsssembly of a plaams sxperiment that will be carried by an

E satellite. In FY 1964, this integratad circuil packaging conliguration will be
further developad and refined for Voyager.
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Clasbdically, high density modular assemblies have been developed with one
common point of conceptional design that is questionable whan the best design is
required, There have been three dimensional interconnection requiremants for both
the discrete modules {welded cordwood, etc.) and the associated mother board
interconnect assembly (welded wire matrix, muiltilayer circuir board, etc.). Thie dual
requirerant for planned 3D interconnection has resulted in larger numbers of joints
than would be required by the best configuration for a given functional electronics
assembly, Alss, the 3D mother boards are difficult to reliably rework if required by
s circuit change,

A stick module design concept was developed that decreased the numbers of
total sesembly interconnections and sliminated the requirement for a 3D mother
board in high density modular sssemblies, This concept was reported in SPS No,
37-26, Voi. 4. Basically, the concept that allows this improvement is & simple one,
The 3D module concept was determined to be a vital feature {rom detailed study of all
the tradeoffs. However, study always showed that the mother board interconnectiona
could be reduced to aingle dimension parallel conductors. This simplification was
developed by examining the total modular assembly in 3D and designing to obtain
two dimensions of sssembly level interconmections within each module thereby
lsaving only a single dimension requirement to interconaect the modules at the
assambly level,

Some of the more unique features of the I, C, stick module concept arc as
follows:

1. Use of insulated magnet wire for multilayer interconnections at
the discrete module lavel,

2. Neamagnetic weldable and solderable terminals for high reliability
repais. .le interconnections.

3. Minimum design and [abrication time requirements,

4, Assembly level interconmections are one dimensional
coplanar conductors,

Future sffort in advanced packaging studies will include a continuous review

and collation of data on integreted circwitry asd commector techniques mainly [rom
a reliability standpeint.
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ENGINEERING MECHANICS STUDIES - TER MINAL DESCENT AND IMPACT
NASA Work UnitL 156 -65-09=08
JPL 384-65401-2-358%0

TERMINAL DECELERATION

As planned, an industry competition was held for a study of acrodynamic
terminal decelerators other than parachutes. The contract has been awarded to the
Goodyear Aircraft Corporation, Akron, Ohio. This contract has the objective of
conducting a parametric design study of auxiliary bailoonstype devices and expandable
entry vehicle structures for possible use 2s auniliary aergdynamic decelerators and
stabilizers for a ballistic entry vehicle during terminal descent in the Mars
atmosphere. The contract is funded by $ 30, 000 from this work unit and by $40,000
from Planetary Entry Aerodynamic Deceleration, NASA Code OSsA 186-68.13-04.

SENSING FOR AUXILIARY DECELERATOR INITIATION

A JPL study in this very important area was completed and the information
was used as a basis for an industry competition under NASA Worx Unit OSSA
186-68-13-0i, Planctary Entry Aerodynamic Deceleration. In the JPL study, eight
existing sensing-system concepts and their combinations were reviewed using the
extremes of Kaplan and Schilling atmospheric models and entry-path angles. The
study analyzed the system performance in defining and sensing appropriate initiation
conditions with least loss of attitude from the allowable design limits of the
auxiliary decelerator. Also th.e quantities that limited the a:lowable design were
established as being the material temperature, the Mach number {related o the
temperature and actuaiion dynamics), the dynamic pressure, and possibly the
Reynolds number in the order of decreasing significance.

in general, it was established that the more critical limitir.g quantities,
material temperature, and Mach number, cannot be senscd directiy by available
means. Hence, indirect systems must be used that all incur undesirable altitude
losses for the critical stmospheric modet and 90 deg entry. The reduction of the
altitude losses by systems combining two or more sensible conditions introduces
complexities that tend to reduce the reliability. Hence, recommendation to contract
for » more deiailed study of the subject resulted,

DYNAMIC TRAJECTORY RUNS

Sinedegree-of-{reedom dynamic trajectory runs were made for Apoile type,
sphere cone, and Langley tension shell Mars entry capsule shapes to compare their
drag and dynamic performance characteristics, The Langley lension sheil and
sphere cone showed superior aerodynamic damping over the Apolle type capsule at a
capsule diameter of 10 ft and weights of approximately 500 to 1, ib. More recent
results for a 16 ft diameter, 1500 1b capsule indicate that there may be significantly
higher efiective drag (integrated over the entzy trajectory) for a 60 deg sphere come
and tension shell than for the %Egtypl. assuming backward entry conditions. The
jmpact velecities for the Langiey tension shell and sphere cone are approximately 100
it/ sec less than the Apollo type capsule for backward entry at 90 deg entry angle in
a |4 mb surface pressure, 300°K atmospheric surface temperatnre Mars model.
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ACTIVE TEMPERATURE CONTROL SYSTEMS FOR LUNAR AND MARS LANDER
PAYLOADS

This study is & new tash to evaluate and define (1} the type of thermal
centrel needed {variabis sbsorptance, varisble internal conduction or connectien,
etc. ), {2) thermal requirements lor power, and {3} the micro-climate {divraal
environmaent) that the payioad may e subjected to for plasstary and lunsr landed
paylosds,
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HIGH IMPACT ELECTRICAL TECHNOLOGY
NASA Worh Unit 186-68-10-01
IPL 3834-62801-2-3%3%0

For FY 1966. this work unit will be divided into High Impact Battery
Technoiogy and High Impact Communications Subsyste n Technology.

HIGH-IMPACT -BATTERY TECHNOLOGY

The high-impact-battery effort (parformed in conjunction with the JPL
Guidarce and Control Division) during this report period has consisted mainly of
testing standard silver-zinc and silver-cadmium celis under impact in order to
learn rmore about failure modes and levels. The celis bave in all cases been sup-
ported by potting them irto rigid (typically 3/8 in. aluminum) fintures. The effort
has beer centared around the iavestigation of the plates and separators, since these
ate essential to the battery and less susceptibla o various structural approaches
than cases.

Table | eummarizes battery tests performed during the report pariod.
Figure | explains the impact directions referred to in Table 1. Discharged batteries
are much less rugged than charged batteries because the anode is in the oxidized
condition. Onily one cell {the Whittaker P.S. D. CD-J sealed silver -cadmium celi)
has survived 10, 000 g impacts in ail principal directions with no detectable electri-
cal degradation. Figure 2 shows one of these cells cut open after & 10,000 g impact
in direction A. As car be seen, some rippling of the plates and separators occurred.
However, the ssparator effectively prevents shorting between plates.

As yel, no sterilizable materials or components have been included in
batteries tested under high impact. It is planned to include these materials and
components as soun as they become available. 1t is planned to continue lesting
various types of cells in various stages of discharge in order to gain more knowledge
about failure modes and levels. It is also planned to begin fabricating prototype
ceils or portions of celis in order 10 examine various techniques of improving inter-
na} and external cell structure. Plate and separalor stacks are surprisingly rugged
if closely comstrained between rigid walls and potted into the case Rigid cases
which wiil not crack under impact are. therefore important to high-impact batteries.
Work wili be initiated on the development and investigation of such cases.

HIGH IMPACT COMMUNICATIONS SUBSYSTEM TECHNOLOGY

The high impact communications effort is carried out in < ogperation with the
JPL Telecommunications Division (Capsule Direct R, F. Systams. NASA Work Unit
186-68-04-07. JPL 384-63001-2-3364). A J-walt, S-band, solid siate, high-impact
(10, 000 g from 500 [ps) resistant transmitler is presently under development.
Figure ) shows one of the units as contrasted with one module of the S-band trans-
mitter fzom a ringr spacecraft. The total weight of the completed high impact
tranamitter wili be about 2 1b and the size of each module is approximately
16 x2x4 in The first two units in prototype form are under high impact test.
The second stage has survived 10. 000 g impacts. The third stage is being bread-
boarded. The first stage as it presently exists should survive 10,000 g &4» soon as
the high impact crystal development is completed.
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Table |. Batiery lests summaries

e A

i
L4
: Bamiwry Conlition Porting  [Direction | g Level ';‘: Comenente
I
¥ Tardaey LEZO-3R-1 ] 25% cap. Sidaweic A L, 800 0
25% <ap. Silastic n £, 800 %0 | No detectable degradation
Y, cap. Sdhawtic c i obw %
1 I cap. Silewtic A 4. 100 | 135 | Buckied lvads & plates - gove to Dhv. M
for X.ray
Tavdmey LR20 -IX-1 | 5% cap. Silawtric A i, 480 42 } No deisctabir degradation
I9% cap. Silastic i F O -] 128 | Would sl charge o capadity
Yardaey LAZO-AX-| | 295 cap. Silaatic < 1, s00 117 | Capacity slightly degraded
Sacaned Tavimey 9% cap- Sidastic < 4, 100 08 | No detwctable degradation
%% cap. Silastic A T. 30t E7% | Bamtery destrovsd - xine plates faited -
13% tap. Silnwic a 7. 300 £T9 silver plades crached. Separater
. 3% cap- Silawtic C 7. 30 iTs looks o. k.
' l;.r- Pociurs Medel | Uncharged | Silawmic c .00 | 145 | Slight visibls plate damage. No shortiag.
#25-85% Bilver Liax Uncharged | Siastic D 4. 800 14% | Plates buclisc.
Lagie pichay Charged Silawtic C 30 | 130
Model #15-43 Charged Bilasnic C 4, o00 142
Charged Bilae ¢ < 8, T80 148 | Nao de' sciauie degradstion.
Cha rgd Silastic c &, IR0 14y
Charged Silaskic B 3, 100 134
Chas rgadl Sileatic B 5, Yoo 130 | Case splil, omr plater buckled. Discharge |
' cycle showed almost full capacity.
' Eagle Pichar Charged Kpom 515 8 1,000 148 | No detecipble dugradation
Monle] 025.6% Charged Lpen E13 ] a, o 143 | Case crached and sdperated from potting.
plates crushed, tmernal shori.
¥a A Charged Silaweic C 1. 400 1hé | No detectable degradation,
Sivwy Cell Charged Silaslic B ¥, 00 14T | No detectable radation.
Charged Silastic ] 10, &0 149 | Caps cracked. ectrically o, b,
Yardnry YS 20
i Silver cad cell Charged Silagtic E T, 400 174 | Cass eracted Electrically o k.
Whiaker P. 5. D. Charged Epon #ts -] i, 00 18] | Cape cracked., Eiectrically ok,
PR 201171 genlad
i wilver cad celis
2 poited in
A fimture
Mi-L E58 coll Charged D 3, 00 1%8 | Canv crachsd, Groas imirimal shorting.
wattaakar P 5. D. Charged | Epem ni% B £0. 800 | t74 | No detectabie degradation.
. Ch-3 sealed Charged Epon %15 ] §0. #00 i70 | No dewsctable degradation.
| silwer cad colln Charged Epan #1% C i 000 it | No deteciable degradation.
§ i polted ta
§ fimimre
Whitkaksy P 3. 0. | Charged | Epom B3 A 10,800 | 176 | No elwcirical degratation
& CD-) avaled Potiing sad ane cane crached.
silver cad cella Charged Epom 815 A 10, 000 14 | No slecirical degradasion
? 1 potied in fabure Potting amd oad case cTached.
é Raagrr ESB cell Charged Epan 813 D b, D00 165 | Cape crached - intermal shoriing.
i Charged Eopm 015 A &, 900 170 | Porting sndt case crached. plates shified.
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Fig. 1. Battery impact directions

Fig. 2. Dissected P.S.D. CD-3 silver cadmium cell
after 10. 000 g impact
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Fig. 3. High-Impact S-band transmitter module
HIGH-IMPACT STERILIZABLE CRYSTALS

JPL Contract 951080 with the Valpey Fisher Company is for the completion of
' the high-impact sterilizable crystal development. The comtract was let on Jamuwary 28.
1965 and is scheduled to be completed about March 1. 1966. The comtract calls for
] an enginsering investigation of aspects of the crystal such as cutl angle. resonator
i plate design. package design. sealing technique, unit mounting techaigue. and 30
forth. The comtractor wili fabricate 20 crystals for electrical tests before amid after
4 impact, 2D crystals for sterilization testing. and 20 crystals for aging tests. The
& final product will utilize a quarts resomator in an alumina case. Ths case will allow
f the quarts ireedem o rescomate. but will not aliow it to deflect te lailure wader impact.
The specifications call for the crystal to have » nominal frequency of 19. 135 Mc
+0. 001 % at 25°C and for design techniques to be applicable over the frequency range
of 15 1o 50 Mc. The impedance value to be less than 30 ohms at 23°C, the capaci-
tance is to be lass than Tuul, and the frequency is not to deviate mere than +0.00) %
over the temperature range of -10 to 73°C, The phase error is not to be mere than
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0.0% £0. 01 deg peak measured in a phase lock-loop receiver with a iZ-cpe nolse
bandwidth and the incidental phase error is not tc exceed 0 0] deg peak per g of
acceleration.

Several prototype specimens have been delivered to JFL. Figure 4 shows
one of these units. Impact tests have been performaed to check case integrity and
adequacy of various sealing methods. One operating crystal has been impacted in
all principal directions at 10,000 g from 200 fps. The resulting {requency shift was
well within specification. The biggest difficulty at present is with phase jitter before
and after impact. However. mounting reflinements presently underway should solve
this problem. The present sealing method makes use of sutectic solder applied to
vacuum deposited chrome-silver surfaces. The seal must not only withstand impact
and prevent crystal contamination. but it must alsc sustain a tensile load as the
resonator is held by edge clamping. The oaly presantly foreseeable sterilization
problem is relaxation of this clamping force dus to solder creep under high temper-
atare. However. other sealing methods exist which should prove adequats under both
high impact and sterilization.

TECHNICAL CONTACTS

During the report periods, technical contacts were made with Langley
Research Center, Harry Diamond Laboratories, Sandia Corporstion, seversl battery
manufacturers, and various rnanufacturers of components and devices. Additional
reports on this work unit can oe found in SPS 37-31, Vol. IV and V, SFS 37-32,

Vol. 1V and V, and SPS 37-33, Vol. IV and V.
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HIGH IMPACT MECHANICAL TECHNOLOGY
NASA Work Unit 186-68-10-0)
JPL 34-65601-2-3350

The purpose of this work unit is to investigate various mechanism elements
and devices u-der high {10, 000 g {from 500 fps) impacta. Additional reporia on this
work can be found in SPS 37-33, Vol. IV and V.

BEARINGS

Various bearings have been tested under impact. Table | shows typical data
from such tests. The bearings were mounted in pairs in an aluminum block and
mounted with shafts weighing 1. 25 oz each. The shock loads were applied in radial
and in axial directions. The shafts were not turning during impact. The ball bearings
were 0.25 in. ID, 0, 628 in. OD, phenolic separator. {langed deep-groove Barden
bearings. The bushings were machined from a Westinghouse sintered copper. lead .
Teflon compound. In general. rolling siemen: bearings with normal rotating masses
are not capable of taking the iocads encountered under 10, 000 g shocks without signifi-
cant damage. This is, aof course. due 1o very high brinelling loads between the balls
and the races.

Since rolling element bearings are very attractive for use in space. an
investigation was made of methods of supporting bearings so that impact loads would
not be transmitted through the rolling elements. Figure 1 shows a prototype spring
mount for a rotating element bearing. This mount is a six-deg-of -{freedom spring
which is stiff enough (approximately 25. 000 1b/in. axially and radially) tc maintain
alignment, yet soft snough to deflect during an impact so that bearing loads will not
become high enough to damage the bearing. A 4.0z rotating mass with a 0. 002-in.
clearance with its housing was supported between two lightweight ball bearings
{Microtech MCB145SR 25L10} in these spring mounts. The unit survived impacts of
10. 006 g from 200 {ps with no detectable damage. The major loads. of course. were
absorbed by bottoming between the rotating mass and the housing.

ELECTRIC MOTORS

A series of small electric motors incorporating spring-mounted bearings was
developed and tested. Figure 2 is an exploded view of one of these motors. This is
a rebuilt Gaylord-Rives sizse-8 synchromous motor and has successfully survived
10 000 g impacts from 200 fps in both radial and axial directions. The motor was
not operating during impact. It was rigidly clamped to the carriage of the testing
machine. Acoustic techniques were used to compare preshock and postahock perfor-
mance as well as torque measurements. Pickups were attached to the motor which
was operated in a socundproof ckamber. The resulting noise spectrum was then
analyzed, By looking at the ensrgy content of various frequencies it was poesible to
detect extremely small changes in motor performance.

TURBINE
One possible use of bearings in a high-impact situation would be in a

hard-ianded turbo-alternator secondary power source. In this situation it is con-
ceivable that the turbo-alternator would oe operating during impact. In an attempt
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Table 1. Impact test of ball bearings and bushiags

Impact Bali Beariags Bushings
Direct.
Radial ! End | Torque, | Radial | End [Torgqee.
Velocity | Peak Play | Play o8 Play | Play os
50 Jo0 ¢ radial neg. 0. 000 G. %0 neg. 0. 001 6. 7%
axial aeg. | 0,000 0. 30 neg. | 0.001 0.7%
50 700 g radial neg. | 0.000 0. 50 neg. | 0.001 0.85
axial neg. a. 600 0.50 neg. 0.006 | 0.75
50 1500 g radial neg- 0. 000 0. %0 0.001 [ 0.0075| 0.85%
amial neg. Q. 600G 0. 50 06.001 | 0.008 0.8%
50 3000 g radial neg. very 0.7% 0.0015] 0.008 0.7%
rough
races
axial neg. veTy 0.7% Bushing locked
rough
races
50 6000 g radial Bearing brinelled so
iial severely races jocked

to investigste this sityation, a mocked-up turbine was fabricated and tested. The
turbine wae similar to the test specimen for the bearing spring-mounts referred to
above., Turbine mckets were milled into the circumference of the rotating mase and
an air jet wae provided to power the tutbine. By providiag air through {lexible tubling.
it wae possible to power the turbine continuously before, during. and after impact.

The unit was impacted radially at 13, 000 g {rom 173 {ps. Although the rotating speed
changed slightly during impact, the device regained its preimpact rotating speed {about
30, 000 gpm) and operated successfully for a 3 - 3 hr period before it was shut down.
Examination showed that some race brinslling had taken place. Damage to the turbise

and housing was small. An improved version is under fabrication which should survive
impact with mo bearing damage.

TAPE RECORDILR

A Westrex ruggedised track tape recorder and a Kiaelogic noaruggedised
spacecraft tape recorder have been under impact investigation. Development of a JIPL
aigh-impact tape recordar has been initiated, This development is more of an altempt
to investigate mechanism elements in subsssemblies than an attempt to develop a
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Fig. 1. Six deg of ireedom high-impact bearing mount

Fig. 2. Exploded view of high-impact motor
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tape recorder. The problems of imterest are the aee of belt drives in high impact
mechanioms, the attaimment of precisely regulsted metiscs after impact, and the
support of heavily loaded rotating shafts (tape spindles). Ia conjunction with this
development, progress ia similar prejects for Sandia Corporation and other users of
high-impact resistant recerders are boing followed closely.

GEARS

Gears have bees investigated wader impact in order %o evaluate their weefulnese
wrnder high impacts. As yet ne conclusions have boen reached. Preliminary tests
indicated that damage i difficult te avoid at 10,000 g. Howsver, the extent of damage
is less than that predicted by gearing theory. For instance. a veries ol 5 tests was
performed as part of the gear investigation. In vach tast, two 9% ~tooth, 1/8-in. wide
gears were meshed, one rigidly fined to the testing fisture and the other eccemtrically
weighted 50 as to produce appromimately 0. 65 in. -os of torque in one g field. The
direction of impact was such that torque value would be appremimately equal to the g
loading times the 0. 65 in, -os value. In the first test. both gears were stainiess steel
and the impact level was 5800 g from 170 fps. Fellows Red-Line tests showed no
detectable damage to the rotating gear and & mazimum twoth-to-tooth error of
0. 0006 in. in the fized gear. Test 2 duplicated test | and resulted in ac detectable
damage to the rotating gesr amd & maxifmum tooth -to -teoth error of 0, 0003 in. in the
fized gear. Test 3 was run with a fimed 2024 aluminum gear and a rotating 2024
aluminum gear. At am impact of 5900 g from 16% fps, the fized gear showed a maxi-
mem tooth-to-tocth error of 0.0022 in. amd the rotating gear a madimum tooth error
of 0.0022 in. In test 4, a rotating stainless steel geay was meshed with a fined
aluminum gear and impacted at 0 g from 170 fps. Red-Line resuits showed no
detectable damage to the stainless steel gear, and 0.002 in. maximum tootk -to-tooth
error in the aluminum gear. Test 3 meshed a rotating aluminum gear with a fined
stainless steel gear. No damage could be detected to the steel gear and a2 maximum
tooth-to-tooth error of 0. 003 in. appeared in the rotating alumisum gear. The impact
level was 6,000 g from 170 fps. These test results are inconsistent both in thaory and
among thempelves. Further test and analysis is being performed.
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HIGH IMPACT ELECTRO-MECHANICTAL HARDWARE INTEGRATION TECHNOLOGY
NASA Work Unit 186-68+10-02
JPL 384-65501-2-3530

The major portion of the effort experded on this task during the report period
has been directed toward the development of a high-impact resistant gas chromato-
graph. This instrument is being developed in conjunction with the JPL Space Sciences
Division, using the Mars atmospheric scientific feasibility gas chromatograph bread-
board as a basis. Figure 1 shows the design of the instrument. The components
which have heen tested in all principal planes and which have been tested in conjunclion
with the development of the instrument are listed as {ollows:

1. Gas chromatograph columns filled with molecular sieve S5A.
2. Gas chromatograph columns filled with silica gel.
3. Rotary gas sample valves,

4. Pressure regulators.

5, lomization detectors.

&. Plumbing technigues.

7. Pachkaging techniques.

&, Dynamic capacitors.

9, Victoreen hi-mag resistors.

10. Texas Instruments 1% glass-carbon resistorr.
11. Sprague solid slug tantalum capacitors.

2. Goodall My.ar capacitors,

13. Hamiin Reed switches.

14. Transistors {Texas Instrument 2N9330, IM2605, 2NIFH0, IN3609,
IN2432, IN3329, Fairchild ZN3117, SSP ZNZ843).

At the present time, all electricai components suspected of being incapable of
surviving high impact have been tested and ruggedized where necessary, The sample
valve. columns, detectors, jet pump, and manifolding techniques have been designed
'E and fabricated and are under test. The pressure regulator has been designed and is

under fabsication. The electronic psckaging dasign has been completed, circuit
boards have been fabricated, and the slectrical system is operating in prototype form.
: The first complete gas chromatograph assembly should be reiady for testing within
l two months .

The design goal for the gas chromatograph is the capability of surviving a
l 10,000 g impact {rom 500 {ps. Components have been tested to 10,000 g from 200 fps.
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Most of them shouid be capable of withstanding the 500-fps im:- Testirg is now
underway in order to qualily the components for this higher im, * ehergy lavel. The
gas chromatograph makes use of rigid construction, internal gas jiping, and securely

mounted components. The finished package will occupy a volume 4xdx? in and weigh
approximately 8 1b.

This work unit will be divided into two portions in FY 1966. One of the por-
tions will be "High Lmpact Scientific Instrument Technology” and will be concerned
with completing and testing the gas chromatograph and initiating development on
another instrument of interest both to planetary landers and the high-impact technology
effort. The other portion will be entitled "High Impact Demonstration Landing
Pavioad” and will be concerned with the development of a demonstration hard landing
payload. The purpose of the effort will be tn investigate electrical and mechanicai
integration problems due to high impact and to provide a vehicie for structural
investigations. The payload will include the gas chromatograph, temperature and
pressure sensors, batteries, a transmitter, and associated ¢lectronics.

A contract for the evaluation of balsa wood impact limiters under velocities up
to 500 fps is in process. RFP’'s have baen sent out, proposals have been received,
and evaluation. is under way The contract should be awarded by August 1, 1966, and
will include the design, development, and testing of representative hardware. The
intenit is to extend the balsa wood technology acgquired during the Ranger haréd-lander
efforts to cover the higher approach speeds and differing environments of planetary
hard landings  The funding for the contract was reprogrammed from NASA FY 1965
Work Unit 186-68-09-0 (JPL 384-65401-2-3550) “"Terminal Descent and Impact. "
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HIGH IMPACT TESTING
NASA Work Unit 186-68-10-04
JPL ¥B4-65701-2-3550

During this report period, 235 high-impact tests were performed at JPL.
These tests supported various high-impact development efiorts as shown below:

Ruggedized gas chromatograph bZ tests
Ruggedized S-band transmitter 21 tests
Ruggedized crystal 23 tests
High-impact battery investigation 35 tests
High-impact packaging investigation 3} tests
High-impact mechanical elements 43 teots
Miscellaneous component investigations i8 tests

The majority of the tests were periormed on the horizontal impact machine [sling
shot) at accelerations ranging from 3,000 to §5,000 g with preimpact velocities
ranging from 100 to 200 fps. The drop tower was used in the testing of obviousiy
delicate components. A few items were tested using the &-in. diameter air gun.
However, this gun has only recently become operational, so that most of the firuugs
during the report period were for the purpose of de-bugging the gun itaelf.

Figure 1 is a photograph of the 6-in. compressed air gun Figure 2 is a
schematic of the device. The gun itself consists of a 2 -ft diameter x 9-f1 long
storage chamber, two 6-in. -diameter barrels 18-it long,. and various pipe fittings.
The projectiles are loaded into the barrels and hald under slight tension against O-ring
seals. Tension is provided by rods which are fitted with turn buckles and connect the
two projectiles by means of a clevis, a yoke, and & shear pin. The storage chamber
is pressurized until the shear pin fails. Various velocities can be achieved by con-
trolling the shear area.

The impact is obtained by decelerating the projectile after it leaves the barrel.
The simplest method used {for this purpose employs blocks of wood. The velocity of
the projectile prior to impact is measured by means of break-wires. An accelerom-
eter is carried on board the projectile and data is obtained by means of & trailing
cable. The projectiles are hollow and test specimens are secured to the hack of the
projectile nose. Projectiles can aiso be used to test the energy absorption capability
of various materials. Figure 3 shows two blocks of balsa wood which were impacted
with 25-1b projectiles traveling at approximately 500 {ps.

A 22 -in.-diameter compressed air gun is ynder development. Figure ¢ shows
the gun in its present state. Its operation is identical to that of the &-in. gun except
that the gun 1as only one barrel. It should be capable of accelerating 500 1b to 500
fps. The gun will be used both to accelerate projectiles containing test spescimens
to impact velocities for subsequent deceleration against a crushable material
{identica! to the 6-in. gun mode of operation) or with a piston to allow the testing of
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s Fig. 2. Schematic of é-in diameter air gun

i

B large pieces of equipment, large specimens of snergy absorber, or [ree-flight

§ capsule models.

& The 22-in. gun has not yet been fired because of safety considerations.

4 During the next six-month period, the gun will be installed in one end of the JPL

i torpedo-channel and made operational. The first test requiring the gun will be a
test of an air-bag capsuls decsleration system. The gua will be usad 88 a prime
mover tor & piston which will accelerate the test item and then be stopped to allow
the tast item to impact in free flight. During FY 1966, all high-impact test facilities
and the associated shop and laboratory will be moved into the torpedo channel. This

will allow centralization of instrumentation, instaliation of the facilities, better
environmenat coatrol, and more efficient operation.
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Fig. 3. Balsa blocks impacted by é-in. diameter 25-1b projectiles at 500 fps

Additional reports on high impact testing can be found n SPS 37-.31, Vol. IV
and V, SPS 37-32, Vol. IV and V, and 3PS 37-33, Vol. IV and ¥. During the
reporting period, technical contacts were made with Langley Re search Center,
Harry Diamond Laboratories, Sandia Corporation, Aeronutronic Division of Philco,
Space General Corporation, and various manufacturers of components and devices,
Detailed information about the JPL sling-shot and drop tower was given to Space
General Corporation. As a result, they were able to build similar facilities with &
minimum of cost and delay.
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Fig- 4. 22-in. diameter compressed~-air gan

« 294 -




JPL Technical Memorandum No. 33-243, Vol. I

ADVANCED MECHANISMS - PIN PULLERS AND LATCHES
NASA Work UUnit 186.68.12-01
JPL 384-62401-2-3550

Figure 1 shows a test unit developed for the investigation of various film
lubricants for possible use in spacecraft. There are many such lubricants avaiiable
with potential advantages {or spacecrait application {stability in vacuum, cleanline 48,
operational convenience), However, many of them are unknown quantities a&s far as
lubrication is concerned. The test unit is for the purpose of running long term tests
on such lubricants in air. A similar device can perform tests in a simulated space
environmment. Table | shows sorne of the results obtained with the test unit. It 1s
planned to keep this unit continuously 1n operation screening various film lubricants
as they become available.

