Mercury, it was necessary to design some spe-
cialized equipment. An example is the IBM
7981 Data Communications Channel (DCC)
which automatically accepts inputs from a large
number of data sources, places the information
quantities directly at the disposal of the com-
puter, automatically accepts calculated output
data from the computer, and makes the infor-
mation immediately available for transmission
to many destinations.

For early missions, a duplexed configuration
of IBM 7090 computers was connected by a
DCC to radar stations, and sources comprising
the real-time tracking and instrumentation sys-
tem. For the MA-9 mission, a Triplex con-
figuration of IBM 7094 computers, which were
updated from the IBM 7090 configuration, was
used.

Test and evaluation techniques—Any system
as complex as the Mercury network had to be
thoroughly tested under conditions as close to
actual operating conditions as possible. It had
to be certain that the units and subsystems were
functioning properly and that all elements were
functioning together as a complete system.
Thus, it was necessary to devise computer-con-
trolled tests to check out all computer-related
elements of the total system. Called CADFISS
(Computation and Data Flow Integrated Sub-
system) testing, this worldwide network test
concept was employed in Mercury launch count-
downs to determine final tracking and data proc-
essing system readiness.

Performance analysis—A brief analysis of
how the computing and data system performed
during the manner orbital Mercury missions is
presented.

Table 8-1 shows FPS-16 and Verlort radar
performance. Both radars approached their
design limits while tracking an orbital target.
The values were derived by fitting the data to
the equations of motion. The data were far
better than expected. Note that, up until the
MA-9 mission, the standard deviation in eleva-
tion for the FPS-16 is twice that in azimuth,
probably as a result of refraction errors. An
improved correction for refraction was incorpo-
rated into the Mercury programs for MA-9.
This is not apparent in the Verlort ; apparently
the much higher noise level concealed the re-
fractive error. In many cases the data from
certain FPS-16 and Verlort radars were better
than the 0.1 mil and 1.0 mil criteria.

A comparison of the single-station FPS-16
orbital determination with the single-station
Verlort solution shows that the FPS-16 is
roughly four times as accurate in position and
eight times as accurate in velocity determina-
tion.

The accuracy of the Mercury integration
scheme, atmospheric model, and tracking data
is demonstrated in table 8-II. The orbit, as de-
termined by multiple station solution, was inte-
grated forward to compare with newer tracking
data. The vector changes in position and
velocity were averaged and are presented in
table 8—I1.

The accuracy of the total system is demon-
strated by the calculation of time-to-fire retro-
rockets. The spacecraft timing system is such
that the rockets are fired at the integer second.
With the spacecraft traveling at 5 miles per sec-
ond, the landing point is known only to £2.5

Table 8- —Radar Performance

Standard deviations—mission averages

Mission FPS-16 Verlort
Range, | Azimuth, | Elevation,| Range, | Azimuth, | Elevation,
yd mils mils yd mils mils
MA-@& . 2205 8.5 0. 23 0. 44 29. 0 1. 63 1. 35
MA-7S oo 9.8 22 .40 33. 7 1. 62 1.72
MA-8 _______ 8.6 .25 . 36 39. 6 1.22 1. 34
MA-9________ 11.2 .27 . 26 20. 2 1936 1. 42
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miles. The recovery forces are able to estimate
their position to about =2 miles. Thus, the
total uncertainty may be approximately =5
miles. Table 8-IIT shows the landing points
predicted for the four manned missions. The
center column shows the landing point estab-
lished by radar tracking. The tracking infor-
mation in MA-7 and MA-6 provided landing
points within 15 to 20 miles of that reported by
the recovery forces. This difference may have
resulted from lift experienced by the spacecraft
in reentry. The predictions for MA-8 and
MA-9 are well within the area of uncertainty
and show a nearly perfect retrofire and reentry.

Several years ago, a prediction such as that
shown in table 8-IIT would have appeared very
optimistic for the performance of the manned
space-flight network. In considering perform-
ances as a whole, the network can be said to have
performed considerably better than originally
anticipated. The network tracking and com-
puting system has successfully predicted the
spacecraft landing points, and at all times has
provided accurate information on the astro-
naut’s position. For all of the Mercury mis-
sions, the network and computing system per-
formed their basic functions normally and with-
out exception.

Table 8-I1.—Awverage Change in Position and

Velocity
Change in Change in
Mission position, velocity,

yd ft/sec
VA= G ibmalis oosdl Eies 265 0.9
A Tra il et st L 266 1.4l
INVFASS G dt - o 0 217 1.0
INFA=G i e 8220 s]. 6
b1, 040 b4, 5

= First three passes
b Mission average—no data on 15 of 22 passes

Telemetry

Because the telemetry system has been de-
scribed in reference 2, this section briefly de-
scribes only the design approach, modifications,
and performance. To help orient the reader,
a typical antenna installation at a telemetry
station is presented in figure 8-8, and display
and control consoles aboard a telemetry ship are
presented in figure 8-9.

.

T'able 8-111.—Results of Landing-Point
Predictions Made by Computers

Predicted Reported
Mission landing point pickup point of
spacecraft
MA-6_____ 21°31.2¢ 21°25.6" N.
68°52.9' 68°36.5" W.
MA-7_____ 19°24’ N. 19°30/
63°52' W. 64°15°.
MA-8_____ 32°06’ N. 32°05.5" N.
174°31.8" W. 174°28.5" W.
MA-9_____ 2722 ENL 27°22.6' N.
176°29’ W. 176°35.3" W.

FIGURE 8-8—Antenna installations for the Telemetry
and Control (T and C) Building Area, Guaymas,
Mexico.

I'cure 8-9.—Display and control consoles aboard the
Rose Knot.

Design approach.—Obviously, the ground-
station design requirements were established to
be compatible with the spacecraft’s telemetry
characteristics. The basic type of telemetry
system chosen early in Project Mercury was
PAM/EM/FM. This system was chosen be-
cause it could provide the needed information
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and was a reasonably well proven state-of-the-
art type which could be implemented on the
oround stations with commercially available
hardware. Implementation guidelines used are
as follows:

(1) Two independent links were to be used
to gain reliability. The equipment at each sta-
tion was to provide independent receiving sys-
tems for the two links from the spacecraft.
Separate preamplifiers, receivers, diversity com-
biners, filters, subcarrier diseriminators, and the
associated monitor and control equipment were
to be provided. Separate monitoring of the
data from the subcarrier discriminators of each
system with commutated data not decoded was
to be provided to permit the operator to select
the telemetry system output to be displayed at
a main control console.

