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To Tre CoNereEss oF THE UNITED STATES:

I am transmitting today the Sixteenth, Seventeenth, and Eighteenth
Semi-Annual Reports of the National Aeronautics and Space Adminis-
tration covering the period between July 1, 1966 and December 31, 1967.

The events recorded here are both tragic and encouraging; sobering
and inspiring.

The eighteen-month period saw success and failure and then success
again as a proud agency moved forward with renewed determination.

The Gemini missions were completed ; Lunar Orbiters I and IT trans-
mitted thousands of clear pictures of the moon; new communications
and meteorological satellites were orbited.

Then came tragedy. Three brave American astronauts were killed in
the Apollo fire.

Initially stunned, NASA then went to work to overcome the flaws
in the Apollo system. Soon, impetus was restored to this crucial part of
our space effort. Other great space achievements followed such as the
Apollo 4 flight.

I commend these reports to your attention. They contain, I believe,
concrete evidence that NASA is moving forward, and that America is
contributing mightily in the worldwide effort to conquer space for the
benefit of all mankind.

Tae WHiTE HoUusk,

Oct. 11, 1968.
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Tue PRESIDENT
The White House

October 7, 1968

Dzar Mgr. PRESIDENT:

The Seventeenth Semiannual Report of the National Aeronauties
and Space Administration, covering the period January 1 through
June 30, 1967, is submitted herewith for transmittal to Congress in
accordance with section 206(a) of the National Aeronautics and Space
Act of 1958,

This period was overshadowed by the Apollo fire which took the lives
of three of our astronauts. The thorough investigation of the accident
and the steps that were initiated to improve safety by changes in design
and procedures have previously been made matters of publie record.
This report shows that the same period was also one of progress in
aeronautics and space as evidenced, for example, by the successful flights
of Surveyor, Lunar Orbiter, and many other spacecraft. It was a diffi-
cult time for NASA, but one in which the agency showed, I believe, that
it could react maturely to failure as well as success, and continue to
deserve the confidence and support of the nation.

Respectfully yours,

James E. WEBB
Administrator
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MANNED
SPACE
FLIGHT

This period involved intensive development efforts on the Apollo
spacecraft and the Saturn V launch vehicle, and was marked by a fire
during a ground test of this spacecraft which claimed the lives of three
astronauts. The Gemini program was closed out.

The Gemini Program

Gemini Program activity consisted primarily of property disposition
and final reporting. At the end of the period, approximately 95 percent
of all remaining property had been transferred to on-going government
development programs or to the Smithsonian Institution as artifacts.
The Manned Orbiting Liaboratory Program received about $103 million
worth of Gemini property (new cost prices), not including the cost of
spacecraft I1, III, I11-A and VIII, which were also transferred. Nine
programs in the Department of Defense, other than MOL, received
Gemini equipment.

Within NASA, the Apollo Program, the Apollo Applications Pro-
gram, and several unmanned satellite programs were using Gemini
equipment. Seven NASA centers received Gemini surplus test equip-
ment suitable for laboratory use. Gemini Spacecraft XI was transferred
to the Electronics Research Center as a guidance and control research
tool and will be released to the Smithsonian when no longer needed. The
remaining spacecraft were being transferred as artifacts to the Smith-
sonian, which will place three on exhibit, one at KSC, one at MSC, and
one at MSFC.
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Program documentation progressed routinely, with completion ex-
pected by year’s end. A summary report on Gemini extravehicular
activity, a catalog of Gemini anomalies, and supplements to mission
reports were distributed. The proceedings of the Gemini Summary
Conference were expected to be published in January, 1968. A publica-
tion containing earth photographs from Gemini ITI, IV, and V (SP-129,
deseribed in Appendix L of this report) was distributed, and a com-
panion book including earth photographs from subsequent missions
was being prepared.

All costing against Gemini contracts was completed, and all contracts
were either closed out or in final process of termination.

The Apollo Program

The goal of the Apollo Program is to develop the capability for
exploration of space out to 250,000 miles from earth. This capability
will be demonstrated by a mission to land men on the moon for limited
observation and exploration and to return them safely to earth. Such
a mission will climax a series of sub-orbital and orbital missions, each
with specific objectives. However, all are to be flown primarily to ad-
vance the state-of-the-art and to qualify systems for the ultimate lunar
landing mission.

The Apollo Program was preparing for the resumption of the flight
phase at period’s end. Both NASA and industrial management con-
tinued to identify and solve problems which would impair the schedule,
increase the costs, jeopardize the safety of astronauts or otherwise
hinder the performance of the Apollo team. Apollo flight program
planning is based on providing not only the capability to capitalize on
success but also the capacity to respond to problems.

Flight missions ‘were assigned and planned to assure flexibility in
manning the uprated Saturn T (Saturn IB) and Saturn V series and
in providing for the orderly transition between the two flight series.
NASA intends to transfer manned flights from the uprated Saturn I
to the Saturn V vehicle as soon as the latter is ready for manning, with
the earliest transfer point occurring after the first manned uprated
Saturn I mission, AS-205/CSM-101. Such planning will allow the Apollo
Program to proceed in a deliberate manner despite the impact of the
AS-204 accident which required extensive redesign of flight hardware.

The Apollo flights were rescheduled to accommodate the many pro-
gram changes that were made following the aecident. These changes
reduced the number of flights available to achieve a lunar landing by the
end of 1969.

One unmanned Apollo flight is scheduled for the second half of
1967. It is to be the first launch of a Saturn V, AS-501 (Apollo 4 mis-
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sion), placing in orbit an unmanned Command and Serviece Module.
It will be a launch vehicle development mission, including a demon-
stration of the spacecraft heat shield at lunar return velocities and flight
testing the sealing technique of the redesigned hatch.

Apollo Management

The fundamental soundness of the Manned Space Flight Programs’
management structure and proecess were demonstrated by the success of
the Mercury and Gemini Programs and by the first thirteen successful
missions of the Saturn I vehicle in the Apollo Program. The management
review carried out by the Apollo Program Office since the accident noted
no areas requiring major organizational change. However, the review
did identify the need for greater centralization and clarification in
documenting and updating the specific responsibilities of the organiza-
tions within the Apollo Program.

Possible ambiguities in the assignment of program responsibilities
were removed, and -control of waivers and deviations was reinforeed.
Specific management directives were prepared to replace or consolidate
previous directives concerning preparation of test and checkout plans
and procedures at KSC; responsibilities in the Apollo Program at
Marshall Space Center; and functions and authority of the Apollo
Program Office at NASA Headquarters.

To further strengthen program management, NASA contracted with
The Boeing Company to assist and support the NASA Apollo organiza-
tion in performing specific technical integration and evaluation fune-
tions, with NASA maintaining the final technical decision responsibility.
The Boeing Company established and began maintaining organizations
within the geographical locations of each of the Manned Space Flight
Field Centers and the Apollo Program Office for this purpose.

Apollo management techniques and reporting systems were being
further strengthened to meet the needs of the program, and a system was
being established to provide a continuous flow of information to all
Centers, to the Apollo Program Office and top officials in NASA head-
quarters, and to the various contractor erganizations.

Apollo 204 Accident

On Jannary 27, 1967, a tragedy occurred at Cape Kennedy when fire
erupted inside the Apollo spacecraft during ground testing. The fire
resulted in the deaths of Li. Colonel Virgil I. Grissom, Lt. Colonel
Edward H. White, 1T, and Lt. Commander Roger B. Chaffee.

The Apollo-204 Review Board, comprised of NASA officials as well
as representatives of other government agencies and private organiza-
tions, determined after 214 months of investigation that the most likely
cause of the fire was electrical arcing from certain spacecraft wiring.
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(The ‘‘Report of Apollo 204 Review Board to the Administrator, Na-
tional Aeronautics and Space Administration,”” was printed as Vol-
ume IT, Parts 1, 2, and 3, Hearings, Subcommittee on NASA Oversight,
Committee on Science and Astronauties, U.S. House of Representatives,
April 10, 1967.)

Many changes were made in the Apollo hardware following the acci-
dent, with design changes in the more advanced Block II Apollo space-
craft reflected on the contractor manufacturing lines. Other changes, not
resulting from the aceident investigation, were also being made in the
Apollo spacecraft.

Spacecraft crew compartment material was a key consideration in the
post-accident review. Knowledge gained as a result of the fire and in
subsequent testing led to alterations both in the selection of spacecraft
materials and in their placement within the vehicle. This was probably
the most significant single technical change resulting from the accident
investigation. An account of changes in Apollo design, construetion,
and procedures made during the report period follows.

Materials Selection and Substitution.—An improved spacecraft ma-
terial selection and substitution program was established to reduce the
risk of fire in all manned spacecraft operations both on the ground and
in flight.

Hatch Redesign—Before the Apollo 204 accident, improvements were
being made in the Apollo Command Module hatch, following the extra-
vehicular experience in the Gemini missions. The original hatch opened
inward. Effort on hatch redesign was intensified as a result of the aceci-
dent, with emphasis on preflight and postflight erew egress. (Fig. 1-1.)
The new design, which opens outward, offers operational improvement
in normal preflight, spaceflight, and post-landing use. It also provides
the fastest emergency crew egress capability.

Emergency egress considerations were also applied to the facilities
for Apollo launches. The launch umbilical tower and access arm were
being altered by (1) modifying the access-arm mechanism and changing
the ‘““park’’ position to shorten reposition time; (2) eliminating steps
and protuberances in the egress path; and (8) providing positive
ventilation, improved lighting, and fire-resistant materials in the white
room.

Ground Communications—The operation of the ground communica-
tions system was improved by reducing the number of stations on
critical loops. Access to the system is to be limited to stations that will
be essential for an operation.

Steps being taken to assure the reliability of the present system in-
cluded design changes, improved operational procedures, controlling
circuit configuration, and adding intercommunication equipment. These
modifications and additions will permit full duplex operation on critical
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Figure 1—-1. Redesigned hatch on Command Module mockup 28.

circuits off the pad at Kennedy Space Center (KSC) and to other key
places such as the Mission Control Center at the Manned Spacecraft
Center, Houston. The changes are to be made before the next manned
spacecraft tests at KSC.

Spacecraft Communications—Problems associated with spacecraft
communication in the Bloek I spacecraft were solved and corrections
were made in the Block II spaceecraft design ; therefore, minimal space-
craft changes were required.

Environmental Control System.—After intensive study of the Apollo
Environmental Control System, NASA determined that 100 percent
oxygen at 5 psi will be used during space flight, including reentry. This
requires no changes in the spacecraft hardware. However, changes were
considered for the cabin atmosphere while the spacecraft is on the
ground and during launch. For manned test operations on the ground,
NASA will continue to use the 16.5 psi pure oxygen atmosphere unless
the boilerplate fire-safety tests conducted with the new materials indi-
cate that another system would be preferable. As an option, NASA will
be able to use either air or 100 percent oxygen during ground tests,
prelaunch, and launch.

Alterations were also being made in the oxygen plumbing within the
cabin. The aluminum oxygen lines with solder joints were being changed
to stainless steel, and protective covers are to be added to exposed oxygen
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lines. Materials in the Environmental Control System which constitute a
fire hazard will be replaced, although the water-glyeol coolant, which has
some inflammable properties, is to be retained. It is essential that an in-
hibitor be used in the coolant to prevent corrosion, and the present in-
hibitor was selected as the best possible one for the system. The principal
effort is to provide a leakproof coolant system and to minimize fire haz-
ard to prevent spills. Leaking and spillage were being substantially re-
duced or eliminated by using soft-metal washers, by employing improved
torquing procedures, and by adding quick disconnects with fluid check
valves to prevent water-glycol spillage during normal maintenance.

It was determined that solder joints are aceeptable if properly made
and not abused. However, the number of solder joints is to be reduced,
armor is to be added to the water-glyeol system joints exposed to strue-
tural abuse, and protective covers are to be added over all exposed
plumbing.

Materials and procedures were developed to clean up any spills which
do oecur without leaving a residue, and improved test procedures to
verify proper clean up were worked out.

Fire Protection.—Provisions for increased fire protection included an
emergency breathing mask system to permit crew operations if fire
oceurs during the shirtsleeve mode of operation, (Fig. 1-2.) an enlarged

Figure I-2. Prototype emergency oxygen mask stowed in cabin.
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pressure relief valve so the cabin can be depressurized rapidly, addi-
tional oxygen surge tank capacity and associated plumbing so that the
cabin can be repressurized rapidly, and a newly developed portable
crew-operated fire extinguisher for the Command Module,

Electrical System~—In a major review of the spacecraft electrical
system, the Block I and Block I spacecraft were examined to determine
if any of the components or subsystems were possible ignition sources,
and then the design of the Block II spaceecraft electrical system and
the adequacy of manufacturing, installation, and testing practices were
scrutinized. In general, the Block IT spacecraft electrical system design
appeared to be satisfactory and the plan of implementation conformed
to acceptable practices. The improvements previously incorporated in
the Block II spacecraft solved most of the problems revealed in the
investigation of the Block I spacecraft involved in the fire.

Changes were being made to ensure compliance with the proper
criteria for circuit breakers, protective covers were being added over
exposed wiring to prevent damage during installation and test, and
the wiring on spacecraft already built was being inspected. Additional
mandatory inspection is now called for during the manufacturing and
testing of new spacecraft.

Launch Complex Emergency Equipment.—Adequate provisions for
fire-fighting and other emergencies were also made by installing addi-
tional launch-complex equipment.

Safety Organization—NASA placed renewed emphasis on all aspects
of its safety program. Kennedy Space Center established new criteria to
determine which additional test-team personnel require emergency and
pad rescue training (Fig. 1-3.), new safety training standards for all
personnel and an individual certification program were being developed,
and an Apollo spacecraft mockup containing new hatch provisions will
be used at KSC for training rescue and operational personnel. It is to
be movable so that it can be installed in the altitude test chamber for
training exercises.