The cperation of the test unit is quite simple. Shafts of various materials can
be supported betwceen bearings and driven by the constant speed motors. Bushings of
various materials are placed upon the shafts and loaded by hanging weights which
bear upon a crank. The shafts and bearings are treated with the various test fubri-
cants. Friction torque 1s counterbalanced by rotation of the crank, which results in
a direct reading of torque upon a calibrated dial, Dampers are attached to the crank
member to prevent dynamic oscillations The machine contains automatic timers
and limit switches which terminate the tests automatically if the torgue exceeds a
certain limit,

Fig. 1. Film lubrication tester
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Table |. Film lubricant test results®
1

— Oiry'lsbe s s:;.: ) ¥

303 S8.8. Everlube 811 40 100 4 hr

303 5.5. Dri-Lube 805 40 o0 1har

2024 AL, Electrofilm 1005 40 100 & min

303 8.8, Electrofilm 1005 40 100 1 min

2024 Al. Electrofilm 4306 40 100 191 hr

2024 Al. Electrofilm 811 a0 100 159 ne®

2024 Al Dri« Lube 811 40 100 187 hr

303 5.5, Electrofilm 2007 4 100 54.5% hr

303 5.8, Everjube 811 4 100 55 .7 hr

2024 Al Everlube 811 s 100 529.8 he®

303 §.5. Electrofilm 4306 4 10O 2.3 hr
A 321 stainiess steel ground shaft was used in each case; Lthe unit loading was 160
1b/in.© for 40 1b loading and 16 lb/in.2 for 4 1b loading.
bThcse two data points are not valid since metal-to-metal contact was experienced
prior to the times listed. This was not detected since the friction coefficient of
321 stainlcas steel on 2024 aluminum is not greatly different than the metal to
metal situation.

Figuee 2 is an exploded view of a spring operated rotary gas valve. This
valve was ceveloped for use as the sample valve in the high-impact gas chromato-
graph. However, since it has potential application in a variety of instruments, it
was developed as an advanced mechanism. The valve as shown is a three-position
valve which interconnects the gas chromatograph sample source, the casifer gan, the
vacuumn line from the jet pump, the sample loop, and the analysis line. However, by
changing the porting and the escapement the valve can perform a maultitude of
switching functions. The valve is powered by a spirator spring which stores sufficient
snergy for 45 cycles {15 revolutions). The unit weighs 1/2 |b and can be triggered by
any small mechanical input. It has successfully survived impacts of 10,000 g irom
velocities in excess of 100 [ps.

During this report period, the effort has been lower than anticipated due to _
divarsion of manpower. The mechanism specialists who were sxpected to work in E
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Fig. 2. Gas chromatograph sample valve

this area have been assigned to the Surveyor or Vovager projects. On the basis of &
projected continuation of the manpower an illet shortage, the pin-puller and latches
effort is being terminated as of the end of FY 1963
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ADVANCED MECHANISMS - SEPARATION
NASA Work Unit 186-68-12-02
IPL 384-63501-2-3550

During this report period, the se paration cffort has been lower than anticipated
due to diversion of manpower. The mechanism specialists who were expecied to work
in this ar<ca have been assigned to the Surwgor or Voyager projects. On the hasis of
an expucted continuation of a manpower and billet shortage, the scparation cifort is
being terminated as of the end of F Y 1965. This report contains a summary of the
work performed during FY 195, It was not all performed during the reporting
period, but is included because of project te ryrunation.

A simulator was developed at JPL to allow the testing of spinup and despin
systems, nutation damperTs, precession attitude control devices, and other equipment
needed for separation of spin-stabilized capsules and payloads. The simulator is
shown in Fig. |. [t consists of a toroidal tank which serves both as the capsule mass
and the pressute vessel for any coid gas systems being tested. The tank can be
mounted either to a modified automobile universal joint or to an air bearing made
from a bowling ball and a concave pad. The air bearing is used in applications where
verv low friction is desired. The universal joint is used for less sensitive applica~
tions as it is less subject to contamination and mechanical damage.

The simulated capsuie has a weight of 300 Ib, a moment of inertia of approxi-
mately 25 slug-ftd about its other axes. and a moment of inertia of 50 slug-ftZ about
its principal spin axis. During the development of the simulator, it was fitted with &

Fig. 1. Spin-despin tester
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coid-gas spinup sysiem and & yo-yo despin system. The spinup system could
accelerate the rotating mass to 30 rpm in 5 sec or k35 rpm in 15 sec. Solenocid valves
were used for actuation and the rate of spinup was controlled by metering the gas.

The despin system utilized 3 nichrome heating loop which cut a nylon line to release
the weights. All instrumentation was acc omplished with calibrated motion picture
cameras.

An interesting portion of the development program was the provision of &
barrier to stop the despin weights. These weights can weigh several 1b and travel at
several hundred fps. It was desired not only to stop them but to stop them gently
enough so that they couid be re-used. After studving many combinations of materials,
it was found that the cheapest and functionally most satiafactory solution was to use
baled waxed paper containers. These bales were 30x36x72 in. and weighed approxi-
mately 00 1b each. The total cost for a complete enclosure {40 ft ID, 9 ft high) was
under $100.00.

A penduiam separation simulator {Fig. 2) was developed {or use in evaluating
various separation techniques. This device consists of a fined vertical separation
surface and a simulated (mass and moment of inertia} capsule suspended by 2 cable
which is attached to bearings at the capsule c.g. The simulated capsule is {ree t0
pitch, yaw, and transiate on the end of the cable. In its present form it is constrained
in roli. Capsule pitch, yaw, and position a3 a function of time as recorded by means
of calibrated motion picturs cameras.

PSS

A large part of the experience gained through this development, the instru-
mentation techniques anéd equipment. and the people who had developed the pandulum

oy A TR e~ B U e s e oty e -

Fig. 2. Pendulum separation device ‘
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separation simulator were used during the Mariner Mare shroud problem. During
the shroud work at JPL, bestween the firings of Mariner 1l and Mariner IV, it became
necessary to perform separation tests om a metal shroud in & short period of time.
Because of the advanced development effort which had taken place, it was prssible to
design, develop, and fabricate a test facility and to perform the required tests within

a few days.
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separation simulator were used during the Mariner Mars shroud problem. During
the shroud work at JPL, between the firings of Mariner II] and Mariner IV, i1 became
necessary to periorm separation tests on a metal shrouc in a short period of time.
Because of the advanced development effort which had taken place, it was possible to
design, develop, ané fabricate a test facility and to perform the reguired tests within

a few days.

- 302 -




BLANK PAGCE



JPL Technical Memorandum No 33-243 Vol. !

ADVANCED MECHANISMS — DAMPERS
WASA Vork Unit {Bb-68-12-03
JPL. 384-6360]1-2-3350

During this report period, the damper effort has been lower than anticipated
due to diversion of manpower. The mechanism specialists who were expected to work
in this area have been assigped to the Surveyor or Voyager projects. On the basis of
a projected continuation of the manpower and biliet si;‘orta'e, the damper «ffiort is
being t2rminated as of the end of FY 195,

The bellows damper cvaluation has been completed. Figure | shows the
bellows damper in both partially disassembled and assembled configuration. JPL
Section Report No. 333-7, "Development of & point damper for the Ranger Solar
Panels, " contains a discussion of the damper and test results comparecd with test
results for the Ranger flight dampers. The performance of the beliows damper was
adenuate anc the original goal of achieving a flyable, leak - proof damper was achieved,
The bellaws damper information wiil be included in 2 JPL Technical Report to be
relcased witnin a few months,

JPL Contract 951099 was let to the Dynamic Scrence Corporation to pariorm a
design study of visco-e¢lasta-plastic dampers. Funding was with FY 194 money
originally allocated under NASA Work Unit i24-08-01-01, FPL 324.-00804-2-3550.

Fig- 1. Beilows damper
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The cantract calls for a mathematical analysis of the steady state vidbration rosponsy
of idealized nonlinear damper models, a design apalysis to choose specific configura-
tions for a damper, a fatigue property and temperature/pressure investigation, the
determination of design procedures and curves, and the design of a specific example.
The work under the contract is presentl- 50% complete.
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PLANETARY ENTRY AERODYNAMIC DECELERATION
NASA Work Unit 186.68-13-0!
JPL 384-62501-2-3510

Effort in th : work unit for the second half of FY 1965 Las been directed
toward: (I) establishing a basis for selection of an aerodynamic decelerator and {2]
selection of a system 10 sense conditions for release of & terminal decelerator.

BASIS FOR SELECTION OF AN AERODYNAMIC DECELERATOR

The planning of a development program for the auxiliary decelerator{s} to be
used in a Mars landing requircs first that the type of device and its design be circum-
scribed to some extent.

Choice of type and design of the device are dictated by the operational flight
regime of the decelerator, and on the decelerative properties of the parent entry
vehicle and initial fentry) conditions. In order to determine the constraining deploy-
ment conditions, such as velocity, altitude, density, and pitching oscillation, a
systematic series of entry trajectories ~ere computed at JPL. These trajectories
utilized varied representative asrodynamic entry vehicie shapes, sizes, ballistic
coefficients, initial conditions and atmospheric models. Continual updating of these
trajectories has been necessary because of revisions to mission plans and to atmos -
pheric estimates .

Evaluation of the low -altitude {deployment} flight conditions obtained in these
trajectories indicated that only a single sub: onic decelerator is needed il an entry
vehicle [capsule) can be constructed with a ballistic coefficient below approximately
0.25 slugs=ft2. Morecver, a supersonic deceierator stage should be added if 2 higher
capsule bailistic coefficient is necessary for structural reasons. Capsule intrinsic
aerodynamic stability appears to keep pitching amplitude and frequency within
reasonabie limits at decelerator d-ployment, even for the large sizes considered,

The deceierator system is also constrained by the payload requirement for
landing impact alleviation. Tradeoff studics to optimize payload by suitably combining
an impact-absorbing crushable structure with a parachute-drag capability have
resulted in selection of a preferred terminal descent velocity range.

In addition, consideration of a Mars horizontal wind would require a multi-
directional capability and consequently & heavier impact absorber. This considera-
tion, however, does not appreciably increase the total energy to be absorbed, since
the wind is estimated to have about the same maximum velocity as that of descent.

An in-house study of the general dynamic relationships betweer payload and
towed decelerator has been started. In the present phass & linearized treatment
identifies these combinations of system paramsters whers incipient instability could
be expected. In-house wind tunnel support is providing experimental checks on the
free-flight behavior of payload-plus-towed rigid-drogue configurations.

Continuing discussions with other government agencies and industry psrsonnel,
experienced with decelerators, have identified the types of devices most applicable to
the flight regimes disclosed by the trajectory studies. For a low speed or preimpaci-
terminal decelerator, the type of parachute used on meteorotogical or sounding rocket
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payloads appears most promising. Further investigation with the congnizant
agencies to find a means for developing this type to meet the significantly different
Mars descent requirements is being pursued. For a high-speed first stage or
supersamic -deployment decelerator, both balloons and specialized parachutes have
shown acceptable performance in limited USAF tests at Mars density altitudes.

Earlier contract studies by Cook Electric Co., funded under this work unit
title, have outlined the essentials of parachute system capability for use in Mars
landing. In order to obtain comparable information on the possibly competitive
balloon type, & comtracted study has been initiated. lIndustry competition for pro-
curement of a design study of balloon and sexpandable first-stage decelierators has
been compieted and award made to Goodyear Aerospace Corp. The contract is
funded by $40,000 from this work unit and $30,000 from Enginec ring Mechanics
Stadies, NASA Work Unit 186-68-09-04. The objective is to describe the weight,
stability, fabricability, packageability, and actuation characteristics of inflatable
types for Mars landing use. Such informat.on will enable a choice 10 be made between
balloon-type devices and parachutes for first stage ase.

SENSING SYSTEMS FOR DECELERATOR RELEASE

The in-house phase of this workwas done under NASA Work Unit 186 -68-09-04
and the results are described under that work unit.

The objective in this work unit was to let a contract to conduct an engineering
study directed toward the development of a practical system which is capable of
sensing entry conditions requisite to the initiation of a two-stage or one-stage
auxiliary decelerator for & Martian entry vehicle. The study is expected to tesult in
a -~aceptual design and engineering specifications of & sensing system that will
maximize the initiation altitude {or each decelerator stage, consistent with design
lirnits, model atmospheres, trajectories and sterilization requirements specified by
JPL.

An industry competition resulted in & contract being let to Northrop-Ventura,
Newberry Park, Calif. Final negotiations are in progress.
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POLYMERS FOR SPACECRAFT HARDWARE
“ASA Work Unit tbb-b8-153-02
JPL 384-62001-2-3510

SPACE ENVIRONMENTAL EFFECTS ON POLYMERIC MATERIALS

During the latter haii of the third and the entire fourth quarter, wourkcontinued
at Stanford Research Institute under a 22K supplement, issued in February 1965, to
the original contract. Work continued during the first twe months of the report
period under an earlier supplement. FY 1964 NASA Task 186-56-00-18. In addition

tw monthly informal letter reports, the contractor has issued two furmal reports as
follows:

1. Whattiuk, J. 8., Effects of Spacecraft Environm

ent un Polymeric
Materials, Special Bibliography dated January 15, 1965 UEE
Contract No. 950324). ’

2. Muraca, R.F., vt al, Space Environment Effccts on Polymeric
Materials, August 1964 to Masy 1985, Interitm technical Report
Nu. 2 dated May iU, 1965 (JPL Contract No. 930324k

Negotiaticns have continued «onterning renewing the contract with chanyes
in scope. This work will be combined with the polymer specificationg work ir one
contract, as discussed in the Fulute Work section.

The work during the report period was designed: {1} to ascertain the extent
to which warm polymers release substances in a vacuyum which cundense at tempera-
tures 1o the vicinity of 25 C; (L) to determine il polymers undergo gross skeletal
degradation in a vacuum at tempe raturces in the vicinity of 125 C; 1 (3} to determine
changes in pertinent physical pruperties of selected polymers in a vacyum-thermal
environment. The tommercial polymers, all elastomers, selected for study during
the report period were Vitons, Nordels, and Hypalons, These materials show good
behavior characteristics at moderately elevated temperatur- s in air and are logical
space frade candidate materialse.

Ou!lan.-mg Studivs of the Elastomers, Mordel, and Hypalon

The twu elastomers Nordel, an ethylene-propyiene terpolymer with a diene,
antd Hypalon, & chluorosulfunated pulyethylene, were studied by means of the volatile
condensable materials (VCM) technique and by analyzing the volatile species employ.
ing & mass spectrumeter. The temperature cmployed {143°C) was higher than the
nominal maximum {1258 °C) at the request of JPL in orders to provide an independent
crosscheck of some suspected results being obtained for Nourdel on an in-house
s« reening program using a different version of the VCM test,

1 125°€C ig considered to be an "average maximum temperatuTe during a planetary
mission. 25°C is considered typical of equipment aboard a planctary spacecraft not
in the immediate vicinity of an internal heat source.
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The eguipment used by Stanford is shown in Fig. 1, 2. 3, 4, 5, 6, and 7.
The VCM results obtained are plotted in Fig. 8 and 9. Mass specirometer resualts
are summarized in Tabies | and 2. The appearance of one of the Nordels afier
vaceum-thermal exposure is shown in Fig, 10. The appearance of the Hypalons was
not changed, aithough they{and the Nordel of Fig. 10} exhibited a marked increase
in stiffness as a result of 3136 hr exposure toc high vacuum a* 147 C in the VOM
apparatus. The appearance of the VCM plugs showing the condensate from both
Nordel and Hypalon after aimost 100 hr exposure is shown in Fig. 11.

The results of this work and a discussion of their significance is reported
in detail in Ref. 2. General, if somewhat over-simplified, conclusions from this
work are as follows:

1. The Nordels studied may be considered unsuitable for spacecraft
service where they will be exposed to pressures much below
Earth atmospheric in combination with temperatures approaching
140°C. The oil contained in the Nordels, while of sufficiently
low vapor pressure tc remain in the material at relatively high
temperatures in A& near-earth-atmospheric -preasure environment,
volatilizses quite readily at pressures approaching those encoun-
tered in space (ses also Fig. i2 and Table 1).

#t is of interest and perhaps considerable significar_e with regard
to future studies of folymers that the VCM curve for the high oil
content Nordel (=113} of Fig. 5 shows & definite peak at about 30
hr with a second peak occuring in excess of 320 hr. Th: first
peak is caused by the lower molecular weight polymer {raction
(Sun Jil). The decreasing VCM valuce occuring between 50 and
100 hr results from volatilizsation of the lower mulecular weight
{ractions from the 28°C collector. Note that the gltimate VCM
value is much higher than the firet peak value. It is the latter
part of the curve which is of greatest interest for long time space
missicons.

2. The Hypalons studied, like the Nordels, showad sisadily increasing
VCM valees out to the maximam time, in excess of 32 hr, tested.
The changes in properties noted aAte not unexpected in view of the
relstively high temperature, for Hypalon, of the test. At such a
temperature, there is breakdown of either the polymer skeleton
or of low molecular weight polymeric material, as indicated
by the data of Table 2 (note especially the increasing carbon
dioxide content of the cutgassed products with increasing time).

Mechanical Properties of Elastomers

Mechanical property measurements {continuous and intermittent stress
relaxation} were made in a thermal-vaceum snvironment on samples of Viton, l"lzph-
lon, and Nordel at & temperature of 123°C and a pressure of approximately 10
torr.

The squipmaent used for the tests is shown in Fig, 13 and 14. Resuits of the
stress relazation tasts are presentsd in Tabies 3 and 4. Table 5 gives the welight
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Fig. 1. Completr apparatus for VCM determination
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Fig. 2. Intermal view of VCM spparatus showing arrangement of
heater- collector assemblies and shields

Fig. 3. Heater and shield assembly for VOM
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Fig. 5. Over-all view of mass spectrometer

Fig- 6. Mase spectrometer sampie probe
for polymers shown in place
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{}) VCM valur - weight of material deposited on the collec. - in
grams/in€ of emitter surface. The higher temperature is emilter
temperature, lower is collector temperature.

NOTES:
Formulations (Parts by Weight)

AS411A- 113 115 117
Nordel 1070 100 - .
Nordel 1040 . 100 100
Zinc oxide 20 20 20
SR ’..{2} black 70 T 70
Sun Oil 51%0 30 10 |
Thionex!?} 1§ i )
ma T4 2 2 2
Salfur 0.8 0.8 0.8
Hypalon- 40 - 5 5
Cure: 30°/307°F 30 /307°F 30' /307 F

{2) Semi-reinforcing furnace grade carbon black
{}) Tetramethylthiurarm monosuliide

(4} 2-mercaplobenasothiazole

Fig. 8. VCM values at 143°C/25°C with respect
to tise foy Nordel samples
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NOTES:;

Formulations (Parts by Weight)
Hypalon- 40 100
Sublimed litharge 20
Maglite D!
maTs!?) 0.5
Tetrone A{‘” 0.75
xpc! 3
SRF Black 25

(1} MgO

{2} Mercapto Z2- benzothiszyl disuliide

3 Dipenta methyicnethinvram tetrasulfide
{+) Nickel dibutyidithiac arbamale

{5} Semi- reinforcing furnace grade carbon clack

Fig. 9. VYCM values at 143°C/25°C with respect
to time for Hypalon A-2411A2717
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Fig. 10. Appearance of Nordel sample A541 LA-J1T®
after 340-hr VCM run
¢see Fig. 8

Fig. 11. View of plugs after 96.hy run

Top: Blank plugs.

Middle: Plugs showing discoloration from
Hypalon A-2411A-2717; in actual
apprarance, the color is a green-
yellow.

Bottom: Plugs showing condensate of oil
from Nordel A-5411A-118.
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Fig. 12. Inirared absorbance of VCM from two Nordel samples
compared with an instrument lubricating oil
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Table 1. Mass spectrometric analysis of ouliauing

characteristics of Nordel A-S411A-113

Tirme at
Temperature, Temperature, Vacaum, Identification of products
°c ke torr {estimated mol- %)
is0® 0.1 6x10°7 H,0 50
i
i saturated hydro- 40
carbons to C
27
terpene, to C15 ¥
co, 2
aliphatic carboxylic l
acid 10 C | o
150 16 T x iﬂ'a same as above
1. 8-mgm sample, post cured at 177°C in sir.
Sample was outgassed for 24 hr at 25°C and then raised to 150°C within one hour.
te: Nordel A-5411A-113 in the as-received condition was also anslyzed mass
spectrometrically; the same producis were identified.

jsss measurements made in conjunction with the mechanical property tests, amd
Tables 6 and 7 show changes in tensile properties in the vacuum-thermal cnviron-
ment. A compsrison of the stress- relaxation characteristics of Hypalon in air and
in vacuum is shown in Fig. 15 and l6.

Wer G rae

1.

MR

3"

A discussion of the sbove results and significant conclusions is reported in
detail in Ref. 2. A briel summary of the highlights follows:

The Nordels are not catastrophically altered in mechanical prop-
erties. However. they are not suited for the space environment
because of excessive outgassing (see Table 5 and Fig. 8.

The Vitons appear to be the best of the materials eimiuludz
and based on the mechanical property data obtained to date”,
should perform satisfactorily in the space environment within
the limite of their physical capabilities.

Hypalom, if used at lower temperatures, possibly would be
suitable for use in the space snvironment.

21‘&- outgeseing behavior needs to be better understood before it can be considered
entirely suitable, howsver,
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Table 2. Mass spectrometric analysis of outgassing

characteristics of Hypalon A-2411A-2717

‘ 1
! Temperature, T Time at Vacuum, ldentification of products Il
°c "-'mP‘;:““"“- ] torr {estimated mol- %) l
b * —
IL 143 0.1 7x 1078 H,0 8z
. saturated hydro b4
; carbons
i
| Co, 3
|
; hydrocarbons 0.5
containing Cl
; unsaturated hydro- 0.3
1 carbons
I
| -8
. 143 22 §x 10 HZO 62
;
; co, 30
| saturated hydro- k]
t carbons
SO, 2
hydrocarboas _ |
containing C1l
csz i
HC! i
4. Hypalon behaves quite differently in vacuum as compared with
sir. Figure 15 illustrates how the tensile properties in vacuum
increase with longer times during the intermittent test, while in
air {Fig. 16) there is & trend indicating decressing properties
with longer times.
5. Fyom sn examination of the stress relaxation dats, it is guite

rent that it should be considered how the clastomers are 10
be used in the space environment. For example, if & material
is to be applied under a constant tensile strain, then results
from the continuous tests are of greater importance than are
those {rom the iatermitieat test,
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Fig. 13. Vacuum chamber and associated instrumentation uscd
for mechanical property studics

Fig. 14. Stress relaation assembly mounted on chamber door
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Tahle 3. Effect of vacuum-thermal environment on stress
relaxation behavior of Viton, Nordel, and Hypalon

|( Inte rmatient Conlinucus
’
E Material Approx. time to A : H
: c {(t})/ f{o) at PProx. ume 1o} gy f t
| o) >1-0, st TirHe) 6.5, Fag he 13057
: hr hr
L L
! .T
! ¥iton A - i
+411A-990 20 1. 01 1.27 20 g, T4 0. vée !
| Viton A i ;
3411 A-991 3 T B I B T 70 ‘ 0.83 10,76 |
Nordel A- b ]
S4HIA-113 70 i.0 1. 11 | 0.51 Q. 40 }
! Nordel A-
S311A-107 ] 1.20 2. 48 i 0.65 G.33
|
Hypalon A-
_ 24t 1A-27LT 100 i.0 1,26 6.5 . 48 0.2
i
: Hypalon A- b
ZEILAVZTIT 250 1.0 1. 67 0.8 0, 52 0. 25

% I'hese compounds arc identical except a different armi‘m curing agent wag ased.
hSﬂ- Fig. 8 and 9 for formulations.
Notes: 1. All tests conducted st strains of approximately 0. 25.
Z. Data obtaincd from best curves drawn through duplicate test results.
3. Exposure conditions consisted of two stages:

Viton - () 325 hr at 50°C average pressurcs of from
2x10"2t0 7.5 x i0°° tore {b) up to about 800 hg
at 125°C and average pressuscs of from 2 x 1077 to
T.5 x 10" torr.

Nordel - {a) 425 hr at 50°C and an average pressure of
about 7.5 x 10-€ torr (b} up to about 600 hr
of 125°C gnd an average pressure of about
4.5 x 10°" torr.

Hypsion - {a) 168 hr at 50°C and an average pressusc of
about 3 x 10-© tore {b) up to about 800 hr at
125°C and average pressures of from 6 x 10-¢ to
3.5 x 10-5 torr.

4. The function f{t)/f{o) is the ratic of the force at time L 0 the force
at time o {the starting time).

o e R S T R R
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Table 4. Effect of therma) environment on stfess relaxation
behavior of Nordel and Hypalon

Intermittemt Continuous
Materiai £
time to Approx. time to ;
)/ flo) st it/ H{o) at
H/to) >1.0, | N0 He)/1eo) = 0.8, | (010
hr hr
Nordel A
S411A-113 ] 1.2 0.8 0,52
Nordel A
5411A.117 1 I.44 0.8 0. 5%2
Hypalon A-
24VIA-2T17 1{<1.0) 0. 91 0.8 0. 44
Notes:

1. Ail tests conducted at strains of approximately 0.25.
2. Data obtained from Lests of single specimens,
3. Environment consisted of one stmosphere of sir st 125°C.

4. The function {1}/ f{o) is the ratio of the force at time t to the force
at time o {the starting time).

Polyvurethane Degradatio Studies

Study of & synthesized polyurethane has indicated that no lkelltl] degradation
of this polymer system takes place at ternperstares below about 225°C in vacuo.
Because of limited isnmediate interest in such high temperatures for interplanetary
spacecraft service, this work was suspended early in the feport period. The work
is summarized in Ref. 2. [t will be interesting to compare the results of this work

with those for commercially available polyurethane, to be studied during the next
contract Year.

DEVELOPMENT OF POLYMERIC MATERIAL SPECIFICATIONS FOR SPACECRAFT

Work continued during the last half of the fiscal year at the Stanford Research
Institute under & contract issued in June, 1964 {($467,000 one year, NASA Task i86-
58-00-J8). The major emphasis irom a testing standpoint was placed on the
development of vacuum weight loss criteria and the qualification of selected product
to these criteria. Effort during the report period was concerned with three catego

of materials: epoxy.based structural adhesives, RTYV silicone rubbers and
fluorocarbons.
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Table 5. Weight loss of rings used for stress relaxatios tests
50°C Exposure 125°C Exposure Total
Weight Loss, %,
Material average of
> ;
Time, | Ave. pressure, | Time, | Ave. pressaure, ourEinen
hr tory hr tory
Viton A- 3258 2x107% w0 800 2x10"° to 0. 075
4411A-990 7.5 x 1076 7.5 x 10”8
Viton A- 325 2x10°% o 800 2x10° % w 0.12
4411A.991 7.5 x 10" 7.5 x10°®
Nordel A- 425 7.5 x 107 ¢ 600 a.5x10°" 10.5
5411A-113
Nordel A- 425 7.5 x10°" 600 4.5x10"° 3.0
S411A-117
Hypalon A- 168 5 % 107P 800 6x10°% w0 3.5
24HIA-2T17 3.5 x 107
-5 -6

Hypslon A- J68 5 x 10 800 6 x 107" o 2.6
2413A-2718 5.5 x 107"
Nordel A- o 54 760 (air) i
S4I1A-113
Nordel A- 0 30 760 (air) 0. 93"
$411A-117

.Avcrngc of two rings
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Tabie . Effect of vacuwem- the rmal sawirecamest on
tendile properties of Viton

»

: |

Test Stress at Stress at | Straim at

Batch Neo. History | temperature, | straim of 0.29%, rupture, rupture,
b pei pei in. /in.
A-4411A- Coatrol i. 127 1495 4. 63
990 Esposed 25 130 i940 4. 85
Comtrol 123 79 338 2.10
Enposed 125 102 402 1.64
A-4411A- Control 25 i1lé 2180 4. 32
99 Exposed F 4] 118 ‘2025 3.9
Control 125 ] ] 453 1.78
Exposed 125 115 449 1.37

Notes: 1. Ai] data points are averages of measurements on duplicate

speccimens.
2. Tests were conducted at an extesaion rate of 0.1 in. /min,

3. Control specimens were stored al Bormal room conditions for
the entire pericd from specimen preparation to final testing.