(2) At the stations which were to have com-
mand transmitters, separate decoding and dis-
play equipment was to be provided for the two
telemetry links. (This arrangement was neces-
sary to provide reliability in determining that
the proper commands were received at the
spacecraft.) At all other sites, only one set of
decommutation and output data display equip-
ment was to be provided, with appropriate
switching to the output of either receiving
system.

(3) Provisions were to be made for separate
magnetic tape recordings of the received out-
puts from each telemetry system to permit play-
back and reassessment of the data following a
pass. These recordings also were to provide a
permanent record of the data with an overall
accuracy of 1 percent.

(4) Data-output display equipment was to
be provided with the appropriate meters, lamp
indicators, and direct writing records.

(5) Continuous data on IRIG channels 5,
6, and 7 were to be recorded and displayed on
direct writing strip chart recorders with an
accuracy of 2 percent of full scale. Each of
these channels was also to be provided with a
suitable events-per-unit time display. (This
provision was needed by aeromedical personnel
to monitor the astronaut’s heart action and res-
piration.)

(6) Individual data outputs of the analog
quantities handled on the commutated subcar-
rier (PAM) were to be displayed on meters
with an accuracy of 2 percent of full scale.

136

Display of the events data carried on the com-
mutated subecarriers was to be in the form of
lights. Appropriate translation equipment was
to be provided to display the time measurements
as in-line decimal digits in hours, minutes, and
seconds.

(7) Monitor displays were to be provided to
permit the operator to assess the outputs of
both receiving systems at a station and to se-
lect the system to drive the final data output
displays.

(8) A permanent recording system capable
of rapid processing and display was to be pro-
vided to record all subcarrier discriminator out-
puts, all decommutated analog quantities, and
received signal strength.

(9) The overall system-accuracy requirement,
was that system error not exceed 2 percent un-
der field conditions.

System performance—The telemetry and
display system performance was outstanding
throughout the project. During controlled
flight, coverage time was generally horizon to
horizon. Missions which had periods of drift-
ing flight caused occasional signal dropouts due
tonulls in the spacecraft antenna pattern. Dur-
ing reentry phases, both telemetry links were
attenuated by the ionized sheath created by in-
tense heat and ablation of the heat shield and
reception was completely lost for periods of 3
to 5 minutes.

System accuracy (to the displays) of 2 per-
cent, as originally implemented, was met satis-
factorily. Summary data from remote sites
which included the degradation factors of 2-
percent meters, meter parallax, short mission
meter scales (e.g., utilizing 50 percent of full-
meter scale deflection), and reading error were
generally within =+3 percent of full-scale meter
deflection.

Air-Ground Communications

A system was required at each site to permit
direct communications with the astronaut.
This system, termed the air-ground system,
would comprise all of the ground-based trans-
mitting, receiving, control, and antenna equip-
ment required to establish two-way voice com-
munications with the Mercury spacecraft.
General requirements included communications
reliability, ease of rapidly restoring system op-
eration in case of failure, and the use of proven



off-the-shelf equipment to reduce both delivery
time and costs. The following paragraphs
describe the specific requirements for this
system, the system modifications, and a sum-
mary of system performance.

Regquirements—To provide a highly reliable
system of communications which would be able
to overcome difficulties arising from spacecraft
equipment failure, atmospheric disturbances,
and ground-equipment breakdown, the follow-
ing specific requirements were established:

(1) Complete voice transmission and recep-
tion facilities for both HF and UHF operation
were to be provided, with the HF equipment to
serve as a backup facility for the UHF.

(2) Standby UHF transmitters were re-
quired for backup purposes at all stations.

(3) Standby HF transmitters were required
for backup use at certain critical stations.

(4) Remote and local transmitter control was
required for all transmitters.

(5) The means for operating these trans-
mitters on tone modulation as well as voice was
required.

(6) At those sites equipped with command
transmitters, a voice-modulation capability for
the command transmitters was required as an
emergency mode of operation.

(7) A means was required for individual op-
eration of the UHF, HF, and emergency-voice
modes, as well as simultaneous use of the UHF
and HF or the UHF, HF, and emergency-
voices modes. :

(8) At sites where transmitting equipment
was to be installed in vans, provisions for mov-
ing the van from the transmitting antenna to
a receiving antenna were required in case of
transmitting antenna or pedestal failure.

(9) To offset space-fading effects and also
to provide built-in equipment backup facilities,
dual space and polarization-diversity equip-
ment was required for UHFE reception, and
dual-space diversity equipment was required for
HF reception. This stipulation, then, required
that two complete and identical sets of antennas,
transmission lines, and receiver elements for
both the HF and UHF equipment be furnished
at each site.

(10) Circular polarization of UHF trans-
mitting and receiving antennas was required to
offset signal attenuation caused by any skew
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attitude of the spacecraft antenna with rela-
tion to the ground antennas.

(11) Recording facilities were required for
all transmitted and received audio.

(12) Varied distribution of all received au-
dio and transmitter sidetones was required
through monitor speakers and the station in-
tercom system in order to satisfy the site oper-
ating requirements.

Performance—UHF was used for primary
voice communication throughout the proj-
ect with very satisfactory results.

Because of wave propagation, HF communi-
cation proved too intermittent to be used as
more than backup communication and could not
be considered as a reliable means of extending
communication beyond station horizon. The
HF quality improved somewhat, however, after
a dipole antenna was installed on the MA-8
and MA-9 spacecraft.

A photograph of the air-ground antenna and
transmitter van installed at Guaymas, Mexico,
1s shown in figure 8-10.

Command

Requirements—The criteria for the com-
mand equipment followed the general guide
lines for all Mercury equipment. The basic
requirement was the transmission of commands
from certain stations to the spacecraft in order
to provide a command backup for the manually
controlled or internally programed events in
the spacecraft. The range coverage of the
command system was to be limited only by line-
of-sight conditions to the spacecraft. The min-
imum normal range of the systems was orig-
inally set at 700 nautical miles.

This equipment was to employ a suitable cod-
ing technique to provide high reliability with
particular attention to prevention of incorrect
commands because of noise, interference, or
transmitting equipment failures. All com-
mand sites would have dual FRW-2, 500-watt
transmitters. The command antenna was to
have at least 18-db gain, circular polarization,
and to be steerable. !