Steps Toward the First Manned Apollo Mission.—A number of steps
must be completed before the next manned flight. One—a ground test
program (aircraft-drop, propulsion, structural, and crew-compatibility
tests) for the Block IT Command and Service Module to qualify the
spacecraft—was underway. Vibration and thermal-vacuum tests will be
conducted on the ground, and the new hatch design will be tested on the
unmanned Saturn V missions. Also required is the Command Module
fire test in the boilerplate spacecraft and requalification of the various
units and systems being changed. Finally, all approved changes and
modifications must be incorporated into the flight spaceeraft, which must
then be tested at both the Downey (California) plant and the Manned
Spaceeraft Center.
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Figure 1-3. Simulated evacuation procedure (training).

During the necessary three- to five-month checkout period at the Cape,
the Command and Service Modules are to be mated, and combined
systems tests are to be run. Following the first manned test at sea-level
conditions, there will be an unmanned test in the altitude chamber. The
last of the vacuum chamber tests is to be conducted with the spacecraft
manned and the chamber simulating the changing environmental con-
ditions from launch to orbit. The spacecraft is then to be moved to the
Launch Complex 34 pad and mated with the launch vehicle for further
testing. Finally, the manned “‘plugs in’’ and ““plugs out’’ tests and the
countdown demonstration tests will be carried out.

In 1968, NASA expects to be prepared to fly the Block II space-
craft, the first of the manned Apollo series, in an open-ended mission
of up to two weeks in earth orbit. The goal will be to verify the com-
bined performance of the spacecraft and the erew.

Design Status

During the first half of 1967, the Apollo hardware design program
progressed as major portions of the Saturn V Launch Vehicle Dynamie
Test Program and various other test programs were completed.
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Following the investigation of the 204 accident, extensive redesign
and meodification of the Command Module was made. Major areas of
change include the hatch, materials, the earth landing system, cabin
repressurization, and protective coverings for exposed plumbing and
electrical harnesses. Redesign and modifications of the Lunar Module
were not as extensive as those on the Command Module and primarily
involved material changes. Scheduled deliveries of bhoth spacecraft were
delayed to permit additional testing, retesting, and requalification of
modified hardware.

Hardware Status

Because of the 204 accident, the Apollo Program underwent extensive
replanning to accommodate the changes to Block II Command Service
Modules and Lunar Modules necessary for manned flight. Consequently,
Apollo launches originally scheduled for the first half of 1967 had to be
deferred.

Apollo 4 Mission.—The unmanned Apollo 4 mission’s objectives are
to qualify the Saturn V Launch Vehicle facilities and procedures, to test
the S-IVB restart-in-space capability, to test the Block II spacecraft
heat shield under lunar return velocities, and to test the new hatch seal.
The launch vehicle for the Apollo 4 Mission will be SA-501 and the
Command Service Module will be CSM 017. A Lunar Module Test
Artiele, LTA-10R, will be used in place of the LLM. This mission has been
delayed by the Command Module CM 017 wiring rework, inspection,
and validation ; and by problems associated with the S-1I-1 stage.

The S-IC-1 first stage of SA-501 was delivered to KSC on September
17, 1966, and erected on the launch umbilical tower. The S-IVB-501
and S-TTU-501 arrived at KSC on August 14 and 25 (1966), respectively.
Because of the unavailability of the S-1I-1 seeond stage, an S-I1 spacer
was employed to allow complete stacking of the launch vehicle. The CSM
017 was erected on the launch vehicle on January 11, 1967. Partial
launch schedule integrated testing with the S-IT spacer was completed
early in February. The S-1I-1 stage arrived at KSC on January 24.
After completion of low bay activity in mid-February, the S-IT spacer
was replaced by the S-11-1 late in February.

In early June, as a result of weldment discrepancies identified on the
S-I1-6 liquid hydrogen tank, the launch vehicle was disassembled so the
S-TI-1 stage could be inspected. The inspection was completed in mid-
June and no serious problems were found. The launch vehicle was being
prepared for electric mate. During this time, extensive progress was
made in the checkout of launch Complex 39 and Pad A facilities and
equipment including swing arm validation of Liaunch Umbilical Tower
No. 1 (LUT-1). As a result of the 204 aceident investigation, the Com-
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mand Service Module 017 was moved to the Manned Spacecraft Opera-
tions Building for wiring inspection, modification, and validation during
April and May.

Apollo 5 Mission.—The unmanned Apollo 5 mission objective is fo
verify the operation of the Lunar Module ascent and descent propulsion
systems and the Lunar Module structure.

The launch vehicle for the Apollo 5 mission will be the SA-204, and the
payload will be the Lunar Module LM-1 and a nose cone. The launch
vehicle was delivered to KSC during 1966, and LM-1 arrived on June
23, 1967. Barly in April, the SA-204 launch vehicle was moved from
Launch Complex-34 to Launch Complex-37B. Launch Cemplex-37B was
modified to accommodate the additional instrumentation on SA-204
launch vehicle.

LTA-8 (Thermal Vacuum Test Article) underwent modification and
systems validation in preparation for shipment to MSC for thermal
vacuum testing. (Fig. 1-4.) Testing of the Structural Test Vehicle,
LTA-3, the descent Propulsion test vehicles, LTA-5D and PD-2, and the
Ascent Propulsion Test Vehicle, PA-1, continued through this period.
All tests delaying the LM-1 mission were completed except the LTA-3

Figure 1~4. LTA-8 being put in space simulation chamber for manned thermovacuum
tests.
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vibration acoustic test and the PD-2 malfunction and start tests, and
these ‘were scheduled for September and October, 1967. The launch
schedule was delayed by LM-1 propulsion plumbing system leak prob-
lems and a helium heat exchanger failure which oceurred during ITA-
5D testing. The LLM-1 helium heat exchanger was being replaced and
leak problem solutions were being developed.

Apollo 6 Mission—The mission objective of the unmanned Apollo 6
is to qualify the Saturn V launch vehicle facilities and procedures and
the Block IT CM heat shield, and to test the new Bloek IT hateh design.
The launch vehicle for the Apollo 6 mission is the SA-502 ; the Command
Service Module is CSM 020.

In February, the S-IVB-502 and the LTA-2R (Lunar Test Article)
were delivered to KSC, in March the S-IC-2 stage and the Instrument
Unit (8-1U-502) were delivered and in May the S-I11-2 was delivered.
CSM 020 was being modified as a result of changes called for following
the 204 accident, with delivery planned for November.

Program Software—The launch vehicle and spacecraft flight pro-
grams, and the Saturn launch compufer complex software required to
support the Apollo 4, 5, and 6 missions were on schedule.

Spacecraft Status and Development Problems.—As stated earlier,
wiring inspection, rework, and modifications were delaying delivery of
Block IT ground and flight test Command and Service Modules. Lunar
Module production was also delayed during the first half of 1967 because
of the fire-related changes.

Both the Command Module and Lunar Module were made heavier by
the changes, and the increased weight caused three basic problems.
First, the changes reduced the safety factor of the Earth Landing
System, which was designed for an 11,000-pound Command Module. An
intensive effort was undertaken to reduce the growth in Command
Module weight. Also under investigation was a modification to the Earth
Landing System to increase the factor of safety by providing two-stage
reefing main parachutes, and by using larger drogue chutes.

Second, because of the additional weight, the Command Module rate
of descent during earth landing increased from 35 feet per second to
3914 feet per second for the design case. Structural adequacy of the
Command Module in a launch pad abort condition was under study. A
safe land landing could occur at the higher descent rate, however. Steps
were taken to modify the astronaut couches to increase crew protection
to withstand a 40G impact load. Additionally, increased testing was
being planned to determine spacecraft structural capability under the
worst possible pad abort land landing eondition.

Third, the Service Module and Liunar Module propellant tank capac-
ities were being severely taxed because of increased propellant require-
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ments. The additional propellant is required to maintain the spacecraft
at necessary delta velocities which are most sensitive to decreases in the
propellant weight/hardware ratios. Necessary corrective actions being
taken ineluded examining the Lift/Drag ratio at re-entry to allow a
reduction in ballast requirements. Operational changes (such as restrict-
ing lunar landing to pre-selected sites) which would minimize increased
hardware weight by reducing overall propellant requirements were also
being considered. , o

Lunar Module Structural Test Problem —In February, during launch
boost load testing of the Structural Test Vehicle, LTA-3, two descent
stage upper deck skin panels failed at about 100 percent limit load.
The failure occurred during the first stage end-boost static.test condi-
tion. Other tests not affected by this failure continued to be conducted.
It was determined to be more economiecal to replace the L'TA-3 descent
stage with the LM-6 descent stage than to repair it. The LM-6 descent
stage was prepared for structural tests and shipped to MSC in May. The
LM-1 mission constraint was removed when the end-boost static test was
successfully accomplished in June 1967. (Completion of the LTA-3
Acoustic Vibration Tests in September should remove the last LTA-3/
LM-1 mission constraint.) Structural fixes were incorporate in LM-1 and
subsequent vehicles.

Launch Escape Systems—The delivery of Launch Escape Systems to
support Apollo launches was on schedule, with no development problems
apparent. (Fig. 1-5.)

Uprated Saturn I Launch Vehicles—Apollo Saturn launch vehicles
205-212 were proceeding on schedule. The AS-205 launch was being
paced by the availability of CSM-101, the first manned Block 11 CSM,
with the remainder being paced accordingly. If required, the additional
uprated Saturn I missions will be dual launches involving both the CSM
and the LM.

Saturn V.—The Saturn V consists of three stages—the S-IC (first),
the S-IT (second), and the S-IVB (third). The second S-IC stage, the
S-1C-2, was delivered to KSC in March and was undergoing checkout
in preparation for the Apollo 6 mission. The S-IC-3 was successfully
static fired at MSF'C in late 1966 and was in storage at Michoud at the
end of this period. It is to be delivered to KSC during the fourth quarter
of 1967. The S-IC-T was fired at MTF in March 1967, marking the com-
pletion of checkout of Position I of the S-IC acceptance test stand. The
S-IC-4 completed its static firing test program at MTF in May. S-IC
vehicles 5 through 15 were in various stages of fabrication, assembly, and
checkout at the Michoud operation near New Orleans.

The first and second S-IT stages, S-1I-1 and -2, were delivered to KSC
during the period, after acceptance testing in the S-II test stand A-2 at
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Figure 1-5, Launch Escape System being hoisted to top of service tower.
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MTF. The S-II-3 was in transit to MTF for aceceptance testing at the
close of the period. The S-1I-4 through 15 were in various stages of
fabrication, assembly, and test at Seal Beach, California.

On April 15, the S-11-2 was static fired at the MTF for a full duration
of 367 seconds. This was the second static firing for the S-II-2 stage
and was a major milestone in the Confidence Program that was initiated
in 1966 after the S-II-T failure. The Confidence Program consisted pri-
marily of five battleship captive firings and two successful consecutive
firings on each of the S-I1-1 and 8-1I-2 stages.

Two major problems paced the S-II Program. They were the weld
defeets in the propellant and pressurization lines and in the liquid
hydrogen and liquid oxygen tanks. The problem with welded lines be-
came apparent early in May when the final S-II-3 inspection revealed
ten defective lines that had to be replaced. Subsequent inspection of
S-11-1, 4, and -5 stages resulted in returning 43 welded lines to the
vendor for rework. Manufacturing procedures and inspections were
being upgraded to eliminate weld defects of this type. The tanks of the
S-I1-4 and all subsequent S-I1’s were inspected with dye penetrant and
ultraviolet light. Through this technique, inspectors discovered 104
surface flaws on the S-I1-6 liquid hydrogen and liquid oxygen tanks.
Although only five of these flaws required rewelding, reinspeetion of
S-11-1, -2, and -3 was directed to insure the integrity of the welds on all
these stages. No serious flaws were detected in these stages. Similar tests
and inspections were carried out on the S-IC and S-IVB stages, with
no discrepancies being found. Investigation of the causes of the high
defect rate in the S-11-6 was still underway at the end of this period.

The S-IVB-502 was received at KSC in February 1967, and numbers
503 (new) through 515 (new) were in various stages of fabrication,
assembly, and test. On January 20, 1967, the S-IVB-503 stage exploded
on the Beta 3 test stand in California during countdown for static
firing. The stage was completely destroyed and heavy test stand damage
resulted. Investigation showed that the S-IVB-503 helium tanks were
fabricated with welding rods of pure titanium instead of the required
titanium/aluminum/vanadium alloy. Subsequent inspection of all
helium tanks indicated that this problem was confined to the S-IVB-503
stage.

The Instrument Unit 502 (S-IU-502) was received at KSC during
March. The S-IU-503 was available for shipment to KSC during the
reporting period but was placed in storage until required at KSC.
S-TU-504 through 515 were in various stages of fabrication, assembly,
and test.

The F-1 engine production program remained on schedule in support
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of the S-IC stage program. Eleven F-1 engines were delivered during
the report period.

The J-2 engine production program also remained on schedule in sup-
port of the 8-1T and S-IVB stage programs. Nineteen J-2 engines were
delivered during the report period.

During the first half of 1967, stability and chamber erosion problems
showed up in the LM ascent engine. (Fig. 1-6.) At period’s end, the

Figure 1=6. Lunar Module ascent engine.
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subeontractor had not been able to produce a stable injector compatible
with the combustion chamber. A NASA evaluation team went to the
plant to determine the basic problems and to aid in their solution.
Actions were initiated to select another manufacturer to develop an
injector as a backup.

Extensive qualification testing of the LM descent engine continued;
plans eall for the work to be completed during the third quarter of the
year.

Dynamic Test Vehicle Test Program.—The objective of the Dynamic
Test Vehicle (DTV) test program is to verify the mathematical tech-
niques by comparing the dynamic characteristics derived from tests
of a full scale prototype with characteristics derived mathematically.
These characteristics, when updated to the flight configuration, are used
as input parameters in flight control and structural loads analyses,
which are then verified (flight control and structural) on the Saturn/
Apollo-vehicles.