4. E:rum conditions consisted of two stages: {a) 325 hr at
50 C and average pressures of from 2 x 10-5 10 7.5 x 10-6
tory, [(b) 820 hr at 125°C and average pressures of from
2x10-5%0 7.5 x 10-¢ torr.

Epony- Based Adhesives

Work is nearing completion on the preparationa of materials specifications
based on the following products, all mamifactured by the Shell Chemical Company:
Epon 901, 903, 914, 917, 931, and 422). Vacuum weight loss dats are summarized
in Table 8.

A draft of the first material specification is being readicd for release, The
approach taken is summarized in Table 9. The specification comtaing a serics of
qualification criteria, used to qualify a given product {place it on an approved list)
and a set of acceptance tests which will be used a8 receiving inspection criteria
for each lot of material received. The first product tentatively qualified under this
specification is Shell's Epon 90) with curing agent B-3. As the necd for multiple

sources develops, other producer's products will be qualified under the
specification.
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Table 7. Effect of vacuurr-thermal environrment on
tenaile properties of Nordel
Test Strens gt Strese at | Strain st
Batch No. History temperature, | stramn of 0. 2%, rupture, rupture,
*'C pai psi in. /in.

A-54)1A. Control 25 63 1395 2. .31
113 Exposed 25 90 1630 7.39

Control 125 &0 08 2. 77

Exposed 128 79 477 2.77
A-5411A- Control 25 l42 1423 5.09
K Exposed 25 2 1463 3.37

Control 125 li0 632 2.73

Exposed i25 258 619 1.48
Notes: |. All data points are averages of measurements on duplicate

specimens.
2. Tests were conducted at an uxtension rete of 0.1 in. / min.

3. Control specimens were stored at normal room conditions for
the entire period from spccimen preparation to final testing.

4. Exroture conditions consisted of two stages: {a) 405 hr at
50°C and an average pressurc of about 7.5 x 10- toer, (b)
605 hr at 1253°C and an average pressure of about 4.5 x 10-6
torr.

RTV SILICONE RUBBERS

Vacuum weight loss data were obtained on the following products, all
manufactured by the General Electric C + Silicone Products Department:
RTV-11, 60, 511, 560, 615, 102, 106, 108, and 112. All of the materials evoived
large quantities of condensable oil during the testing. In an sttempt to find & vimple
solution to the volatile oil problem, several variations in the cure of five of the
materiais: RTV-1), 60, 511, %60, and 615 were tried. Use of 2 larger proportion
of curing agent was easentially ineffective; postcuring for 24 hr st 150°C was
partially successful, postcuring at }50°C in & vacuum of 10°% torr was successful
in virtually eliminating the outgassing of objectionable?d condenssble 0il. Dats ate
summarised in Table 10.

Work is continuing on obtaining data on the remainiag RTV silicone rubbers
listed and to prepare material specifications for all nine materials.

3'!11“0 results will be rechecked on & new, recently construcied apparatus {see
section oa Vacuum Weight Loss Detsrmisation).
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Fig. 15. Coatinwous amd intermittent
stress relanation results of
Hypaloa A2411A-2717 in
vacuum at 125°C
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Fig. 16. Coatinuous and intermitient
stress relaxation results of Hypaton
AZ411A-2717 in air st 125°C com-
pared with other slastomers

Table 8. Vacuum weight loss of epoxy-based adhesives
24-hr 200-hr
weight loss weight loss
-
m.’:’“_:" Cure in air) (%) (%)
i50°C 200°C 150°C 200°C
901/B-3 1/2 hr @ 116°C + 0.79 0. 51 0. 8] 1.4
1.1/2 hr @ 177°C
903 2hr @ 177°C 0.78 1.8 0. 95 3.2
914 1/2 hr § 204°C 0.49 1.8 0.49 2.0
917 2nr @§l77°C 0.80 1.0}
931 irr @121°C 0.6 2.2 0.6 3.6
4223 1/2 hr @ 1667C + 0. 9% 1.7 1.13 2.1
6 hr @ 177°C
Notesa: Test pressure was 10-% torr maximum.

Test method described in & JPL Test Specification.

Duats extracted from an interim report on epoxy adhesives to be
published in the near future by the Stanford Rescarch Institute
under JPL Contract No, 950745.

- 326 -




JPL Techaical Memerandum No. 33-243, Vol. ]

Table 9. Material specification - two part structaral sdhesive,
clevated temperature, aromatic amine cured
{diglycidyl ether of Bisphenol A type)

Acceptance
Cuaalific ation {each lot)

Base Resin structure®

Epoxy equivalent

Hologen conteat

Filler type®

Filler content

Non- volatile contest

Viscosity Viscosity

Density Density

Infrared spectrum infrared spectram
Curing agent Chemical ipeciu'

Amine valus

Halogen

Non- volatile content

Viscosity Viscosity

Density Densiry
Mixcd and cured Vacuum weight loas® Vacuurmn weight loss®

sdhesive Tensile shear
Creep rupture

Tensile shear

a . No test defined or required.

b, Test method described in separate JPL test spec,

Notes: All tests except those marked with an 8 or b are defined in the
specification (utilizing existing ASTM specifications where
applicable).

Fluvrocarbons

Preliminary cutgassing studies on selected poilyfluurocarbon films have baen
compieted. Five types of film, four Tﬂllll'z and one Teflan FEP were subjected to
thermal vacuum treatment at i50°C and 10°° mm Hg for over 200 hr. Weight losses
for all these materials were quite low, ranging ffom zerc to shout 0. 5%. The out-
gassing characteristice of the samples tested are summarized in Table i1, No
condensable oils were evolved (rom the test specimens. No analysis of volatiles
was made because it was [elt that the cutgassed materials could consist oaly of
water and gases desorbed from the surface of the test specimens. All Tedlar
samplies underwent very slight darkening during thermal vacuun treatment; the
Teflon FEP esamples remained unchanged.
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Table 10. Vacuarn weight loes of RTY silicons rubbers

Test pressure was 10°% tore maximum.

Weight Joss in 200 hr {%)
RTYV
:i:i;:;c - 8.1% thrmu-u
{G- E. m-:;:;u-nz Thtrfr::l?u-ll "'m-u ‘l:;?::‘.
aumber) no postcure no postcure !or.zi hr € 150°C and
150°C in air 10-¢ torr
pressure
11 3.0 2.8 i.5 o.7*
60 1.7 1.8 0.9 0.4*
511 4.6 4.3 2.1 ——
560 3.5 3.5 1.8 0.5*
618 2.2 0.9%
102 6.0
106 5.5
108 6.0 ==
112 6.1
a. No evolalion of condensable oil.
Notys:

Duta extracied from an isterim report on ATV silicons rubbers to be
published in the aear future by the Stanford Research Institute under JPL
Contract No. 950745,

Vacuum Weight Loss Determinations

A test specification covering a method for measuring vacwum weight loss of
polymers (all) has been drafied. Release is planmed simultanenusly with the release

of the first poiymer materiale {adhesives) specification.

Remaining to be redolved

are the effects of equipment orifice sise and specimen geometry on outgassiang rate.
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Tabie I1. Outgassing characteristics of fluorocarbon filme
(150°C, 10~ mm Hg)
8 Weight loss Weight loes
Material Code after 24 hr (%) aftsr 200 by (%)

Tedlar 200 SG 40 TR 0.14 0.4

200 AG 30 WH 0.39 t. 54

200 BG 30 WH 0.3% 0. 50

50 AG 20 TR 0-0.05 0-0. 038

Teflon $00 A FEP/» 0. 084 0. 075

500 A FEP/b 0. 003 0. 05

®Key to DuPont film code identifications:

1. Film thickness

2. Surface characteriatices

3. Degree of surface gloss

4. Film type

. Color

200
50

A

40

20

TR
WH

2 mil
0.5 mil

One side sdherable for use with
adhesive inks or coatings; the
other side i» nonadherable and
can be heat sealed

Both sides are adherable, but
not heat- sealable

Both sides are strippable and
both can be heat sealed

Highly gloesy surface

Film with low shrinkage and
good formability

Film having medium tensile
strength

Tilm with high tensile
strength

Transparent
White

Teots aimed to resolve these guestions are proceeding at this writing. The test
specification will cover the vacuum test system and associsted equipment, prepars-
tion of test apecimens, test procedures, and preparation and reporting of test data.
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The ressarch apparatus o which initial vecwamn weight loss tests were runand
on which the test methods and criteria were cotablished is shown in Fig. 17, 18, amd
19. A simplified apparstus for more rapid testing of materials, which should
eliminate any problems with possible "Knudoen cell effects, " is shown in Fig. 20
and 21.

FUTURE WORK

Comtract acgotiations leading to continuing the work with Stanford are pro-
ceeding, and it is hoped that a new one-year contract for approximately 160K will be
placed within the foreseeable future. The new coatract is [unded entirely with
FY 1965 186-60-13-02 funds. The Voyager project plans to fund subsequent
comtracts.

The sew contract. enatitied "Polymers for Spacecraft Hardware," continues the
work reported in earlier sections of this report with some changes in scope, as
summarised below, and will be divided into two phases under the titles, '"Materials
Specifications" and "Enagineering Information. "

The intemt of the Material Specifications phase is to complete the work
already begun on preliminary materialn specifications for the RTV silicones and the
fluorocarbons. New work is planmed to be begun on testing and preparing preliminary
specifications for conformal and other protective coatings, elastomers 2ther than
the RTV silicones, wire enamels, and non-structural adhesives. Depending on the
types of problemes encounteved in the foregoing as it affects the rate of effort, work
may also de begun on foams and sleeving materials. In addition, approximately
fifty materials in other use categories are planned to be tested for outgassing
characteristics using somewhat more sophisticated and meaningful techniques than
in JPL's in- house screening programs.

The Engineering Information phase of the contract will be aimed to obtain
long-time data on cutgassing behavior and physical and mechanical properties of
carefully characterized materials most of which will be considersd spaceworthy
based on the preliminary testing to be conducted in the Specifications phase. In the
event unexplainablie results are obtained, carefully selected hase-line materials
will be studied to give ciues for likely approaches for modifying masterials (on other
cont¥acts).

I must be emphasized that development of truly spacecraft-quality materials
is outside the scope and funding structure of the new contract. N is felt that the state
of the art is such that it is better to concentratc on utilization of existing commer-
ciaily avaiiable materisls and to define the most serious problems {inadequacies of
availasle materials) on a broad basis rather than to expend the meager funding
available at this time by procreding with serious materisls development work.

There aeems o be littie guestion that such insdeguacies will be revealed by the work
at Stanford, although as yet not enough is known o pinpoint the areas where
development work is most urgently needed. For example, from the relatively small
amount of work done to date it is appareat that none of the elastomers studicd on
either of the Sianford contracts {with the possible exception of the Vitons, where
outgassing information is inadequate) can be considered truly space- grade materials.
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Fig. |7. Vacuum weight ioss ressarch apparatus

The vacuum post! cure that must be employed for the RTV silicone rubbers virtaally
rules vut these materials for many spacecraft applications. ¢ 1If the millable #ili-
cunes, to be studied shortly, make as poor s showing as have the Nordels and RTV
silicomes, it may be necessary to develop some space- grade mullipcrpose
elastomers — millable types, usable where the Vitons and Hypalons are

and cured-in-piace typrs, usable where th+ processing restraints requitred for lh!
RTV silicones are too restrictive.

*For example, many of the electronic parts that will be used on the V. T Space-
craft will not be able to withstand the cure temperature, thus slimin RTY
silicones [rom conrideration where the rubhu are intimately associated with the
parts. On the other h-nll. parsdoxically, the problem {rom the standpoint of using

the silicones on the V. r capsule may not be 30 serious simce the capsule
sterilizsation requirems tates the v ¢ of high temperature- resistast slectronic
P.ft.--
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SPACECRAFT MATERIALS EVALUATION
NASA Work Unit 186-65-13.03
JPL 384-62701-1-3820

The decision to eliminate pojymeric foams {rom the list of apprcved
encapsulants for high voltage spacecraft components was made because of the lack
of information on {a) pressure decay times for blowing gas. and {b) factore affecting
corons discharge such as pressure, nature of the blowing gas. or dielectric pro-
perties of the foam.

For the first phase of the program, diffusion rates for carbon dioxide were
determine | on closed-cell polyurethane foams of varying densities by monitoriag,
for _’vo to three weeks, the loss of weight of specimens suspended in a vatuum of
10""mem Hg. The experimental data were uvsed to calculage diffusion coefficients for
these materials, and were found to be of the order of 107® cin/eec at 22°~.

The solution of the diffusion equation for an idealized model for a foam
yvielded the following expression [or the diffusion coefficient:

il "’.(‘?‘) = L ciefr-ere)?

(1 . piao) 173

where D? is the diffusion constant for ivam, py permeation constant for bulk polymer,
#g density of balk polymer, p density of foam, and k a constant. Thus, by use of

this equation the diffusion coefficient of a foam can be calculated from permeation
data on the bulk polymer and the foam density. This equation gave reasonable
estimatens for the density dependence of the diffusion coefficient {or the polyurethan-
foams studied so far,

This investigation is being exteaded to other foams. A Cahn vacuum balance
for measurements at higher temperatures was reated peading the procurement of a
similar balance for work at ultra high vacuum (10-8mm Hg).

A report om this work is to appear in SP5 37-M, aml will be presented to the
Canadias High Polymer Forum, Ottawa, Canada. September 22-24, 1965.

Foam test specimens with encapsulated elzctrodes are being prepared for the
investigation of the time it takes for the pressure within the foam cells to reach the
iomization region for the gas. These results will be compared with the times
calculated from diffusion data.
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SPACECRAFY OPERATIONS {10649

MESA ANTENNA RANGE
NASA Work Unit 186-69-04-01
JPL 384-90i0).1-333!

This work unit funds instrumentation for the new JPL ancchoic char or
facility in the amount of $0,000. 00. The equipment involved is commercia: antenna
range cquipment. The chamber building and the absorber lining is funded 20 a
facility: the building has been completed and absorber samplr evaluation tests are
presently in progress prior to ordering the l.ning. The facility is expected to be
operational in the first half of FY 1966,

Table 1 liste the items which are {funded by this task. All items have been
ordered except the second signal generator and the modulator, both of which are
pending 8 more detailed review of requirements. These items and also item 10
will be separately funded in FY 19%6. The apparent surplus of $il, 000. 00 was
taken by item 3 which resulted in an actual expenditure of $17, 000, 00 rather than
$6, 000. 00.

Table 1. FY 195 eguipment purchases for anechoic chamber facility

Item No. of Units Dvscription Total Cost
8

. 1, 2 Antenna positioners, with ancillaries $16, 000. 00
Z. 2 Pattern recorders 13, 000. 0O
i 2 filuminator positioners 6, 000. 00
4 2 Equipment racks 2,000, 00O
5. 2 Signal generators 4, 000. 00
6. l Modulator 1, 000. 00
7. 2 Power meters I, 000. 00
| s 2 VSWR meters 1, 000. 00
l 9. -- Minor supplics &, 000. 00
10, .- Minor equipmen! modifications 8, 000. 00
Total $60, 000, 00
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SPACECRAFT RELIABILITY (106-70)

PARTS RELIABILITY - SCREENING METHODOLOGY
NASA Work Unit 186 7T0-01-04
JPL 384-00401-2.1520

INVESTIGATION OF TRANSISTOR BACK BIAS VERSUS POWER LIFE TEST

A dctailed test procedure has been prepared and an RFP submitted to potential
contractors. The procedure defines a tent using 770 PNP transistors in a sezies
matrix. The matrin, having parameters and voltage, will be used to determine life
effecta for both back bias and linear power operation. The test is designed to provide
comparative data for the two operating modes as well as data on the eifects of
temperature and voltage on each.

The parts for the test have been purchased and are undergoing extensive
quality assurance examination to assure homogeneity of the test sampie. This data
will aiso be ytilized for surveillance checks of the test contractor.

Negotiation of the test comtract and implementation of the test is anticipated
by September 195. Program completion will be approximately December 1968,

Severe curtailment in the original budget allocation prohibited, or st least
delayed into FY 1966, all other items on the previously submitted budget plan.
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PARTS RELIABILITY - LONG LIFE STUDIES
NASA Work Unit 186-T0-01-05
JPL 384-00501-2-1520

TESTING AND INVESTIGATION

This portion of the task is concerned with performing tests to investigate
part failure rates as a function of applied strees and continuing the investigation of
the reliability of clectronic parts in a combined radiation and thermal- vacuum
environment.

Capacitor Matrix Test (Test Procedure 152. 20-03)

Pan Techaical Systems of Montrose, California has beer awarded fixed price
Contract 931125 for $11,586, 00 to perform this test. Initial electrical tests and
electrical/thermal screening tests have been completed and the samples have entered
the various cells of the life test matrix. The test is rumming approximately two
months behind the original echedule due to late delivery of materials needed for
completion of the life test set up. The contractor has also encountered a problem in
the measurement of capacitor leakage current. The leakage curreat of these devices
is typically in the range of 10 to i00 picoamps. However, a number of the devices
has indicated a negative value of leakage current. This is belisved to be due
strictly to problems involved in instrumenting this measurement for high K dielectric
capacitors but improved shielding and imstrumentation analysis have not yet provised
a sclution. Discussions with the capacitor manulacturer and othars have indicated
that this is a comumon, but usually unrecognised, problem becouse insulation resis-
tance, & le8s semsitive parameter, is normally messured instesd of ieakage curreat.
On a typical insulation resistance bridge, a negative leakage current results in an
insulation resistance reading greater than infinity. Howewer, in the saalysis of
insulation resistance data, values above some preset limit are often all lumped
together. Hence, the negative leakage current may Rot be recognized as such,

Efforts to resalve the Jeakage current messurement problem will continue.
If & simple solution can be found, it is believed that lrahage curremt may e 2 much
more semsitive indicator of device reliability than insulation resistance.

Semicosfuctor Test (Test Procadure 741. 00-91)

Test Procedure 741.00-03 had been completed and submitted for bid. A
coatract award for performance of this test is cuprcted to be accomplished during
the firet quarter of FY 1966. In this test, several groups of diodes of two differest
types will each be initially subjected to different electrical/thermal stresses, All
groups of & given diode type will then be subjected to identical life test conditions.
The resulting data will allow establishment of relstionships between the response of
each group to the initial stress and the subsequent life test behavioy. Comparisons
of parameter stability and religbility during life test will be made between groups.

Laboratory Equipment

Aa IR microscope which was to be used in correlation of part thermal
behavior with life test behavicor was not purchased due to & budget cul.
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Costisuation of Radiation Thermal- Vacuum Effects Study

The radiation thermal vacwam life test has been completed through 5,000 hr

with electrical parameter measurements having been completed at the 2, 000-,
3,000-, 4,000-, and 5, 000-hr messurement points. The task to prepare and
publish details of the test procedurs weed in the test program was completed. The
docament i entitled sed Test re for JP est No. 617 "
dated Janwary 25, | comvertion of dats cards to the format requirements of
JPL Specification No. ZPP-2090-GEN. which was asgotiated in the previows report
period, has bees completed for all cards through the 4,000 hy measurements. Sub-
mittals to JPL bave included the convertad data cards through 4, 000 hr and listings
of catastrophic failures together with their appareat failure modes. Significam
publications have included the vighth and ninth quarterly progress reports which
were received from the comtractor and a summary of the program published in
SPS 37-30. Comtractual activity incluied the negotiatioa with CEIR for a cost of
$3,671. 00 additioasl refinemests in r: uirements of data reduction to include
mme&qﬂ emi pdditional amalys.s. Total cost for data reduction is mow

»646.00. Data reduction has® been delayed wntil the contract has beon execuled to
iacorverate the sdditioasl reguirements.

During the nest repert parisd, the radiation enpasures ami operational 1if
tests will continms. This will incluie measurements at the 6,000., 7,000, 8, 3
and 9, 000-hy messurement poimts. Duta cards will be converted amd the data will be
reduced islusive to 5,000 hr and again inclusive to §,000 hy, JPL has been notified
that a major shutdown of the reacter may occur ia October 1965. Showld this take
pisce, a delay will occur in the test preogram. Depending oa the extent of the shwi-
down and the completenass of the information gained by that time, it may be
sdvisable 1o discontinus further testing if the problems istroduced outweigh the
wtility of further information.

COMPARBON OF LIFE TEST BEHAVIOR

1)

This portion of the task comsists of comparing the long term life test behavior
of waacreensd parts with that of parte subjected to particular types of imitial screens.

Capacitor Screening Evalustion Test Program

Ia June 1964, Prestoa Sciestific of Ansheim, California was awarded fixed
price Contract 950864 to perform a 5000-he life et per Test Procedure 152. 20-04,
The basic purpose of the tast program was to compere differences ia life test
bahavior of screensd and wnscreensd capacitore. Test Repert No. 152. 20.0] reports
the result of this work and indicales that ne basic differences existed in the behavior
of the two grewps. To iavestigate loag-tarm life behavior, the life tast was extended
for sa sdditional 5000 hr. The extension was sccomplished in April 1963 by modifi-
cation of Coatract 9%50864. This mmdification increased the comtracted amwunt by
86, 546, 80 10 a total of $16,020.00. The test is progressing satisfactorily and has
sccumslated 7029 hr of test time. No catastrophic failures havs been recorded to
date. All tasting and the final test report will be completed during the secoad
quarter of FY 1966,
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Diode Screening Evaluation Program

This test is being periormed per Test Procedure 741. 10-0] by the Boeing
Company of Huntaville, Alabama. The test is being performed under fized price
Contract 950863 for $27,996.00. Basically, the test .¢ designed to compare the life
test behavior of three groups of dicdes reprecsenting three diflorent levels of initial
screening. The test is replicated for two diode types. Progress has been satis-
factory amd 3519 hr of test timwe have besn accumulated. Interim Test Report

741. 10-0) covering the resulis through 2000 hr is curreatly in rough draft form. The

curreat test effort and final test report will be completad by the second guarter of
“ Im'

Resistor Screening Evaluation Test PI'O'M

This test is being performed per Test Procedure 651.20-01 by the Boeing
of Hunateville, Alstamea under fixed price Comtract 950869 for $10, 182. 80.
The tast is desigasd to compare the life test behavior of two roups of resistors
representing different levels of initial screening. Progress has been asstisfactory
and 3490 hr of test time have been accumulsted. Isterim Test Report 651. 20901
covering the results through 2000 hr is presently in rough draft form. The presemt
test offort and finsl test report will be completed by the second guarter of 1556.

Transistor &:ﬂelin! Evaluation Ptnlrm

This test is to be performed per Test Procedure 742. 10-02 by the Boeing
Company of Hustaville, Alabama. The original fined price Contract 950062 for
performance of this test was for $38,595. 00. Al the outeet of this test it was deter-
mined that 2 sumber of the test specimens were defoctive and would prevent
performance of a worthwhile test. Hemce, a stop-work order was issued to the
contractor and efforts were initiated o obtain proper test samples. Due %o aa
extemded delivery date for these samples, it appears that work cannst be reinitisted
until approximately Necsember 15, 1965. The stop- werk order and th: work which
must necessarily be repested will result ia a contract incresse of approximately
$5. 100, 00.
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PARTS RELIABILITY - FAILURE MECHANISM
NASA Work Unit IB6-570-01-07
JPL 384.00701-2-1520

X.-RADIATION EFFECTS TESTS

The object of this task 18 to periorm special studics and tests to determine
the cffects of X- radiation on semiconductor devicea, statistic ally detefmine the
distribution of major part paramcicrs, and cstablish improved methods of screening
by relating reliability and the physics of devices.

Test Procedures 742.10-17 and 742, 20- 04, respectively, for transistors and
diodes were submitted for proposals during the fourth quarter. The proposals have
becn received and reviewed, and negotiations are currently an progress. A contract
award for performance of these tests is expected to be accomplished during the first
quarter of FY 1966. Thesc tesis have been designed to investipate any degradation
effects which may be produced by radiographic inspection of semicnonductor devices.
In this investigation, devices will be subjected to radiation dosages which are both
represcntative and in excess of those normally experienced 1n radiographic inspection,

PARAMETER DISTRIBUTION STUDY

Statements of work defining the data neccssary for this study wete completed
and 1ssued with RFQ's during the fourth quarter FY 195. The pari types - L
data is desired include drodes. transistors. moetal film, carbon film, and w.r. e
resistors, and cefamic, antalum and glass capacitors. The only gquote which has
been received was for glass capacitor data. All the quotes arc now overdue.

Freliminary efiorts have been made to deterpune the reasons for the lack of
responsce. The primary cause of this reticence in the parts manufacturers apprvars
o result from a {car of disclosing inic rniation p-rtaining to product yields., The data
necessary to establish true paramets r distributions must be gathered (rom produc-
tion lots prior to muitiple truncatior. resulting from the sorting and classification
techniques employed by most manufacturers. The-efor:, cven though the purpose
of this study 18 not to investigate product yields, rome y rld information would
resuit as a by- product.

Additional discuasions will be neld with parts manufacturers to dv-termine
possible waye of obtaining this data. Since the primary purpose of the study is to
determine the shapes of the various paramcter distributions, the manufacturers may
be agrecable with providing data normalized in some {ashion instead of actual
nmumerical measurements. This problem is expected to be resolved during the first
quarter of FY 196,

ESTABLISH IMPROVED METHODS OF SCREENING BY RELATING RELIABILITY
AND THE PHYSICS OF DEVICES

No work was done due o & budget cut, For the same reason, a leakage
plotter which was to have been used in this study was not purchased.
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SPACECRAFT TESTING EQUAPMENT AND TECHMNIQUES (184=71)

ADVANCED SOLAR SIMULATOR DEVELOPMENT
NASA Work Uni® 186-71-01-01
JPL 384.10101-2-3750

ACTIVITIES DURING REFCRT PERIOD

Experiments were concluded proving the possibility of increasing the size of
the beam in the 10-ft spacrs simulstor from 6 to 8 ft in diameter and reducing the
field angic {zun diameter) from 4-1/2 1o 3 deg. These improvements have been
incorporated into the simuiator by the Surveyor project.

The high-flux, all-quartz, lens unit (mixer) development was successful and
8 1% lens version was uscd in the above improvements.

Systemn parameters for the 25- 1t space simulator current modification to &
15.ft drameter beam were established.

The albedo simulator study contract was concluded with excellent results.
Information gathcred thereby is currently being used in the preparation of
the Preliminary Engineering Report required in the € of F funding
cycle.

Due to a vendor's failure to perform, a crash program was initisted and

succrssfuliv concluded to develop a technique for aluminizing large {(10-1t diameter)
mirrore. This technique was used and was instrumental in maintaining the

schedule of the 10-ft space simulator.
FUTURE ACTIVITIES PLANNED
Activities planned for the next 6-mo period are as follows:

1. Investigale high power lamp and collector units pow on hand for
25-ft space simulator application. Preliminary results are very

encouraging.
2. Investigalc and/or deveclop methods of applying an adequate

reflecting surfiace to mirrors greater than 20 ft in diameter.
This would be applicable to the 25-ft space simulator.