Modifications—Bermuda, having coverage of
the critical insertion phase, required the abil-
ity to “brute force” command signals to the
spacecraft regardless of the spacecraft an-
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tenna position. A 10-kw RF power amplifier
was to be provided for that purpose. Likewise,
monitoring facilities that would provide failure
sensing of this power amplifier were required.
If failure occurred, antenna transfer to the
operational 500-watt transmitter would be done
automatically. Three existing sites already
had this high power and failure switching
capability.

F16UReE 8-10.—Transmitter van and antenna installa-
tion at Guaymas, Mexico, for command and air-
ground voice.

It was necessary to remove the standard coder
controller of the FRW-2 and substitute coder
control units designed to be compatible with
the coding technique employed in the space-
craft equipment and the input requirements of
the FRW-2 coder KY-171/URW coder which
was part of the FRW-2. Furthermore, the
coder controllers were to be capable of remote
activation and rapid changeover to any one of
several codes which might be desired.
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During the implementation phase of the pro-
gram, ancillary equipment consisting of control
and monitoring facilities was designed and fab-
ricated. This equipment was necessary to pro-
vide the desired fail-safe features and degrees
of flexibility this program required. Further-
more, at sites equipped with command vans,
provisions were made to allow the transmitter
van to be moved to the receiver antenna pedestal
in case the command antenna pedestal failed.

Mission requirements made major command
equipment additions necessary. The need for
additional command coverage became apparent
when the program was expanded beyond three-
orbital-pass missions. Consequently, dual 10-
kw command facilities were installed on the
Rose Knot Victor telemetry ship. The basic
equipment furnished was identical to that fur-
nished previously to the land-based stations.
Temporary dual 500-watt command facilities
were also added to the Coastal Sentry Quebec
Ship. Here again, the basic equipment fur-
nished was identical to existing land equipment.

Another major change in the command con-
figuration was the MCC-Bermuda tone remot-
ing system which became practical only after
submarine cable circuits were available between
Bermuda and Cape Canaveral.

Performance—As with the other systems, the
command equipment functioned as planned
throughout the project.

Ground Communications

Introduction—QOperation of this system was
discussed in reference 2; therefore, it is only
briefly reviewed in the present paper. Again
the basic design criteria were used: reliability,
cost, and speed of implementation.

Requirements—A primary requirement for
the tracking network was that the stations be
tied together with an adequate and reliable com-
munications center. This center was to act as
the heart. of a communications system which
would perform the following functions:

(1) Transmit acquisition information from
the computing center to the tracking and telem-
etry stations.

(2) Transmit commands and instructions
from the MCC to the stations.

(3) Transmit digital tracking data from the
tracking stations to the computing center.



(4) Transmit telemetry summary messages
from the stations to the MCC.

(5) Provide high-speed data transmission be-
tween the computing center and the MCC for
display purposes.

(6) Provide voice communications capability
between certain stations and the MCC.

(7) Transmit mission teletype traffic through-
out the network.

Both teletype and voice circuits were requir-
ed. The teletype circuits usually operated at
60 words per minute and provided for transmis-
sion of all of the required types of information
except high-speed tracking data and, of course,
voice communications. These two were handled
by voice-quality circuits with a pass band of 280
to 2,800 cps.

The network that was established to meet
these requirements is illustrated in reference 2.

Because these channels traverse extremely
long distances and employ a variety of trans-
mission media, such as land lines of various
types, submarine cables, and HF radio, it was
necessary that the design arrangement and op-
erating technique preserve their transmission
capability. The chief factors involved were
overall attenuation, bandwidth, distortion,
noise, return loss, and echo.

Modifications and Performance—Following
are some of the major changes made after the
initial configuration was established :

(1) The HF link to Bermuda was dropped
after the cable became available, and two high-
speed data circuits from Bermuda to Goddard
were added.

(2) The network was expanded to include the
switching, conferencing, and monitoring
(SCAMA) voice capability to Canary Island,
Kano, Zanzibar, Canton Island, the Rose Knot
Victor, and the Coastal Sentry Quebec.

(8) Zanzibar became a primary HF link for
the Coastal Sentry Quebec.

(4) HF backup to Guaymas was added.

The Mercury communications network in-
cluded 102,000 miles of teletype lines, 60,000
miles of telephone lines, and 15,000 miles of
high-speed data lines.

The ground communication system operated
very satisfactorily for all missions. Perform-
ance figures for the MA-7 and MA-8 missions
are listed in table 8-1V.

T'able 8-IV .—Messages Handled During MA-7

and MA-8
MA-7 MA-8

Total number of

messages- . .i1° 1,814 5, 587

Information flow Messages Messages
time, min
(A S e L 1, 597 4, 335
(R RO ) e T 169 878
(Over sl0SER e S 8 S Qe 334
Undetermined_ _ - ___ 24 40
Message transmission
time, min
(0:fo Sty SR 526 1, 073
i B 625 2, 087
2IL05 3o e SR R I 410 1, 151
Sitond rasm bt s 128 569
4 foHDem Bl e 40 134
OverySE. i mitilia i 75 515
Undetermined_ _ _ ___ 10 58
Garbled messages_ _ _ 2 2
Lost messages_ _ ____ 0 0
Timing

A timing system was required to provide
timing signals for all recorders in a common
format, binary-coded time signals for radar
data, strobe pulses for radar interrogation, and
outputs for driving wall clocks and displays.
The system was to have the capability of syn-
chronizing with WWYV timing with a resolu-
tion accuracy to within 0.001 second. The
stability of the timing system was to be such
that the local timing oscillator drift would
not. exceed 0.001 second in 48 hours.

The timing system which had been developed
for the scientific satellite tracking stations was
selected since it had proved to be reliable and
accurate under actual field operating condi-
tions.

The timing system performed satisfactorily
throughout the Mercury Project, and only
minor modifications were necessary to correct
component failures and increase reliability.
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Intercom

It was apparent at the outset that rapid and
flexible voice communications (intercom)
would be needed within each station. Station
personnel who would need such communica-
tions were (1) the flight controllers, who would
monitor the flight status of the spacecraft and
the overall conduct of the mission and who
would advise and assist the astronaut in making
decisions as required, and (2) the maintenance
and operations personnel, who would provide
technical support to the flight controllers in the
operation of the various tracking, telemetry,
and communications systems.