The testing coneept required simulating various conditions of flight
using a Dynamic Test Vehicle erected in a test stand. The stages of the
vehicle were ballasted to simulate the vehicle at a specific point in the
trajectory.

The Configuration I dynamic testing program was initiated and
completed at MSFC. Configuration I consists of all stages of the launch
vehicle and all elements of the Command and Service Module, Lunar
Module, and Launch Escape System. Correlation with analysis for
center line modes and frequencies was achieved. However, the analysis
did not accurately predict the response at the Flight Control Gyro
location. Considerable local deformation was experienced at the Instru-
ment Unit, resulting in slopes at the Control Gyro location that were
considerably greater than center line slopes of the vehicle. Because of
this local activity, flight control stability margins were below design
objectives for several lateral Configuration 1 modes. To solve this prob-
lem, engineers relocated the Control Gyro to the bottom of the cold plate
11T, and redesigned the filter networks. Configuration I testing was then
extended to verify dynamic characteristics at the new location of the
Control Gyro and also to identify a possible alternate location for it.
Stability margins were substantially improved as a result of the design
change. With the redesign, all modes demonstrated stability margins
above design objectives, and the SA-501 margin restraint was removed.

After undergoing the complete Configuration I testing, the Dynamic
Test Vehicle was disassembled so the test tower ecould be modified for
Configuration II tests. Configuration II consists of the S-IT and S-IVB
stages and all elements of the Apollo Spacecraft. Configuration II
testing began in May and was in progress at the end of the period, with
completion expected in the third quarter of 1967. (Fig. 1-7.) Initial
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Configuration IT testing results were indicating excellent eorrelation for
center line modes and frequencies on the first three modes.

The Apollo Science Program

The Apollo Science program consists of an in-flight program and a
lunar science program. Because of operational constraints, the in-flight
program was being limited to essential medical experiments and synoptic
terrain and weather photography for which all equipment was available.

The objectives of the Apollo Lunar Science Program are to investigate
the strueture and processes of the lunar interior, to determine the com-
position of and the processes modifying the surface of the moon, and to
establish the historical or evolutionary sequence of events by which
the moon has arrived at its present configuration.

For the first missions, four scientific activities were being programmed
for the astronauts : making observations to provide a qualitative deserip-
tion of lunar surface features; collecting samples to permit post-mission
analysis in geochemistry, petrology, geology, and bioscience; deploying
the Apollo Liunar Surface Experiments Package (ALSEP) which will
remain and obtain continued measurements of geophysical parameters
for a year or more; and performing field geology experiments to obtain
information on the geologic structure as it may be revealed by surface
features and formations.

The ALSEP system acts as a scientific station capable of accepting
and supporting a variety of different experiments. (Fig. 1-8.) Power for
the system will be supplied by a Pu 238 radioistopiec thermoelectrie
generator.

The initial ALSEP experiments are a passive seismometer, a lunar
surface magnetometer, a solar wind spectrometer, a suprathermal ion
detector, and a cold cathode gauge. Experiments for later missions
include an active seismie experiment with pyrotechnic seismie sources,
a lunar heat flow experiment, and a charged particle lunar environ-
ment experiment. A lunar surface drill is to be used in conjunction with
the heat flow experiment and will also be used to obtain lunar core
samples.

Geology tools and a tool carrier developed for the Lunar Field
Geology experiment are to be incorporated into the Scientific Equipment
Bay (SEQ) with ALSEP. Included with the tools are core tubes and
aseptic samplers. Two Apollo Lunar Sample Return Containers and a
Hasselblad camera are part of the Lunar Field Geology experiment but
are stowed separately.

Qualification testing for ALSEP T is to be started by early October,
1967, with flight hardware planned for delivery in the summer of 1968.

The following sections briefly describe the initial ALSEP experi-
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Figure 1-8. ALSEP central station crew engineering model in deployed configuration.

ments. The passive seismometer is designed to determine the natural
seismicity of the moon, and to provide data on the physical properties
of the lunar interior. Data is to be obtained by using a 10 to 15 second,
three-axis orthogonal seismometer for long-period, low-frequency, seis-
mic energy and a short-period (14 to one second) seismometer for the
high frequency portion of the seismicity signal spectrum.
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The lunar surface magnetometer is a magnetic station which will use
a tri-axis flux-gate magnetometer to measure the magnetic field vector
and temporal variations at the lunar surface as well as to measure field
gradients at the sensor site. Three booms, each with flux-gate sensors,
will be separated to form a reectangular coordinate system and gimballed
to allow parallel or orthogonal alignment.

The solar wind spectrometer is designed to measure the temporal,
spectral, and directional characteristics of the interaction of the solar
wind and the moon. The experiment will measure the number of
charged particles impinging upon it, and their energy (electrons to 1376
electron volts, protons to 9600 ev). Directional origin of the particles
will be determined by observing which of the seven oriented sensors
indicates their flow. Energy selection is made by modulating the flow of
particles in the energy interval being measured.

The suprathermal ion detector (SIDE) is designed to measure the
flux, energy, and velocity of positive ions in the lunar ionosphere. (Fig.
1-9.) The instrument has a velocity selector composed of crossed electric
and magnetic fields followed by a curved plate analyzer. Velocity and

Figure [=9. The suprathermal ion detector {SIDE) deployed.
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energy sorting of the particles entering these deteetors covers ions in the
range from one to four AMU per unit charge, from 2x10? to 2x107
em/sec., and from 0-2 KEV. A second curved plate analyzer without
a velocity filter detects solar wind particles. Associated with the SIDE
is a cold cathode gauge to determine the pressure of neutral particles
by measuring the density of the ambient lunar atmosphere.

Apollo Applications

Through its Apollo Applications Program (AAP), NASA continued
to refine program objectives, plan program and flight missions, develop
hardware concepts and designs, identify experiments to be used, and
establish its program management structure.

Program Objectives

The program has four primary objectives: to conduct long duration
manned space missions (up to one year); to conduct extended lunar
exploration ; to carry out scientific investigations in earth orbit; and to
make space applications in earth orbit.

Long duration space flights will include evaluation of habitability,
systems development, and usefulness of man. Space applications in earth
orbit will include experiments in meteorology; communications and
navigation ; and earth resources. The last-named will apply to agricul-
ture and forestry, geology and minerals, geography, cartography, man-
made resources, hydrology and water, and oceanography. Scientific
investigations in earth orbit are to include solar astronomy, earth ob-
gervations, and stellar astronomy.

Program and Flight Mission Planning

The AAP missions were being planned to gain experience, test
theories, perform experiments, and collect data. Multiple objectives were
being established for each flight mission in order to obtain maximum
results at a relatively low cost.

Key elements in this planning include the decision to use, modify,
and expand present Apollo systems capabilities rather than initiate
whole new developments; the concept of reusing basic hardware for
many missions by storing it in orbit and returning later with fresh
crews and a resupply of expendables; the approach of designing experi-
ments that will gather important data while simultaneously testing
the experimental concepts themselves; and the anticipated use of the
open-ended mission philosophy of allowing each mission to proceed as
far as it is capable.



24 NASA SEVENTEENTH SEMIANNUAL REPORT TO CONGRESS

The first three missions were more clearly defined. The first mission
(AAP-1A) is to be manned and is to carry out seience, meteorology, and
earth resources experiments. This one should last up to 14 days. The
second (AAP-1and AAP-2) is to be a manned dual launch mission of up
to 28 days’ duration which will demonstrate the feasibility of orbital
workshop operations. This mission is also expected to conduct biomed-
ical, science, and technology experiments. The third mission (AAP-3
and AAP-4) is also to be a manned dual launch mission but should last
up to 56 days. It is to carry out ATM operations, demonstrate the
feasibility of reuse of the workshop, and conduct biomedical, science,
and technology experiments. Detailed mission planning was in progress
at-period’s end.

The Agency issued a formal version of the AAP flight mission assign-
ment document for the early flights. This document, which authorizes
the missions, describes in general terms the primary objectives of each
flight, the flight profiles, the space vehicle configurations, the identity
of experiments to be carried, and the space operations to be conducted.

Following issuance of the flight mission assignment document, NASA
issued flight mission directives for the early flights. These define in more
detail the mission’s purpose and objectives, the general flight plan, the
flight hardware configuration, the experiments, the ground tests, the
reliability and quality assurance requirements, and the organizational
responsibilities. _

Additionally, a configuration definition document was issued. This
provides detailed descriptions of the flight hardware for the early
missions. For later flights, studies were started, or continued, to define
the requirements and problems associated with attaining AAP one-year
missions.

Flight Hardware

NASA continued its efforts to develop or modify major flight hard-
ware required for the early missions. This hardware includes the orbital
workshop, the airlock, the Apollo Telescope Mount (ATM), the launch
vehicles, and the command and service modules.

The orbital workshop, for use in AAP-1 and 2, will permit astronauts
to outfit, inhabit, work, and perform experiments in the empty hydrogen
tank (Workshop) of a spent S-IVB stage by means of a 65-inch diameter
airlock between the spacecraft and the hydrogen tank. A hatch in the
airlock will permit egress into space without depressurization of the
workshop or the spacecraft. In orbital flight, the command and service
modules will dock with the airlock, and the crew will activate systems
to pressurize the spent hydrogen tank for habitation.

Preliminary design of the orbital workshop was completed, and a
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full-scale mockup was delivered to MSFC. A thorough and well docu-
mented astronaut walk-through was conducted, followed by a prelimi-
nary design review. Plans were approved to provide an additional work
area for the installation of more experiments and habitability equipment
for future revisits after the initial use.

An Airlock Development Plan was prepared. A contractor defined the
airlock and multiple docking adapter interfaces and began design
analyses for incorporating a two-gas (nitrogen and oxygen) orbital
workshop environmental control system. Reviews indicated that the
airlock design was proceeding satisfactorily.

The Apollo Telescope Mount (ATM) provides a new capability for
a variety of solar scientific experiments to be performed above the
earth’s atmosphere. It has a stabilized platform to accommodate experi-
ment instruments requiring finely controlled pointing and scientific
instruments and supporting systems mounted in a structural rack
attached to the aseent stage of an Apollo lunar module (LM). The ATM
rack will have a pointing control system consisting of control moment
gyroscopes, fine control vernier gimbals, electronic control circuitry, and
appropriate astronaut controls and displays. A thermal control system
and a communications and data handling system are also to be included.
Electrical power is to be furnished by a solar array mounted to the
ATM rack, with rechargeable batteries to maintain system loads during
darkness.

ATM systems contracts were awarded for a three-axis simulator, for
control moment gyroscope systems, for thermal and contamination
studies, for an ATM neutral buoyancy trainer test article, and for
the vernier pointing control system.

The full-scale ATM mockup was completed as was the ATM spar
test unit. (Fig. 1-10.) The ATM structural design was released for fab-
rication. Astronauts performed one-G walk-through tests for evaluation
of the Lunar Module (LLM) and the film was retrieved for evaluation.
The ATM installation and interface requirements were established for
modifying the LM to suit the LM-ATM configuration. Initial thermal
stability tests of the ATM spar were performed, and preliminary results
indicated no apparent problems concerning the spar deflection.

The Command and Service Module econtractor completed preliminary
studies of the modifications that would be required to give the CSM the
capability for a space mission lasting up to 56 days. These modifications
would adapt the CSM to a two-gas system (nitrogen and oxygen), would
enable it to carry eryogenics for longer fuel cell operation and sufficient
oxygen for the astronauts, would provide more stabilization thruster
propellant for the increased stabilization demands of experiments and
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Figure I—=10. Overall view, left side, of ATM.

long-duration flight, and would add solid retro engines to provide a
backup re-entry capability.

Long-lead procurement was initiated for those items required to keep
open the option of buying additional uprated Saturn I and Saturn V
launch vehieles.

Experiments

By the end of the period, 62 experiments had been reviewed by the
Manned Space Flight Experiments Board, approved by the Associate
Administrator for Manned Space Flight, and assigned to AAP for
implementation. Twenty-five additional experiments were identified and
were under consideration for assignment. Contracts were awarded or
were In the process of being awarded for development of approved
experiments. Most of this experiment hardware is in either the design
or the development phase. The payload integration centers (MSFC and
MSC) were actively working with the prinecipal investigators and were
in the process of integrating experiments into the spacecraft modules.
This integration includes such items as the necessary support provisions,
electrical power, coolants, storage locations, and mounting brackets.
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Mission operations requirements were being established, including such
items as the required crew training and in-flight time allocation.

The majority of the approved experiments were assigned to the first
five AAP flights. Fourteen experiments were being considered for use on
mission AAP-1A, including science experiments previously assigned to
the Apollo Program, earth resources experiments, and meteorology ex-
periments. Payload integration and compatibility studies were being
conducted to define the mission payload.

Representative of the experiments to be earried is one for making
measurements in X-ray astronomy, and one for photographing selected
ground sites using a variety of films and filters. These experiments
would provide early data for use in determining the feasibility and
applicability of conducting earth resource surveys from space.

The second and third AAP flights, AAP-1 and AAP-2, are being plan-
ned as a dual launch mission, one manned, and one unmanned but
carrying the Orbital Workshop experiment. Thirty-five experiments are
being considered for these flights—eight medical, ten engineering, six
Department of Defense, six advanced technology, and five scientific
experiments.

The medical experiments for AAP-1 and AAP-2 would be aimed
primarily at determining the effects on man of a flight of up to 28 days’
duration. The significant engineering experiment, involving the orbital
workshop, would be to evaluate crew quarters, a food management
system, and a waste management system. Also, the crew quarters would
be evaluated to determine suitability for a mission duration of up to 56
days, as planned for the AAP-3 and AAP-4 mission, and possible suit-
ability for a erew member remaining in orbit up to 90 days, as is planned
in future A AP missions.