3. Perform experiments aimed at further improving the efficiency
of solar simulation systems.

4. Investigate technigues for simulating slbedo and planetary radia-
tion with a high degree of accuracy.
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TOUCHDOWN STARILITY STUDY
NASA Work Unit I187-06-12-06
JPL }87-62401-2-3500

A request for propoeal (337109) for Surveyor lunar touchdown stability study
was prepared and seat to six potential vendoras. ree vendorTs were respomRsive to
this request and three were nonresponsive. The proposals were technically
evalusted and pereonal visita were made to each of the reasponsive bidders.

As a result of this evaluation a two-phase contract totaling $73, 690. 00 was
awarded to Bendix Products Aerospace Diviaion. The first phase will entail the
designing and compiling of an snalytical computer program appropriate to study the
Surveyor landing dynamice on a3 hard lunar surface. The second phase will entail
the use of the computer program to determine the stability of the spacecraft a3 a
function of eleven initial conditions.

Al the orsl presentation on May 3, 1965, the question of soft surface effects
was raisrd by the representatives from OSSA. A further investigstion by JPL
showed that a soft suriace could be more critical than a hard surface. Therefore
the phase one computer program will be written in such a fashion that soft surface
landings may be studicd by the same program after the direct addition of a sub-
roytine. The complete study of the soft surface will involve both analytical and
experimental approaches and will constitute the third phase of this study support
which has been requested in FY 19646,
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PLANETARY AND INTERFLANETARY {004-20)

ADVANCED PLANETALRY MISSION STUDIES
RASA Work Uit 684-30-01-05
JPL 388-50101.2-2920

Two conceptual design and feasibility study contracts for Mazinaz-clans
comets and asteroid missions, initiated at the close of FY 1964 ware completed
during this report period. These studies were: (1) comets end close-approach
astericids mission stwily, performed by Philco Corporation. WDL., and (2) asteroid
belt and Jupiter flyby mission study, performed by Lockheed-Summyvale. The
emphasis was placed upon lower- energy missions to comets and asteroids in the
Philco study and upoa the higher- energy missions to the astaroid belt and growth to
a Jupiter flyby for the Lockheed study. Brosd scienmtific chjectives were established
for each study which parmitted the development of design contepts with the grestest
flexnibility to meet future requirements. The stwily framework provided for: (1)
establishing the spacecraft functional requirements 1o accomplish selected missions,
(2) & forecast «{ the appliceble state-of-the-art required, (3) performance of design
tradeoiis as & byeis for design selections, {4) synthesis of appropriate systewn com-
cepte, and {3) corrparison of the design technology required to perform the missions
with Mariner Mars ) 964 design techmology.

COMETS AND CLOSE-APPROACH ASTEROLID MISSION STUDY
Missions to comwts amd close- approach sstercids that could be performed with

an Atlas/Ageas D, or Atige/ launch vehicle in the time period 1967 w 1978
were 8 2 ve comaels ons adtercid were selected as hi-&‘mﬂlh
within launch energy, closing velocitise, and time comstraints for this study. The

five comets were: Tempel (2), 1967; Pons- Winaeche, 1969-70; Kopif, 1970;
Tuttle. Giacobini, 1973; amd Brooks (2), 1974. The one astercid was Eres, 1974,
Other comet targets found not to be sppropriate for stwly withia the launch snergy
comsiraints during this time period, were classified accordiag to energy

regui rements.

The mission aad system rements were established for the above targets
and dewign conceptes were dewve which are essentially ideatical to the Mariner
Mars 1954 spacecraft design. Priaciple Marinsry design changes for comet missions

wars velovamt to the higher guidance requirements for comet intercept, higher
communications capability fer increased data rates, snd comsiderstion of redie-

isotope thermo eleciric gemerators for power ssurces.

Major design probiems that were found to be wnigque tc the comet missions sre
televent to spacecrafl guidance. The uacertaiaty in the comets orbital slomwats
from all available data infere either {1) a need » setablish the orbital slemments of
comals more precisely frem sarth sbosrvations, or (I) require over-design of the
guidaace capability to allow for the pesitional uncertpintion. Other
sssociated with guidance were reloveat to the range of comst inteasily varitation and
wncertainty in their levels which presents problems in acquiring amd tracking comets
through encounter. A comet tracher and 3 aumber of sloraate opevativas] medes
were givea as possible sclutions o thip preblem.
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Final study reports were received in February and pertinent data was reported
m the Space Program Summary No.37-32 Volume II. Janusry | to February 28, 1965,

ASTEROID BELT AND JUPITER FLYBY MISSION STUDY

Asteroid belt flythrough missions in the time period 1967 to 1975, investiga-
tion of twe major astercids, Ceres and Vesta, and development of the concepts for a
Jupiter flyby in the time period 1970 to 1980 were studied. Flythrough missions of
the asteroid belt would measure particle distributions and physical and chemical
properties of the particles in the belt, Two trajectories were studied which cssen-
tial.y .ie in the plane of the ecliptic with aphelia 2t 3.2 and 4 AU to provide long-term
measurements of specific regions of the belt. A third trajcctory with aphelia at
6.7 Al was examined which could provide a relatively rapid survey of the whole
region to beyond the orbit of Jupiter. Two major asteroids, Ceres and Vesta were
studied as being suitable (o7 observing gross surface features of astercids. The
concepis developed for astercid missions were studied for their suitability for a
Jupiter Hyby.

The mission and syestem requirements were established for the above targets,
and a range of desigr concepts were developed for asteroid belt flythrough mussions
with a 346-1b minimum weight and a 1,049-1b maximum weight spacecraft. Similarly,
two design concepts were developed for the major asteroid missions with a 605-1b
minimum weight and a 1.147-1b maximum weight spacecraft. The maximum asteroid
design concept was adapted for s Jupiter flyby mission spacecraft weighing 1, 289 1b.
The missions studied were based oa the uee of an Atlas/Agena D or an Atlas/Centaur
ant a Lockheed proposed third kick stage.

The major probiems indicsted by the study were the high-energy require.
ments, necesbitating a high-energy kick stage and the long trip durstions.

Fiaal study reports were received in February, and pertinent data was
reported in JPL Spave Program Summary, SPS No. 37-33, Volume 1, March 1, 1965
o April 30, 1965, [.

The results of each study are being reviewed by JPL, and critigues are in
preparation. It is planmed that dats furnished by these studies will be used as the i
basis of in-house sdvanced techmical stuly activities through FY |96, i

PROPULSION (JPL 388-30180-2- 3004)

The following studies have been made in support of the propulsion asp=cts of
the advanced techaical strdies work unit:

969 Variabie.Ordit Mars Atmospheres Probe

The study of a Mars spinning orbitcr was finished in carly 195 and the ‘
propulsion sspects were documented in an informal report o1 February 17. The

orbiter discussed was to be spin stabilized and sterilized 8o the periapsis altitude of

a highly cli:ptical orbil could be decreased to measure upper atrmosphere drag. The

drag would perturb the orbit and the prerturhation could be mcasured. Propulsion |
systems included were 3 solid retro motor, a pair of solid spinup rockets, and a '
pulsed hydrazine system for precession and orbit variation.
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ADVANCED TECHNICAL STUDIES
NASA Work Unit 684-30-03.01
JPL 388-30) xx-x-xuxx

VOYAGER CAPSULE

During th s report period, the cfiort in this task was concemrated on alternate
Voyager capsule studies. Propulsion studies are prescnted separately in the subse.-
gquent section of this work anit report.

Previous studies, both by JPL and industirial contractors, have determined
the gross feasibility and capabilities of Voyager-clase Mars landing capsules. The
purpose of the studies descrided below is to examine those specific detailed problems
which previous studies have shown require carly attention and advanced development
supporl, pricr w the nitiation of formal capsule design and procurement processcs
by the Voyager Project Office, in order that the capsule porticn of the Voyager
pmgrtﬁ%ﬁ'ﬁ mission mey be successfully implemented within .cheda%.L

The studies were composed of #ix separate cfiorts. The objectives and
preliminary results are shown below. In aill cases, studies are in the {inal weeks of
completion with effort scheduled for completion during August 1963,

LCapsule Bus Deflection

The general goals of this study include:

l, Bus deflection to extend the mission profile, abort system
mechanization, and probability of impact analysis beyond that
congidered in earlier studics.

Z. Capsule deflection to study a wide range of attitude and thrust
vector control options {rom the points of view oi accuracy, relia-
bility, sterilizability, weight, and power requirements.

3. Comparison phase to perform compar.-on within and between
alternate deflection modes.

The general conclusions of the study are as follows:
1. There are solutions to the competing trajectory design constraints

on orbit scicction, landing site location, relay link geometry, and
guidance accuracy.

i

The resulting capsuic guidance accuracies arc quite siringent by
previous standards.

3. Such guidance accuracies are achievable with the bus deflection
mode.

4. The guidance policy related to the control of nonsterile objects

should meet mathematical constraints based on a pruposed inter-
pretation of the non-contamination consiraint.
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Further analysis of the necessary pad achicvablie reliability of

the bus deflection mode indicales that it can meet the nopcontamin-
atioa constraint. However, it w:ll be difficult 1o demonstrate the
required reliability.

For the capsule deflection mode, it apprars that the guidance
accuracv of the spin-stablilized and active attitude- controlled
capsules is comparabic and that there will be somo dafficulty
with either method in meeting the accuracy goal.

Relay Direct Communications

This study includes the iollowing arcas of effort:

Descent relay-link: Analysis of the acquisition problem,
telemetry modulation and detection schemes, tranemitter and
receiver requirements, and capsuic and bus antenna rFequirements.
Postlanding direct link:

a. jow bit-rate FSK system

b. Direct link high- gain steerable antenna considerations

A systems analysis comparison of postlanding direct and relay

{via orbiter) communication linke for an eventual ("maturc”
Voyager) long-life Mars surface mission.

Preliminary conclusions of the descent phase relay link {terminsl descent
relay study) arc as follows:

2'

3‘

From the system performance standpoint {commensurate with

the study assumptions), communications using an automatic phase
control relay feceiver with an automatic acquisition capability
and PCM/PSK/PM modulation technigue are possible under
realizable trajectory constraints for 1971 missions.

An investigation of the equipmenl required to implement the
yatems revealed that a suitable capsule transmitter and bus

receiver has not been demonstrated al this time. A suitable

spacccralt bus and capsulc antennas would have to be developed.

In sddition to these equipment developmental tasks associated
with the subsyxtems that comprise a relay communication
system, there exists the difficult task of integrating these sub-
systems. This integration would have tu include the spacec raft
commutication systemn and result in an overall system that is of
suffic ient quality and reliability to allow a reasonable probability
of schicving the mission goals.
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Capsule Shape
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This study is considering six technical areas:

Bh namice of entry 1o comparce three shape {amilies (Apollo-type,
sphcre-cone, and smoot' .- flare} on the basis of velocity-at-
sltitude and angle of atiack envelope for a fixed vehicle size
{diameicr).

Aft- body configuration to examine aft- body shape requirements
for achieving directional stability at various entty anglics-oi-
attack and to consider the relationship of aft body shapes to
auxiliary decclerator cjection.

Auxiliary decclerators for terminal descent to make a preliminary
asscssment of the acrodynamic performance of an expandable
skirt,

Low- altitude gusts to assess the effect of low-altitude wind gusts
on the capsule dynamics near impact.

Structural deformations to asscas effects on aerodynamic
characteristics.

Heat shicld and structural weights for sphere-cone shape family
to make a parametric study of the variation of these weight
components with nose radius and cone angle sing the JPL
{AVCO) computer program.

This study has not yet reached the poimt where significant results can be

linted,

Descent and Landing Operations

The ohjectives of this study are to:

I

Extend the earlicr ballistic mode study to consider effect of
employing large capsule diameters (16 to 19 ft),

Determine whether the capability exists in & large-diameter
ballistic capsule to carry a parachute engineering experiment.

Consider various terminal deccleration subsystems to trade off
inc reased lander performance with increased operational
cormplexity.

Examinc s Saturn-size Mars emry capsule from an acrodynamic
stability standpoint.

Determine the extonts and requirements of the lander from an

operstions standpoint (orientation, erection, deployment require-
menls, eic. ).
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In pddition, there is currently under way 8 re-examination of:
1. Critical temperaturs profile for ballistic and decelerator modes.

2. DMean surface winds, vertical wind gradients, and gust wind
conditions.

3. Dewvelopmesnt of engineering Mars surface terrain model.

This study was conducted for the Apollo-type shape only and several guide-
lines were adopted which, if changed, ¢ modify the conclusions given.

Preliminary resuits {complementing the objectives) are as follows:
i. Bailistic mode,

a. Shell structure weight is & large percentage of the entry

weight.

b. Fabrication techniques for a lightweight, reliable shell
fequires extension of current practice,

<. Consistent with the M69-5 Mars atmosphere {TM 33-234), no
payload capability exists for the ballistic mode with backward
emtry because the impact velucily is too high. Little, 1if any,
payload exists {or eatry angles 90 deg or less.

d. Trajectory study shows that for large diameters, the oscil-
istions during eniry decrease in {requency and increase in
amplitude. The impact velocity for the ballistic mode
inc reasen and there is 4 decrease in the sltitude at which
the maximum velocity for parachute deployment occurs.

¢. Current SIB shroud envelope constrains the capaule size to
14 fr 1lo- type) with the spacecraft on bottom configura-
tiom, wever, space vehicle weight sllocation to capsule
may be overriding iimitation.

f. Heat shisld requirements are predominantly insulative rather
than sblative Heat shield unit weight estimates arc
insenvitive to initial entry angle and angle-of-attack. The

most significant variations resuit from changes in ballistic
coefficient.

2. There is insufficient payload in the ballistic mode to support &
parachute cxperiment.

3. Parachute mode and ballistic descent ware considered. Shell and
payload joints, ssparation operations, chute deployment probiems
leave many problems needing further analysis. Increased landed

payload capability is obtained at the expease of additional opera-
tional complexity.
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Entry trajectory analyses show that the Apollo-type body will
right itself and become stable after entering in a backward
attitude. Osciliations have a diversion trend after the vehicle
passes through peak deceleration. Stability of a vehicle with the
aft cone jettisoned prior to parschute deployment, and glso the
low speed stability of the Apollo shape nceds further study.

Several paylosd configurations were studied, each of which
integrated the requirements of the scientific experiments and the
engineering support. The landed payload operations are very
complex and the complexity inc reases with the sophistication of
science reguirements.

Ap; ~oaches have been developed for solving the problems ranging
from impact sutvival and jettisoning of attenuation material, to
antehns orientation and science deployment, bu: further study ie
requred.

A preliminary investigstion was made for using s balloon- type
gas bag, with the payload suspended into centecr, a8 a combined
decelerator and impact attenuator. Sufficient advantages were
found to warrant some experimental investigations which are
heing unde rtaken.

The purpose of this effort has been to:

1.

zh

Determine the most likely limits of the capsule operational power
prefile in order to specify power subeyetem requirements.

Examine various candidate systems for capsule power sousrces
and determine their available systems that can be made applicable
o lander systems ope rations, the power systems that can be
eliminated by recognition of obvious defects or deviations from
lander requirements. and the system or systems that are best
suited for capsule applications based on the mission losd profile,
requirements, and system charscteristics.

The following preliminary conclusions have been obtained:

1.

Solar cells, primary and secondary batteries, moncpropeilant
fueled turboalternators, and radicisotope systems are the most
promising for use on the Voyager capsule. The selection of any
one of & combination of thess systems is dependent on the mission
requirements.

No system is svailable now which will meet all the requirements
of & capsule system.

in order to provide a system or systems fof capsule and lander
operation, intensive development on all the sbove systems should
be started immedistely to male them state of the art by

Jamuary 1967.
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i971 Lander Science Sample Payload

The purpase of this study is to develop capsule science instrument
requirements which would be typical of a 1971 lander; this information is required
tc make the previous five studice meaniagful. These requirements include:

Weight Field of view

Power Atmospheric access
Volume Fadiation tolerance
Data Rates Temperature tolerance
Lifetime

At present, requirements are being developed for the following representa-
tive payload:

i. Atmospheric water vapor amalysis.
2. Awmmospheric composition analysis.
3. Ground gas analysis.

4, Atmospheric pressure.

5. Atmwoepheric temperature.

6. Wind velocity.

After the completion of the above studies, in- house effort at JPL will be
concentratad on two studies: (l) active Mare landers and (2) advanced planetary
probe mission.

The active Mara lander study consists of an extension of current Voyager-
sponsored studies concerning ballistic ve. parschute landing systems to con-ﬁ;r
the potential feasibility of active landing systeme {propulsion systems such as in
Surveyor). The objective of the study is the determination of whether active landing
systems shculd be considered in the development of ultimate Mars landers.

The advanced planetary probe study will be an in-house study of deep space
missions similar to the contracted study defined in Work Unit 684-30-08-01.

PROPULSION (JPL 383-30180-2-3804)

The following studies have bean made in support of the propulsion aspecis of
the advanced technical studies work wnit:

1969 Variable-Orbit Mars Atmoaphere Probe
The study of 3 Mars spinning orbiter was finished in early 1965 and the pro-
ruision aspects were documentied in an informal report on February 17, The orbiter
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discussed was to be spin stabilized and sterilized 8o the peruapsis altitude of a highly
clliptical orbit could be decreased to measure upper stmosphere drag. The drag
would perturb the orbit and the perruroation could be measured, Propulsion systems
included were a solid retro motor, a pair of solid spinup rockets, and a pulsed
hydrazine system for precession and orbit variation.

Lander Power Study

Onc of the commitices supporting Voyager capsule studies considered power
sources for a landcd capsule. The propulsion awuiun supporied this effor: in the
consideration of a hydrazine powered turbo-alternator system. Informatioa was
gathered (rom a seminar with Garrett AaRescarch on March 8 from JPL- TM-353-180
and othetr sources. The results of the turbo-alternator study were presented to the
committec in an informal report on April 30, concluding that such & steriliz=d
system could be built and that it would be lighter than batteries. Systems for 40 and
300 watts output were considered and weights cstimated.

Capsule Flight Test Study

The propulsion aspects of the capsule flight test study were considered and
conclusions were documented in an informal report on May 4. The conclusions were

that » flight test is not required for either propulsion or pyrotechnic systems, but
that both should participate in any flight test made.

Exhaus! Plumc Considerations

Studics of the Voyager capsule have produced » number of questions con-
cerning rocket exhaust piume interactions with proximate spacecraft, such as forces,
torqura produced, heating and particle impingement. JPL does aot have s plume
calculation computer program 8o an approximate program was written for the 1BM
1620 computer which has given rough numbeze for values of force, torque and heating.
Precliminary results were included in an informal report on June 24. Additionsl

work is being done on this problem.

Liguid Capsule Deflection Rocket

As a part of the capsule deflection study a liguid deflection rocket, similar to
the Mariner midcourse moltor, was considered and s preliminary design outlined.
The results were published on June 4 in an informal report.

&etﬂ.‘ Attendance

The propulsion division representative 1o the advanced techaical studies
commitiee aticnded two AAS meetings during the reporting period, one in Denver on
unrnanned exploration of the solar system and the other in Chicago on post Apello

space exploration. While in Denver a presentation by the Martin Company oa
Titan 111 was attended also.

During FY 1965, analytical support in the arca of propulsion system snalysis
will be continued at approximateiy the same level of effort. Specific studies to de
considercd include advanced Voyager and other interplanetary miasions
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COMET AND ASTEROID MBSION STUDY
NASA Work Unit 684-30-0%-00
JPL 38.%0101-2-1610

This effort comcentrated on ths monitoring of the final ~hases of Philco and
Lockheed comet and astercid study contracts. The objectives .ad results of these two
studies are as follows:

ASTEROID BELT AND JUPITER TLYYY MISSION STUDY

The final vreport of this study, conducted by Lockheed Missiles and Space
Company under JPL Contract 95087i, . s received during Fedbryary 1965. A sum-
mary of the objectives and results of the study is presemed below.

Study Objectives

The prime objective of the study was to determine alternate ways of reliably
accomplishing the following ecientific objectives separately, utilizing unmanned
spacecraft.

1. Measuremnent of the particle distribution encountered in traversing
the asteroid belt within a corvidor comparable in diameter with
that of the spacecraft and over a region 100 t.mes the spacecraft
diameter.

2. Measurement of the physical and chemical surface properties of a
statistically significant sampie of astercidal material.

3. Observation of the gross surface features of one of the major
asteroids within the belt.

Ap additional objective was to use the results of the astercid belt study as
growtk potestial to formulate a Jupiter flyby mission to obtain the following planetary
eavironmental data: ragmetic field, radiation, atmospheric pressure. temperature
and composition. surface temperature, and visual.

The following tasks were to be performed in support of the objectives:

l.  Define functional reguirements for accomplishing sach of the
mission objectives.

Z. Esamine alternate system and subsystemn comcepts, parferm trade-
off analyses, and suggest concepts most suitabie for fulfiliing
miseion reguiremeats.

3. Perform failure mode and relisbility analyses and apply the results
ta the selection of systeam concopts and the esatimation of the
probability of mission success and meeting partial objectives.

4. Provide descriptions of esach system concept together with
functional specifications to ensure mesting mission requirements.
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5. Prepare development plans for sll system concepts and provide
preliminary cost estimates; cost and schedule data to include
further study, design, development, mamufactyre, testing. and
flight operations.

6. Define study concepts in sufficient detail to allow comparison with
the Marimer Mars |94 spacecraft.

Stedy Constraints

The following guidelines were used in the study: The mission period for the
particle distribution and composition mission will be 1967 to 1975. The major asteroid
and Jupiter missions will be during the 1970 to 1960 period. Mission energy require.
ments are %o be compatible with Atlas/ Ageas D and Atlae/Centaur vehicles. A third
stage is to be used, if required. —The Fall Soop spacs TRBIFCETEation facilities are to
be used.

Methuis of Appreach

Definition of the major fuactional requirements for suyccessful accomplishment
of the scientific objectiven of sach mission evolved from two basic and related areas:
(1) mission concepts and flight trajectories and {2) system concepis, associated sub-
systems. and application to spacecraft design.

Mission concepts. Flythrough missions to measure particle distributions and
physical and chernical properties of the particles have the simplest mission profiles.
The trajectories lie ensentially in the plane of the eciiptic, and a launch can be made
on aay day. An infinite nember of trajectories are possible but, for the purposes of
the study, trajectorics with aphelis at ). 2. 4.0, and 6. 7 AU were examined. The
firet two provide long-term messurements of specific regions of the belt. and the
6.7 AU mission represests a relatively rapid survey of the whole region 10 beyond the
orbit of Jupiter.

Two major astaroids, Ceres and Vesta, were chosen as suitabie targets for
observing smt surface features. The choice of two asteroids provides a greater
degree of fiextbility in planning the evestual missions, since the reguirements are
similar and the launch opportunitiss are interspersed. A miss distance of about
1000 um from the target ie desirable for ecientific ohoervation.

A filyby of Jupiter represents a fairly conventional mission concept. The main
variables are concerned with the encounter phase when various approach trajectories
can be used o give the required coverage of the planet. Because of Jupiter's large
mass. an approach to about 2 radii of the planet's cester repuits in a dark-side
paseage for trips of moderate duration,

System coacepts. A ramge of possibie system cowncepts exists for sach mission
depending on the depth of scientific imvestigations attempled and the degree of
sophistication adopied in the subaystem design. For the asteroid minsions, the upper
and lower eads of this range were sxamined. Minimnasn missions were defined for
wiich simple systern concepts could be envisaged that would deliver small scientific
packages with misimal dermands on the subsystems. More refined system concepts. at
least comparable in camplexity to Mariner C, were also developed to give a capability

e}
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of more comprebensive scientific observations to fulfill the requirements of maximum
missions. System concepts for the performance of a Jupiter flyby were developed
from those suitable for the maximum asteroid missions. Table ! sumenaries the
alternate comcepts studied. Table 2 gives the range of typical science pachages for
asteroid missions,

A more detailed summary of the results of this study is included in JPL BPS
37-33, Vol. 11, pages 22 through 4).

COMET AND CLOSE -APPRCACH ASTEROID MISSION STUDY

The final report on the project study, comducted by tic Phileo Corporation's
Western Development Laboratory was received during February, !965.

The objectives of the study were as foliows:

I. Develop conceptual epacecrall designs for missions $o selected
comets and close-approach astervids duriag the mission peried
of interest. 1967-1975.

£. Determine tradeoffs among mission parameters, instrament
requirements, and subsystem performance.

3. Forecast the state of the art and apply the new techaslogy o
conceptual desigas of comet and ssterocid probes,

4. Specify the feasibility of adaptabie spacecraft designs for missions
to a2 number of comete and close-approach asteroids.

5. Compare comet and asterold spacecraft system concepts with the
Mariner Mars 1964 (Mariner C) system dasign.

6. Eotimate mission schedule, cost, and probability of success.

Some of the pertinent results of the study are dincussed ia the following
paragraphs.

ﬁecth’ca

Astrophysicists believe that & definitive insight isto the origin and formation
of comets and planets will be gained by sxploring comets and asteroids with space
probes. A large amouat of data must be collected in order e refine or W reject
extant theories about the evolution of the selar systewm, abowt the physics of comatary
and sotercidal bodies themselives, and alout the dynamics of the isterplanstary
medium. There appears to be agreement within the scivutific community thet, as is
the case with the Moon and planets, the tred nature of comets can be revealed eanly by
a direct probiag of he coma and tail and by cheervations and sventual sampling of the
sucleus by a opace probe. In the meantime, phatometric and spoctreoscepic ldentifica-
tisn of cometary materials in the laberatery and frewn greuad sheervatioas will be
continued.
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The primary objective of a comet probe mission is to conduct flythrough
scientific observations of a comet and to transrmit the results of these observations
back to Earth. The apecific sciemtific objectives, in the order of their increasing
requirements on spacecraft eystems performance designed to support the appropriate
scientific instruments, the specific sciemtific objectives are to: {1) measure the
distribution of matter and magnetic field through the coma {comet's atmosphere) of
selected comets, (2) observe the nucleus of 2 comet, and {3} determine the chemical
composition of cometary material. Table ) presents a full complement of scientific
instruments for accomplishing these objectives. A science payload consisting of
Rems |, 2, 3, 5. and 6 and one ecach of ltems 8 and 9 would be identical to the
Mariner € science complement,

The primary objective of a close-approach asteroidal probe mission is to
nduct flyby scientific observations of a close-approach asteroid and to transmit the
‘epults back to Earth, The specific scientific objective is to measure tiae physical
and chemical properties of an appropriate close -approach astervoid.

A secondavy objective of both probe missions is to perform particle and field

measurermnents in te inmterplanctary medium earouts to the target with some of the
instruments 1o be uped during encounter.

Table 3. Comet probe acience payload

tem instrument Welib'ht, Po:cr. Function®

i Magnetometer 6.1 7.0 P

2 Dust detectore {2} z.3 0.2 P

3 Plasma probe 1.0 s P

4 lon-electron trap 8.0 2.0 P

§ lonization chamber 2.6 0.5 P

b Geiger-Muellar tube Z. 1 0.4 P

7 lon mass spectrometery 8.0 4.0 P,C

B Lyman-alpha photometers {2) 3.0 3.0 P.C,O
3 UV photometera {2) 3LO 3.0 C,O
(1+] UV spectrometer 22.0 2.0 cC.0O
11 TV subsystem k} ) 16.0 0

Total 99.1 55. 6

®P significs determination of the distribution of matter and magnetic field through
the coma of selected comcte; O, observation of the nucieus; and C, determination
of the chemical composition of cometary material.
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The detection of life throughout the solar eystem is of great interest. The
possibility of exploring comets to determine the pPresence of organic compounds
fundamental to life has been Suggested. Spectroscopic observations of comets indicate
unequivocally the presence of CN, €2. C3, and CH in the coma. The icy core

(nucleus) is presumably composed of the frozen gas molecules of CH,. CO, CO; and
other gases.