The intercom system had to have the capa-
bility of interconnecting several different con-
soles or positions in a conference type circuit
(loop) whereby several people would be able
to carry on a discussion, with others being able
to “listen in” or be called on for comments or
information. Also, because of the varied ac-
tivities of different positions, there had to be
several of these conference loops so that simul-
taneous conversations could be carried on with
each loop usually isolated to one system or
activity. The system also had to connect to
outside lines so that the flight director could
have immediate contact with any of the flight
controllers at any station through the world-
wide communications network.

After implementation by using standard
components, only a few minor modifications to
the intercom system were necessary to obtain
proper, reliable operation. The system met the
project requirements in a first-rate manner.

Control Centers

Mercury  Control Center—The primary
function of MCC was to provide a means of
centralizing control and coordination of all the
activities associated with a Mercury mission.
Figure 8-11 is a view of the operation room of
MCC. Mission control and coordination were
conducted from MCC beginning at aApPProxi-
mately 10 to 12 days before lift-off and continu-
ing through the launch, orbital, reentry, and
recovery phases. Communication, display, and
control capability for MCC operation was pro-
vided in the various consoles, which are shown
In figure 8-12. Many of the positions contained
duplicate displays and controls to provide
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redundancy which was considered essential to
the Mercury Project.

F1eure 8-11.—Mercury Control Center as viewed from
the observation room.

Bermuda Control Center—In the earlier
phases of the project, this secondary control
center was required because the critical orbital
insertion point of the spacecraft would be at a
marginal distance and low-elevation angle from
MCC, which might give unreliable data and
would allow little time for MCC to determine
go—no—go conditions. In addition, since Ber-
muda’s vital tracking data needed for establish-
ing insertion parameters had to be relayed by
HF, a more fail-proof arrangement was needed.
The Bermuda Control Center had the follow-
ing basic functions:

(1) To command an abort in the event of
critical spacecraft equipment failure or pilot
difficulty late in the launch phase.

(2) To command an abort as directed by
MCC in the event of certain propulsion or
guidance system malfunctions.

(8) To control the mission independently in
the event of communications failure with MCC.

Figures 8-13 and 8-14 show a view of the
center and an equipment layout.

After the submarine cable to Bermuda was
available, it was possible to remote the control
data safely to MCC. The Bermuda station
functioned as a remote station for the MA-9
mission with a minimum of flight-control staff.

Simulation Equipment

The development of a simulation system was
established primarily to answer the need for an
active training device for mission flight con-
trollers. A secondary use for the simulation



Instructor's console
Recovery commander(USN)
Operations director
Network commander (USAF)
Recovery status monitor
Range safety observer
Flight director

Network status monitor
Missile telemetry monitor
Strip chart recorder (3)
Support control coardinator
Flight surgeon

N-Coo~Nouhon—

13.  Spacecraft environment monitor

14. Spacecraft communicator

15. Spacecraft system monitor

16. Retrofire controller

I7. Flight dynamics officer

i8. TV monitors (3)

19. X-Y recorders (4)

20. Trend charts (I6)

21. Operations summary display
and alphanumeric indicators

22. Signal distribution panel

23. Teletype printers

24. Data entry console

F1cURE 8-12.—Operations Room and Observation Room, Mercury Control Center.

F1cURE 8-13.—View of Bermuda Control Center.

system was the .familiarization of the mainte-
nance and operating personnel with the mission
support required of them for a particular flight.

The simulation system was designed in two
parts: the first and major part was the addition
of specialized instrumentation and control con-
soles at MCC that could be used by instructors
to provide the stimulus necessary to activate the
MCC operational consoles; the second part was
a separate remote-site simulator for the purpose

of training flight controllers who would be ulti-
mately assigned to stations other than the con-
trol center.

Equipment Documentation

Within a general requirement to furnish ade-
quate instruction manuals for the network
equipment, detailed specifications for individual
manuals were prepared and the overall organi-
zation of this family of documentation was de-
veloped. The detailed specification called for
new manuals to. be prepared in accordance with
the best commercial practices and established
minimum content requirements for the accept-
ance of existing, off-the-shelf manuals. The
most notable feature of the overall organization
of the manuals was the concept of system man-
uals and equipment manuals. Equipment man-
uals covered individual units and subsystems,
such as communications receivers, audio line
amplifiers, and radar sets; and system manuals

141



. Alphanumeric indicators

. World map

. Partition wall

. Lighting panel
Plot board

. Tool and ports locker

. Maintenance and operations
supervisor's desk

8 Flight supervisor's

console

N DO —

. Telecommunications panel
10. Signal distribution panel
| I. Power distribution panel
12. Common equipment cabinets
13. Flight surgeon's console

14. Spacecraft environment monitor's console
15. Spacecraft communicator's console

16. Spacecraft systems meonitor's console
17. Flight dynamics officer's console

I18. Strip chart recorder

Fieure 8-14—Operations Room, Bermuda.

provided information on how the individual
units and subsystems tied together to form the
major network system. Altogether, approxi-
mately 450 separate manuals with copies total-
ing nearly 50,000 were supplied for use on the
network.

Installation

The installation of ground instrumentation
equipment actually began with the efforts of the
teams who selected the sites for the remote sta-
tions. The general area for each station had
been determined from the planned orbit charts,
but selected areas required on-site inspection for
the evaluation of local problems and land avail-
ability. Each station had to be considered
from cost, adaptability, and accessability stand-
points. Every attempt was made to use exist-
ing facilities, but where these were not available
below the orbital paths, sites were chosen which
presented the fewest problems while satisfying
the necessary criteria.

The Project Mercury tracking stations re-
quired considerable land area to provide neces-
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sary isolation (separation) between transmit-
ting and receiving antennas. The equipment
covered a very wide range of frequencies and
required specific terrain configurations to op-
erate at maximum efficiency. It was determined
that five of the stations and the control center
could be located on national ranges where use
could be made of existing facilities.” One new
station was to be located in Texas and two on
shipboard. The remaining eight would have to
be established on foreign or overseas territory.

Selection of the foreign locations was accom-
plished by two teams. The first, a management
team which had representation from the U.S.
Department of State, was to determine and re-
solve, if possible, all difficulties of a general
nature such as political considerations, prefer-
ence of local officials as to station location, and
currency problems. In addition, contact was
made with local contractors, material suppliers,
and service companies. Labor sources were
also investigated and data on living conditions
were obtained. The management team selected



a preferred and an alternate location for each
station.