Department of Defense selected experiments would be aimed at ob-
taining early information useful to the Manned Orbital Laboratory
Program. Other DOD experiments would obtain advanced technical data
needed to design advanced systems.

Typical advanced technology experiments would be those to further
define the micrometeorite phenomena and the associated effect on the
spacecraft. Scientific experiments would be aimed at gathering addi-
tional astronomy data which will be more advanced than the astronomy
data from AAP-1A.

The fourth and fifth flights, AAP-3 and AAP-4, were also being plan-
ned as a dual launch, one manned and one unmanned, carrying the
Apollo Telescope Mount (ATM). The mission would have two prime
objectives—one to eonduct solar astronomy experiments, and the other
to conduct additional medical experiments. ‘

The medical experiments would try to determine the effects on man
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of up to 56 days in space, a major duration extension over the planned
28-day mission of AAP-1 and AAP-2. In addition, evaluation of the
orbital workshop quarters would be continued because the orbital work-
shop from the AAP-1 and AAP-2 mission would be revisited and
reactivated.

The ATM is expected to carry five major solar astronomy experi-
ments: a white light coronograph, UV coronal spectrographs, an X-ray
spectrographic telescope, UV spectrometers, and dual X-ray telescopes.
These experiments are expected to obtain high resolution images of the
sun and detailed views of selected portions of it, primarily in the ultra-
violet and X-ray portions of the light speetrum. This research is impor-
tant to the scientific community because the 1969-1971 period of peak
solar activity will not be duplicated for 11 years.

Preliminary design was completed for most ATM experiment equip-
ment. Preliminary design and interface reviews were conducted to verify
the experiment design and performance specifications and to define ex-
periment interface requirements of the ATM supporting subsystems.
Long-lead time procurement was authorized for the ATM experiment
equipment, and the thermal-mechanical units were being fabricated.
Breadboard testing to verify the design concept of all ATM experiments
was completed. (Fig. 1-11.)

Figure 1-11. ATM X-.ray telescope being removed from thermal/vacuum chamber.
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Program Management

Refinements continued to be made in the definition of program
responsibilities. Assignments were made to the field centers for the
integration of experiments, support systems, and experiment carriers,
and responsibility interfaces were clarified among MSC, MSF'C, and the
prime contractor.

Coordination activities also continued. Intercenter coordination
panels were established to identify and define technical and manage-
ment problems that may arise among the three MSF field centers.
Meetings were conducted with the Department of Defense to exchange
information on AAP plans, manned space flight experience, and MOL
program plans and experience. To assure closer working relationships
at Headquarters on the ATM project, personnel were assigned to AAP
from both the Office of Space Science and Applications and the Office
of Advanced Research and Technology.

The payload integration contractor was selected. His primary tasks
will be to assure compatibility between the space vehicles and the pay-
loads, including experiments, experiment operational and support
equipment, and expendables; and to make certain that experiment
requirements and plans will be compatible with mission plans.

The preparation of AAP management plans continued. The Relia-
bility and Quality Assurance plan was published and distributed. A
version of the Test Requirements Document was cireulated for final
comments from projeet organizations at the field centers. The AAP
project office at KSC completed plans for AAP KSC operations for the
early missions. These plans provided a baseline for launch facilities
modifications, launch operations requirements, and the joint AAP and
Apollo use of launch facilities.

Progress was also made in scheduling and control. A formal set of
schedules with associated review procedures was started between the
centers and Headquarters. These management tools are expected to
assist management in the day-to-day proecess of investigation, assessment,
corrective action, and program adjustment.

Advanced Manned Missions

The Advanced Manned Missions Program continued studies aimed at
identifying mission requirements, investigating modes for mission aec-
complishment, determining hardware design concepts, and identifying
required resources and technology. Studies were also underway to de-
sign integrated manned space flight programs that would accomplish
more ambitious national goals than those set for Apollo and Apollo
Applications.
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The studies showed that the accumulation of systems design and
operating experience in preceding programs will make it feasible to
launch BEarth-orbiting space stations in the 1970’s. These stations could
be designed for five years of continuous operation, accommodating a
crew of nine to twelve men. Several space station concepts identified in
the studies could be reasonable follow-ons to the Earth-orbiting missions
of the Apollo Applications Program. The concepts differ in cost, sophisti-
cation, and ability to accommodate conflicting requirements. Some con-
figurations could provide artificial gravity should that be necessary or
desirable, and all ecould be launched by Saturn V vehicles. All of these
concepts are to be analyzed and refined so that a realistic set of options
will be available when the time comes to initiate space station
development.

Operating a long life-time space station requires an efficient and ver-
satile logistics system for rotating the crews, replenishing expendables,
delivering experimental equipment, and returning data. Systems being
studied would meet these demands and use Gemini and Apolle hard-
ware and subsystems. The logisties spacecraft would consist of a crew
module acecommodating six to nine men and a combined cargo/pro-
pulsion module.

Advanced manned studies conducted to date indicate that the space
station is the key to future exploration and exploitation of space. It is
here that Earth-oriented applications in the fields of communications,
meteorology, oceanography, and land resources can be made and sub-
system refinement take place. Basic research in bioscience, medicine,
geoscience, and astronomy will benefit from the enlarged and more
sophisticated facilities which will become available for the first time.
The five-year space station anticipated for the 1970°s will enable the
nation to make the technological and operational advances required for
planetary exploration, lunar orbiting stations, and even more sophisti-
cated Earth-orbiting space stations.

Apollo and Apolle Applications missions should provide for limited
exploration of the lunar surface in the vicinity of the landing sites.
Results from these early missions may indicate that more extensive
operational and scientific capabilities are needed. Such extensions would
include provisions for longer staytime and greater mobility on the
lunar surface. In anticipation of such requirements, conceptual designs
of shelter-laboratories and extended mobility vehicles were being studied
along with the improved transportation systems required for their
delivery to the moon.

Manned planetary studies have considered Mars and Venus recon-
naissance missions with the potential of retrieving samples of atmosphere
and soil. Missions studied use an encounter (fly-by) trajectory profile
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and combine the unique capabilities of both manned and unmanned
systems to carry out the desired scientific experiments. Samples would
be retrieved by an automated spacecraft deployed from the manned
vehicle as it swings by the planet. The spacecraft would be flown into the
atmosphere to take samples. In the case of Mars, a soft landing would
be made on the surface and soil samples would also be taken. Sampling
completed, the automated spacecraft would return to the manned craft
as it departs the planet. Other orbiting, landing, and impact probes
would also be deployed.

Advanced lunar and planetary mission studies, as well as space station
logisties studies, also indicated the need for uprating Saturn launch
vehicles. Various methods of uprating were therefore being investigated.
Methods being considered would employ strap-on solid motors, uprated
engines, advanced engines, and increased propellant capacity. Such tech-
niques, used either singly or in combination, would provide the increased
capability needed to meet the requirements of missions under study.

Construction of Facilities

During the first half of 1967 construction and activation continued on
schedule in providing the nation with the basic plant which will not
only support the lunar mission but establish the facilities foundation
for future programs. Most key facilities needed for the lunar landing
and return mission are complete and operational. At the Kennedy Space
Center elements of Launch Complex 39 required for first launch became
operational ; construetion of the Lunar Receiving Laboratory at the
Manned Spacecraft Center, Houston, Texas, approached ecompletion;
and at the Mississippi Test Facility the second static test stand for the
S-II stage became operational.

Kennedy Space Center

At Kennedy Space Center, final operational readiness for the first
Saturn V launch was achieved through the activation of Launch Area
A, the Mobile Service Structure, and Launch Umbilical Tower number
two. Work was continuing on schedule for outfitting the high bay #2 of
the Vehicle Assembly Building (VAB), Launch Complex 39, and
Launch Area B. Contracts were awarded for the construction of an
addition to the KSC Headquarters Building and the Visitors Informa-
tion Center.

Manned Spacecraft Center

At the Manned Spacecraft Center, construction of the Lunar Receiv-
ing Laboratory, begun in August, 1966, neared completion. (Fig. 1-12.)
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Figure 1~i12. Aerial view of Lunar Receiving Laboratory, MSC.

All remaining work is scheduled to be completed during 1967. Construe-
tion of the Flight Crew Training Facility began. This facility will house
an Apollo Procedures Development Trainer for support of the astronaut
training program.

Mississippi Test Facility

At the Mississippi Test Facility, the second stand for the Saturn V
second stage testing beeame operational in March. (Fig. 1-13.) The
seecond S-TI flight stage was successfully tested and delivered to KSC,
and the fourth S-IC flight stage was fired and accepted on the first
position of the dual S-1C test stand.

Supporting Systems and Operations

Efforts were continued to make certain that the supporting systems
and operations were kept abreast of the programs which they aug-
mented. These systems and operations included the Launch Information.
Systems, the Mission Control Systems, operational support activities,
and flight crew efforts.
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Figure I-13. S-1l stage being lowered into second S-11 test stand.

Launch Information Systems

The Launch Information Systems (16th Semiannual Report, p. 72) is
the name of the manned space flight project which develops, implements,
and operates ground instrumentation systems at the Kennedy Space
Center during countdown, launch, and the initial phases of flight. The
Apollo Launch Data System supplies spacecraft vehicle data in real time
to the Manned Spacecraft Center, Mission Control Center. The Launch
Information Exchange Facility (LIEF) supplies launch vehicle data to
the Marshall Space Flight Center, also in real time, during major pre-
flight tests and launch. Both were being used to support uprated Saturn
I and Saturn V prelaunch checkouts.

Checkout of equipment for support of the first Saturn V launch,
AS-501 (Apollo 4), including large-screen display equipment, hazard
monitoring systems, and geophysical measuring systems, was completed.
Also, during the period, the Central Instrumentation Facility (ex-
panded in December, 1966) was completely checked out and became
operational.
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Mission Control Systems

The Mission Control Systems project includes development, operation,
and maintenance of the Mission Control Center at Houston (MCC-H)
and supporting technical systems and activities.

Major MCC-H activities included system testing and performance
evaluation of hardware modifications, development and checkout of
system programs for the IBM 360-75 computers (installed in the latter
half of 1966), and development and checkout of mission programs.
System tests were completed on the Simulation, Checkout, and Training
System which was updated in late 1966 with Apollo-type training hard-
ware. The Display and Control Systemw modifications which provide
dual mission support capability were completed and tested, and system
testing of the Communications, Command, and Telemetry System,
which was modified to accommodate inereased Apollo data, was
initiated.

System acceptance testing of the breadboard Digital Television Dis-
play System was completed, and development of operating techniques
was initiated. This system will significantly aid in the preparation and
real-time display of mission operational data in the MCC-H. The de-
velopment of a prototype spacecraft television scan converter was also
completed and system testing started.

Compatibility and performance evaluation tests, which will verify
the operational capability of the Spacecraft Communication System and
associated ground station equipment, were being conducted on various
subsystems of the Apollo Unified S-Band Communication System.
This activity is to continue until all operational modes and system
configurations have been tested and the results analyzed.

Operations Support Requirements

The joint NASA/DOD MSF Support Requirements Documents
System was refined by improving the reporting formats. In addition,
a new Support Discrepancies Reporting System was coordinated ; it is
to be implemented beginning with the Apollo 4 (AS-501) mission.

The Launch Support Team and Flight Support Team operational
procedures were modified, resulting in an expansion of both opera-
tional authority and activation time. This modification is expected to
expedite handling of last minute changes to mission requirements.

NASA continued as an associate member to the DOD Range Com-
manders’ Counsel Inter-range Documentation Group (IRDG). This
group developed a Program Introduction Requirements Documenta-
tion System which is compatible with the organization of the present
Manned Space Flight Support Requirements Documentation System.



MANNED SPACE FLIGHT 35

Flight Crew Operations

Eleven scientists were selected for astronaut training and assignment
to the astronaut force. (Fig. 1-14.) The selectees were chosen from &
list of 69 candidates nominated by the National Academy of Sciences.
During the first eighteen months with NASA, they will assist in plan-
ning and implementing the Apollo Applications Program as they com-
plete general training.

The loss of spacecraft 012 and the AS-204 crew led to a reorienta-
tion of the astronauts’ program. All of the astronauts, and particularly
those with flight experience, became heavily involved in spacecraft
modification and redesign aectivities. A minimum of training time was
lost, however, since crew participation in spacecraft design and testing
has always been an invaluable part of crew preparation for flight.

Spacecraft changes necessarily lead to changes in simulators and
trainers. As changes were made to the Apollo spacecraft following
the AS-204 accident, additional work was necessary to update Apollo
training equipment. Even though the workload increased, all major

Figure 1-14. Eleven new astronauts: (seated left to right) Phillip K. Chapman,
Robert A. Parker, William E. Thornton, and John A. Llewellyn; (standing left
to right) Joseph P. Allen, Karl G. Henize, Anthony W. England, Donald L. Holm-
quest, Franklin S. Musgrave, William B. Lenoir, and Brian T. O’Leary.
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Figure [—15. Apollo simulator room, KSC, Foreground: Apollo Mission Simulator
No. 2; center: Lunar Module Mission Simulator No. 2.

items of Apollo training hardware except three lunar landing training
vehicles were in place by the end of June. The last of the three Apollo
simulators and the second LLEM simulator were delivered ; a procedures
development simulator was operational and in use by the Apollo crews;
and the lunar landing research vehicles were flown by astronauts at the
new Ellington Air Force Base (Texas) site in March. (Fig. 1-15.)

Space Medicine

During the period, the space medicine program continued to be con-
cerned with such matters as back contamination, medical and behavioral
laboratory measurements, the US/USSR space biology and medicine
foundations project, and biomathematical studies.

Interagency Committee on Back Contamination

In 1966, NASA and other government agencies established the com-
mittee on back contamination to plan those projects that would prevent
contamination of earth life by lunar samples. The committee is also



MANNED SPACE FLIGHT 37

concerned with protecting the integrity of the lunar samples, them-
selves, as well as the related scientific equipment.