Scientific measurements performed by a spacecraft during ite intercept with 3
comet fulfill two roles in determining the composition of comets: (1) to complement
measurements performed at Earth astronomical obeervatories by direct sampling of
the particle, field, and molecular compodition of 2 comet, by close-range observation
of its physical features. and by detecting predicted but unobserved spectral emissions:
and {2} to supplemnent measurements performed on Earth by confirming spectral lines
previously recorded, especially those that are ambiguoysly identified. Onboard
Mmecasurements can best serve their complementary and supplementary fuactions if they

are correlated with simultaneous photometric and spectiroscopic observations from
Earth.

Posaible Comet Probe Missions

The mission to Pons-Winnecke in 1969-1970 is the only one found which is
suitable for using an Aﬂns{*m iaunch vehicie and for accomplishing the scientific
objectives. The mis to #-Gliacobini -Kresak in 1973 may be accomplished
using an Au-l!?-m combination. however, the comet is faint and not recoverable for
at least I'm ® after launch. No earlier launches to periodic comets using an Atlas/
Agena were thought feasible. A mission to Tempel {2} in 1967 looks favorable for an
I&a.?Ccmur launch, Similarly, missions to Kopff in 1970 and Brocks {2} in 1973

Bto the Atlas/Centaur class. Weight breakdowns for these spacecrafl are shown
below,

Tabie 4. Weight breakdown for Atlas/Cemtaur comet probes

Weight, Ib
Subsaystem
Photoveoltaic leotopic
configuration configuration
Structure 90 0
Intarface 20 20
Science
Tracking platform 6 26
TV tracker id T3
Encounter acience 50 50
Cruise science 40 40
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Table 4. Weight breakdown for Atlas/Centaur comet probes (comt)

Weight, 1b
Subsystem
Photovoltaic Isotepic
configuration configuration
Boom 10 10
Data automation system 10 19
Attitude control 20 0
Midcourse propulsion {130 m/sec) 100 100
Telecommunications 100 100
Autrnns s 10 1]
Timrmal control » 3
Power {200 w) 119142 110
Panels or isotopic unit 6%9-112 70
Isotope support structure .- i0
Power conditioning 10 -
Batteries 40 3
Systam tetal (200 w) 101-784 692
Syatem total (300 w) 737 -000 742
Table 5. Weight breakdown for Atias/Agena comet probes
With Type Ul With Type 1
Sabeystem ’ IHE nt:ﬁﬁnu':- n::ﬂlnum
{lase 1949 {early 1970}
Science
Comat tracker

aml experiments 18 13 71
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Table 5. Weight breakdown for Atlas/Agena comet probes {cont)

With Type 1l With Type |
Mariner C trajectory trajeciory
Subsystem 11964) modifications modifications
{late 1969) {early 1970)
independently
mounted
experiments 8 16 16
Electronics and
dats aytomation
system 48 36 36
Guidance and control
Attitude control
and ceniral
comnputer and
sequencer » ) 39
Gas system 29 29 L34
Sensors ? ? T
Pro; aision
Midcourse maotor 50 66 52
Telecommunications
Data encoder and
coammand 42 42 42
RF and tape
recorder &4 64 64
Antennas 10 10 10
Power
Panels 78 63 &3
Regulator 16 s 16
Conditioning n 32 n
Battery 33 33 13
- ’?" -
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Tabie 5. Weight breakidowan for Atlas/ Ageas comet probes {con:!
With Type I With Type 1
Sud Mariner C trajeclory trajectory
yetem {1964) modifications modifications
{late 1949} (early 1970}
Tharmal cestrel
Thermal-comtrol
assemblies 13 13 13
Structure
Pyrotechaice and
actualors b 6 T
Structure 5% 59 76
Cabling i7 17 17
Tokal 563 573 623

Additiona! detailed results are supplied in SPS 17-32, pages 56 through 67.
Additional comet studies will be initiated in-house during the secoad half of

FY 1966. The firet half of FY 1966 will be used on the development of more specific
comet sciestific objectives and the generation of comet trajectories.
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ADVANCED VENUS 1970 MISSION STUDY
KASA Work Unit 694.30.06-00
JPL 388-60105-2-1610

The effort planned was to have ransisted of a conceptual design study of an
advanced ME‘.I mission to Venus in 1970, However, subsequent to the generation
of the task, the launch date was postponed to 1972, As & result of this rescheduling,
the stusty effort has been postponed to the second half of FY 1966,

The FY 1966 effort will be initiated with & determination of the potential

scientific objectives of such a mission and the preparation of the RFP for a contracted
study to be issued during the second half of FY 1966,
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HIGH ENERGY MISSIONS — ADVANCED PLANETARY PROBE
NASA Work Unit 684-30-08-01
JPL 388-90101-2-23%20

During the latter part of the secord quarter of FY 1965, an unsolicited
proposal was submitted to NASA Headguarters by the TRW System, Inc, {formerly
Space Technology Laboratories), for a deep space planetary probe system study,
TRW proposed 1o extend their previous in-house funded studies and conceptual

design techniques for missions 1o the outer planets by a contract study that wouald
embody the following:

1. Designs to maximize the communications capability of the
spacecrait by use of large unfurlable parabolic reflector for
which TRW has established extensive practical experience
through prior programs,

Z. A modular design concept which would permit the basic spacec raft
configuration to be adaptable to flyby, orbiter, and planetary
capsule entry miseions.

3, A muiti-target capability for the outer planets,

4. Low-cost mission concepts for the development of highly reliable
derign concepts for long range program utilization,

5. Use of radio isotope thermoslectric generators to supply power
for missions away from the Sun,

Subsequent to the proposal evaluation by JPL, NASA Form 1044 was prepared
and submitted for approval to initiate a contract with TRW for the study. A statement
of work was prepared which delineated the scope of effort desired by the study on the
basis of the unsolicited proposal, The study is intended to provide data o= conceptoal
designs and feasibility to develop first-generation spacecraft concepts adaptable for
long-rangs, long-duration planetary missions in the regiom extending from Mars to
increasingly greater distances fram the Sun. The study shall encompass the conceptual
design of spacecraft systems to accomplish a variety of program objectives
including: (1) dasic flyby missions of the planets Jupiter. Saturn and Plute, and (2)
examination of the growth potential of the basic concepts through the use of modular

design concepts developed by TRW to perform orbiter and planetary capsule entry
missions,

Early in May a study approval was received and a request for propossl was
prepared. Budget reviews during May delayed processing the procurement for
several weeks. A contractor conference was held on June 4, at which time the
unsolicited proposal and statement of work was reviewed. A request for proposal
was issusd to TRW on June 29, 1963; response date is July 27, 1968,

During the first half of FY 1966, effort under this task will concentrate on the
monitoring and direction of the above contract,

The results of this study as they are developed will be used in an in-house
ATS effort that will be initiated early in FY 1966 to develop conceptual designa lor
the exploration of the outer planets. A related in-house study is discussed ender
Work Unit 684-30-03-0},
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STATEMENT OF WORK, TRW STUDY, ADVANCED PLANETARY PROBE

The followiag sbjectives appedred in the revised statememt of work submitted
o TRW,

L bntreduction

The objective of this program is 1o conduct a conceptual design and
fsasibility study to develop first-gensration spacecraft cancepts
adaptable for long-range, long-duration planetary miassions in the
region extending from Mars to increasingly greatsr digtances from
the Sun, The study shall sncompass the concepiual design of
spacecrall systems to accomplish a variety of program objectives
inclwding {1) basic Nlyby missicons of the planets Jupiter, Saturn
and Pluto, and {2) ezamination of the growth potential of the basic
concapis through the ute of & modular design concept Lo perform
orbitey and planstary capauls entry missions. Particulsr
emphasis is placed upon the spacecraft design tradeoff analywis
isading to comfiguration optimisation for & range of injection
waights which would have the highos' probability of mission
accomplishment with the following scientific objectives:

1. Msasuremnest of the spatial distribution of interplanstary and
planatary particles and fields.

2. Msassurement of the salient atures of planetary atmospheres,
with particular emphasis upon remots messurements from a
flyby spacecraft.

3. Ohservations of the plansts, i.e¢., visual, IR, et¢,

N Scops of Work
in the performance of this study, the Comtractor shall:

1. Develop spacecraft systam concaptusl designs for each of the
objectives statad under | shove by accomplishing the fellowing

a. Establish the functional requirements for spacecraft
systeme to parform the missisns,

b. Forecast the applicable state-ci-the-art for the time
porisd considered.

c. Perform design tradectiis as a basis of the ratignale
employed for design salactions.

d. Synthesise the apprapriste systam cancepts,

- 378 -

——————

S —




JPL Techmical Memorandum No. 33-243, Veol. ]

k5

ldentify the problem areas and indicate approaches to
their solution.

Review the system concepts in terme of the
Mars 1964 and International Quiet Sun Year
Pioneer spacecraft system designs,

Provide & description for sach of the systems developed
under paragraph {1) above which shall include, but not
necessarily be limited to, the following:

a,
b.

£.

Sy=tem: block diagrams,

Operational sequances.

Weight and power estimates.

Systam pointing sccuracies and orientation mansuvers.
Spacecraft and science experiment internal-external
interface compatibilities, inciudiag radiocisotope thermo-
slectric generator radiation and thermal effects.
Redondancy considerations for increased reliability,
Evaluation of the design varistions requirsd for each of
the scientific objectives showing the design complexitias
involved,

Spacecraft conceptusl configurations and launch vehicie(s)
general mechanical and dymamic compatibility,

Optimisation of the alternative spacecrafl systems
doveloped ia {1) with the launch vehicle choices showing
tradeocifs involved,

Prepare descriptions of the subsystem: designs studies and
the machanization approaches 1o be employed. This shall
include, but not nacessarily be limited ta:

&,

b,

€.

Means by which subsystam designs meet the system, or
fumctional requirements of (1),

The design tradeolie considered and the ratiomals used
for design selection.

The loag-lifetime reliability design considerations,

ldentilication of the problem areas determined and
approaches to their solution.
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‘i

Javestigate spacecraft madulsr concepts which would provide
orbiter and capsule entry capabilities to the basic flyby
design for potential growth of the systam,. Thias shall include,
but is not limited to!

a, The mechanization feasibility and spacecraft interface
compatibility.

b. The operational feasibility and basic spacecraft
optimality conside rations.

c. Modifications required to the basic spacecraft 1o utilize
the modular concepts.

Conduct & reliability analysis for the ayetemis) selected
which shall include, but is not limited to:

&, Long lifstime missions to the suter planets,
B. Systemn/subsystem reliability avsessments.
c., Reliability improvement techniques,

d. Probabilities of mission and partial mission successes
with projectsd launch vehicle reliabilities for the time
pariod of intarost and system failure modes analysis,

Periorm » cost/effectivenses analysis {or each mission
considered in (1). This analysis should resuilt in a set of
normalised numbers for comparing the various missions, and
shall state the premise upon which the analysis is based,

Prepare liminary estimates of scheduls and cost for *hoss
tphm{tmvdq‘d under paragraph {1} above. Major
variations in coet and schedule shall be noted. 'Vhe coet
astimatas shall be in the same format as the costing categories
for the Mariner Mars 194,
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HIGH ENERGY MISSIONS - JUPITER FLYBY
NASA Work Unit 684-30-09-01
JPL 368-90101.-.2.2920

A Jupiter flyby mission study, originally funded by Office of Advanced
Research and Technology {OART) in FY 1965, under an OART Task entitled High
Energy Missions: Jupiter Flyby, NASA Code 124-06-01-06, is one of two studies
being sponsored jointly by OART and Office of Space Sciences and Applicatione
{OSSA). OART funding reductions through the year for this task precluded following
the original plans to contract with industry to perform this study. Early in May,
study approvai through the joint sponsorship was received and a request lor porposal
was issued to industry. Upon {insl evaluation of proposals received from industry on
July 6, a contractor will be selected competitively and funded 1o an approximate
tovel of $100, DOO, 0O,

The intenl of the study is to provide data on: (1) the expected return from the
mission, and (2) the capabilities and resources required for mission accomplishment
in the time period 1973 to 1980. Three launch vehicle combinations, Atlas/Centaur,
Saturn IB/Centaur and Titan JJIC/Centaur will be considered in accomplishing the
mission. Witnin the time period, launch energy and DSIF compatibility design
constraints the contractor is required to determine the alternate reans of accomplish-
ing the mission objectives by: {1} establishing the functional requirements of the
spacecraft, {2} forecasting and applying the applicable state of the art, {3} synthe-
sizing the appropriate system concepts, and (4) reviewing the system concepts in
terms of the Mariner Mars 1964 apacecraft system: design, In addiiion the contractor
is required to provide schedule, cost, and probability-of-success estimates for the
system concepts developed, The study contract will be monitored and directed
during FY 1966,

The data provided {rom the study will be used as the basis of in-house studies
that are planned for the later part of FY 1966, Current and future in-house activities
arc being devoted to establishing the scientific objectives and mission requirements
for future study,

STATEMENT OF WORK, JUPITER FLYBY MISSION STUDY

The studics necessary to the generation of an AAFP for contract to periorm a
raission study of a Jupiter flyby were completed during this report pe.iod.

TI':T RFP was subruitted 10 17 companies in sarly June. Responses are due
on July &,

The objectives of rhe study as defined in the stalsmant of work are as follows:
l. The Contractor shall perform a {easibility study to develap space-

craft design concepts for & flyby mission of the planst Jupiter,
The study shall consider & range of alternate design comcepts jor

TAs of this writing, proposals have been received {rom the following companies;
General Dynamics, General Electric, Lockbeed, Martin, North American Aviation,
and Philco. Evaluation is under way.
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accomplishing the successive mission objectives listed bealow
withia tha applicable design constraints:

s, Interplamstary and planetary measurements of the spatial
distribution of particies and fields. Mseasurements shall
incluide but not aecessarily ba limited to:

1} Magnetic fields.

2} Solar plasma.

3} Dust and micrometsoritss,
4} lomised radiation.

b, Msasurements of the planstary atmosghe e of Jupiter which
shall inclode but not necessarily be limited to:

1} Composition,
2) Temperature and preseure.

<. Messurements of the physical properties of Jupiter which
shall include but not nacessarily be limited to the chservation

of the clowd cover and possibly groee features of tha Jovian
terrain.

2. In the performance of this study the Coatractor shall:

s, Deweiop the conceptunl designs for spacecraft systenw for
sach of the objectives listed in paragraph (1) above by
accomplishing the following:

1} Eastablish the functional requiremeants for spacecraft
systams to parform the mission,

2) Forecast the applicable state of the art for the time
parviod comsideored.

3} Perform design tradeciis ss a basis of the rationals
employed for design selsction,

4} Synthesize the apprepriste system concepts.

$) ldemtify the problem areas and indicats approaches to
their salwtion.

6} Review the system coacepts in terms of the Mariner
Mars 194 spacecraft system design.
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Provide a description for each of the systema developed
under (Z2.) {a.) above, which shall include, but not necessarily
be limited to, the {ollowing:

1}  System block diagrams,

1} Operational sequances,

3} Exnpected performance characteristics and design
reliabilities.

4} Weight and power estimates,

Provide estimates of schedule, cost, &nd probability of
success, including success of partial missions, for each of the
systemns developed under paragraph {2.) {a.} above, and
indicate the tradeaffs involved, The cost estimates shall be

in the same format as the costing categorias for the Mariney
Mars 1964,
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MAGNETODYNAMICS IN SPACE (108-24)

MAGNETIC PHENOMENA
NASA Work Unit 188-3%-01.01
JPL 3085-60101-2-3280

The objective of this task is to investigate extremely low-frequency (ELF)
signais {3-3000 cps) generated in or above the ionosphare, A fisld atation has been
established whare such signals can be detscted and recorded. Surface measuvements
will be coordinated with rocket and satellite messurements (OGO Search Coil
Magnatormeter Experiments). These simultaneous data will be analyssd to study the

origin and propagation of the ELF signals and their relation to other geophysical
phenomena.

The ELF field station now consists of & complete three-axis systam capable of
monitoring magnetic luctustions between 3 and 30 cps. An evalustion of the signals
being detected 1n this frequency range is underway in order to claseify them and to
investigate possibie contamination by man-made signals. A narrow band spectrum
andlyzar that will sweep between 3 and 3000 cpe designed for possible use both at the
field station and om 8 rocket has been purchased for this task,

this report pericd, evaluation of the sweep frequency analyser was
completed, automatic programmer was instalied at the observatory to permit
recording of data while personnel are absent, A temparature-coatrolied circwmit
breakar was also installad to preveat darnage to the unattended equipment duc to
overhaeating,

A vertical antenns was added to the senaor array in erder to parmit the
vertical slectrical fisld (3- 3000 cpa) to be detected and recorded. Two
magnetotelluric current systams for the detaction of both components of the
horisental electric field (3-3000 cps) weare made operational,

The prelimisary evaluation, classification, and analysis of recordad data is
continuing &s is the preliminary design of a search coi] sxperiment and an electric
fiald experiment suitable for use on & rockat.

Several hours of cbservatory data ware taken simultansously with operstion
of the ssarch coil experiment an OGO-A. This was intended as a pilot study in
preparation for more wseful measurements sxpeciad on OGO-C, Intsarcomparisen is
being deliayed unti] the satellite data are received,

=ooaan e e T By e el ek R B e 2y

s .



BLARKE PAGCE



JPL Techmical Msmeoranium No. 33-24). Val. |

SOLAR-WIND PLASMA PHYSICS
NASA Work Uait 188-36-01-02
JPL 305-40201-2-3200

ADVANCED COMPUTER PROGRAM

The advanced computer program for analysing the plasma data was
compleisd and ran successfully for nearly all of the 40, asma spectra obtained
by r For sach spectrum, it gave plasma mean velecity, temperature, and
density, alpha/proton density ratio, and a parameter repressnting a
non-Maxwellian high-energy spectrum tail.

To date, the following conclusions have been resclved from the data analysis:

1. Thare was always 2 measurably large solar wind flowing from a
direction within ten deg of the Sun,

2. Streams of high-velocity, hot plasma were ohssrved; these streams
were apparently associatad with M-region magnetic storms.

3. The gsomagnetic-activity index Kp wae highly correlated wvith the
plasrms velocity,

4. The plasma density was gensrally t at the leading edge of &
high-velocity stream, {However, mﬁt valocity and
temperaturs, the density calculation depends on the assumption of
radial flow, )

5. Velocity and tamperature were not strong fanctions of distance
from the Sun; density and flux varied approximately as the inverse
aguare of the distance,

6. A model in which the aiphas and proters had squal thermal
valocities fit the measured speciya better than did & medel in
which the two ions had equal tamperatures, This situation might
indicate that the plasama temperature was determined by local
hydromagnetic heating rather than by thermal conduction fram
the lower coromi,

7. At Vemus encounter, we detected meither & magetosphere, mer
& magnetopsuse, nor & bow sheck, The messurement of the
solar-wind pressurs at that time was secessary {or the calculation
of an wpper limit of the dipoie mement of Vesua frem the
nagitive findings of the plasma prebe, magastometer, and
eaergetic-particle detactars,

8. There is often a high-enargy non-Maxwellian tail te the spactrum,
which sppears to be more prencunced fer higher plaama velecities,
R appsars to be indopondent of the rale of change of velecity but
may be associated with fleld reversals sech 30 hawe boen jound
in the wake of a cellision-ifree interplanstary sheck fromt (o, g. ,
October 7, 1962).
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ADVANCED MAGNETOMETER INSTRUMENTATION
NASA Work Unit 188=-36-01-03
JPL 385-40201 -x-3230

The objective of the magneton.cicr development program 8 to complete a
second-generation low {ield vector helium magnetemeter of inherent relisbility and to
extend development of the second generation system to provide high incremental reso-
lution with wide dynamic range., Toperform operational evaluations over temperature
ranges compatibie with Lunar, Cislunar, Planetary and Interplanetary missions,

PROGR 55

An article published in JPL SPS 37-32, Vol. VI, reports some of the
characteristice of helium larmpe and cells pertaining to designing for long lifetime
operation. A comprehensive report on lamp and cell characteristics will be prepared
after final testing of new units in the second generation maghetometler breadboard,

Life testing of Mariner C type lamps and cells continues. Because the life
tests have not indicatec wppreciable degradation rates inan ¢ight-month period, the
study of degradation mechanisms has been deemphasized, and the effort on lamps ard
cells has been redirected toward the study of fabrication techniques. Figure 1 shows
the evolution of the helium cell for the second generation system: and the new fabrica-
tion technique which allows rapid production of lamps and cells of spectral purity,

Preliminary design work has been performed to establish hardware and shield-
ing requirements for complete evaluation of a magnetometer sensor, including offse!
maasurements, over temperature in vacoum. Because of cable stiffening at low
temperatures, initial sffort wiil be based on allowing only for a two-axis offset
measurement. The initial work on vacuum-temperature offset measuremants will be
performed on the Mariner C life test unit 1o extend the prelaunch evaluation of that
inst rument,

Tests of system signal for various helium lamp pressures were performed to
determine the validity of previous assumptions used in the choice of operating
pressure (Fig, 2). The Magriner C lamps wers filled at & pressure determined oy the
intensity of the 1. 083, light intensity, Aa the attached curves of systam signal and
1.083p light intensity v pressure indicate, the assumption was incorrect. The test
results also established that lamps of larger diameter tubing than that used for the
Mariner C lamps are more efficient. Observations made on the visible light charac-
teristice vo pressure suggest a relatively simple mathod of meaasuring pressure in
fabricated lamps, and spectral studies will be performed in the future with the goal
of establishing a parts screening procedure.

The feasibility of operating the vector heliurmn magnetometer at field lovals ia
excess of 0.2 gauss has been established {Fig. 3). In operation at high sweep field
levels, it was found that the sensor signal was what theory predicts, whereas all
work done previously at sweep levels of approximately 100-500Y did not agree with
theory. A test is presestly being prepared to accurately determine the sendor transisy
function over & range from 0 1o 1000y . Preliminary testing strongly indicates that
previously used sweep vector amplitudes are not at all optimum. The implication of
results to date is that eystem noise and stability might be improved by an order of
magnitude by actunlly using fewer parts because of an increase in sensor signal for
smaller sweap vector amplitudes,
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ENERGETIC PARTICLES (100-44)

RADIATION EXPERIMENTS
NASA Work Unit 188-46-01-01
JPL 385-60301-2-1280

The long-term objective of this program is the deveiopment of new eAPeTi=
ments in the particies and {ields area. Two experiments are under development.
One utilizes a spark chamber system to measure the energy and angular distribution
of energetic protons, aipha particies, and neutrons. The second expetiment is & low-
energy-particle telescope wtilizing solid-state detectors. It will measurs the energy
spectrum of protons and heavier nuclei on the range - 0.1 to ~ 10 Mev/nucleon.

SPARK CHAMBER

The primary effort (under W, McDonald and L. Lewyn) is directed toward
studies of protons associated with solar flares: Wowever, we aleo intend %o adapt the
4pparatus to neutron measurements, W be correlated with the charged-particle
results. The presently planned program envisions a series of eXperiments employ-
ing instruments of increasing sophistication and proceading from laboratory investi-

gations to balloon flights, sateilite measurements, and ultimately Vonlur-chu
interplanetary experiments.

The instrument employs spark gaps in which eolid plates are replaced by
parailel wire grids, orthogonaily oriented. Each wire passes through & magnetic
core which can sense & current puise. A spark produces a current pulse through each
of two perpendicular wires, thereby identifying the coordinates of a particie that
produced the spark. High voltage is applied after receipt of & counter pulse {subse-
quently beight-analyzed} which indicates passage of a particie through the chambesr.

During FY 1963 a planar laboratory model chamber with a nearly complets set
of flight-design electronics was fabricated and tested. The major electronic compo=
nents are: counter electronics, core readout electronice, high voltage moduisator,
analog-to-digital circuitry, and spark chamber digital resdout and storage circaitry.
A flight uait will require, in addition, a telemetry encoder and/or onboard recording
system. For the test a laboratory pulse height analyzer was used.

During the report period, the model chamber was tested with respact to
optimum wire spacing, filling-gas variations to minimise critical voltage, and effects
of contamination on chamber performance. A new data processing systemn was
completed, having improved data storage and display for easier analyeis of test
results. Also analytical studies were conducted which showed the feasnibility of the
neutron measuremaent.

Design and fabrication of ballcon instrumentation is now procesding. The
formerly plananed solid-state detectors will be replaced by scintillation counters in
the balioon experiment, where the lighter weight of the solid-state detsctors is not
such & crucial considerc.ion as it is on & spacecraft experiment. The scintiliation
counters have the additionsl advantages for the balloon sxperiment of economy and
the fact that the triggering detectors can be made larger in sise to give better count-
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counting statistics Because of the greater ease of fabrication when scintillation
counters are used, a cubical, rather than the former spherical, spark-chamber
geometry will be aned.

A preliminary balloon emperiment is being prepared for a flight from NCAR
facilities in Texas or Arisor+ during FY 1966, This is primarity a feasibility and
operational empevisnce experiment. It will employ a plasar instrument which
approgimates as closely as possible a modular unit of the eventual cubicat chamber.
A potential scientific result will be the angular distribution of cosmic ray albedo.

Fabrication of the cubical chamber will be carried oul in preparation for a
high-latitude balioon emperiment proposed for summer, 1966, It is contemnplated 10
make this chamber cmt;- of giving seutron distributions as well as those of charged

rrﬁﬂ-s by placing a He? target inside it and analyzing the {charged) products of the
n, p) reaction.

LOW ENERGY PROTON TELESCOPE

Most of the work accomplished in the second half of FY 1965 has tewn done
since April because of the time committed to the rines projeci. The principal
effort has been directsd to answer two questions: t is the sffect of light upon the
thin solid-state estactors of the type to be used in the fromt of the telescope when no
window is empioyed? How good a charge-sensitive preamplifier can be built using
ali solid- state components? D. Johnson and H, K. Anderson have worked on the first
probiem, while R. Lockhart has done ensentially all the work on the preamplifier.
We have also attempted 1o measure the thickness of the dead layer on the fromt of
the solid-state detectors and to measure the light pulse produced by plastic sciniil-
lation material when relativistic partictes (mu mesons) pass through it.

The response of four detactors to light was measured by placing them in a
vacuum chamber having a window. The chamber and detector were placed in a
calibrated. paraliel beam of light from the JPL star tracker calibration facility.
(This was made available by G. Meisenholder. Section 344.) The color temperature
of the light approximates that of the sun. The intensity was varied from 0, 04 to 5. 6
foot candles, while the detector amplifier chain was stimulated with a pelser which
inserted charge in parallel with the detector. The full width at half rmasimum (FWHM)
and the emplitude of the cutput pulse {position of the peak) were measured as a
function of light intensity. The FWHM increased with light intensity typically by a
factor of 2 to } from the dark comdition to about | foot candle. The position of the
peak shifted aleoc and in some cases did not return to its original position when the
light was shut off. We concluded tentatively that the detectors could be used in an
intensity up to i foot candle but decided to make mere measarements.

A simplas facility was set up and calibrated with a CdS cell which bad
previously been calibrated absolutely in the star tracker facility. The light intensity
can be varied both with a diaphragm and by varying the distance from source to
detector. Three datectors have boeon exposed 10 0. 0. 0.11. and 0. 7 foot candles with
& constant input pulse. In this case. the peak position did not shifi with changing
light intensity. From this and other indications, we conclude that the shift ocbserved
earlior was caused by drifting amplilier gain. The noiss incressed by a factor of
about 2 in going [rom dark to 0. 7 foot candles. From the preliminary data so
obtained. we conciude that the detactors can be used bare up to about 1 foot candie.
Furthar measurements are required. however. and we need also to measure the i
dependence of noise increase upon the wave leagth of incident light.
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The solicd-state preamplifier developed in breadboard form during late 1964
has been assembied in a prototype configuration, and its noise level has been
measured using a pulser inpul as a function of capacitance across the inmput
terminals. The result is that the preamplifier noise is -16. 5 Kev FWHM with 100 ol
at the input. U-‘ng a better PHA than previously .vailable. we will measure the
noise and gain stability as a function of input capacitance and temperature, using a
solid state deter tor and radiocactive sources.

Secondary results are that the dead layer of a detector has been measurel by
observing the energy deposited by Ama#¢? alpha particles when the detector is
oriented perpendicular to an inclined 45 deg to the particle beam. The particles were
found to lose about 1C Kev in the dead taver., The layer therefore cor responds
roughly to the range of 40 Kev protons.