Data gathering was the prime function of the
technical survey teams. Project personnel
spent several days at each prospective site check-
ing soil conditions, topography, water, sewage
disposal, communications, transportation, elec-
tric power, and climate. A comprehensive re-
port prepared on each site provided the basis
for station selection and was used thereafter as
a guide for equipment design and location.

The tight schedule made it impossible to
stagger construction at the various stations.
Although first construction operations were not
started until April 29, 1960, all stations were
under construction by midsummer, and con-
struction was completed at the last station in
Kano, Nigeria, in March of 1961.

Most buildings were constructed of prefabri-
cated galvanized sheet metal supported by rigid
steel frames. Inaddition to the buildings hous-
ing electronic equipment, most stations con-
tained power buildings, cooling towers, air
handlers, water chillers, and hydropneumatic
tanks. Diesel generators were installed to pro-
duce power to back up commercial power.

Extreme precision was necessary in the po-
sitioning of every radar antenna. Fach unit
had to be surveyed to determine true latitude
and longtitude with exact interrelation, and
angles were established with a maximum allow-
able deviation of 6 seconds.

As construction of facilities was still under-
way at some stations, the equipment and the in-
stallation teams were arriving. The number of
installers on a site team varied between 5 and
25, depending on the amount of equipment to
be installed. A typical team consisted of the
site manager, the team crew chief, a lead man
for a subsystem or a combination of subsystems,
several technicians, and one or two subcontrac-
tor advisors for specialized areas such as the
acquisition system. KEach team was also sup-
ported by a logistics man.

All installation team leaders were authorized
to work with the local labor unions and utilize
the local labor market to perform certain jobs
beyond the capabilities of the installation team
and its facilities.

Two depots—one on each coast of the United
States—were established to provide logistics

support for the overseas stations and to handle
the customs details involved in such shipments.
The depots served as staging areas for overseas
shipments, whereas equipment destined for sta-
tions in the United States was shipped directly
from the manufacturer. More than 1,000 tons
of cargo were processed through the depots,
most of it in preassembled units. A rigid re-
ceiving and inspecting system was set up at each
station to check in all equipment before it was
turned over to the installation team.

Spare parts provisioning was another logis-
tics consideration. There had to be a reason-
able on-site repair capability. Each industry
team member supplied a 2-year supply of
spares unique to his equipment and a list of
recommended common item spares. From
these lists a combined list of common item
spares was drawn up to eliminate duplications.
Common item spares were procured in accord-
ance with the combined list and shipped to each
site.

Thus, the concept of a network of stations
became a reality with equipment and logistic
support. The scope of design, construction,
installation, and activation for the Mercury
Network is shown in figure 8-15.

Figure 8-16 shows construction underway at
Kano.
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Ficure 8-16.—Construction of the receiver building
Kano, Nigeria,

Testing

Demonstration site—The necessity of test-
ing and evaluating the ground instrumentation
equipment as a complete system prior to its
installation on a worldwide basis was recog-
nized in the early planning stages of the Mer-
cury Project. Equipment from more than 10
major manufacturers plus numerous subcon-
tractors was involved, and it had to be deter-
mined that all interrelated problems had been
solved and that the equipment would perform
as a system.

The selection of NASA Wallops Station,
Wallops Island, Virginia, as a test site was de-
termined primarily because of its availability
and its proximity to Langley Research Center
at Langley Air Force Base, Virginia, and the
Goddard Space Flight Center at Greenbelt,
Maryland. A complete tracking station was
installed, with the Mercury data conversion and
acquisition equipment connected to the existing
FPS-16 at the Wallops Station Launch Com-
plex.

Representatives from the suppliers of equip-
ment conducted tests at Wallops under NASA
supervision. As a result of these tests, many
changes were made to equipment in the proto-
type stage prior to worldwide deliveries. Also
developed at the Demonstration Site were test
procedures that were used throughout the net-
work for acceptance testing of on-site equip-
ment.

The test procedures were of four types:

(1) Mercury Unit Tests (MUT) were devel-
oped to provide acceptance of self-contained
equipment such as the R-390 HF voice receiver
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or the Ampex FR-100B tape recorder. The
unit tests covered every measurable aspect that
could influence the reliability of minimum per-
formance expected of the unit.

(2) Mercury System Tests (MST) were de-
veloped to provide acceptance of a complete
system. These tests checked the action of each
interfaced relay as well as system performance.

(3) Mercury Integrated Tests (MIT) were
developed to provide acceptance of the station
as an integrated complex. These tests assured
successful interface of systems. They also re-
vealed RF interference problems.

(4) Mercury Dynamic Tests (MDT) were
developed to test the equipment under simu-
lated operating conditions. As ground station
equipment was installed and evaluated at the
Demonstration Site, the need for a method of
closely simulating spacecraft tracking soon be-
came apparent. Small leased aircraft were used
to check the tracking accuracy of the new acqui-
sition aid, and it was found that certain modifi-
cations were necessary for the equipment to
meet. specifications.

Instrumented aireraft—As a result of these
and other special aircraft tests, it was decided
that aircraft would be obtained and completely
instrumented with actual spacecraft electron-
ics (see fig. 8-17) to serve three functions:

(1) To qualify each ground system prior to
worldwide equipment delivery so that compati-
bility between ground and airborne systems
was assured.

FIGURE 8-17.—Interior view of aircraft showing a
small portion of the test equipment.



(2) To provide a complete checkout of each
station in the network so that operational readi-
ness was determined.

(3) To provide continual testing and train-
ing throughout the Mercury Project.

Training

Prior to station assignment, selected senior

engineers received specialized equipment train-

ing and later helped to install the equipment at
the Demonstration Site. After assignment,
these senior engineers were responsible for
making their equipment operational and for in-
doctrinating the other team members. Train-
ing was largely accomplished by working with
the equipment during installation and by play-
ing an active role in conducting acceptance
tests. As time allowed, semiformal classes were
held in theory and maintenance.

Formal training.—Installation technicians
were technically capable of performing main-
tenance, but operational requirements posed
the need for a refinement of the team concept
and a regimented reaction to the demands of
mission accomplishment. Transition from in-
staller and maintenance technician to opera-
tor was accomplished by a rigorous training
program that included: formal indoctrination
lectures on space-flight matters and on Project
Mercury; on-the-job training combined with
classroom drills covering operation of the
equipment ; local-station simulated missions;
and network simulations using countdowns, live
communications, and telemetry tapes.