By the end of the period, the committee had developed an inter-
agency agreement related to the protection of the earth’s biosphere
from lunar sources of contamination and was in the process of obtaining
agency signatures to it. The committee also prepared or approved a
series of recommendations and policy documents. These actions included
a recommendation for a mierobiological training prospectus for astro-
nauts and one for control of contamination within the lunar and com-
mand modules.

The Liunar Receiving Laboratory at the Manned Spacecrafi Center
was nearing completion, and steps were begun to certify the facility
as a containment-type laboratory.

Integrated Medical and Behavioral Laboratory Requirement System

An Integrated Medical and Behavioral Laboratory Measurement Sys-
tem (IMBLMS) is being planned for flight use, beginning with the
Apollo Applications missions of 1970. This system is to perform medi-
cal and behavioral measurements on flight crew members. It is also
being planned to accommodate experiments proposed by the scientifie
community. During this period, the procurement plan was approved,
requests for procurement were issued, proposals were received and
evaluated, and the Source Evaluation Board action was completed.
Two Phase B (Definition) contractors were selected.

Additionally, through the space medicine program, certain defini-
tion studies related to making valid measurements of man in space
were completed. Subjects of these studies were: collection and preserva-
tion of biological specimens during space flight for post-flight analysis;
feasibility of the utilization of physical methods of biochemical analyses
in space flight; definition of microbiological test requirements for
manned space flight; and feasibility of noninvasive venous pressure
measurement,

Medical Information Analysis

NASA renewed for one year a major space medicine contract—one
which has provided in-depth studies and a ‘‘quick response’’ capa-
bility since 1962. A 1964 publication stemming from this contraet,
Fire and Blast Hazards, Part 11 of the series Space Cabin Atmospheres,
was a basic document used by the Congress and NASA in the investi-
gation of the Apollo fire. The services of the principal investigator
(Dr. E. M. Roth) were extensively used to provide additional informa-
tion required in the course of that investigation.
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Publications under this contract during the period included Human
Water Exchange in Space Swits and Capsules and Storage of Biological
Samples. In addition, other studies were completed and were either in
press or being reviewed prior to publication. There were (1) Clinical
Space Medicine: A Prospective Look at Medical Problems from Hazards
of Space Operations; (2) Biomagnetics—Considerations Relevant to
Manned Space Flight; (3) Biomedical Techniques for Use in Manned
Space Laboratories, Parts I, IT and I11; and (4) The Intangibles of
Habitability During Long Duration Space Misstons.

Three studies were in progress under this contract: (1) a survey
of manned environmental test and simulation facilities; (2) develop-
ment of human standards for space flight; and (3) an analysis of
the problem of developing a method for a noninvasive means of measur-
ing peripheral and venous blood pressure.

US/USSR Project: Foundations of Space Biology and Medicine

Both space medicine staff members and representatives of a NASA
contractor participated in the editorial aspects of the joint United
States and Soviet effort, The Foundations of Space Biology and Meds-
cine. Primary responsibility for this activity is in the Bioscience Direc-
torate of the Office of Space Science and Applications.

Two other significant reports were published. A Review of the Medical
Results of Gemini 7 and Related Flights documented a symposium on
Gemini medical experiments and operational data, held at KSC on
August 23, 1966. The Effects of Confinement on Long Duration Manned
Space Flights, Parts I and 11, documented the proceedings of a NASA
symposium sponsored by Space Medicine on November 17, 1966.

Biomathematical Studies

Action was underway to develop a computerized system for storing
and retrieving astronaut medical data. This system will make relevant
astronaut data easily and quickly available to medical monitors and
qualified medical and paramedical researchers. The development of the
system was essentially completed during this period, and plans were
made to demonstrate its capability at the Manned Spacecraft Center.

Another research endeavor was concerned with continuous monitoring
and interpreting electrocardiographic data by digital computer. This
research offers NASA the possibility of real-time or near real-time
analysis and diagnosis of possible adverse functioning of heart action
in the astronauts aboard spacecraft. It is possible, using the system
under study, to receive EKG data directly from a spacecraft or from
a patient in Europe via satellite, feed the data into a computer, play it
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against the appropriate computer program, and arrive at a presump-
tive diagnosis based on the EXG within a matter of minutes or less.
Its value to the general medical community is obvious when one con-
giders the occasions when the patient and the expert cardiologists are
separated by considerable distances and when speed and acecuracy of
diagnosis are essential.

Still another research effort is that of evaluating cardiovascular
deconditioning resulting from true or simulated space flight. The
results of this research will provide medical monitors as well as research
personnel with an additional tool in dealing with the problem of cardiac
deconditioning during prolonged space flight. The research is con-
cerned with the variables important in evaluating deconditioning and
the method of arriving at an integrated score which would reflect a
significant change in one or more of the variables.

Two in-service papers have been written covering the effort to date.
The first of these, Development of an Integrated Score for Multiple
Biomedical Measurements, suggests a statistical method for combining
seores through what is known as the Z-score method. The second paper,
Evaluation of Cardiovascular Deconditioning Due to True or Simu-
lated Space Flight, treats the physiological basis of deconditioning;
the selection of pertinent variables for integration; and the develop-
ment, applications, and limitations of the integrated scoring method
proposed.



SCIENTIFIC
INVESTIGATIONS
IN SPACE

The several regions of the space environment must be understood, if
man is to travel through this medium with confidence. Already Orbit-
ing Solar Observatories monitoring processes taking place within the
sun, and Orbiting Geophysical Observatories measuring the earth’s
magnetosphere and its upper atmosphere, have provided some insight
into the more subtle, fundamental secrets of this strange environment.
The Lunar Orbiter and Surveyor spacecraft have paved the way for
exploration of the moon by pinpointing possible landing sites for astro-
nauts and by sampling its surface; while Mariner spacecraft have
furnished data on Mars and Venus. To prepare for prolonged manned
flights beyond the earth, bioscientists have begun to determine how
man can survive in this hostile environment by investigating the effects
of space on various life forms in orbiting biological laboratories.

Physics and Astronomy Programs

Orbiting Observatories

On March 8 OSO-III was placed into an orbit ranging between 335
and 355 miles. Carrying instruments for nine experiments of scien-
tists from universities, NASA, and other governmental laboratories,
the satellite weighs 627 pounds and its instruments can be pointed at
the sun with an accuracy of 1 minute of are. Instruments for two experi-
ments are in OSO-III’s sail and those for seven others in its spinning
wheel (Fig. 2-1). These provide additional data on solar disturbances,
the effects of solar ultraviolet radiation on the earth’s atmosphere, and
information on the radiation environment between the earth and the
moon. Such data should also be helpful in understanding the solar flare
hazard for Project Apollo astronauts.

For the first time, OSO-III obtained detailed data on the absorption
of extreme ultraviolet solar radiation in the earth’s atmosphere during
sunrise and sunset. (Readings were made at altitudes between 75 and

40
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Figure 2-I. Orbiting Solar Observatory (OSO-lil1}.

300 miles, in latitudes between 33°S and 33°N.) The orbiting observa-
tory also observed the most energetic X-radiation coming from the
sun yet detected. These X-rays occurred simultaneously with height-
ened activity on the sun’s surface. Other measurements of X- and ultra-
violet radiation were made (not possible from the earth) showing
previously unobserved spectral lines present during flares only. Spectral
line intensities were found to be four or more times greater than
those observed earlier during the sun’s quiet period.

The satellite also measured radiation coming from the direction of
the earth. Larger amounts of radiation in the near ultraviolet (near
the visible wavelengths) were found than expected, along with a de-
crease in the intensity of the ultraviolet of shorter wavelengths (farther
from the visible wavelengths). Infrared measurements showed higher
intensities than those computed from the earth’s heat balance and sup-
ported previous measurements made by OSO-I and OSO-II using differ-
ent techniques. {(OSO-I was launched in March 1962 ; OSO-II in Febru-
ary 1965). In addition, higher intensities for gamma rays with energies
above 100 million electron volts were measured when the instrument
aboard OSO-IIT was pointed toward the earth than when pointed in
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other directions. The next OSSO, OS80-D, was being made ready for
launch in the second half of 1967.

The three Orbiting Geophysical Observatories, 0GO-I, II, and III,
still transmit useful information upon command when they are in the
sunlight and able to generate sufficient power. They were orbited in
1964, 1965, and 1966. OGO-D was being prepared for launch in
July 1967. The next Orbiting Astronomieal Observatory (0AO0-A2) was
undergoing extensive changes to prepare it for flight.

Pioneer

Measurements of the magnetosphere and interplanetary magnetic
fields made by Pioneer VI and VII, while flying almost 200 million
miles in solar orbits, indicate that the tail of earth’s magnetosphere,
greatly elongated and weakened, extends away from the sun and may
reach as far as 3.5 million miles from the earth. The spacecraft
(launched in 1965 and 1966) noted over 30 bursts of cosmic ray parti-
cles generated by solar flares during 1966—a year marked by a mini-
mum of solar activity. They also measured temperatures of electrons in
interplanetary space for the first time, and found that on the average
electron temperatures in the solar wind were about twice as high as
positive particle temperatures.

Russian scientists compared data on solar wind velocities, ion concen-
trations, and energy spectra provided by Pioneer VI with informa-
tion supplied by their Venus 3 probe and concluded that the results
obtained by the two spacecraft were essentially in agreement.

Explorer Satellites

Explorer XXXIV (IMP-F), fifth in the Interplanetary Monitoring
Platform series, was launched on May 24. The 163-pound spacecraft
operated as designed in its planned orbit ranging between 154 and
131,187 miles from the earth (fig. 2-2).

The spacecraft’s 11 experiments measure solar and galactic cosmic
rays within and at the boundary of earth’s magnetosphere and in
interplanetary space. These data will be used in studying sun-earth rela-
tionships, particularly the effects of solar events on the earth environ-
ment during the present period of inecreasing solar activity. Explorer
XXXIV is more complex and carries more experimental equipment
than have earlier Explorers of the IMP class. For example, Explorer
XXXIII (orbited in July 1966) carries equipment for just 7 experi-
ments. The next IMP, to be placed into an anchored orbit about the
moon, was scheduled for a July 1967 launch.

The most distant correction of a malfunction in spacecraft equip-
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Figure 2~2. Explorer XXXIV undergoes thermal-vacuum fests.

ment known was made with Explorer XXXIII early this year. When
this spaceeraft was about 253,000 miles from the earth, signals received
indicated a low power voltage supply. The power drain was cured by
turning off the spacecraft transmitter for 40 minutes by radio com-
mand and then sending a power surge through the other equipment
aboard.

In a noteworthy ‘‘first,”” Bxplorer XXXIII established that earth’s
magnetosphere extends beyond the moon.

San Marco and Ariel Satellites

International cooperation in space (ch. 7) continued with the launch-
ings of the San Marco II and Ariel III scientific satellites. The San
Marco IT Italian satellite was put in orbit off the coast of Kenya,
Africa on April 26—the first launching from a mobile launch plat-
form and the first made from near the equator. The platform was
floated to the launch site in the Indian Ocean and secured by extend-
ing moveable legs into the seabed. The satellite is a 26-inch 285-pound
sphere equipped to determine air density at the satellite’s height of
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several hundred miles and to investigate ionospheric disturbances to
radio transmissions.

The British Ariel IIT was launched on May 5 into a nearly circular
orbit 306 to 373 miles above the earth (fig. 2-3). This 198-pound space-
craft carries 5 experiments in electron density and temperature, radio
noige, and the distribution of molecular oxygen. All of its experiments
were working as planned.

Sounding Rockets and Balloons

Fifty physics and astronomy sounding rockets were launched dur-
ing the first six months of this year carrying experiments to study
auroral, particle, and electromagnetic radiations, solar physics, and
ionospheric phenomena. Twenty-three of these were in Brazil, Canada,
India, Norway, and Sweden. Two were flights of four-stage Argo D-4
Javelins from near Natal, Brazil to test instruments being developed
for a German research satellite scheduled to investigate the Van Allen
radiation belts of the earth in 1969. Two experiments of OSO-IIT were
calibrated by rocket flights soon after the orbiting observatory’s launch.

Figure 2—3. The British Ariel 111,
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Also, 36 meteorological research rockets were launched during this
period.

Twenty-one balloons (operating at lower altitudes than rockets but
able to remain in space longer and carry more experiments) investi-
gated particle or electromagnetic radiation absorbed in the earth’s
atmosphere, and tested satellite and observatory instruments.

Lunar and Planetary Programs

Surveyor

Surveyor ITI, NASA’s second spacecraft to make a soft landing on
the moon, landed inside a crater in the Sea of Storms (Oceanus Pro-
cellarum) on April 20. The vernier engines continued to burn after
initial touchdown because of a problem with the landing radar, causing
the spaceecraft to lift off twice before finally settling down. The space-
craft operated for 14 earth days until lunar sunset, transmitting 6,315
TV pictures, some in color. Included were views of the surrounding
lunar landscape, photos of the spacecraft’s surface sampler manipulat-
ing the lunar soil, a solar eclipse, and photographs of the earth.

A surface sampler instrument was included for the first time to
allow Surveyor IIT to dig trenches and otherwise manipulate the lunar
soil. The spaceeraft’s TV camera shows the surface sampler at work
in a 6-inch deep trench. (Fig. 2-4). From landing gear strain gages
and surface sampler data, the surface bearing strength was calculated
to be 3 to 8 pounds per square inch, very similar to that measured by
Surveyor 1 (16th Semiannual Report, p. 75).

Surveyor D, scheduled to be launched this summer, will carry a pay-
load identical to that of Surveyor I11. But instead of a surface sampler,
the next two Surveyors will ecarry an alpha-scatter instrument to meas-
ure the relative abundance of chemical elements in the lunar surface
along with the TV and other instruments of Surveyors III and IV.
The seventh and last Surveyor will carry an alpha-seatter instrument, a
surface sampler, a television camera, and the other standard instru-
ments.