No gquantitative results have been obtained from the plastic scintillator
measurements because of equipment failure, but preamplifiers, delav lines and
concidence circuits have been buill and tested with which to make the measurernents.
We expec! tc have data ve-vy soon.

As reported in the May OSSA Review we plan in FY 1966 1o (1) compisie the
measurements discussed above, (2} build a prototype sensor including detectors and
preamplifiers but not the digital logic. and (3) to calibrate the sensor with protons in
the energy range 50 to 500 Kev. The principal investigator will be on leave at Rice
University after September 1965 and this calibration will be performed there. One or
more proposals to fly the instrument will be aubmitied in FY 1966,
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EXPERIMENTS D910

AEROBEE
NASA Work Unit 879-10-01-01
JPL T45-10101-1-3280

The objective was to study the ultraviolet asrglow and aurora of the Earth w i
specirometers and photometars.

LAUNCHES
i.
2
3.

PUBLICATIONS
1.
2.
3.

Aerober 4. 115 was launched on September 18, 1964 a1 Waltops
Island, Virginia. The UV spectrometer, 1100 - 3200 A, made the
first compilete measurement of the Earth's ultraviolet albedo and
a measurement of limb emission spectra with the use of a
telescope.

Aerobec 4. 111 was launched on January 13, 1965 at Wallops
Island. Virginia. The UV spectrometer. 2100 - 4200 A, made
the first measurement of photoseleciron-excited nitrogen second
positive bands and obtained extensive spectra of nitric oxide and
jonized molecular nitrogen.

Aerobee §. 112 was launched on June 29. 196% at White Sands,
New Maxico. The UV spectrometer 1100 - 2800 A. measured
the specira of oxygen and nitric oxide band systems.

Green. A E. S, . and Barth. C. A.. W
Molecular Nitrogen Emissions from the Aurora. Journal

, . 10, pp - . 1968,
Barith. C. A.. and Pearce. J.B..

Pearce, J.B.. and Barth, C. A, Mmggumi_ﬁ&
Ultraviolet Aﬁrom. Transactions American Geophysicai Union,
Vol. 4b. p.

. 1965,
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EXONOLOGY (189-55

GROWTH AND PHOTOSYNTHESIS
NASA WORK UNIT 189-%%-02-01
JPL 386-%1101-2-3260

ACTIVITIES DURING REPORTING PERIOD

Preliminary experiments have been completed. using pure suspensions of
Chiorella pyrencidosa to establish suitabie curations of illumination. purge time.
dark collection periods. and cell concentrations. These experirmnents consisted of:
(l)‘:imuuladﬁ' fiiter paper discs. supported on meta!l planchets. with approximately
107 - 108 chlorella cells: {2) inserting the samplee into a glase incubation chamber:
(3) closing the chamber and generating 14CO, by acidification of a solution of
NaH“CO, containing 25, C of ruii:nttivuy; 4} incubation of the sampie under
illumination: (5) pmin‘:oﬂdul 1 COy from the chamber: {6} removing the
sampies and collecting *“COp generated during dark respiration by inverting glaas
planchets containing films of Ba{OH}; over the cell suspensions: (7) counting the
radioactivity absorbed.

Controls consisted of distilied water bianks. media. and suspensions of
killed cells A dark control of tive cells during illumination has not yet been
performed.

The results were consiestent with previous experiments reported by Levin
{Quarterly Progress Report No. 13 to NASA, Radicisotope Biochemical Probe for
Extraterrestrial Life. Contract # NASr-10}, However. the conditions of our
experiments were less favorable for obtaining high sensitivity. When the "'CO;
concentrations in the chambers was 0. 07 C/ml, a |-hr exposure to light with
36-min purge and 30-mindark colleciion periods gave greater than 16. 000 cpm for
cell concentrations of the order of | Counts obtained from control samples ranged
from T ta 20% of the experimental ones.

Experiments were performed to test COyp retention factors at different pH
jevels, in terms 2( counts recovered on Ba(OH); filme after media was subjected to
atmosphares of | COz and purging. Ilu:mubfo counts inc reased e:ponentiaih,- as
pH was increased from 4 10 9. The results indicated an increasned rate of 19C
evolution from the medium and rates of absorption by the Ba{QH); film during two
30 min collection periocas at pH 4, 6. and 7.

Calibration experiments were also performed 1o determine the approximate
counting efficiency obtainable by the solid absorbent 14C0; collection technique used
in these sxperiments. Efficiencies better than 1%% of theoretical were obtained
throughout the counting range obtained in these experiments.

the presence of » have not yet been performed. these experiments ubdoubtedly
demonstrate the basic ieasibility of this kind of photoaynthetic life-detection
experiment.

Althou.hﬁ::perimnt- having controls of live cells incubated in the dark in
%

- §07 -




JPL Techmical Memorasdum No. 33-243, Vel. I

-

FUTURE ACTIVITIES PLANNED

The planned work for the next quartar entaile; .

lt

4.

Determining whether significant amounts of dark COy svolution
can be obtained from photosynthetic bacte ria after illumination.

Further studies of the effect! of retention on coliection of COy
from media at different pH's.

Determining sffects aof 14cQ, concentration. biological activity of
exparimental material, and t intensity on the sensitivity of
the technique.

Initigtion studies on the effects of the presence of soil on
photosynthetic CO; absorption and dark evolution.

It is intended to develop an experiment which makes minimum assumptions
about biological CO; fixation by Martian organisms. Therefore, several other
possibilities will be kept in mind for planning work during FY 1966. These include:

1.

The possibility that metabolic products formed in the dark after
photosynthesis may not be COp.

That CO; flixation by chemosynthetic Martian organisms may aiso
be imporiant.

That the return of COy to the atmosphere may involve an indirect
process not associa with the dark metabolism of photoeynthetic
organiams.

Further work planned late in FY 1966 involves verification of “CO; fixation
by chemical analysis of pre-illuminates samples.
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FLUOROMETRY
NASA Work Unit 189-55.02-02
JPL 366-%0201-2-3260

In accordance with the agteement between Dr. Orr Reynoids and
Dr. R.¥. Meghreblian on October 6, 1964, the total effort of the fluorometry group
has been directed toward determining the feasibility of the analymis of primate urine
for the biosatellite program. Therefore, during the past two quaATicrs, pfogress in
life detection by {lucrometry has been linked mainly with results in bicsatellite
instrumentation for which breadboards are now becoming availabie.

DETEC TION OF ORGANILS

The conversion of 8 variely of organic compounds to flucrescent derivatives
by temperature-programmed pyrolysis has been demonsirated.

Since the examination of the pyrolysis products resulting from exposure to
various temperatures will permit elucidation of the course of the reactions taking
piace, characterization of the pyrolysis products from simpie hydro« arbons, amino
acrde, sugars, and naturai scils will be carried out. The course of chemical trans-
formations taking place duting pyroiysis should alsc be investigated.

The concept of a (lucrometric assay of general organic compounds which
involves trapping volatile organic products of pyrolysis on a cool surface and
directly observing the characteristic flucrescence, will be implemented into & work.
ing breadboard design of a smail automated instrument.

DETECTION OF BIOLOGICAL MOLECULES

Qualitative and juantitative determinations of a variety of highly cc ajugated
biomolecules have previously been devaloped. The assays inciude determination
of aromatic aminc acide, proteins containing aromatic amino acids, nucleic acid
bases such as adenine and guanine, and chlorophylls.

Further investigation of various metal porphyrins as well as bacteriai chlo-
rophyils will be carried out with both pure and naturally occuring substances in
various soil media.

The method of determining the flucrescence properties of all nucleic acid
bases will be further refined with respect to hydrolysis conditions and removal of
interferences by scil constituents.

Fluorometric methods will be developed for carotencids, quinoues, and their
derivatives, since those compounds are believed to play important roles in the lighe
abeorbing mechanism in photosynthesis.

A partial deveiopment breadboard instruments for the Swsaysd of protein,
chiorcphyll, snd nucieic acid bases has already been achioved as » rescit of the
bicsatellite instrumentation. The key components developed in this category
include the { .orometric optical system, heating elements and mechanical displace-
ment pamping system.
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An additional development of breadboard instruments will be attempted within
the limit of engineering and material resocurces.

DETECTION OF BIOLOGICAL FUNCTIONS

Previcasly the growth of microorganisms has been measured by the increase
in flaorescence intensity of either protein or chiorophyll. Provisions of suitable
growth snvironments and suitable nat:itional conditions are the kays to success.
Nutritionsl media will be developed for support of growth of soil microorganism;
indeed, Lot weter extracts of nstive soil might provide the basic medium for cultur-
ing these endogencus organisms.

Since photosynthesis necessarily involves light-powered electron transport
along an slactron carrier chain and since organic eieciron carriers ate in general
fluorescent, the flucrometry of organic slectron carriers is & highly general method
for detecting photosynthesis. The technigues for measurement of photosynthesis will
be dev 8o that one can provide an emcitation radiation appropriats o both chio-
rophylis and the elactr.n carrier aystems.

Again, the dbresdboard for measuring growth and photosynthesis already has
been partially developed in the work completed for the biosateilite instrumentation.

PROTOTYPE DEVELOPMENTS {JPL ¥6-50202-2-3220)

This task was initisted during the second quarter of FY 1965. Discuessions
were hid with Nello Pace of the University of California, Berksiey campus, to
establish the tradeoiis between engineering capability and scientific desirability of
anaiysing for a large number of primate urine chemical compounds. This technical
interchange resulted in the selection of four chemical compounds for analysis.

These compounds represent a combination of compromises which permit a realizable
experiment package within the engineering design constraints and yet yield significant
scientific information on the effects of long term sxposure to weightieseness.

The compounds creatinine, creatine, caicium, and urea were selected for
the biosatellite primate urine analysis experiment {elaborated in & subsequent
section of this work unit report). The preliminary weight estimate for this experi-
ment is 10 Ib, with & volurne of 300 in. * and a8 maximem power drain of 10 w. The
basic effort ander this task is the development of instrumentation concepts which
could be transiated irto flight hardware. Two items have aiready been reduced to
the prototype stage. The first item is 8 complstely automated mic rometric syringe
to dispense microliter quantities of calibration fluid into each of the analytical
expariments. The prototype has been evalusted for accaracy and has demonstrated
2 volumetric accuracy of better than 0. 05 microliters in a 2%3-microliter delivery
volame. This is approximately a 0. 2% error and is well within the anticipated
accuracy of the various experiments performed by this system, The unit will hold
sufficiont fluid o0 provide at least one test per day for one month with twenty addi-
tional tests during the prefligit calibrations.

The second item ie the fluorometric readout amplifiers plus a breadboard of
the output data coding system. A thermal custroller has also been daveloped for
uoe in maintaining & close tempersture control on sach of the analytical test cells.
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The temperature control is required to stabilize the flaorometric conversion
efficiency of each of the chemical reactions to simplify the data processing.

In order o integrate into the bicsateliite program, technical personnel have
attended various technical direction meetinges held by Ames Research Center and
General Electric Corporation. The purpose of these meetings has been to acqguaint
JPL personnel with the current status of the biosatellite, the potential iocations for
the experimental hardware and the various prodblems to be encountered in instailing
this experiment in the spacecraft. These meetings have successfully provided JPL
the knowledge required to integrate the experiment into the biosatellite apacec raft.

Preliminary design has been started on the Associated Ground Equipment
{AGE) to support this experiment at JPL and in the field. Procurement of long-
lead-time iterns has been initiated. The chemical analysis support position of ihe
AGE will be firmed up as soon as volumetric ratios, specific chemicals, tempera-

tures, and other cperating parameters have been defined through actual operation
of the breadboard instruments.

SCIENTIFIC FEASIBILITY STUDIES (JPL 386-50203.2.3260)

Breadboard units for four chemical analytical systems o be used for a ptri-
mdate urine analysis {for biosateliite’ have been designed, fabricated, assembled, and
are being tested and evalusted. The four units are in different stages of progress
but have a common basic methodology that consists of flow -through liquid systemas
operating by peristaltic pumps for metering and transporting the fluids. Reagents
are added to cach sampile which then forms either a chromophore or a fluorophore,
determined quantitatively by colorimetry or fluorimetry using appropriate light
sources, filters, and detectors. In some cases the reactants are heated in order
to develop the end products. The experiment is calibrated using standard solutions.

{ reatinine

This urinary constituent is reacted with alksline pic rate solution to form a
pink color {absorpt. max. 490u). A tungsten light source is used with absorption
filters and cadmium sulfide detectors. The instrument is now totally automated and
Mt been gathering reliability data for 2 mo. The lifetime of pumps and tubing 1»
being established. The data is (onsistent throughout the ranges of con. entration o
fluids used in the calibration test. The instrument operates through & sequence uf
six test cycles and six rinse cycles every 6 hy, continuously.

Calcium

This constituent is detected by coupiing to caicein solution forming a fluores-
cent product which ie excited at 490, and emits light at 5204 . Initially a mercary
source was used for illumination but the resulting photolysis of the (alcein solution
required this be changed to a tungsten source operating at voltage maximum. This
instrument is {ully automated, and cata has been ac cumulasted to examane reliability
of the components and repeatability of the data. Because of the mixing ratio of
reagent to sampie (50:1) one phase of the mixing process is incompiete. This prob-
lem 13 currentiy being overcome by using a larger volume than planned. Since some
calcium derivatives adhere to glass surfaces, speciai precaution has beer used in
coating the walls of the flow-through fluorometer ekl with Teflon.
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Urea

This constituent can be determined either colorimetrically or fluorometrically
by reacting with diacetyimonoxime and sulfuric acid at 100°C for 20 min (excitation
at 380u, emiseion st 520p). The fluorescent output is low csusing & less than desir~
able signal4o-noise ratio. The colorimetric curve deviates from linsarity. The
breadboard is being operated manually during the experimental phase; however, the
fully automated breadboard has been fabricated and needs only final assemdly. The
hoater unit consists of a coil of tubing surrounded by 3 helix of resistance wire and
has been tested and found to be temperature stable, chemically inert, capable of
higher pressures than used, snd does not introduce estranscus bubbles.

C reatine

This constituent is converted to crestinine by dehydration using HCI st 100°C
for 15 min, and performing the same assay as described for creatinine. The inetru-
ment has been (abricated and asesembied. The heater for the crestine conversion is
similar to that used for the urea sxperiment.

Planned Aclivities

The completion of four fully astomated breagboard unite wiil be carried out
during the next several weeks. Reliability data for components and subunits will be
established and reproducibility of data determined. At present, simulated urine is
used as s sample. In the future, urine samples derived from primates on the special
diets to be used during the spaceflight will be introduced into the test system.
Numerouss changes are planned for improving the instrument. Selected narrow band
pess interference filters, improved light sources, field effact transistor detectors,
more resiliant and more resistant materials for the tubing, focused optics, reduction
in pump sice and volume, and improvemer in mixing chambers. Tests of materials
to withstand corrosive chemicals and examination of materials such as adhesives
for natural fluorescence will be extended.

An accumuilator has alsoc been designed and a breadboard fabricated for use
in conjunction with this experiment. Removal from the main urine line of | 0% of
sach emplying will provide sufficient accumulation of sample for one test cycle.

The system coliecis and mixes up to four emptyings during each é6-hr period and
delivers it 1o the analytic anit. This anit is manaaily operated and will be automated
during the next quarter,

PRIMATE URINALYSIS (JPL 363-50201-2-3260)

in order to study the physiological effects of prolonged weightieseness and
accompanying stress by the ‘n gity chemical analysis of the urine of & mammal
flown in the biosatellite program, simple arnd reliable methods for satimating erinary
conatituents are required. Direct single-step meiinde have been developed for
assays of urinary caicium, uresa, crestinine, and creatine.

The determination of urine calcium wae made by adding urine to an alhaline
solution of calcein and measuring the fluorescence of the product. The fluorescence
intenseity is proportional to the concentration of caicium added and the method com-
pares (avorably with the conventional methods. Urea in urine has been determined
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by a method using diacetylmonoxime. Comparative studies with coclorimetric

dete rmination of ammonia following urease treatment of yrine and internal standard
sample recovery studics proved that the reaction is specific to urea and the aASsay
has good reproducibility. The concentration of « reatinine has been determined in an
aliquot of urine with aikaline picrate. It has been learned that good reproducibility
is dependent upon accuracy of reagent concentration, pi, time, and temperature
during color development. Creatine was determined by first converting it to creati-
nine by heating in acid at 100°C for 15 min. The difierence between the value
obtained after this procedure and the value originally obtained for ¢ reatinine repre-
Sents urinary < reatine.

The conc2pts of varicas analytical te« hniques have been implemented inilc
a working breadboard design of a smsll automated instrument. Two fully agtomated
breadboards for assays of -alcium and creatinine have been constructed, and the
assays by these breadboard systems are reproducible. In urea . ssay system,
various material problems as weil as many mechanical and opti- at problems have
been solved and the functions of various instrumental components have been tested.
These tested components are currently assembiled into an automated system for
UTinary urea Assay.

Besides the development uf the breadboard model of the instrument, some
back-up experiments in the quantitative analysis of urine samples have Seen con-
ducted., Characterization of the reaction of urea with diavetylmonoxime in acid
medium has been carried out with respect to the resaction mechanism, kinetic s, and
products. In addition an aiternative method for determination of urea using Ehrlich's
aldehyde reagent has been investigated. This method does not .nvolve heating and
the color of the reaction product responds quite lineariy with urine concentrations.

The assays for magnesium, phosphate, glucose, catecholamines, and I7-
hydroxycorticosteriods will be developed as they are needed.

Thirty-day tests of the analytical equipment developed for calcium, urea.
creatine, and creatinine will be performed during the next two qUArters.

The various analytical syttems which have been developed in the breadboard
phase arr currentiy being integrated into the flignt hardware. The engineering
prototype is scheduled for compiletion by Seplember and *he flight type approval
model willi be assembied by December 1965,
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BIOSCIENCE EXPERIMENT DEVELOPMENT
NASA Work Unit 189-55-02-03
JPL 386-51301-2-3260

Brcause of the common goals of this task and the bwosateliite program
(NASA B2}) s.d as the latter has a critical schedule, the two work units have
cooperated in & single effort to develop an automated and miniaturized breakboard
capable of making flucrometric 1s well as colorimetric analyses. The componenta
consisting of pumps, valves, illumination sources, detectors, heating units, chemi-
cal mizers and materials of construction have been investigated.

A field test was conducted in coliaboration with the Wulf Trap growth experi-
menters. Drs. Weston and Soffen (University of Rochester and JPL) and enginesrs
from Ball Brothers Inc. performed the first field test of this instrument near Death
Valley, California. The test was successful, with growth becoming evident in 18 hr.

A motion picture fiim recorded this test, and desert soil sampies were retrieved for
laboratory analysis.

Continuous surveilance has been mainiained cver out-of-hcuse life detection
experiments o update the survey report.

Future sffort will consist of extending current activity by developing the wet
chemical analytical systems. Construction of the breadboard for a fluorescence
life detaction expariment will be initiated, and some study of the methodology for
photosynthesis will be carried out. Additional effort will consist of continuing the
development of the Mars biologica! microscops.
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EXOBIOLOGY INSTRUMENTATION
NASA Work Unit 189-55-062-04
JPL 386-%1401-2-3220

The purpose of this task is the development of instrumentation to perform wet
chemical analysis of planetary soil. The approach consists of developing various
analytical instruments that can be incorporated into a modular system. Such a system
would perform a variety of analyses upon a sample of planetary soil delivered intc
the anaiyzing instrument. Under this task, an automatic zeroset or resetting troack-
ing photometer has been developed to follow changes in light scattering and tubide~
metic analyses such as were carried out in the Wolf Trap experiment. The tracking
pPhotometer will foilow the settling curve of particulates carried in solution, provid-
ing 8 maximum signal-to-noise ratic and a nearly optimum condition f~r the detection
of growth by nephelometric technigues.

Another technical development has been the design of test chambers to
perform both single- and dual-stage chemical analvees. One design. the two-stage
test cell ahown in Fig. |, has been subjected to the (45°C dry heat sterilization cycle
to evaluate performance for storape. valving, and transport of sterilized fluide, This
test included two optical paths at right angles to monitor fluorometric reactions,
This particular stainiess steel configuration 18 not considered for flight use, but

Fig- | Fluorometer test cell
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serves tn demonstrate a8 capability and a terhinique. The design of multiple-step test
chambers is continuing with emphasis apon the problems of reliable porting, valving,
pumping, and sequencing.

The problems of instrument calibration through the direct addition of calibra-
tion chemicals intc the test chambers has been investigated. One resulting design
was & small self-contained motor-driven mic rometric syringe that dispenses mirco-
liter quantities of test fluid upon command from an electricai actuator. This tech-
nique is proposed for the in situ calibration and base line compensation of an auto -
mated chemical analyses laboratory.

A wolid cartier amplifier for a pH metcr has been completed. This amplifier
used advanced state-gf-the-art solid-state devises such as metal-oxide field effect
transistors. Compared to standard commercial anite, the new unit i1 smaller, has
fewer parts, uses lower power, and is more reliable. Temperature coefficient ard
pH sensitivity data are shown in Fig. 2.

Thermal testing of the Minivator breadboard electronics was carried out.
This testing evaluated the stability of the logic scanner and sequencer system, the
drift characteristics of the stabilized Light source, and the gain sensitivity of the
pH amplifier.
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Fig. Z Minivator svstem - pH experiment
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IMPROVEMENT OF ELECTRON MICROSCOPE RESOLUTION
NASA Work Unit 1869-35-02-058
JPL 386-51501-2-3240

In this pro.oces, a series of bright and dark field electron micrograph images
of a crystalline specimen are taken. These images are then analyzed by a computer
into their Fourier components which then reveal the phase relationships of those
diffraction maxima which contributed to each partial image. With the knowledge of
all of these diffraction maxima intensities and phase information, a singie high-
resclation image can be synthesized by the computer.

A reasonably stabie test specimen has been chosen. This material, indan-
threne olive, is resistant to & %wt, concentratrated electron beam and should suffice
until negotiations for an image intensifier are .omplete. At that time, it should be
possible to record clearly the presently delicxte and low contrast images from more
interesting organic materials, such as DNA in viruses.

Progress has been made in recording the low-order diffraction interaction

mircrograph. This step verifies the theoretical model proposed when simulating
this tec hnique using optical wavelengths.

The gonicmeter stage which gives control over specimen tilt has been
received, and the image intensifier is the only necessary remaining component.

In FY 1966 this wotk unit will be funded by DART under Work Unit No.
125-24-03-06.
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MARS BICLOGICAL MICROSCOPE
NASA Work Unit 189-55-02.06
JPL 386-50501-2-3260

Two life detection instruments and two experimental study programs have
been under development during the report period. The instruments are an abbrevia-
ted microscope and a fiying spot histochemical mic rospectirophotometer. The
abbreviated microscooe has been developed and 18 being evaluated by intruducing
known aerosal samples of biclogical and non-biological nature. Direct photomicro-
graphy is compared with videophotography tc as: ertain reduction in resclution caused
by the communication link an- noise. The flying spot instrument 15 1n an advanced
stage of development. The optics have been improved to give a two-micron beam
spot within & 50 b excursion path. The optical filters and photomultiplier circuitry
have been corrected and specified to detect and switch modes of operation from scan
o view with less than |0% difference of outpui signal. A hrat-resistant plastic tape
(H-film) capable of withstanding heat sterilization has been examined for incorpora-
tion. The histochemical injection system has been improved fo eliminate problems
of overflow, smearing, scoring of tape and optical immersion oil. The instrument
has had successful preliminary tests using suspensions of known bac teria.

A study has been made of the feasibility of using infrared micro speLirophoto-
metry to detect organic materiai in gity at the 5-10 p warve length region.  The
microscope attachment for an infrared spectrometer has been «alibrated and the
spectrum of biological and biochemical samples obtained. TThe results appear to be
promuasing,

Biclogical motion at the microscopic level can be detedted by a te: hnigue in
which only changes in a field are recorded. The separation of biologicai and non-
biological motion (Brownian movement (an be accompiished by frequency analysis.
In order to study this a unidirectionai system {capillary blood flow) was seilected to
simplify the problem. Magnetic tape recordings of a capillary bed were oblained
using a videomicroscope coupled to a high-speed tape recorder. Analysis of this
has been initiated.

Most of this work will be interrupted since this task has been canceled.
Somne of this will be carried out under Biologi.al Experiment Development.
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BIOSCIENCE INSTRUMENTATION STUDY
NASA Work Unit 189-58.02.07
JPL 386-%1802-2-3220

An engineering evaluation was performed on the following potential
life-detecting instrument systems: Atmospheric gas chromatograph, Gulliver,
Wolf Trap, Ultraviolet Spectrophotometer, Mass Spectrometer, Organmic Gas Chro-
matograph, J-Bands Multivator. Minivator, and Optical Rotatorv Disrersion. The
evaluation of these instruments included direct contact with the potential experimen-
ters and their organizations. A review of pertinent drawings, schematics, test
data, #tc., and the evaluation of related published literature was carried out. The
results of this evaluation will be published as a part of the VYoyager - Minimum
Bioiolical Payload Studies by G. Hobby, D. Hitchcock, and_G.L"bomll.

Further effort consisted of updating the enginesring development status for
each instfument to reflect the engineering progress achieved. Participation in the
Bicscience Working Group meeting held on March 22, 1965 at Newport Beach,
California was included in this task.
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DETECTION OF LIFE-RELATED COMPOUNDS
MNASA Work Urmit 189-55-03-01:
I¥+-55-03-03=
JPL 386-512¢) -2 -3260;
3846.5190) -2 - 3260

The scientific objective of this task is to provide information for defining a
chemical hife detection experiment. The analytical procedure being developed is
based on the carabined techniques of gas (hromatography and mass spectrometry.
The procedure to be followed 18: {1} thermal treatment of the sample to yield
volatile fragments. (2} sepairation of these olatile: by gas chromatography and
(3} mass spectrometer determination of the component{s} present in each gas
chromatograph oeak.

GAS CHROMATOGRAPH-MASS SPECTROMETER STUDIES

The immediate activit:es of this task are concerned with the two main inter-
facc problems in uniting a gas chromatograph and a mass spectrometer; 1. ¢,
enrichment of sample «omponents in the chromatograph efiluent and removal of
sarrier gas from the cffiuent siream. The work on thesc problems 1avolves: {1)
investigation of enrichment devices used (ntermediate to the two instraments, and
{2} study of pumping methods for removal of carrier gas. Molecular separato:
devices, to be used in this work, were ordered from Sweden and have been received,
The test system to be used in studying pumping methods 13 nearing completion.

GAS CHROMATOGRAPHY -MASS SPECTROMETER TECHNIQUES: PREPARATION
OF ORGANIC SAMPLES FOR GAS PHRASE ANALYSIS; AND GAS CHROMATOGRAPH-
MASS SPECTROMETER ANALYTICAL SYSTEM

The activities under this task are pramarily «oncerrned with the study of
methods of sample preparat:on and treatment for use in the detection of
biologically important substances. Thermal treatment procedures were investigated
to convert non-volatile samples to substances of sufficient volatility to be separated
and detected by gas chromatography and analyzed by mass spectrometry.

An extensive study of the pyrolysit of mesoporphyrin has been completed.
The pyrolysis conditions were deterrmined which yrelded the greatest amount of
representative fragments. Based on this study, similar work was carried out with
deuteroporphy rin. ctioporphyrin, protoporphyrin, hematoporphyrin. phylloporphyrin,
pyrroporphyrin. and ~liochlorin {of the chlorophyll series), i1n which the ideal
pyrolysi» conditions were determined, and the representative fragments identil:ed.
The analytical technuques used included gas chromatography, mass spectrometry,
and nuclear magnetic resonance. A series of papers reporting this work are planned
to be subrmitted for publication. The first is now in draft.