The maintenance and operation capability
of station personnel had to be continually up-
graded, and replacement personnel had to be
provided. Likewise, the station had to be ex-
ercised as an entity to assure that it could work
as a cohesive unit during a mission.

Training center—To upgrade individual
capabilities and to provide replacement per-
sonnel, a training center was established at the
Demonstration Site. The primary long-term
objective of the Engineering and Training
Center was to sustain or improve the level of
competence of the personnel manning the Mer-
cury network stations through a comprehensive
training program in each of the equipment sub-
systems making up the station. It was also
designed to give the necessary high-level train-

ing to replacement personnel so that network
proficiency would not suffer from personnel
attrition.

To supplement the training received at the
center, cross-training packages of lesson guides,
equipment exercises, and examinations were
developed for use at all the Mercury network
stations. These were used for training of per-
sonnel in secondary areas of responsibility to
enhance the overall capability of each team at
the stations.

Network Configuration
Arrangement for MA—6

Up to this point, network requirements and
systems development and implementation have
been discussed. The types of systems available
at each site are listed in table 8-V. To illus-
trate how a Mercury station was arranged, a
line drawing of the Hawali station layout is
shown in figure 8-18.
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Table 8-V .—Station Equipment

53 =) Groupd com-
'§ K 5 d munications
g =t g g g k
Station E"e‘ %’% ! i E % .;;_% ; -
ShE R P e R e s | BB | 8
Sl e e B g F
Sl = e = e O > | = g
Cape Canaveral (CNV-MCC)_| x X X b b.d }3{’ ;}0130 X X x
Grand Bahama Island
(GBI s SRR e X X X X X x
Grand Turk Island i i 4
(GETy e edissi it X X X ,
Bermu((ia (B)DA) _____________ X X X X X X IBM-709 X X X
Atlantic Ship (ATS)__-_____ X bq X X b4 X
Grand Canary Island (CYI)___ X X 5 X X X X
Kano, Nigeria (KNO)____~___ X X X X X
Zianzibar (ZZB) -1 SSsuausane - X X X X x
Indian Ocean Ship (I08)_____ X X X X X
Muchea, Australia (MUC)____| «x X X X X X X X
Woomera, Australia (WOM)__ X X be X X X x
Canton Island (CTN)________ X X X X X
Kauai Island, Hawaii (HAW)_| =x X x X 5 X 5% X: X
Point Arguello, Calif. (CAL)__| =x X X X X X X X X
Guaymas, Mexico (GYM)._.__| x X x X X X X X
White Sands, N.M. (WHS)>__ X X 53 X X
Corpus Christi, Tex. (TEX).__ X X X X X X X
Eglin, Florida (EGL)®________ x [MPQ-| x X X X
31
Goddard Space Flight Center IBM-7090 | Communica-
(GSFC) tions Center

» No monitoring facilities; downrange antennas for MCC.
b Radar tracking station only.

Major Changes for Succeeding Missions

Changes for MA-7.—The second manned
orbital flight, MA-T7, was also planned as a three
orbital pass mission. The network configura-
tion was the same as that for MA-6 except
for minor exceptions; there was no Atlantic
Ship, and the Indian Ocean Ship was reposi-
tioned in the Mozambique Channel, off the east
coast of Afriea.

Changes for M A-8—The MA-8 mission was
planned to be a six orbital pass mission with
landing to be made in the Pacific Ocean. For
this mission, the former Atlantic Ship had a
command system installed and was redesignated
as the Pacific Command Ship (PCS) for posi-
tioning south of Japan. Three additional ships,
the Huntsville, the Watertown, and the Ameri-
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can Mariner, were made a part of the network
and positioned near Midway to get reentry data.

Changes for M A-9—Since it was decided to
extend the length of the MA-9 mission to 22
orbital passes, it was necessary to modify the
network so that adequate support could be pro-
vided. The following describes the changes
that were required :

Equipment :

(1) All command sites were provided with
additional command capabilities to give the site
flight controllers the capability to turn on the
spacecraft’s telemetry transmitter, radar bea-
cons, and an astronaut alarm. Other command
changes included the addition of a complete
system aboard the Coastal Sentry Quebec
(CSQ) and an increase of the Rose Knot Victor
(RKV) command power from 600 watts to



10 kilowatts. Figure 8-19 shows the two ships
in the port of Baltimore for modifications.

Fieure 8-19.—Rose Knot Victor and Coastal Sentry
Quebec in Port Baltimore for MA-9 modifications.

_(2) Mercury tracking site clocks showing
“spacecraft elapsed time” and “time to retrofire”
were modified to extend their reading time.

(3) Additional equipment was installed at
California and Bermuda, allowing biomedical
data to besent (over land lines) to MCC display
consoles.

(4) A telemetry automatic processing system
that used a small general purpose computer
(AN/UYK-1) was installed at Bermuda. The
system was designed to accept PAM/FM/FM
frames of 88 parameters every 800 milliseconds
in real-time and generate special and regular
summary messages. The output data were in a
format which represented selected parameters
in engineering units. A running tolerance
check of all parameters was included and se-
lected data were stored for postpass analysis.

(5) Receivers were installed at MCC, Canary
Island, and the CSQ for reception of the slow-
scan TV picture from the spacecraft. The in-
stallation at MCC and on the CSQ included
record and display capabilities, whereas the in-
stallation at CYI was for record only.

(6) An additional IBM computer was added
to the computer complex at GSFC, and the
two 7090’ already in operation were converted
to 7094’s.

Communications .

(1) The radio links to BDA were discon-
tinued since the submarine cable was now
operational.

(2) Communications to the CSQ at the new
location were handled through a radio link
which could operate through either Honolulu
or Bassendean and thence by the usual path.

(3) Communications to the REKV were
handled by RF links to Honolulu and New
York.

(4) A new circuit was added to relay the
Range Tracker data through Honolulu.

(5) The mission message format was changed
to improve circuit operation and to facilitate
accumulation of more data.

(6) New equipment arrangements were in-
stituted at Goddard to permit CADFISS and

“operational programs to be conducted simul-

taneously.

Relocation of ships: The Coastal Sentry Que-
bec was relocated to the approximate position
of 28°30” N. latitude and 130°00” E. longitude.
The primary purpose of this location was to
provide adequate retrosequence command back-
up during the 6th, 7th, 21st, and 22nd orbital
passes.