Lunar Orbiter

Lunar Orbiters III and IV were placed in close-in orbits about the
moon during the first six months of this year. Each spacecraft (one
remains to be launched in this series of 5) carried a moderate- and high-
resolution roll film camera, a film processor, and a scanning light beam
film readout unit. There were also sensors to measure the mierometeoroid
flux and radiation levels in the near lunar environment.
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Figure 2—4. Surveyor Il digs a trench on the moon.

Lunar Orbiter III’s primary objective was to obtain additional
detailed photography to confirm the suitability of promising landing
sites for Surveyor spacecraft and Project Apollo astronauts identified
by Lunar Orbiter I and IT pictures. Its secondary objectives were to
measure meteoroid flux and high energy radiation in the near lunar
environment and gather radio tracking data to add to seientists’ knowl-
edge of the moon’s gravitational field. Liaunched on February 4, Lunar
Orbiter IIT photographed 12 primary potential Apollo and Surveyor
landing sites and provided pictures of other areas on the front and far
sides of the moon. It also achieved the other objectives of its mission.

Lunar Orbiter IV (fig. 2-5) was orbited on May 4 to make a sys-
tematic photographic survey of the entire front surface of the moon.
The spacecraft has provided detailed pictures of 99 percent of its front
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Figure 2-5. Lunar Orbiter IV with solar panels unfolded.

face more than ten times clearer than any ever made from the earth.
Other photographs were taken of the moon’s hidden side. (To date
the four Liunar Orbiters have photographed about 75 percent of this
side.)

Lunar Orbiters II, IT1, and IV continued to orbit the moon. Although
functioning normally, they were unable to take more pictures. They are
tracked regularly and contribute substantially to equipment checkout
and training of personnel of the Manned Space Flight Network. Track-
ing data from them were being analyzed to provide further information
on the lunar gravitational field. Data from their micrometeoroid detec-
tors indicated that micrometeoroid flux in the immediate vicinity of the
moon is about the same as that near the earth. Instruments monitoring
radiation dose levels near the moon found this radiation to be insignifi-
cant, except during major solar flares.

Mariner

Mariner IV telemetry data indicated that the spacecraft was func-
tioning normally. On May 12 when a series of commands was trans-
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mitted to update its attitude control system to prepare for joint opera-
tion with Mariner V during August and September, the spacecraft
responded saisfactorily. Since its launching 31 months ago Mariner IV
has traveled over 1.28 billion miles in more than 1.5 revolutions around
the sun. As of June 30 it was about 57.5 million miles from the earth
and 136 million miles from the sun.

Mariner V was launched on June 14 and injected into a transfer
trajectory to Venus (fig. 2-6). Attitude stabilization was achieved
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Figure 2—6. The Mariner Y spacecraft.
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by using the sun and the star Canopus as reference points. Its instru-
ments were turned on and transmitted seientific and spacecraft perform-
ance data immediately. All systems were operating as planned. The
spacecraft will pass by Venus on October 19. Its closest approach should
be about 2,500 miles from the planet’s surface—very close to the desired
distance.

Two identical Mariner spacecraft will be launched to flyby close to
Mars during the August 1-19, 1969 period when the planet is closest
to the earth. The spacecraft are based on the Mariner IV design and
will provide data on the physical, chemical, and thermal properties of
the Martian atmosphere and surface (16th Semiannual Report, p. 79).
All spacecraft subsystem contractors began preliminary and detail
design and preliminary design reviews were held. Prototype hardware
was being delivered and was undergoing engineering evaluation.

A communications breakthrough was made in the radio and telemetry
subsystems. Through a more efficient spacecraft antenna, modifying the
telemetry electronies on board the spaceeraft and at the ground receiv-
ing stations, and by using the 210-foot Deep Space Network tracking
antenna at Goldstone, Calif., the telemetry playback data rate was
inereased to 16,200 bits a second. The playback data rate of Mariner IV
was 331 bits a second. This progress in communications will contribute
to the more advanced missions such as Voyager which will have data
rate requirements far beyond those of these Mariner missions.

VYoyager

Voyager spacecraft, whose flights to Mars are planned for 1973,
will orbit the planet supplying data on its environment and helping
to determine suitable landing sites. The spacecraft will also transmit
information on the physical and chemical characteristics of the planet’s
surface and its ability to support life forms.

To assure the best possible use of NASA’s resources, the Voyager
Project was reorganized during the first six months of this year and a
Voyager Interim Project Office set up. The Marshall Space Flight
Center was assigned the spacecraft and launch vehicle systems; Lang-
ley Research Center, the capsule bus system ; Jet Propulsion Laboratory,
the surface laboratory, mission operations, and tracking and data sys-
tems; and the Kennedy Space Center the launch operations system.
Preliminary design work was begun by three contractors on one phase
of the spacecraft system, and preliminary design by two other contrac-
tors of one phase of the capsule. Also, the preliminary mission descrip-
tion was completed.
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Advanced Programs and Technology

Lunar and Planetary Studies

A study to determine the feasibility of a Mariner Venus flyby-probe
during 1970 when the planet is nearest to the earth, indicated that the
mission could be carried out through reasonable modifications of the
Mariner Mars 1969 spacecraft and by adapting the Mars 1971 probe
designs. An Atlas-Centaur could be the launch vehicle. However, the
mission was not recommended sinee available resources are needed for
the Mariner 1969 and the proposed Mariner 1971 programs.

Another study revealed the need for unmanned surface roving vehi-
cles to explore the moon during Surveyor, Lunar Orbiter, Apollo, and
post-Apollo lunar missions.

Little is known of the orbits of comets and asteroids and their
motions are not well understood. To study them a spacecraft should
pass within about 620 to 6,200 miles of their surface. Recent studies
showed that by observing a typical comet from the time it appears until
a week before the spacecraft is launched it is possible to flyby as close
as about 4,340 miles. Continued observations after its launching can
bring the spacecraft even closer to the comet or asteroid being investi-
gated.

Advanced Technical Development and Sterilization Program

The advanced technical development and sterilization program has
expanded to cover all phases of spacecraft and capsule system develop-
ment. For example, significant progress was made in life testing elec-
tronic piece parts and materials (primarily plastics) for use in design-
ing a sterilizable planetary capsule. Results of these tests were published.
There were also noteworthy advances in developing and testing a series
of sterilizable solid propellant rocket motors. A new saturethane pro-
pellant was developed, which when loaded into a two-pound motor,
successfully fired after six sterilization cycles. This propellant will be
test fired next in a 60- to 100-pound rocket motor.

In addition, substantial progress was made in developing the optical
planetary approach guidance system for spacecraft, increasing its
accuracy. The prime contractor initiated the fabrication of profotype
hardware for this development and it should be completed by the fourth
quarter of 1968.

A new concept for sterile assembly and testing of capsule hardware
would allow last minute repairs of a planetary capsule without disturb-
ing its sterile condition. Detailed design of a full-scale laboratory simu-
lation facility was begun at the Langley Research Center.
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Further, improved methods were developed for screening electronic
piece parts used in spacecraft assemblies. These methods will provide
procurement guidelines for an approved parts list to assure more relia-
ble electronic components for long-life planetary spacecraft.

Bioscience Programs

Exobiology

Studies of organic matter in ancient sediments in the earth have un-
covered evidence of amino acids in 3.1 billion-year-old rocks—the oldest
amino acids so far known. The discovery suggests that life arose early
in earth’s history, perhaps within its first billion years.

New techniques were being devised to extract and identify these
amino acids and carbohydrates from rocks and fossils in analyzing
terrestrial rocks and in future investigations of lunar, planetary, and
interplanetary samples returned to the earth. A prototype of a more
sensitive miero-amino acid analyzer was being built with automatic
reaction steps including acid hydrolyses of samples, and separation of
the resulting amino acids from contaminating metal compounds. Also,
an instrument combining a gas chromatograph and a compact, relatively
simple, low-cost mass spectrometer was being devised for analyzing
traces of organic substances.

Various techniques were under development which, when automated
and combined, will be used to detect life on extraterrestrial bodies.
Automated probes will be first, perhaps, followed later by manned
probes. These techniques include the search for certain basic character-
isties of living systems—chemistry, metabolism, and growth—requiring
the development of breadboard and flight instruments. An example of
such a technique would be using the gas chromatograph-mass spectrom-
eter combination for organic analysis, which was being studied and
miniaturized for pre-flight testing.

The technique of combining a mass spectrometer and a gas chromato-
graph was developed to analyze mixtures of organic substances of very
high molecular weights. This could be the most sensitive, versatile and
accurate system for making organic lunar sample analyses. Other de-
viees for metabolic and growth detection were progressing toward flight
systems. Visual imaging systems were also being developed for both
macro- and microscopic applications.

Planetary Quarantine

Planetary qudrantine and sterilization are planned to control the
transfer of life forms from the earth to the moon and the planets. This
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inevitable contamination of the planets by terrestrial life must be de-
layed as long as possible in order not to endanger the search for extra-
terrestrial life on these bodies, or complicate the problem of quarantin-
ing returning astronauts. Studies of biological contamination control
and dry heat sterilization have further advanced knowledge of clean
assembly and sterilization of spacecraft—consistent with maintaining
spacecraft reliability. Recent studies indicated that the organism’s re-
sistance to dry heat sterilization is directly proportional to the water
activity (roughly the relative humidity) of the cell. This finding may
be of considerable value in reducing the heat required to sterilize space
flight hardware. Other studies on the integration of heat-up and cool-
down time in the sterilization cycle suggest that advantage can be taken
of the lethality of this portion of the eycle to reduce total sterilization
time.

A full-scale mock-up of a planetary landing capsule at the Jet Propul-
sion Laboratory’s new sterilization assembly development laboratory
will be used in tests of the feasibility of this heat-up and cool-down
lethality method. The laboratory will also attempt to solve engineering
problems resulting from the heating of full-scale and complex capsule
systems.

Improved methods of reducing the number of microorganisms borne
by spacecraft resulted in record low levels in the assembly and decon-
tamination of the Anchored Interplanetary Monitoring Platform “E’’
satellite (Explorer XXXV). This satellite, launched on July 19, had
a final total surface load of only 2200 organisms after assembly—the
lowest level of contamination of any spacecraft so far built in this
country.

Environmental Biology

Depressed Metabolism.—Bioscientists have announced a breakthrough
in the study of depressed metabolism. In their experiments hamsters
exposed to 5°C in normal air did not become hypothermic (have ab-
normally low body temperatures). However, after 5 to 8 hours of ex-
posure to an atmosphere of 80 percent helium and 20 percent oxygen at
5°C, their body temperatures also became 5°C. The hamsters remained
hypothermic for 2 to 3 days, but returned to normal when exposed to
room temperature. Hypothermic hamsters showed an increased resist-
ance to radiation damage. They survived 1000 roentgens for more than
90 days, while the nonhypothermie, irradiated controls died within a
few days after exposure to the same radiation dose.

Intravascular Catheters—A method was developed for implanting
and maintaining intravascular catheters for over 360 days. The pro-
cedure allows three major blood vessels and one heart chamber to be
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catheterized. The implants permit experimenters to observe mechanisms
of the body adapting to chronically applied stress without any dis-
turbance to the animal other than that caused by the particular stress
being studied.

Clinical Microanalysis.—A self-contained mobile laboratory for clini-
cal microanalysis, Cosmolab, was developed for use in areas of inade-
quate power or water supply. Able to perform a wide range of chemical
analyses in a simplified manner, it is portable, compact, complete, and
ready for immediate use anywhere.

Acccleration-Radiation; Vibration-Radiation Effects—Acceleration
and radiation combined, as well as vibration and radiation combined,
were thought to cause greater cellular and genetic damage together than
when acting alone. However, just the opposite happened in experiments
with brine shrimp. In these experiments vibration and radiation antag-
onized each other, producing a lesser effect in combination than either
did alone. Aceeleration and radiation produced the same resulfs.

Biosatellites

Biosatellite I was launched successfully on December 14, 1966 (16%h
Semiannual Report, p. 83). The first of NASA’s recoverable biological
satellites for use in determining the effects of the space environment on
various life processes, it operated satisfactorily for three days in an
orbit with an initial perigee of 159 miles and an apogee of 178 miles.
During this time about 50 tasks associated with the biological experi-
ments were carried out automatically as scheduled. The attitude control
system maintained near-weightless ¢onditions for over 95 percent of the
flight, and capsule temperatures, pressure, and relative humidity were
as planned.

The satellite’s deorbit sequence began on December 17, as scheduled,
but tracking data showed that the capsule continued in orbit. On Febru-
ary 15, 1967, tracking data indicated that the capsule would probably
land in the sea east of Australia, but it was not recovered.

Biosatellite I carried 13 experiments designed to study the effects of
weightlessness on certain organisms and the effects of weightlessness
combined with an onboard radiation source. Non-irradiated experiments
were of cell division, cell growth of a developing embryo, the effects on
the basie structure of protoplasm, effects on enzymes, and the orientation
of leaves, roots, and shoots of various plants to gravity. After recovery
all biological material was to be examined for growth, changes in shape,
changes in strueture of tissue and cells, and for biochemical changes.
Experiments had identieal control versions on the ground, subjected to
conditions close to those of the experiments aboard the satellite (except
for weightlessness). Radiation experiments had non-irradiated replicas
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aboard the spacecraft to function as ‘‘controls,”’ enabling experimenters
to determine the effects of weightlessness only.