The study of methods of sample treatment for detection of luological sch-
staaces in soiis has also been continued. Samples of a desert soil were pyrolyzed in
a reducing atmosphere of hydrogen! 43-60 min, 400-450°C. The reaction products

2F¥ointly funded under NASA Code 185-37-26-09 and 189-37-26-10,
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were collected and andlyzed by gas chromatographic and mass spectrometric
methads. OFf the products that have been 1dentified, the predominant ones are:
corbon dioxide, ethyleme, methane. ethane, and butanes

MAJOR PURCHASES

Bids have been requested {ro-n mamufacturers to supply & high resolution
mass specirometer for use in this program. The instrument will allow faster
analyses of the products of pyrolysis studies; 1n addition. the ‘nstrument wiil be
comr=cted to & gas chromatograph. using separator devices, so that a laborstory
instrumental systern may be Studied.

FUTURE PROGRAM

Gas Chromatograph-Mass Spectrameter Studies

Pumping methods for the removal of carrier gas wiil be 1nvestigated.
Chemical pumping as well as 1onic pumnping are to be considered The development
of molecular separator enrichment devices will continue toward optimization of
the units for use in the instrurnental system to be agsembled. The pumping system
and emrichrnent devices will be assembled into » breadboard simulating their yse 1n
a gas chromatograph mass spectrometer instrumental system.

The time sequencing of mass spectral scanning of the gas chromatograph
effluent will be studied with a specially modified mass spectrometer so that a scan
inttiation will occur at the most opportune time.

Work will continue om the handling of data from a combined GC -MS system.

Chemical Studies

rolysis studies will be periormed on representative desert scile comtaining
0.5 to 0% orgamic matter. These studies will involve a determination of the optimun:
prroiysis conditions 1o yield the most useful information concerning the structure of
the organic matsrial precemt. Ip addition. varying amounts of pure compounds such
as the porphyrins, whose pyrolysis patterns are known, will be added to samples of
the soils, and the pyrolye:is of the mixture studied.

Work on other pure compounds such as the peptides and metallo-po-phyrines
will centimue.

Instramental . ecimigues

The high resolution mass spectrometer will be acquired and put into operation.
A lshoratory iastrumental system will be assembled haviag & thermal treatment
unit. & gas chramatograph, molecuiar separstors, and the mass spectrometer an
comtiguous unils.

The study of the rmal trestment technigues will contimae. The possibility of
perierming diflerentia) thermal amalysis {(DTA) and fluorometric analysis on the
sample siTuRaneously with the pyrolysis will be investigated. DTA studies will
inchode rapid heating rate anaiyses.
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Gas chromatographic studies planned will :nclude the development of
suitable column pa-.king to separate the polar organic compounds which are
obtained during the pyrolysis of high molecular weight organic materials; i1n addition,
feasibility studies .n the use of very low flow rates will be performed.
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DESERT MICROFLORA
NASA Work Un:t 189-55-04-0]
JPL 186-50301-1-32460

SOIL GAS EXCHANGE

Five preliminary studies have bevn completed for measuring so1l COp2
evolution with a gas chromatograph using an unactivated silica gel column. At 20°C,
the retention time was 20 sec. Sieved and powdered 1.0 to 0 § gm samples of a
sandy Mohave Desert 5011 were tncubated at 0.5, 1. Cand 1.5 F.C. moisture values
One % CaCO3 was added to some soils. The addition of 1% CaCOj3 had no detectable
influence on CO) production following the add:tion of H;O, A higher level of €O,
was produced at 1.0 F,C, than at 0.5 F.C, or 1.5 F. (.2 CO, curves obtained for
both wet and dry sterude soils were similar and these curves ditfered sagnihcantly
from those of the wet or dry soils containing sviable indiger s sail mieraflora,

A measurcable increase :n CC? evolution could be obtained on powdered 0, 50
g™ sampies of s0il 30 min after the addition of H;O. At the termination of one
experimmemt op U, 50 gm of pzwdtred so] the number of aerobic bacteria had in reased
from 0 x 10% to 1. 505 x 107 after the addition of HpO at 1.0 F, C,

Sensitivity of the system has been increased to a detectable CO; concentration
of v 0U25% Further instrumental changes have been made to include <oncurrent
measurcements of COp and Oz changes 1n soil gas exchange experiments.

SOIL STORAGE AND PRESERVATION STUDIES

The purpose of this study has now become two-fold: (1) to determine the
effects of various enmvironmental factors or possible changes in stored samples, and
(Z2) to determune variabil:ty in properties of samples of desert soit of similar genesis
and development,

Sotl samples from four sites in relatively arid areas of Calilornia have been
collected and stored for approximately one yea: under the following conditions:
(n temperatuges of -195 to +55°C, {2) atmospheres of Ny, COp. and 0z, (3)
vacuum of 10°" te 10" mm Hg, and (4} {recze-dried state.

In the field, soils have been isolated and protected 1n a plot at 12, 400 {t in the
White Mounta:n Range of Califormia. A comparison of chemical elemental abundance
and microflora abundance 1n I8 samples from the field plot showed l:ftle variability
between samples.

Twelve old, stoted soils collected 70 to B5 years ago from arid areas in
California and maintained in the air-dry staie were obtained from Prof. Hans Jenny.
Hilgard Museum. Umaversity of California. Berkeley. Four out of six of these soils
{rom the surface one-ft level have shown algal growth of typical dese t soil algae,
primarily non-spore formers. Aerobic bacterial counts varied from 0. 5 x 10°/gm
of soil to 5, 000 x 10%; anerobic counts varied from<0.0 x 103 to 33 x 103;
mic roaerophilic bacter.a varied from i x 108 to 1 x 107. There were no survivable

fungi.
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CONTRACTOR PROGRESS

Cultaral and :demtificat:on studies of deser: bacterial isolants have been
continued under Contract No. 9507683 by Prof. Walter Bollen as principal investigator
at Oregon State University, Corvallis Thirty -four addit:onal White Mounta:n
isolants were sent [or study in February and another twenty-six isolants from
California desert soils were sent in April. Identifications have been completed on
more than forty isolants. These were primarily Bacillus, Corynebacterium, and
Brevibacterium spp. A complete, detailed progress report of 58 pages has been
received on physiological and morphological characteristics of Bacillus spp.

REPOR1S, MEMOS, AND OTHER PUBLICATIONS

l. Soil Algae Occurring :n the YValley of 10, 000 Smokes Desert,
rans. Amer. Microsc. Soc. Vol. B4 (1}, p. 151, 1965,

Microor

isms 1n Valley of 10, 0.0 Smokes Desert. SPS No. 37-
PP ¢ . .

3. Soil Fxtract as a Culture Medium, SPS No. 317-32. Vol. IV,
pp. 202-208, F<b. | - March 31, 1965,

Production Measured Gas Chromatogra . SPS Ngo.

. Pp.

4. Saui C

5. Abundance of Microflora in an Area of Soul at White Mountain

Range. California, SPS Nc. 37-32, Vol IV, pp, 212-214. Feb. | -
Arc . .

6. Abundance of Chemical Elements :n an Ar So1l at White
ountain Range, ifornia, 1s being published :n SPS No, 37-33,
Vol. IV,

7. Soil Chemistry and Sampling. A paper written for National
Kcademy of Science, National Research Council. Space Science
Board. 10 be published 1n "Biology and the Exploration of Mars. "~

8 Measurement of So:l Moisture by Thermal Conductivity Probes,
fo be published in SPS No. 37-34, Vol. IV,

9. Influence of CaCO3 on CO; Evolution ia Soil; Technical Memo
submitted to G. H«Jasﬁ Feb 23. 1555

MEETINGS ATTENDED AND PERTINENT DISCUSSIONS

1. Ames Laboratory. Feb. 17, 1965. Discussions on desert soil
microflora and respiration.

2. Oregon State University. Corvallis, Feb. 18 and 19, Discussion

of contract concerning desert bacteria physiological and
morphological characte -istics.
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NASA Youth Science Congress - participation as judge. Los
Angeles, California, March 12 and 13, 1965

AAAS, Arnd Lands Symposia, Flagstaff, Arizona, May 4 to 6,
1965. Presented paper on "Characleristics of two sotl ecosystems
in the Arizona Upland Desert, ™

JPL - CIT Bioscience Review, May 20, 1965, presented pertinent
aspects of Desert Microflora program

AAAS - Western Soil Science Society of America, Riverside,
Cahfornia, June 23. 1953 Presented paper on 'Roie of Soil
Science 1n Space Exploration,”
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BICSAMPLING
NASA Work Unit 189-55-04-02
IPL 386-5040) -2-3260

A study contract for examining the feasibility of a pneumatic vacuum system
for «ollecting samples on the surface of Mars has been completed and a final report
submitted to NASA as well as to the biosciences subcommittee. This system appears
to be {feasible for collecting dust particies up to 100 in diameter, and it is believed
that this wall be the buosogically enriched fraction. A prototype instrument is being
fabricated by Litton Industries

Future efforts will be to perform laboratory and ficld tests, to upgrade the
pneuamatic system, and to examine other methods of a less passive nature. A mech-
anical system has an inherent weakness of reliability but is the most positive in
dealing with an unkaown biology and surface.
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BIOLOGICAL SAMPLE ACQUISIT:ON SYSTEM
NASA Work Unit 189-55-04-04
JPL 386-50101 -2-3220

Emphasis has been placed on the development of a small, lightweight sample
acquisition system capable of collecting. transporting, recovering, and delivering a
dry, iriable sample of soil particulates to an analytical instrument. In order to
provide such a sample, it was necessary o determine the operating parameters and
their relationships to changes in ambient conditions ana power sources. As a result,
& small vacuum test chamber was instrumented to allow the evaluation of these
performance parameters. Using the major parameters, a sampler system has been
fabricated and tested. A preliminary report of this technique was made in JPL
Space Program Summary 37+29, Vol. 4. The system, shown in Fig. }. does not
function at atmospheric pressures lower than 50 millibars absolute duc to the back
pressure created in the aerosol transport tubing. To overcome this problem, the
jet asrosolizer was relocated to the inlet of the cyclone centrifuge as shown in Fig. 2.
By relocating to this position, the atmospheric pressure drop in the transport tubing
is now sliminated. It appears, instead, as a portion of the atmospheric pressure.
Particulates now may be collected satisfactorily at pressure ranges as low as 10
millibars.

A srcond technique was developed under contract No. 950771 with Litton
industries of Minneanclis, Minnesota. Litton's technique shown in Fig. 3 consists
of changing the aerosolizer location to the exhaust of the cyclone centeifuge. This
particular unit wiil operate at pressures as low as 5 millibars absolute. A perform-
ance curve is shown in Fig. 4.

Both of these techniques have advantages over the first technique. which was
developed at JPL. The difference between these techniques is that in the Litton
process the experimem test chambers will be maintained under a positive pressure
in relation to ambient pressure, whereas the JPL technigue will allow the experiment
teat chambers to exhaust directly into the ambient atmospheric pressure. This
means & difference in the flow characteristics tnrough the cyclone < entrifuge and the
chamber. Baoth techniques have been evaluated. A single cartridge of Liguid .arbon
dioxide will give a sampling period of about 2 min for a single aspirator fur cither
approach.

A design review was held at Litton Indusiries during the last quarier. This
was held prior to the actual fabrication of their proposed sampile collection system.
During the first quarter of FY 1966, Litton will fabricate and test this unit and provide
JPL with a working unit as well as cxperimental fest data. Delivery of the sampier
is anticipated in November 1966. This will complet. this particular contractual
effort.
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Fig. 1.
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BIOCHEMN'CAL SEPARATION
NASA Work Unit 189-33-.04-0¢
JPL 386-32001-2-32c0

Studies of the ceupling to insoluble carriers, such +s celiulose, to substances

capable of detecling, il-oinmg, and concentrating components characteristic of living
organisms, other organic molecules, and metal ions were continued. External
publications describing the effectiveness of methods we developed for isolating anti.
body and antigens are listed below. We have verified that DNA will react with
anti-purine antibody and the conditions reguired, and thus laid the ground work for
isolation of DNA on an insoluble adsorbent. We have publ.shed an effective method
for coupling antibody to cellulose with retention of activity. We have developed a
spot test for hydrogen peroxide using peroxidase coupled to cellulose.

With respect 10 the detection of intrabacterial enzymes, the detection of

catalase by the method published in Nature, Vol, 206, p. 1019, 1965, has been examined
with respect to increasing the sensitivity of the mﬁhod by the use of pressure trans-
ducers., Theniethod has been considered in terms of the detection of other bacterial
enzymes capable of producing gases by specific reactions.

Tke program has been terminated by NASA,

EXTERNAL PUBLICATIONS

k.

2.

3.

8-

Weetall, H. H., anmd N. Weliky, New Celluiose Derivatives ior the lsolation of
Biologicailly Active Molecules, Nature.Vol, 204, p. 896, 1904,

Weliky, N.. Weetall, H. H., Gilden, R, V., and Campbell, D. H., Jhe
Synthesis and Use of Somie New Immunoadsorbents, Immunochemistry, Vol. I,
P- ' .

Weetall, H. H., and Weliky, N.. An Immuncadsorbent for the Isolation of
Specific Antibodies, Science, Vol. s P s 1903,

Wetall, H. H.. Weliky, N., and Vango. 8. P., The Detection of Microorzanisms
in Soil by their Catalatic Activity, Nature, Vol. J0G, p. 1019, 1963,

Weliky, N., and Weetall, H, H., The Chtmillr and ﬂlt of Cellulose Derivativen
for the Study of Biological Systems,

Weetall, H. H., and Weliky, N., The C \
to Insoluble Polymers: Antibody on Le oBe,

Weetall, H. H., and Weliky, N., The Precipitation of Salmon Sperm DNA with
Purine-Specific Antibody, Nature {Eﬁﬁtedi.

Weetall. H. H., The Devel ent of the Capacity for Systemic Anaphylactic
Shock in the Chicken, The iwml of ﬂmmim l!u#éﬁ?.
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PLANETARY QUARANTINE STERILIZATION (109-58)

MICROBIOLOGICAL FILTERS - LIQUID AND GAS
NASA Work Unit 189-58-00-03 {FY 1964)
JPL 3B8b6-33803-2-3156

A contract for this study was awarded to Wilmot Castle Company, Rochester,
New York, with an effective date of September 18, 1964, and a2 duration of 8 months.
The contract price was $45, 592, 00, cost-plus-fixed-fee contract.

The following HEPA {high efficiency praticulate} hiters have been tested:
i. American Air Filter
2. Cambridge Filter Corporation
3. Flanders Filter Incorporated
4. Mine Safety Appliances Company

Seventy filters were tested by challenging them with an aercsol of viable
particles of Baciilus subtilis var. niger spores. Efficieacy was determined by
counting the aumber of particles collected by air samplers located in the test duct on
the downstream side of the {ilter. Calculations ‘ndicated a viable particle chilienge
of 250, 000 per min. The sample,f orifices were designed to be isokinetic for 112, 5
linear ft/min (equivalent to 50 ft°/min in the §. x B-in. duct used). Linvar velocity
profiles across the face of the various fiiters ranged from zero to over 900 it/ min
due to variations in filter media and lack of homogencity, All equipment including
ducts, filters, sampiers, isolators and related material wap decontarminated with
ethylene oxide daily. Filter efficiencies based on the number of challonge particles
upstream of the filter versus the number downstream of the {filter ranged from 99.973
to 99, 9999%. The size range of the viable particles used made it necessary for the
filters to be at least 99.99 - % efficient, using this system, before they could be
considered acceptable as HEPA filters. Only two groups of filters had gero rejec-
tions. Rejections on the basis of failure 0 meet the efficiency requirements ranged
from 0 to 75%.

MEMBRANE FILTERS

This phase has been approximately 40" completed. Although membrane
filters are generally more reliable than depth filters there seems 1o be little
correlation between designated pore size and filter efficiency or reliability. One
would expect that the smaller pore sizes would be more efficient that the larger ones
and that pore sizes of 0.25 microns or less would effectively remove organisms of
the size of Scrratia marcescens {the challenge organism) but this was not found to be
the case. Ratings are not complete at this time,
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CURRENT STATUS

Work was discontinued on this study. As of May 5, 1965, the contractor
formally notified JPL that completion of the contract could not be attained within the

time and funds originally estimated. Additional funding was allocated for an extension
of this contract.

A new work statement will be prepared delineating the additions and
modifications which are considered necessary because of the findings under the
original contract. An interim [inal report is being prepared by Wilmot Castle, and
this will be studied prior to preparation of the new statement of work to determine
necessary additions and deletions in reference to the original work statement. A
contract extension will be negotiated between JPL Procurement Division and Wilmot
Castle based on work remaining to be done and additional work desired. There will
be increased emphasis on filters for liquids and gases and decreased emphasis on
HEPA filters. At the current state of the art, sufficient data exists on HEPA filters.
Absolute filtration should be our prime consideration. Al the present time all
absolute filters for liquids and gases are under suspicion because of unexplained
filter fajlures during the initial testing period. The cause of the {ailures will be
investigated as a par! of the contract extension,
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DEVELOPMENT OF A BIOLOGICAL INDICATOR FOR DRY HEAT STERILIZATION
NASA Work Unit 189-58.00-06 (FY 1904}
JPL 386-535806-2-315¢%

Contract was awarded to Wilmot Castle Company, Rochester. New York,
The effective date of contract is August 10, 19264, and the contract price is
S27 349. 20, fixed-price contract. A survey of plastics, insulating materials,
silicones and ceramics was completed, resulting in the selection, procurement and
laboratory evaluation of types having properties necessary for proper fabrication.
handling and stability of the indicator at 135°C, It has been demonstrated that a
biological indicator can be produced which will remain viable after uXposure in an
atmosphere of dry nitrogen to a temperature of 135°C. Production of clean, {reeze-
dried Bacillus subtilis WC !8 spores has been standardized to prevent incipient
germination. The continuous flow centrifuge used was cooled with dry ice to
maintain the low temperature required to prevent germination. A Bacillus subtilis
var. niger strain was found which seems to have twice the heat resisiance af a strain
used in many laboratories for thermal resistance studies. Agitation which provides
aeration appears 10 increase the proportion of positive cultures from heated Bacillus
subtilis WC 18 spores. Diphasic cultures. a spore dispersing agent, a celiuiowe
sponge culture technique and hyperbaric oxygen tension were among the recovery
techniques explored. An erratic survival patizen exists and was under investigation,
It was determined that the Aclay film used 10 encase the indicator is permeable to
ethylene oxide and cannot be externally decontaminated with this agent but can be
treated with germicidal solutions.

During this period work was discontinued on this sludy because of lack of
funds to complete the original contract. After investigation of work accomplished
and eifort expended it was decided to fund an extension of the or.ginal contract and
to increase the scope. Additional funds have been approved and allocated.

The following activities are planned for the future: after receipt and study
of the intetim final report. a statement of work will be prepared and a contract
extension will be negotiated., Protocols will be prepared for all procedures
necessary 1o fabricate and use the indicators. Procedures will be ‘veloped 1o
promote cutgrowth of viable but thermally injured spores. Sterilizatrion temperatures
other than 135°C will be investigated to determine the behavior of the indicator st
105. 125, and 145 C. The possibility of developing an indicator in the form of a
thermally protected spore strip may be investigated. Sterile insertion and transfes
techniques to eliminate contamination will be studied.
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MICROBIOLOGICAL PROFILE OF CLEAN ROOMS
NASA Work Unit [r9.55.00-10 [FY %4
JPL IKe-55810-2-315%

The study phase {(phase II) of this contract has proceeded successfully through
the report period, No major problems or techmical difficulties were encountered.
At the end of June 1963, the Douglas Aircrait Company {DACo! had completed 11/18ths
of the sampling program as follows:

!. Four weeks of microbtological sampling in the Class Il ciean
room {3 sampling sites within the clvan room and | sampling site
cutside the clean room) and the Class IV clean room {! sampling
site inside and | samnoling sitc outside the clean room). and

2. Three weeks of microbiological sampling in the Class II clean
room (| sampling site inside aned | sampling site outside the clean
Tooml.

Seven weeks of microbiological sampling remain to complete the task (2
weeks in the Class I clean room. 2 weeks in the Class [V clean room and three
weeks in the Class [II clran room)

MICROBIOLOGICAL RESULTS

It snust be emphasized that the present study is only 60. 11 % completed and
all of the resuits being presented should be considered preliminary and provisional.

Air Sampling Studics

Class [1 Clean R . The number of viable airborne particles ranged from
0.0 - 1.0 per cubic ft ({17} of air {during lunch period when the room is empty) to
10.0 - 20.0 per f13 of air {when the room is fully stafied and operated under normal
in-use conditions).

Class Il and IV Clen; Rooms. The number of viable airborne particies
ranged from 0.0 - 0. 5 per f1° of air {duting lunch) to 0.5 - 2.0 per {t3 of air
{when the room is fully staffed and operated under normal in-use conditions).

Surface Sampling Studies

Seuling Stripe.

1. Class {1 Clean Room. 103 microorganisms {1000 to 9999) were
recovered per square ft (128) of surface over a |- to 10-wk
exposure period.

2. Claes Il Clean Room. 10% microorganisams {100 to 999) were
recovered per {t2 of surface over al- to 10-wk exposure period.

3. Class IV Clean Room. Recovery was essentially the same as for
a Class Il clean room.
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The rcoults obtained with other samplers and procedures {Elliott. AGI.
Anderasen, settling plates, and human handling experiments) are not available in

sulficiest numbers for comment.
after completion of the study,

Results obtained with these items will be discussed
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SUPPORTING ACTIVITIES FOR STERILIZATION
NASA Work Unit 189.58-20-01
IPL 386.81101-2.2945

A microbiological laboratory, developed exclusively for sterilisation
activities. was completed during this period. The sterilization laboratory.
approximately 1000 square ft in area. has the capability to perform media orepara-
tion. incubation. and detection and counting of microorganisms. This laboratory.
operated by the sterilization group. monitors outside microbiological research and
development tasks and supports JPL in-house research.

A portion of this task funding was csed to determine the levels of microbial
contamination present in the Hughes Aircraft Company facilities concerned with the
assembly and testing of the Surveyor spacecyait. Microbiological air samples of
five different areas were taken. Stainiess steel settling plates were also used to
determine the rate of microbial fallout in the respective areas. Samples were taken
ior a ten-week period. The results obtained in the study are preliminary and should
be considered tenative. They Pndicate:

1. The total number of viable aerobic mesophiles recoverable from
test surfaces {stainless steel strips) appears to stabilige and
within the range of 102 vo 103 organisms per square It

2. The number of airborne particles appeared to be dependent. at

lcast in part, on the number of persons and type of activity
occurring within the area.
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MICROBIOLOGICAL RECCVERY TECHNIOUES FROM SURFACES
NASA Work Unit 189.58.20-02
IPL ¥H-81301-2-2945

This study is designed o evaluate the efiects of various physical. chemical,
and physiological factors on the recovery and growth response of microorganisms
before and after certain dry heat cycles. Such factors as stmosphere. temperature
and nutrients will be evaluated. [Initial tests will use known organisms carried on
typical spacecrafit tyvpe suriaces.

The study consists of three phases:

1. Recovery of organisms from surfsces {spacecrail and others),
2. Recovery and regeneration of heat damaged organisma {spores).
3.  Development of improved methods of assaying spacecraft parts,

A survey of vendors was made and 12 were considered 10 have the capabilities
1o conduct studies of one or more of the various phases. The twelve {12) comoanics

were solicited for proposals and ten {10) responded with proposals. (JPL RFP
#3397).

A technical svaluation team has been selected 10 evaluate the proposals. The
team consists of J. landolo. A. Irons. and I. McDade.

Proposal Evaluation Criteria have been developed for the technical assessment
of the proposals. Assessment points have bheen aspigned to the various criteria and
a chart issued to the members of the evaluation team to assure consistent evaluation.

After the technical review of the proposals is completed the Procurement
Division will be contacted. The cognizant buyer negotiator and the cognizant
scientist in charge of this task will then determine the moast eligible vendor and
negotiations will be started which will lead to the issuance of & contract of
approximately 12 mo duration.

3
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DEFINITION OF A STERILIZATION TRAINING PROGRAM
NASA Work Unit 189-58-20-03
JPL 386-81501-2-2945

A worh statement. prepared during the report period. defines and epecifies
the study for a program to instruct. train. orient. and motivate all levels of personnel
in procedures technigues. manioulations, and attitudes required for the production
of sterile spacecraft. The reqguested study will determine the groups to receive
instructions and will cutline the instructional material for each group. It will further
orovide guidelines for the selection of teaching material faculty. and training facility.

The technical work statement paseed through the IPL approval cycle and
reached the Procurement Divigion on about June 25, 1963. A Reguest for Proposal
will be issued shortly

FY 1965 funds in the amount of $2C. 000. 00 have been committed to the task.
A contract will be issued in the firet quarier of FY 1966, and completion
is enpected in the third quarter of FY 1966. The list of bidders includes companies.
an academic institution. and a government agency selected on the banis of the
following experience:

1. Microbiological contamination control.

2. Develosment of industrial training programs esvecially in the
clean room ot bio-cisan room operations.

3. Handling of spacecraft hardware.

4. Operation of clean and bio-clean arcas,
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CLEAN ROOM PROTOTYPE {PROJECT EASL)
NASA Work Unit 189-58-20-06
JPL 386-81801.2.2945

Preliminary reports (Ref. 1-3) have been made on the microbioiogy of clean
rooms. However. at present. data concerning the leveis of microbial contamination
that may exist within industrial clean rooms are scanty or totally lacking. Informa-
tion on the ievels of microbial contamination within spacecraft assembly areas is
not available. 1n order to obkain more definitive information on the microbiology of
clean rooms. the IPL Sterilization Group initiated two tasks: {1} determination of
microbiological profile of ciean rooms {Ref. 4) and {2) development of a clean reom
orotctype as an experimentsl laboratory in which microbiological research and
training could be conducted.

The data obtpined in the task concerned with the microbiological profile of
ciean rooms will result in a firm estimate of the levels of m'-robial contamination
that exist in industrizl clean rooms {Classes 1I. Il and 1V according to the Air Force
Technical Order 00-25-203 {Rei. 5}}. However. the oneralional recommendations
and requirements established in the NASA Interim Reguirements {Ref. 6} have
necessitated an uodating in design for spacecrait aspsembly and test facilities. There.
fore. in order to determine the efficacy of the orocedures specified. and the ability
to reach the levels of microbizl contamination allowable &8 established in the NASA
Interim Regquirements. it was necessary to construct and operate a facility according
to the interim requirements {(Ref 6). To provide such a facility. the JPL Sterili-
zation Group task Clean Room Prototyne was merged with funds and objectives from
the Yovager Project Office to establish an experimental assembly and sterilization
laboratory (Project EASL) at the jet Prooulsion Laboratory.

Construction of the EASL facility began March 5. 1965 in a oortion of the
southwest corner of the low bay area in JPL Building 233. The nroject was comoleted
on fuly !, 19635, The purpose of this facility is to conduct an investigation into some
of the procedures and techniques for assembly and/or test of spacecrait hardware
under full implementation of the NASA Interim Requirements. Asscmbly and test
shall be at the component and modular levels. Simultaneously. 2 duplication of the
work being done in the EASL facility shall be conducted under non-bioclean condilions,
or the routine laboratory conditions and procedures. Scheduled microbiological
assays of the hardware and assembly environment shall be conducted throughout all
ope rational states of both the bioclean and non-bioclean assemblies. Finally, both
the bioclean and non-bicclean assemblies shall be exposed to dry heat {135°C) for
24 hr in a nitrogen atmospherz and then assayed for sterility. The cost in time and
money for both types of assembly. as well as the ability to satisiy the sierilization
requiremnents, will be compared, contrasted. and reported. Operational reliability
of the assembied units wili also be checked.

The rationale of microbiclogical monitoring. assay. and certification of
sterility han been discussed in the JPL Snecification No. GMO.30470-GEN, entitled
Assaying and Certification of Hardware to Comply with Planctary Quarantine (Rei. 7).
The procedures to imbalement this speciflication are descri in the terili-
gation Grauo Procedure No. ' [Ref. 8) having the same title an the referenced
snecification [Ref. 7).
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The activities plarnned for the EASL facility by the JPL Sterilisation Group
inc¢lude (items marked with asterisks indicate monitoring activities: all others are
microbiological research studies):

el.