The Rose Knot Vietor was relocated to the
approximate position of 25°00” S. latitude and
120°00” W. longitude. In this position, it pro-
vided optimum command coverage for passes
not covered by other network sites. The RKV
provided coverage with its 10-kw command
transmitter during the 8th and 13th orbital
passes.

Additional support: To provide the neces-
sary coverage to support a mission of this dura-
tion it was necessary to add the following track-
ing facilities:

(1) The Range Tracker (C-band radar
equipped ship) was stationed at 31°30” N. lati-
tude and 173°00” E. longitude to provide re-
entry radar coverage for the 4th, 7th, and 22nd
orbital passes.

(2) The Twin Falls Victory (C-band radar
equipped ship) was stationed in the vicinity of
31°3’ N. latitude and 75°00” W. longitude for
reentry radar coverage for the 2nd and 17th
orbital passes.

(3) The Ascension Island station provided
FPS-16 radar tracking during the fourth orbi-
tal pass. Also provided were telemetry record-
ing, air-ground relay, and ECG remoting.

(4) The East Island, Puerto Rico, station
provided FPS-16 radar tracking.
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(5) The Antigua TIsland station provided
telemetry recording, air-ground relay, and ECG
relay.

(6) Air-ground voice facilities were pro-
vided at Wake Island, Kwajalein Island, and
San Nicholas Island. The Wake and Kwajalein
sites provided an extension for the Hawail air-
ground facilities. California had additional
coverage provided by the San Nicholas installa-
tion.

Network Operations

Time at the tracking station is generally
divided into mission periods and nonmission
periods. The mission period for Mercury com-
prised some 10 days prior to launch and the
actual flight time. The nonmission period was
the time between missions used for personnel
training, equipment modification, testing, and
checkout. The operations activities during the
mission period are explained in the following
paragraphs, with the MA-9 mission used as an
example.

Precountdown

The MA-9 precountdown period for all net-
work stations was scheduled as follows:

F-7 day—Orbital mission simulation and
reentry simulation

F-6 day—Orbital mission simulation and
reentry simulation

F-5 day—Two reentry simulations

F-4 day—Detailed system tests

F-3 day—Equipment maintenance

F-2 day—Orbital mission simulation

F-1 day—Patching check and equipment
maintenance

These various activities are described in the
following paragraphs.

Simulations—To the station, the simulations
were full-dress rehearsals for the missions.
With the entire network participating and all
onstation systems in operation, authentic dry
runs were conducted, complete with builtin
emergency situations which had to be detected,
analyzed, and acted upon in “real time” by the
flight controllers and station personnel. Au-
thenticity was gained by the use of taped inputs
to the telemetry displays and events recorders
and by the use of a communicator reading from
a prepared script over the intercom loop that
would ordinarily carry the real astronaut’s
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voice. In addition to anticipated problems of
spacecraft equipment malfunctions, the ground
team had to cope with such remote possibilities
as simulated heart attacks of the astronaut in
flight.

Simulations would ordinarily cover launch
and three orbital passes and might or might not
cover reentry. Each simulation would take
from 414 to 614 hours. Prior to MA-8, a full
18-orbital-pass mission was simulated in antici-
pation of MA-9 as a means of pointing out any
major problem areas in personnel scheduling,
sleeping, and eating plans.

Detailed system tests—The detailed system
tests (DST), mentioned earlier as being per-
formed on F—4 day, were a group of standard
procedures used to check and measure thor-
oughly the operational performance of each of
the station subsystems. Since the same test was
used for corresponding systems at all stations,
and since results of previously run DST’s were
recorded, the current status of any subsystem
could be easily evaluated by the DST performed
just prior to the mission.

The DST procedures consisted of two parts:
the instructions and the data sheets. Meter
readings, voltage and current measurements,
standing-wave ratios, and various other param-
eters were recorded on the data sheets which
were returned to Goddard for analysis immedi-
ately after the mission. On the station, the
cumulative results of the DST’s were used in
the determination of the station status, which
was a factor in the decision to proceed with or
delay the launch.

.. Maintenance day—F-3 day and F-1 day

were left open for last-minute maintenance de-
tails, particularly in correcting any equipment
deficiencies detected during the DST’s. Final

“briefings were also held to correct any pro-

cedural problems pointed up by the previous
simulations.

Network Countdown

The network countdown began 5 hours and
50 minutes prior to the scheduled launch. This
time was devoted to computer and data flow
checks, teletype checks, voice checks, and brief
system tests. The Network Countdown docu-
ment specifically scheduled each of these ac-
tivities, and designated the stations and equip-




ment positions to which a particular operation
was applicable. The brief system test was a
shortened version of the DST and was designed
to lend assurance that equipment performance
had not significantly deteriorated since the DST
was run 4 days previously. Whereas the DST
may have taken 12 or more hours, most DST’s
could be performed in less than 2 hours.

The Network Countdown also contained the
“plus-count,” a scheduling of pertinent activi-
ties to be performed before acquisition of the
spacecraft and during the pass.

Flight Activities

After launch of the spacecraft, a time period
of from about 5 minutes (at Bermuda) to 90
minutes (at Eglin) would elapse before the
spacecraft passed over the station. The actual
pass, the time from which the spacecraft ap-
peared above the horizon until it was lost below
the horizon, averaged about 7 minutes. Av-
erage time between passes was about 85 minutes.
This time was devoted to equipment calibra-
tions—setting up known levels and annotating
the recorders so that later analysis would have
known standards—and preparation for the next
pass.

Prepass calibrations were begun 45 minutes
before the start of the next pass. Twenty-five
minutes prior to the pass the first acquisition
message would be received. This was a tele-
type message sent, from the control center advis-
ing the station of the time and coordinates at
which it could expect to acquire the spacecraft.
These figures were derived by the computers at
Goddard based on the real-time radar data from
the last station passed over by the spacecraft.
The information permitted the acquisition and
and radar operators to train their antennas to
the spot where the spacecraft would first be
“sighted.” A second acquisition message was
received 5 minutes prior to the spacecraft pas-
sage to communicate any inflight deviations
during the intervening 20 minutes.

Acquisition would ordinarily take place
within a few seconds of horizon time. Because
of the wide beamwidth of the antenna used by
the active acquisition aid, this system'ordinarily
was the first to acquire the target. At radar
sites, the S-band and C-band radars would none-
theless search independently. At contact, all

antennas were immediately slaved to the system
which acquired first.