Necessary design changes were incorporated into Biosatellite B, the
second recoverable biological satellite, scheduled for launch in Septem-
ber. Spacecraft and experiments for 30-day flights were under develop-
ment in preparation for the first mission late in 1968. A small pigtailed
monkey will be aboard the satellite for studies of the central nervous
system, cardiovascular and metabolic funections, and possible skeletal
changes due to weightlessness. Equipment for the monkey was being
tested at the University of California (Lios Angeles), while the space-
craft systems were being tested by the contractor. The 21-day Biosatel-
lite—to conduct investigations of 24-hour biological rhythms and
studies of weightlessness on rats, plants, and human cells-——was sched-
uled for a first flight late in 1969,

Behavioral Biology

Space biologists have obtained further information on the control of
circadian rhythms in a wide range of organisms, in various physiological
systems, and under a variety of environmental stimuli. In experiments
at the Max-Planck Institute for Behavioral Physiology, a weak electro-
magnetic field was found to shorten the daily rhythm, and to maintain
synchronization between activity and other rhythms of the body. Tech-
niques for analyzing data developed at the University of Minnesota,
demonstrated that exposures to relatively short space flights as experi-
enced by Project Gemini astronauts and Vostok cosmonauts did mot
disrupt the basic daily rhythms of the heart.

Bioseientists also learned more about the role of circadian rhythms in
arousing animals from hibernation. In addition, advances in molecular
biochemistry have begun to provide a new theoretical basis to guide
experimenters in their search for the origins of circadian phenomena.

Physical Biology

Research on the processes of evolution begins with the simpler protein
molecules assumed to be formed early in the earth’s evolution and
proceeds to the complex proteins found in organisms living today. Pro-
tein, made up primarily of amino acids, contain nitrogen that is a
necessary part of the cells of plants and animals. Through comparing
two proteins by matching the sequential arrangement of their amino
acids, bioscientists have developed a new technique to study these evolu-
tionary processes. Since there are 20 amino acids, there is about a
5 percent chance that two of them in any two different sequences will
be the same.
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Ferrodozin, a protein found in spinach, was compared with a cor-
responding protein in an anaerobic bacteria (one which lives in an
oxygen-free atmosphere only). Only half as large, the bacterial protein
has functions similar to those of the spinach protein. And the sequences
of arrangement of the amino aeid in both protein molecules were found
to be identical in major regions but not identical in a few other regions.
The difference between the two sequences was due to the process of evolu-
tion taking place at the molecular level.

The anaerobic bacteria may be a living remnant of the era before the
atmosphere of the earth contained oxygen. Ferrodozin could be one of
the oldest ‘‘chemical fossils,”’ its composition furnishing a clue to the
chemistry of life existing long before there were green plants.

Bio-information Retrieval—A basic problem in retrieving any bio-
information from spacecraft during flights to Mars or to the other
planets is the limit to the bits of information (about 10°) able to be
telemetered by the spacecraft. This limitation imposes severe restrictions
on designing systems for detecting extraterrestrial life. To help over-
come this deficiency, a new teechnique was developed which would apply
methods used with the electron microscope to store information for
direct retrieval. The electron microscope uses ultraminiaturized matter
imprinted directly onto reels of very thin special photographic film
measuring only 10 by 10 microns under the microscope. (A micron is
a millionth of a meter.) When enlarged photographically 12,000 times
this condensed information fits onto an 8- by 10-inch print.

Apollo Lunar Surface Experiments Package

The Apollo Lunar Surface Experiments Package, ALSEP, is part of
the program of experiments to be conducted and activated on the lunar
surface by astronauts (16th Semiannual Report, p. 98). ALSEP will
be carried to the moon aboard the Apollo Lunar Module. After deploy-
ment it will provide data on the magnetic fields of the moon ; the lunar
interior, thickness, and density; the charged particle environment of
the moon ; and the pressure and composition of ions in the atmosphere.

This geophysical station will transmit scientific information to the
earth for a year. It consists of 8 experiments (4 or 5 to be carried on
each Apollo flight) ; a central station to receive commands and transmit
data to the earth; and the SNAP-27 Radioisotope Thermoelectric Gen-
erator to provide the nuclear power to operate it. Three of these experi-
ments packages will operate simultaneously at different lunar locations.
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Significant progress was made in the ALSEP program during the first
six months of this year. Noteworthy were :

* Testing of engineering and prototype models, about as specified.

¢ Final design by the Atomic Energy Commission of the SNAP-27
fuel cask and AEC’s operation of this radioisotope thermoelectric
generator above its guaranteed power estimate of 56 watts.

¢ Exceptional performance of the central station during tests.

* Development of all experiments on schedule except one or two sci-
entifie instruments.

* HExpansion of systems testing to meet the revised Apollo schedule.

Light and Medium Launch Vehicles

NASA used Scout, Delta, Agena, and Atlas-Centaur launch vehicles
for its unmanned space missions during the first six months of 1967.

Scout

Six Scout vehicles were launched and four missions successfully com-
pleted. A launching for the Defense Department was unsuccessful on
January 31 when the vehicle’s fourth-stage motor failed. After investi-
gation and re-design, a new fourth-stage motor nozzle was qualified and
the flights resumed satisfactorily. On April 13, April 26, May 5, and
May 18 Secout successfully launched two missions for the Defense De-
partment and orbited the San Marco B and UK-E satellites. On May 29,
a Scout was unsuecessful in launching the ESRO I1 satellite.

The launch of the San Marco satellite from the Italian launch range
off the coast of Kenya, Africa marked the successful completion of the
second phase (p. 43) of the San Marco program.

Delta

Delta launched six missions boosting the vehicle’s record to 16 con-
secutive successes—overall 45 successes in 49 attempts.

Intelsat 11-B and Intelsat II-C were orbited for the Communications
Satellite Corporation on January 11 and March 22. The TOS-B weather
satellite was launched on January 26; the OSO-E scientific satellite,
March 8. Another weather satellite (TOS-C) was launched on April 20;
another scientific satellite (IMP-F') on May 24.

Agena

Agena was successful in three of its four launch attempts. Lunar
Orbiters IIT and IV were launched in February and May by Atlas-
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Agena vehicles. The Atlas-Agena placed the spacecraft on the planned
lunar trajectories and all vehicle test objectives were achieved. The sec-
ond Applications Technology Satellite (ATS-IT) was launched in April,
also by an Atlas-Agena. The early part of the flight was a success.
However, Agena second burn did not occur as programmed, and the
spacecraft remained in a highly elliptical orbit rather than the planned
circular one (ch. 3), Another Atlas-Agena, in June, launched Mariner V
to flyby Venus. All vehicle objectives were realized in this flight—con-
sidered by the spacecraft tracking networks to be the most accurate
injection ever performed by Atlas-Agena.

Launch Vehicle Status~—Atlas-Agena, currently scheduled for phase-
out early in 1968, will be used in three more missions—a Lunar Orbiter,
an Applications Technology Satellite, and an Orbiting Geophysical
Observatory. Preparations were on schedule for these three launches.
Thor-Agena was being readied for a Polar Orbiting Geophysical Ob-
servatory and a Nimbus launch.

Atlas-Centaur

The third operational flight of the Atlas-Centaur was successfully
carried out on April 17 when it boosted Surveyor III into the desired
lunar transfer trajectory. The spacecraft soft landed on the moon and
suceessfully completed its mission. Three more Surveyors will be
launched in 1967 with this vehicle. The Atlas booster will be up-rated for
the fifth Surveyor and subsequent flights to inecrease its payload
capability by about 300 pounds.
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Promising even more substantial future accomplishments by similar
spacecraft, the first Applications Technology Satellite supplied data on
tropical cloud motions and air circulations, took part in voice communi-
cations between aircraft and ground stations, and helped telecast a pro-
gram by 17 nations reaching an estimated 14 percent of the world’s
population. Also noteworthy were the performances of weather satellites
providing thousands of good pictures to forecasters and meteorologists
in many countries, and communications satellites over the Atlantic and
Pacific Oceans supplying commercial service. (leodetic satellites were
helping earth-based observers locate continents, islands, and other geo-
graphie points in establishing a unified global control reference system.
In addition, various types of instrumented aircraft flew over test sites
gathering earth resources data leading to the development of satellites
able to make more comprehensive earth resources surveys.

Meteorological Satellites

ESSA and TIROS

To assure continuous Automatie Picture Transmission (APT) cover-
age around the world, ESSA IV was launched for the Environmental
Science Services Administration, BSSA, on January 26. NASA turned
the weather satellite over to that Ageney about two weeks after launch

58
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and the APT system was providing excellent quality pictures. (The
National Operational Meteorological Satellite system, inaugurated by
ESSA I, completed its first year of successful operation in February.)
At ESSA’s request, NASA launched ESSA V-—the second TIROS
Operational Satellite with an Advanced Vidiecon Camera system—on
April 20. This spacecraft was turned over to ESSA’s National Environ-
mental Satellite Center on May 8.

The cameras aboard ESSA V furnished excellent pictures. Its low
resolution infrared radiation monitor measured the short-wave radiation
reflected by the earth and its atmosphere, as well as the long-wave
radiation emitted by the earth. These measurements will be used to
chart the global heat balance. Fig. 3-1 (p. 60) shows computerized
analyses performed by ESSA III using Advanced Vidicon Camera
photographs taken by operational weather satellites.

NASA signed the hardware contract for the TIROS M research and
development spacecraft (16th Semiannual Report, p. 103) in April.
The contractor is fabricating the major subsystems. The contract calls
for delivery of the flight model spacecraft in May 1969. Meeting this
date will assure that the next generation of ESSA spacecraft (Improved
TOS) will be ready to be incorporated into the operational meteorological
system by 1970.

TIROS VII, VIII, IX, and X continued to provide meteorologically
usable pictures. TIROS VII, which completed -4 years of successful
operation June 19, has provided over 121,000 cloud photographs.

Nimbus

Nimbus II successfully completed a year in orbit on May 15 (table
3-1), greatly exceeding its design expectations. Stabilization of the
satellite remains within =1° in about all three axes, and its control
gas supply should be adequate for five more years. The Automatic
Picture Transmission (APT) system was still transmitting good quality
photographs to ground stations around the world. The APT system has
operated for over 4,172 hours. Figures 3-2 and 3-3—APT pictures taken

Table 3—1. Nimbus 1] experimental results on completing orbit 4860, May {5, 1967

Sensor Status Cumulative
Automatic Picture Transmission System. .. ________| Operating 4,172 hours
Advanced Vidicon Camera System Partially
Inoperative 113,233 frames
High Resolution Infrared Radiometer_______._______| Inoperative 1,576 hrs., 54 min.
Direct Readout High Resolution Infrared = [ _______ do_——__Jd 1,836 hrs., 8 min.
Radiometer.
Medium Resolution Infrared Radi 3 do. 1,312 hrs., 32 min.
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Figure 3-2. Nimbus 1l APT photograph of the Great Lakes (July 16, 1966).

about a year apart—demonstrate the performance of this system after
the first year of operation. The Advanced Vidicon Camera system
(AVCS) was operative in real time only to NASA’s ground stations in
North Carolina and Alaska.

Nimbus B continued to be on schedule tor its launching early in 1968.
All flight experiments were delivered exeept the Infrared Interferometer
Spectrometer and the Satellite Infrared Spectrometer. Integration of
flight spacecraft and sensor subsystems was initiated.

All Nimbus D contracts for major spacecraft subsystems and experi-
ments were awarded except contracts for the Interrogation, Recording,
and Location Subsystem; Image-Dissector Camera System; Monitor of
Ultraviolet Solar Energy, and the power supply.

Meteorological Sounding Rockets

Sounding rockets were used to obtain meteorological measurements
above altitudes reached by sounding balloons and below those of satellites.
Acoustic grenades, pitot-static tubes, and light-reflecting or luminous-
vapor experiments were employed.
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Figure 3-3. APT picture of the U.S. and Cuba from Nimbus Il (June 7, 1967).

Six grenade experiments were launched from Pt. Barrow, Alaska, and
6 pitot-static tube, and 6 chemical release experiments from ¥'t. Church-
hill, Canada. These launchings, on January 31 and February 1, should
supply data on the wavelike temperature structure at high latitudes
during the winter, auroral heating, and the source of midwinter heating
at an altitude of 50 miles. At the same time two grenade experiments
were launched at Wallops Station, Virginia, for ecirculation analyses in
conjunction with these temperature structure and heating studies.
Twelve single grenade experiments were launched from Pt. Barrow and
Wallops Station between March 31 and May 15 to study the spring
decay of the westerly flow that forms the winter polar vortex, and the
early phases of the easterly flow of the summer months. On June 21
three grenade experiments were successfully launched from Natal,
Brazil, during a 24-hour period to obtain data for studies of the tropical
mesosphere (about 250 miles above the earth).
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Meteorological Sounding Rocket System.—An inexpensive meteoro-
logical sounding rocket system for reliable routine launches, range sup-
port, research, and network operations is needed for adequate obser-
vational coverage of the atmosphere above 20 miles. Parallel coordinated
approaches were underway to develop the launch vehicle and the payload
for this system. NASA and the U.S. Army continued this cooperative
program to develop self-consuming rocket cases to reduce or eliminate
the falling mass hazard.

In this part of the program 67 rockets were launched for development
and test work and range support operations, and full data were obtained
in 75 percent of the launches.

Field Experiment Support.—By sharing the costs of mutually bene-
ficial research aetivities with other nations, NASA obtains useful mete-
orological data. For example, the Agency has set up a cooperative pro-
gram for testing and cross-calibrating sounding rockets, payloads, and
ground equipment developed by other nations with similar U.S. equip-
ment (ch. 7).

Communications Satellites

Relay and Telstar

Relay II and Telstar II continued to function in orbit, although no
communications experiments were conducted with them. Relay was
used to gather data on radiation and radiation effects. (Telstar IT was
launched in May 1963 ; Relay II in January 1964).

Syncom

The Department of Defense used Syncom IT and III for operational
communications in the Indian and Pacific Ocean areas. Syncom II has
orbited the earth for about four years and oscillates around 73° East
longitude. Syncom IIT—launched in August of 1964—was drifting
slowly westward from 160° East longitude.