=2,

L

g,

Microbiological Assays and Monitoring. Microbiological monitor-
ing routines shall be established and applied to demonstrate the
reliability of the facility to conform to the regquirements set forth
in the NASA Interim Standard {Ref. 6). The following activities
shall comprise the microbiological studies to be conducted in
EASL:
a. Microbiological sampling of air.
b, Sampling of air for a total particulate count.
c. Microbiological sampling of environmental surfaces.
d. Microbiological sampling of spacecrait hardware,
e. Microbiological sampling of clothing and packaging material.
{. Microbiological sampling of personnel.
Visual assay.
a, See Rel, 7and 8§,
Parametric measurements.
2. See Rel. 7 and 8,
Terminal heat sterilization.
a. Dry heat {135° C) for 24 hre inm

13  N.trogen atmosphere.

Z} Dry air atmosphere.
b. Supporting dala required:

1} Instrumentation of sterilization oven and hardware with
thermocouples connected to a recorder,

Microbiological Research.

a. Moaodification of old, or development of new, microbiciogical
sampling equipment and/or procedures.

11 Air sampling,
2y  Surface sampling.
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b Determine the survival curves for surface.oxposed
microorganisms in laminar flow {horizontal and vertic. i) air
Eiveams.

11 Naturally contaminated sarfaces.
2}  Artificially contaminated surfaces.
ay Fungal spores.
b} Bacterial spores.
f11 Members of the genus Bacillus.
£2) Members of the genus Clostridium,

€} Bacterial vegetative cells.

13 Staphvlococcus aureus,

{2} Escherichia coli.

{3} Proteus vulgaris.

{4} Pseudomonas sp.

d} Viruses {Bacteriophage). Coli T series,
Evaluation of personnel attire on dissemination of microorganisms.

a. Pounge from fully clothed {Bunny suit. facial mask, surgical
gloves, bootirs) to no protective clothing (strest clothes).

Evaluation of germicides for in-usc application situations.
a. Facility decontamination.
b. Decontamination of handled or dropped tools.
¢. Decontamination of handled or dropped hardware.
d. Any other situation requiring sterilization or decontamination.
Microbial recovery {rom surfaces.
a. Routine procedures.
1} Tontact methods.
2} Direct ;latmg.

3} Rinse methods

- 4385 -
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~ b. Sonic removal {effect of sonic cleaning on microbial
contamination of hardware, tools, other assembly itemns and
also artificially contaminated surfaces.
#9, Recovery of microorganisms from hardware interiors.

{0. Other application situations as operational problems are
uncovered,

Scheduling of these activities is presented in Table | and Fig. 1.

Table 1. Aciivity Schedule

Activity Frequency
Microbiological Sampling Daily
Visual Assay Daily
Parametric Measurements Daily
Microbiological Rescarch Dailv. or as operaling schedule permits

R i« W ra e
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e
-
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L L 1

Fig. 1. Typical microbiological sampling schedule
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Currently, the EASL facility is scheduled to have a hardware assembly series
for one month, followed by a Z - 3 wk evaluation of resulis and preparation period
for the next hardware assembly serics. Monitoring activities shall be conducted
throughout all phases of EASL operation {including terminal stages of construction
and balance and checkout. as well as during actual operation by Division 35 after
phaseout of the facility group). Microbiological rescarch activities shall be conducted
during the assembly phases of EASL operation as scheduling permits. Following
completion of 2 hardware assembly series, and during evaluation and preparation of
2 new hardware assembly series. specific, detailed microbiological research
activities will be conducted.

The materials and methods for implementing the monitoring activities have
been described {Ref. 7 and 8). The technical implementation of the research
activities is beyond the scope of this report.

The microbiological data accumulated in the EASL facility should provide
NASA with 2 sound techrical basis for determining the design of facilities necessary
for hardware that must meet the requirements of planetary gquarantine. It would
seem that this situation represents a first and places JPL in a unique powition.

REFERENCES

I. Michaelson., G. and Vesley, D., Industrial White Rooms vs. Hospital Operating
Rooms, Air Engineering. Vol. 5 pp. 23-29. 1983,

2. Microbial Contamination in 3 Clean Room: When Occu ied b
Protection Branch Report " ' aryland.

3. McDade, 1. J., Irons, A. S., and Magistrale, V. J., A Microbioliogical Surve
of the Hughes Aircraft Company Facilities Involved in the Assembly and/or

T'entiqio urveyor Spacecrall, SPS 37-39, April 30, 1965,

4. Microbiclogical Profile of Clean Rooms, JPL/Douglas Contract No. 950920,

5. Standards and Guidelinel for the Beii n anﬂ

ration of Clean Rooms and Clean
uly

6. Sterilization Group, Progress Report Number 1, Appendix B, JPL Engineering
Nocument No. Zﬁlg.

7. Assay and Certification of Hardware to Comply with Planetary Quarantine., JPL
s,wﬁimm.

8. Assay and Certification of Hardware to Comply with Planstary Quarantine, JPL
Snr!ﬁnﬁm Group Procedure No, I,
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MICROBIOLOGICAL EXAMINATIONS OF SPACECRAFT PARTS/INTERIORS
NASA Work Unit 189-58-20-072
JPL 386-81901-2-2943

The original contract and two modifications were concluded in April 1965,
The results contained in the Dynamic Science Corporation final summary report
pointed out the limitations of pas: study and indicated the need for more investigative
work 1o extend the capabilities of the present techniques.

The original contract was funded for $50. 032, 00, Two modifications
{modification | for $29. 885, 00 an2 modification 2 for $9. 500, 00) brought the
total {unded for the entire proposal to $89, 417, 00,

During the period of April through June 1965. no additional work was
performed. However. negotiations were in progress Lo continue investigations
under modification 3 for $43, 721,00, This extension wouid bring the total cost to
$133. 138,00,

Future activities involve improvement of the recovery techniques now
available und the development of new procedures consistent with the aims of the study
inc luding:

1. Detailed study of methods of pulverization of several classes
of solids to improve the efficiency and applicability of the
method while simuliansously reducing any physiological
damage 1o the entrapped organisms,

2. Determination of the optimum conditions for leaching toxic
subatances {rom the pulverized solids and to devise methods by
which the soluble inhibitors {icachates) and the inhibitors
present within the solic {nonsoluble} may be nevtralized or
inkibited.

3. A broader, more detailed investigation leading to the develop-
ment of culture media which optimize the recovery of injured
organisms, A study of this tvpe would necessitate the
consideration of several classes of substances 1o counterac: the
injurious wifecis of pulverization and leaching. Growth {actors
and metabolic constituents not normally reguired by the
organisms under other conditions will be studied. The trace
metai content, the ionic strength. the pH and redox potential
will alec be considered.

4. A protocol for the Recovery of Microorganisms in Solids will
be prepared. This statement will deiine the best procedure for
the recovery of entrapped microorganisms. regardless of
their physiological condition, {rom the interior of compatible
solid materials used in spacecralt construction,

8in FY 196 this work unit will be identified by NASA Code 189-58-22.02,
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STERILE ASSEMBLY TECHNIQUES
NASA Wo.x Unit 189-58-20-10%
JPL 386-82201-2-2945%

During March 1965, Lockheed Missiles and Space Company {LMSC)
complcied contract work on Feasibility of Sterile Assembly Techniques, NASA Work
Unit 189-58-00-12,

Results of the study indicate that glove bax techniques maxy be used to
assemble an electronic circuit. In general. assembly takes about three dmes as
long in the glove box when compared with assembly on the bench. Hand soldering,
dip soldering. staking. nut/bolt connections, epoxy bonding and potling operations
may be effectively accomplished in an ethylene oxide {12, 0 %) - Freon 12 (88.0 %)
gaseous mixture {ETO), in sterile nitrogen. or in sterile air. Occassional ETO
"skips” in decontamination were observed with capacitors being the itern momt
Erequently involved in the "skips.” The final study report was received during
March 1965, The study was satisfactorily amd succesafully completed by the LMSC,

Based on the resulls oblained. it was decided to do a continuation study at
the Lockheed Misviles and Space Company under this work unit.

Final input from the feasibility study was necessary (or developmen: of a
request {or proposal {RFP) to continue studies of sterile assembly techniquea,
These studies will emphasize equipment development. actual use situations. and
relizbility of the barrier system to produce and maintiain a sterile environment and ;
product.

A procurement package has been assembled and cleared through financial
planning to commit the FY 1965 funds to continue the sterile assembly work at LMSC,

Asscembly is to be conducted in a sterile environment established through
use of a microbiological barrier system. Both sterile assembly and sterile repair
situations will be investigated. All operations will be conducted in a sterile
environment {not the ethylene oxide - Freon 12 mixture or sterile nitrogen},
Emphasis will be placed on the microbiological aspects of getting tools and equip-
ment into the sterile work area and on the removal of the sterile product in some
type of protective envelope, The integrity of the barrier will be challenged both
chemically {with Freon and/or Helium gas) and microbiologically {with bacterial
spores). All phases of the operation will be monitored microbiologically. It is
hoped that negotiations with Lockheed can be completed by the end of July and work
can be resumed in sarly August 1965,

#*In FY 1966 this work unit will be identified by NASA Code 189-58-21-01
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PLANETOLOG ™ ;) 90-42)

LUNAR SPECTRAL PHOTOGRAPHY
NASA Work Unit 190-42-03-01.5%
JPL 390+10101-2-325%0

PROGRESS

For the past six months, the main areas of work have been: (1} telescopic
spectral photography of the Moon. {2) photographic process control studies.
{3) fundamentai problems in interpretation of lunar spectral photography. {4) design
studies for AES lunar orbital experiment.

Photography of the Moon through ten bandpasses using the Stony Ridge 30-in.
reflector continued through January. 1965, In January, two excellent sets of images
of the Copernicus-Kepler-Aristarchus region were obtained. Since then efiorts to
renew the teiescope contract with the Lockheed-California Company have been
ansuccessful owing to a prolonged discussion of contractual details. Dr. Shoemaker
kindly offered time on the USGS telescope in Flagstaff. but a shortage of manpower
and lack of a suitable camera has precluded use of these facilities. Plans are
presently being drawn up of a camera for the new JPL 24-in. t2lescope. which can
also be adapied 1o other telescopes.

Photographic process control siudies have proceeded in-house and on
contract with Vidya Division of Itek Corporation. In-hcuse studies included the
investigation of techniques for matching film gammas by copying., and a study of
methods of making composite spectral images. Ektacolor prints, dye transier
prints. and black and white masks have been made successlully from the lunar tele-
scopic images. The masking technique appears to hold the most promise for it can
null out albedo differences and show only the spectral reflectivity diiferences.

Vidya Division of Itek Corporation has compileted & sensitometric study
of the JPL interference filters and films and has investiga:=d repeatability and
control problems. The results are given in Lunar Sensitometry Optimization.
Vidya Report No, 186, May 7 1965,

Work on the interpretation of lunar spectral data has been in two areas:
{1} A critical peview of published data on lunar colors has been completed,
Many of the compiled data have been recalculated and replotted to facilitate
comparisons. Agreement with the spectral photography results is good. and
geologic interpretation is in progress, (2} A study has been started of the funda-
mental parameters alfecting spectral reflectivities of rocks. New specirophotometric
measarements in the laboratory on mineral and rock powders indicate that grain
size and pachiag each affect the shape of the spectral curve (sce Fig. | and 2).
These effects apparently have not been studied in delail before. They are suffi-
ciently large for most silicate rocks to influence not oniy the faint lunar spectr..
differences, but to als. affect interpretation of terrestrial data.

«Jointly Funded Under NASA Code 185-41-02-01
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A paper entitied A Proposed Muilispecizai .
AES Lunar Orbital Mission wis presentied at (he Lisven
AAS in Chicage on May t, 1965 by J. Cronin of AFCRL, J. Adams of JPL,
R, Colwell of UC {Berkeley). and W, Tifft of U, of Arizema,

A comprechensive report of the resuils of spectral photography studies at
JPL over the last two year# is in progress and should be completed by August 1988,

FACILITIES AND MANPOWER

Most major procutement items {spectrosensitometer, fiim processer. w#ic.)
ordered last fall have arrived, and temporary facilities for a close-centrol photog-
raphy laboratory were compieted in late June 1963, A full-time techaician was lost

to the project July |. Manpower presently comsists of two full-time scientists and
no te~hmicians,
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FUTURE ACTIVITIES
Immediate attention will be given to completion of the comprehensive report,
Furthar cosperative work with W, and R. Noble of U, of Arizoma is necessary

in *he first quarter of FY 1966 to establish preliminary cesign constraints for the
AES twelescape package.

. Work in F'Y 1964 will be directed toward (1) establishing a detailed.
quastitative procedure for enpesing. handling. and processing lunar spectral photeg-
. which cas give results ia terms of specific design tradecife {or an ALS

orbital missien, Hinding » suitable methed of data reduction -- preseatly the
largest problem for the AES experiment. {3) establish guidelines for the interpreta-
tion of spectral refiectivity data from the Moon, Earth, and Mars,
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AIRBORNE MICROWAVE RADIOME TRY
NASA Work Unit 190-42-20-16
JPL ¥90-2030:-2-3250

The object of this task is 10 provide airborne passive microwave irztrymen-
tation and to perform quantitative airborne measurements over selected test sites
with the purpose of correlating the measursmenis with terrain characteristics.

Two types of instrumaents and. thersfore. measurements will be available: multi-
frequency, ~onimaging type. and single-frequency, imaging type.

A two-frequency, nonimaging-type airborne radiometer was successfully
fiown aboard a DC-8 aircraft in May 1965. The two irequencies of operation woere
15.8 and 22.2 GHp. A 33-mm aircraft camera was collimated with the radiometer
and provided excellent optical pictures of the observed terrain. The correlation
between the optical and radiometric data appears good. The ht coversd water,
vegetated, desert. mountainous. and densely inhabited areasn. ils such an small
lakes. freewnys. and orange groves were clearly discernable on both optical and
radiometric data. Figure | shows the 35.-mm camera and radiometer housing on the
rear of the DC-B baggage compartment door. Figure 2 shows the rudems and camera
viewing port as seen from the outside of the aircraft. The reduction of data to
quantitative values is currently underway.

Ancther airborne radiometer similar to the one outlined above but operating
a1t 9.3 and 34 CHy is searing completion. The two dual-channel radiometers are
schoduled for instaliation aboard a NASA aircraft during the month of July 1955,
Flights over selecied tent site arvas are to commence the {irst part of August.

A contract with the Raytheon Company of Massachusetts has been issusd
for a microwave ground measurement program. This pregram. which utilizes
a mobile van truck with three microwave radiometer, will be used in conjunction
with the alrcraft {lights at selected test sites. The ground measurements will
provide ground-truth information aecessary for proper data analysis of the airberne
measurements. The contract is for a six-mo periocd commencing July 1965 and the
estimated cost is $60, 000,

An agresment with the Autonetics Division of North American Aviatien foe
the usc of 2 single-Ifrequency imaging type radiometer is nearing completion. This
radiometes, 1o be installed on the same NASA aircraft. will provide sterececepic
images of the observed terrain, Installation of this device is scheduled for
Novembey 1966,

During the next six mo, numerous flights over various arcas will provide
large amounts of data. Upon reduction, this data in conjunction with the compre-
hensive ground measurement data, will allow the assignment of quantitative values
1o materials and topography heretolore unassigned,
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Fig. 1. Camera and radiometer housing
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Fig. 2. Radome and comera viewing pofl
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INFRARED THERMAL EMISSION FROM SILICATES
NASA Work Unit 190=-42=-20-20
JPL 390-20101-2-3250

Both laborstory and lield spectroscopic investigations are included in this
wotrk unit. Progress in cach is described.

LABORATORY STUDIES

A lengthy series of experiments have been carried out on direct observation
of emission specira of common rocks, minerals, and their corresponding granulated
equivalents between 7.4 and 15. 4 microns W indicate circumstances under which
remote spectral analysis of planetary thermal radiation may provide useful
petrologic information on material covering the outermost surfaces of these bodies.

The instrumentation used was a standard Beckman IR-7 double beam optical
null spectrophotometer cquipped with special blackbody refererce source and
external sampie furnace., Specimens £.% cm sgquare and I/2 cm in thickness were
heated to a maximum temperature of 500°C to overcome background radiation of the
specirometer. The entire instrument systemr was {lushed continucasly with dry
nitrogen o remove atmospheric water vapor and COz. The results presented here
were oblained in double beam operation. The curves then show relative normal
spectral emissivity directly,

The experiments indicate that three {actors govern spectiral position and
intensity of [eatures in the emission spectrum of complex silicate assemblages:
{1} bualk mineralogy of the sample, (2} geometric complexity of the emitung
suriace, and (3} sample temperature. Temperature eifects account {or shiils of
a few wave numbers per 100°C change in temperature. They are best illustrated by
the displacements, generally to longer wavelengths, of speciral features beteen
the room temperalure reflection and 500°C emission spectrum of dunite, Fig. 3.
Such displacements will be unimportant in isgthermal experiments. The cticcis '
bulk mineralogy are illustrated in Fig. 1. The data were obtained at 500°C and al!
specimens had polished emitting suriaces. The granites and Briderheim
chrondritic meteorite represent rough Limits to overall pcak shiits that can be
associated with changes in bulk mineralogy occurring in igneo.s rocks or meteotites.
The sxtremes of major emission minima are 200 cm=} apar.. A second izature
illustrated is that nearly mono-minerallic rocks produce shurper emission curves
than do those of compliex mineralogy. Thus syenite, phonolite (aphanitic equirvalent
oi a feldspatheoid syenile), anorthosile, and quartz exhibil sharp emission manima,
whereas corresponding minima for granite and gabbro are much broader and less
well defined. All of these results can be thought of as expressions of a law of
additivity which states that emission of radiation by one species will be unaifected
by the presence of other materials whether they emit or not, In this case the
emission curve of any assemblage is comprised of a weighted average of emission
curves of its individual constituents. Spectral positions of emission {ealures in
complicated assemblages thus reflect averages of positions for individual constitus
enis. As one mineral dominates the aasemblage the resultant spectrum refiects the
relative sarmuplicity of that single species.

2 Jointly funded under NASA Code |85-42-20-0)
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Fig. I. Relative emissivity, curves displaced varrticaldly
with X3. 4 verticie scale expansion

Effects produced in emission spectra of rocks by granulation are shown in
Fige. 2 and 3. Absorption or reflection spectra are given for comparison with the
cmission results. The emisnion curve of a reference blackboedy isoot blackened
cup) is shown at the bottom of Fig. 3. Curves labeled "rough’ and ' polished” refer
to the surfac~ characticr of solid specimens. Al other curves refer to granulated
material of various size fractions as indicaled.

Exccpt for dunite, dramatic changes toward black or graybody cmission occur
with the transition from solid to granulated material. Fo. granite and quarziz
monzonite, the transition is accompanied by a shift in cmission minimum of sahout
60 cm~ ! as well, more than one quarter of the entire shift noted with the extteme
variations of bulk omposition expectied in nature.

In contrast., the prurminent resisirahlen in dunite at 229 em ! and the 790 cm !
band dur 1o Quariz in the quartz monzonite and granite spectra persist cvescntially
undispliac cd, though dim. ished in contrast throughout all specira.
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The imporiant displacements in band posilion shown in Figs. & and 3 must in
some way be related to geometrical surface eficcts, since there are ne known
differences except particle size and state of aggregation between various samples.
it is significant that of the examples shown, band shifts occur only with rocks con-
taining quartz. This suggests that because of the unusually high reflectivity of this
material compared with that of, for exampir, the feldspars {($0% ve, 30%} spectral
detail irom the quartz persists with granulation over that of other constityents,

The spectral contribution of quartz may thus domainate the rmission spectra of finely
pulverized asscmblages containing this malerial. Whatever the origin of these
anomalies, which 1s at present uncertain, their cxistence poses a problen. in
interpretation of emission spectra from powdered rocks containing guartz, Thesc
resuilts also demonsirate that a sample law of additivity generaily does not hold for
emission {rom powdered silicates.
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half dome quartz monzonite
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Results of a prelamirary study of effects on silivate intrared specira produced
by proton bombardment are given in Fig. 4. The two curves shown are specular
reflection curves of polished Twin Sisjers dunite before and after a simulated lunar
5.kv hydrogen ion bombardment of 10% yr. The peak shifts noted in th:s example
can be explained in terms of a change in surface reflectivity (i.v. suriace roaghe-
ening) rather than crystallographic changes, If the resuits ol proton bombardment
were to introduce say 8 B irregularities into *he surface, then JU » waves would
underge less diffuse scalteran? than those of shorter wavelength and the reverse
would follox fur longer waves, iuus the shifl of a apeiular reflection peak to
lgnger wavelengths would arisc with appropriate changes in sarface geoneiry. Such
displacements in lacl are o9served with simple roaghening o?f polished specimens.
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Fig. +. Twin Sisters dunite change in reflectivity with proton bambardment.

Finally we note that the csscntiaily ncpative opinion of Hovis {Ref. §) on use
of emission methods for identification of organic solids do not a~ply to the case of
sibicates. His conclusion is that for a significant emission fcature to apprar, the
sprecimen under cxamination must be the urder of the wavrlength of examination in
thickness, with a strong absorption feature.  All of the emission results prescented
here disprove the first requirement, since the samplics used were optically thick
(t.e¢. 0.5 ¢m, comparcd to thicknesses far 99% absorption in silicates the order of
0.01 ¢cm or less)h. His interpretation is apparently bascd on arguments {rom the
theory of radialive transivr comorning radiation emergent from a finite layer of
absorbing mate rial, argument s which do not apply if there is scattering orf reflection
al the boundarics {(Ref. 2% The condition of zere surface reflection in homogencous,
1sotropic solids cannot, however, be satisficd where there is strong absorption
$inc e just the reverse 18 required by Fresnel's law of peflection. Thus Hovis'
conditions arc sclf-contradictory.

FIELD STUDIES

The ficld program has threoe purposcs: (i) modeling of planctary observations
(2) application of the cmission lec hniques to problems of natuge terrain cnussion,
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and {3) testing of instrumentation and nicthods in preparation for design of infrared
spectroscopic flight hardware. A relatcd and highly significent question concerns
the effect of meteorological factors, wind, source and aiz t--.perature fluctuations
{i. ¢. atmospheric background and noisc})on obeervation of terrain emission. Thesc
guestions are particularly relevant 1o spectroscopic obsrrvations of Mars.

Current efforts therefore cemter on development of instrumentation and
techniques for simullaneous monitoring of terrain cmission and atmospheric
emission, absorption, and scattering and the fluctuations thereof. This section
bricfly describes the field spectroscopic ius*rumentation.

Figure 5 is an optical disgram {to scai ) of the instrumentation undef deveiop-
ment. The basic element of the sysiem is the Fastice- Ebert f/5 nronochrometer.
Radiation collected by the telescape is focusced on the entran ¢ slit after chopping by
the threc-blade chopper C which intersperses source radiation with that from a
reference blackbody accurately fomperature controlied (= 0.0) 'C) to the eguivalent
blackbody temporature of the sourres. The ssurce lemperaturc is determined
radiomectricaily by independent measurcment.

After dispersion the radiation is formed on the detector 1D, which, 1n the
prescnt gpplirnion. is cadmium-doped germanium having an cquivalent spedtreal D*
of 7 x 107 at 10 1 when operating at or below 20 K. This temparatury is provided by
a closed cycir helium refrigerator capable of about | watl of 20K coolinz. The
cntire deteclor is enclosed in & vacuum chamber with germanium window as shown
in the figure. The amplitude of the signal at the detecter, which is proportional to
the difference in emissioa between target and reference, is measured by an amplificr
tuned synchronously to the [requency of the chopper. An example of the outpw thus
obtained is shown in Fig. 6. The monochrometer and detector are enclosed in a
temperature controlled em losure which 18 continuously flushed with dry air applied
by a heatless ppeumativ air deyoer.,

Continuous delays in procurcement schedules {or major components of the

system have determined that spectiroscopic (icld obscrvations will not be pussible
before Novembor of this year (1965)
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POLYCHROMATIC RADAR STUDY
NASA Work Unit 190.42.25-0!
JPL 390.20201-X-3240

The objective of this study is to survey available radar components, ssscss
their availability, reliability, and cost, and (o prepare a preliminary funclional
gpecification for a polyvchromatic radar experiment. The effort level 8 2.5 man-
years.

At this time, aboul onc-half of the studyv has been completed. Currently, ro
work is being done on the siudy because two openings fur engincers have not been
filled, and the Actober radar cffort requires the full-Uime attention of all the avail.
abie manpower. The study will be cununued and completed whea manpuwes becomes
available. According to the proescent plen, the Avrobee radar project will release
personnel in October of 1963 for wurk on the study. I a8 possible, howewver, tha: the
openings will be {illed prior 1o that ime. 1t 18 expected that this study will be come
pleted prior to December 1, 1%05.
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AROLLO (EARTH ORMIAL) (B67-14)

LUNAR AND PLANEITARY X-RAY DIFFRACTION
NASA Work Umit 807-14-00-01
JPL ®7-30101.1.3220

BACKGROUND INFORMATION

Funding for the X.ray diffraction task became avadable April |, 195 and
during the fourth quarter, work was accomplished by three people.

The cfivrt on the design and development program for flight prototype
instrumentation {of e Apollo program iand/or the Survevor Block I proye«t) s a
v ontinuation of @ simalar r-giurt which was funded prior to April J, 1963, by the
Surveyor Il project at JPL. Nrcither the Surveyor 11 budget nor the Apolo budget
permifted an. major procuprement. Funding was vescentially at a level sutticient to
vover the salariss of the three peaple,

Somc progress has been nade.
X-RAY DIFFRACTOMETER

Most of the vivctronic circuits on the X-ray diffractometer have bren rede-
signed IMcorpoTaling inteprated crouils where possible to reduce si1ze ard weight aad
to ing rease the reliability o the final design.  Breadboards of the following circuits
have been fabricated and functionally tested: timing generator, data converter
{digital output furmat), motor-drive logic, 23-kv power supply and anode current
regulator, and proportional counter tube preamplifier and pulsc-height discriminator.

The 25- kv power supply for the X-ray tube 18 to be 8 hermetis ally sealed
supply which encloscs all the high. voltage circuitry. The X-ray tube 1% built into the
power supply to eliminate high- voltage cables and connectors, This power supply
has been built and successfully funclionally checked,

POWERED ROCK SAMPLING SYSTEM

Thiz work 1% alsu a vontinuation of work started under the Surveyor project.
The design and fubrication of a breadboard sampling system has been completed.
The system consists of an impact-type drill mechanism for making a I/2-in.-J'ameter
hole in the lunar surface, pulverizing the rock, and for vxtracting the pulverized rock
{by a vibrating vertical conveyor) from the bottom of the hole and delivering this
mats riai o the Specimeen proparation station, After the specimen cup has been
filled, anuther feed mechanism positions the specimen cup on the X-ray diffractiom-
cler specimen stage ready for X-ray analysis, Functional testing of thizx bread-
board has started.

Reports of both theso offorts have been made i SPS 37-31, Vol. 1, and 5PS
37-32, Vol. i, This work has also bevn reparted in the semi-annual report JPL
Ivchmcal Memo 33-218, Report of Instrument Development and Scientific Rescarch,
jor July 194 to March %3,
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FUTURE EFFORT

The remaining electronic circuit breadboards, which consist of the low- voitage
power supply, the 2-kv power supply and regulator, and the angle transducer and dats
converter, will be fabricated and tested. The ground support equipment (GSE} will
be designed and fabricated. An engincering protolype of the diffractometer will be
designed, fabricated in-housc and tested.

Design and development of an X. ray tube by outside contract is pianned.
Development of a propottional photon counter by an outside conlractor is planned.
Design and development of a smaller, more reliable 25-kv power supply by both an
in- house effort and a parallel contractor cifort 18 planned.

Thermal, vacuum and vibration testing uf the high- voltage power supply and
the complelc enginecring prototype diffractometer will be performed in FY 1966,

A continuing effort by FY 1966 in the arca of rock sampling is planncd and
will be handled by a separate group in the Lunar and Planclary instruments Section.
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