Intelsat

On January 11 NASA launched Intelsat IT-B for the Communications
Satellite Corporation (Comsat). The satellite was injected into a syn-
chronous orbit over the Pacific Ocean, to enter into commercial serviee
on January 27. Intelsat IT-C was orbited by NASA for Comsat on
March 22. Placed into a synchronous orbit over the Atlantic, this
Intelsat provided commercial service to countries bordering the Atlantie
Basin. As part of this service, the two communications satellites will
support the Apollo lunar landing program.
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Figure 3-4. Radios and television sets in the world (1965-70).

Echo

The Echo I and II passive communications satellites were used for
geodetic and air drag studies only. These two spheres were launched
in 1960 and 1964, respeetively.

Supporting Research and Technology

Studies were completed of four types of active communications satel-
lites suitable for voice broadcasts directly to conventional home receiv-
ers. These studies point up the feasibility of broadecasting to short-
wave radios, FM receivers, and the sound section of UHF television
sets. The distribution of radio and TV receivers in various parts of
the world (fig. 3-4) was studied to determine the cost effectiveness of
various types of spaceeraft for these broadeasts.

In addition, several studies were conducted to investigate the possi-
bility of deploving large reflecting structures in space (such as the
Echo I and II spheres) for use as passive communications satellites
or as large aperture antennas.

Navigation-Traffic Control Satellites

The Federal Aviation Administration and the Coast QGuard, Depart-
ment of Transportation, have asked to take part in NASA’s Omega
Position Location Experiment (OPLE). Being developed for an Appli-
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Figure 3—5. Sketch of the potential navigation-traffic control experiment.

cations Technology Satellite mission (ATS-C), this experiment will
provide engineering information on the possible use of the OPLE sys-
tem for aireraft and ship navigation and traffic control. Both of these
agencies will conduct tests with their own aireraft and ships using
OPLE and ATS-C. The FAA has also requested that NASA perform
a navigation experiment using range signals between an aireraft and
the ATS-T and -C geostationary satellites (fig. 3-5). These tests will
provide experimental data on the dual-range VHF satellite navigation
technique extensively studied by NASA and private industry.
Twelve aerospace companies responded to a request for proposal for
an 8-month advanced mission study of a Navigation and Traffic Control
Satellite. A contractor should be selected early in fiscal year 1968.

Applications Technology Satellites

ATS-I Telecasts

On June 25 Applications Technology Satellite I ( ATS-T) linked Japan
and Australia with the United States in the two-hour ‘““Our World’’
telecast. Seventeen nations took part in this telecast which also used
three Intelsat satellites to reach a potential 500 million viewers on five
continents—14 percent of the world’s population. This satellite—
launched on December 6, 1966—carried an 8-hour program on June 6
from Montreal to the Australian TV network marking Awustralian day
at Expo ’67.
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ATS-| Experiments

Three-station, multiple-access voice communications tests were con-
ducted successfully with ATS-1 during its first six months in orbit.
Over 2,000 spin sean meteorological pictures were taken by the space-
eraft which also supported the Line Island tropical meteorological
experiment in the Pacific Ocean with two weeks of full coverage amount-
ing to more than 50 pictures daily. Part of this Line Island supporting
data was transmitted back to control headquarters via WEFAX
(Weather Facsimile Transmission) using the ATS-1 VHF transponder.
During the report period WEFAX operated for 272 hours and trans-
mitted 3,084 successful pictures.

Use of this ATS-I VHF transponder to test air-ground communica-
tions via satellite continued as Japan Air Lines joined the airlines par-
ticipating in this Applications Technology Satellite experiment
(table 3-2). The same VHF transponder was used in 27 hours of
transmissions conducted between the ATS ground station at Mojave,
Calif., and a station aboard the U.S. Coast Guard Cutter Klamath which
was located half way between the West Coast and Hawaii.

ATS-ll

ATS-II, the first three-axis gravity gradient stabilized spacecraft,
was launched by an Atlas-Agena on April 6. The Agena stage failed
to ignite for a second burn causing the satellite to remain in a highly
elliptical orbit (apogee 6,700 miles, perigee 120 miles) rather than the
planned 6,900-mile circular one. All spacecraft systems functioned
properly, but many of the data being received were of limited value
due to the satellite’s instability caused by this unplanned orbit. No
data on gravity gradient stabilization performance were obtained.

Table 3—=2. ATS-! transmissions in aircraft tests (December 1966—June 1967)

Aireraft Hours of transmission
Pan American Airways 71
Qantas Airways 12
United Air Lines 46
American Airlines 21
Eastern Airlines 2
Avianca Airlines 3
Japan Air Lines 29
Federal Aviation Administration 101
Air Force 16
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Geodetic Satellites

PAGEOS

PAGEOS-I, after completing a year of successful operation on
June 23, showed no appreciable deterioration. A 100-foot balloon of
the Echo-I type, PAGEOS reflects sunlight providing an orbiting point
source of light which was being photographed by earth-based observers
to help locate continents, land masses, islands, and other geographie
points for a unified global control reference system. The satellite was
being observed by about 40 stations around the world.

GEQOS

On January 14, GEOS-I (Explorer XXIX) lost its telemetry becom-
ing optically inactive. On February 8 the range transponder failed, re-
ducing the spacecraft’s value as a geodetic instrument, but its passive
laser cubes and several of the Doppler beacons continued to function.

The GEOS-B launching was planned for no later than the first quarter
of 1968. A backup satellite was scheduled to be orbited within 4 to 5
months after this launch if needed:

Table 3-3 provides selected information on stations taking part in the
GEOS and PAGEOS projects of the National Geodetic Satellite Pro-
gram. The program involves NASA and the Departments of Commerce
and Defense, with the Smithsonian Astrophysical Observatory, Ohio
State University, and the University of California (Los Angeles) as
participants.

Table 3-3. Participation in the GEOS-1 and PAGEOS projects

Network Participating Observation
sites instrumentation
(total 80)

NASA Space Tracking and Data Acquisition

Network. 9 MOTS-40 camera
1 Laser
Smithsonian Astrophysical Observatory . _____ 20 Baker-Nunn and
Geodetic 36 cameras
1 Laser
U.8. Coast and Geodetic Survey, U.S. Army Map
Service. 24 BC-4 camera
U.S. Navy 22 Doppler beacon

France 3 Laser
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Earth Resources Satellites

Partly in response to an expressed need by such agencies as the De-
partments of Interior and Agriculture for a small satellite able to make
earth resources studies, Goddard Space Flight Center has begun to in-
vestigate various basic concepts leading to the development of such a
spacecraft. The satellite would carry two types of instruments, one able
to transmit images in three spectral bands simultaneously and the other
to relay data. It would be designed to operate for a year in a sun-
synchronous orbit at altitudes of 300 to 500 miles.

Potential applications for the first of these Earth Resources Satellites
(ERS-A and ERS-B) include—

* Making photographic image maps of the world, and land-use maps
of the U.S. for classification of broad soil features such as drainage.

* Preparing agricultural maps of this country to develop techniques
for monitoring erop health and identifying broad soil features.

¢ Relaying information gathered by remote site data collection sta-
tions such as moored buoys.

* Observing natural disasters like floods and earthquakes.

Experiments for Apollo Applications Program

Considerable progress was made in determining space applications
experiments for the Apollo Applications Program. The mutually com-
plementary experiments being studied may help scientists decide what
natural and cultural resources data could best be acquired by astronauts
from space. At the Manned Spacecraft Center extensive descriptions
were prepared of the proposed instruments and what was needed to
support them (for example, power, cooling and controls).

Airborne Data Acquisition

A number of airborne electronic and electro-optical remote sensors
were supplying geoscientists with earth resources data about certain
areas. Remote sensor data were being correlated with actual eonditions
in the areas, and agricultural, geologic, and other features were being
interpreted by means of the data.

Several instrumented aircraft were used to acquire these data. Among
them were a NASA Convair 240A for altitudes up to 20,000 feet and a
NASA Lockheed Electra P3A for up to 40,000 feet. They carried such
instruments as infrared imagers, microwave radiometers, radar, and
special cameras (fig. 3-6). Aireraft belonging to other agenecies and to
private industry were also gathering earth resources data on a part-time
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Figure 3—6. Instruments carried by an earth resources survey aircraft.

basis. A data processing and distributing unit was set up at the Manned
Spacecraft Center to handle the research data generated by these air-
eraft, by ground sensors, and, in the future, that to be supplied by space-
borne sensors. A number of different data formats (film, paper, tapes,
and eharts) provide records presenting the data in various ways, such as
in digital, analogue, and alphanumeric form.

Earth Resources Data From Space

An example of the invaluable earth resources data obtained from
space is shown by this picture of the Columbia River Basin in the
Pacific Northwest transmitted by the Advanced Vidicon Camera system
of Nimbus II (fig. 3-7). This picture furnished evidence to substantiate
the theory that the Columbia River was blocked by an ice sheet at one
time and was foreed to drain across the scablands of the eastern part of
the State of Washington. The ancient stream channels show clearly
where the light-colored soil has eroded away to reveal darker basalt
bedrock.
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Figure 3-7. Nimbus |l earth resources data on the Columbia River Basin.

Also, a TIROS IX picture of Finland and Norway (fig. 3-8) revealed
two geologic faults, leading to a better understanding of the major fault
gystems in northern Norway. These faults were found to be associated
with mineral oceurrences elsewhere in Scandinavia.

Fisheries and Qil Research

Results of research on detecting gases and vapors by optical remote
sensing methods indicate that these techniques might be used to detect
and distinguish between fish and mineral oil slicks on the ocean surface.
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Figure 3-8. TIROS IX revealed unknown geologic faults in northern Norway.

This could be of value to commercial fishing operations in spotting
schools of feeding fish. A specialized multiband camera operating in the
ultraviolet might be used to identify various types of oil slicks during
daylight hours and to produce high resolution imagery indicating their
location.

Infrared Emissions Identify Rocks

Techniques were developed which use infrared spectra emitted by
rocks to identify the types of rocks making these emissions. Fig. 3-9,
p. 72, shows four different rock types in the Mono Lake area in Cali-
fornia clearly defined by this method.
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ADVANCED
RESEARCH
AND
TECHNOLOGY

The eight parts into which the program of the Office of Advanced
Research and Technology is divided, and which are discussed in this
and the following chapter, are the source of the advaneed technology
for aeronautics and space. In addition, they provide the basis for future
advances in these fields, and they make a significant contribution to the
scientific and technological strength of the Nation.

Space Vehicles Program

Space Radiation Shielding

A space radiation shield verification technique—the gamma probe—
which eliminates the need for large costly accelerator facilities, was
developed by OART for use in manned programs. The gamma probe
system involves scanning the vehicle with a gamma ray source and using
the correlation between the penetration of gamma rays and of protons
to verify shielding effectiveness. A system was fabricated and applied
to an Apollo spacecraft; (fig. 4-1) good agreement between probe dose
determinations and those calculated analytically indicated that the sys-
tem was adequate and that it verified the shielding effectiveness of the
spacecraft.

Meteoroid Hazard

During February, a 34-gram pure iron simulated meteor fired down
through the atmosphere at approximately 56,000 ft/sec provided suffi-
cient data to establish the luminous efficiency of pure iron in the en-

73
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Figure 4—la. Using the Gamma Probe in the Apollo spacecraft.

vironment of natural meteors at a velocity about 16,000 ft/sec faster
than that of previous simulated meteors. The luminous efficiency data,
which were obtained by the Langley Research Center as a part of the
meteor simulation project, will serve as the basis for a better under-
standing of meteor masses.

The three Pegasus satellites launched in 1965 have now been in orbit
for from twenty-three to twenty-eight months and have recorded over
1700 meteoroid penetrations. The Pegasus data support the conservative



ADVANCED RESEARCH AND TECHNOLOGY 75

Figure 4=1b. Using the Gamma Probe in the Apollo spacecraft.

nature of the meteoroid environment model used for vehicle designs, and
they were used with data from Explorers XVI and XXIII to formulate
improved meteoroid design criteria. They have also brought about a
downward modification of the Apollo design criteria and a consequent
reduction in protection requirements.

Spacecraft Thermal Control

The zinc-oxide-pigmented potassium silicate white coating selected for
use on the Apollo radiator, although significantly more stable than other
similar coatings in the space environment, is difficult to apply and has a
relatively short shelf life. Goddard Space Flight Center developed a
coating eontaining both aluminum oxide and zine oxide pigments and
having similar space stability and high-temperature resistance. How-
ever, it is more easily applied and has a longer shelf life than the first
Apollo coating. The silicone coating which was used on Lunar Orbiter I1
and IIT was also improved. This paint, which contains a protected zine
oxide pigment, was given a longer shelf life by eliminating the need for
mixing it immediately before application.

‘Work continued on heat pipes which can operate in zero gravity with-
out mechanical pumps to transfer warm liquids and vapors in thermal
control systems. Efforts concentrated on reducing the temperature
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gradients between sereen-type wicks, which utilize surface tension to do
the work, and the external walls of the system. An experiment to test
the operation of a heat pipe in orbit was being considered.

Lifting-Body Flight Program

The program includes two NASA vehicles, the M-2 and HL-10 (16th
Semiannual Beport, p. 116) and one Air Force vehicle, the X24A (SV-
5P) (fig. 4-2). Its purpose is to investigate landing problems and deter-
mine vehicle flying quality characteristics at Mach numbers up to about
two.

The M-2 has a total of sixteen unpowered glide flights. On flight 16
(May 10, 1967), however, the vehicle was severely damaged in a landing
accident, and the test pilot was injured. The HIL~10 vehicle in its one
flight exhibited a control deficiency which is being corrected. The Air
Force X24 A vehicle was nearing completion at the contractor’s plant
and is expected to have its initial flight test in 1968.

Advanced Gliding Parachutes

‘Wind-tunnel and flight research on flexible parachute-like gliding
wings was intensified in order to develop the technology for potential
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