As the radar locked on target, it would then
be set to track automatically, and, at operator
discretion, it could be made the controlling sys-
tem for the other antennas. At dual radar
sites, data from the C-band radar—the most
accurate of the two systems—was fed to the
teletype for transmission to the computers at
Goddard. If this radar lost track, data from
the S-band radar were put on the line.

As soon as possible after the last pass over the
station, the postlaunch instrumentation message
was teletyped to the control center. It con-
tained a tabulation of the times of acquisition
and loss of signal for the various systems, the
modes of operation, and a summary status
report.

It was obvious that the length of the MA-9
mission would preclude the manning of all sta-
tion equipments from launch to termination.
The flight path was such, however, that all sta-
tions had periods when the spacecraft would
not pass over them for three or more orbital
passes.

Documentation guides—Three documents
provided the major guideline for station per-
sonnel activities during the pass.’ The Network
Operations Directive 61-1, was produced jointly
by MSC, GSFC, and DOD and it set forth the
general operating procedures for all systems so
that a standard action would be used in a given
circumstance at any station in the network.

The second document, the Data Acquisition
Plan, gave detailed instructions for recorder
setups, pen assignments, patching arrange-
ments, and plotboard assignments, and gave in-
formation for disposition of data records after
the mission. A new Data Acquisition Plan was
published prior to each launch. It was pre-
pared by MSC with inputs from GSFC.

The third document was the Communica-
tions Operations Plan, prepared by GSFC.
This was a detailed account of how the commu-
nications network was to function.

Performance

The Mercury network, throughout all orbital
flights of the Mercury spacecraft, has clearly
demonstrated its capability to keep track of a
manned spacecraft and remain in communica-
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tion with the astronaut. These capabilities are
the direct result of the many months of plan-
ning, instrumentation installation and checkout,
training, and the highly efficient performance

100°  [20° I¢l-0"9 1607, !El!0° ]GIO“ l‘tO“ I?I_O" I(I)O“
| | 1

of the equipment and personnel at all network
sites during the actual missions.

There were six orbital flights of the Mercury
spacecraft, one unmanned (MA-4), one with a

!TO" I2IO“

F16URE 8-20.—MA-9 orbital charts.

chimpanzee aboard (MA-5), and four manned
(MA-6 through MA-9). The network per-
formance continually improved during these
missions as more and more experience was
gained. This progress was typified by the peak
performance demonstrated during the last Mer-
cury mission, MA-9. Tt lasted for nearly 22
orbital passes (fig. 8-20) with the spacecraft
landing in the planned landing area near Mid-
way Island in the Pacific Ocean. There were
some minor equipment failures associated with
the Mercury network, but they did not mate-
rially affect mission support or detract from the
excellent performance demonstrated by the net-
work throughout the flight.

A summary of network performance for the
MA-9 mission is presented in the following
paragraphs.
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Radar Tracking

During the countdown on May 14, 1963, the
radar at Bermuda failed to pass the CADFISS
slew tests. Digital data were intermittently of
poor quality in both the azimuth and range
channels. Efforts-to locate the trouble were in-
effective, and the quality of the data gradually
decreased. At T-15 minutes, the range data
error exceeded the tolerable limits, and at T—13
minutes the mission was postponed for 24 hours.
Subsequent investigation revealed a faulty pre-
amplifier in the azimuth digital-data channel
and a faulty shift register in the range digital-
data channel. The simultaneous failure of
both components complicated the failure
analysis.

On launch day there were no radar problems,
and the C- and S-band beacon checks prior to




launch indicated no beacon problems. The net-
work C-band radars tracked approximately 10
percent of the total mission time, which is 80
percent of the total time that the C-band beacon
was turned on. The network S-band radars
tracked 1.7 percent of the total mission time,
which is 86 percent of the total time that the
S-band beacon was turned on. The amount of
radar data furnished to the Goddard computers
was of sufficient quality and quantity to update
the trajectories, and it was determined that the
orbital parameters did not decay an appreciable
amount. Initial tracking reports indicated
that the C-band beacon was not as good as it
had been on previous missions because of the
heavier than usual modulation on the beacon
replies. The heavy modulation experienced by
the MCC and Bermuda radars during launch
seemed to lessen as the mission progressed.

In addition to the normal Mercury Network
radar sites, the following sites were used for
the MA-9 mission: Ascension Island, East
Island, Puerto Rico, and the radar ships Twin
Falls Victory and Range Tracker.

Acquisition Aid

In general, the performance of the acquisi-
tion-aid systems at all stations was satisfactory
and comparable to that of previous missions.
Low-angle elevation tracking, below approxi-
mately 15°, was accomplished manually because
of multipath conditions at most stations. The
only major acquisition-aid problem experienced
during the mission was on the Coastal Sentry
Quebec, where failure of the elevation antenna
drive system occurred prior to the 6th orbital
pass. However, the antenna was positioned
manually from the 6th through the 8th passes,
and the malfunction in the drive system was
corrected in time for acquisition in the 9th pass.

Computing

The MA-9 countdown began at midnight on
May 14, 1963. The Goddard computer, equip-
ment, interface, CADFISS, and trajectory con-
fidence tests were all satisfactory. During the
countdown, while using the “B” computer,
some dropout was observed at the MCC. The
high-speed output subchannel on the “B” com-
puter communication channel was interchanged
with the plotboard high-speed subchannel.

At the request of the Flight Dynamics Offi-
cer, the powered flight phase was supported
with the “A” and “C” computers, then switched
to the “A” and “B” computers during orbital
flight. The “B” computer gave no indication
of dropout during the rest of the mission. Lift-
off occurred at 08:04:13 a.m. e.s.t.

The Atlantic Missile Range (AMR) LP.
7094 and the General Electric-Burroughs
guidance computers provided excellent data
throughout the launch. A “go” decision was
indicated by all three data sources.

In the orbital phase, during the periods when
the spacecraft C- and S-band beacons were on,
the tracking data received from the network
sites were excellent. During the mission, space-
craft weight change data resulting from fuel
and coolant-water usage were manually put into
the computers.

The retrofire time recommended by the God-
dard computers was 33:59:30 ground-elapsed
time (g.e.t.), and retrofire was manually initi-
ated at this time. After retrofire, the predicted
landing point transmitted to the MCC from the
Goddard computer was 27°22’ N. latitude and
176°29” W. longitude. An attempt to refine this
prediction with six frames of data acquired by
the Range Tracker ship during blackout failed
to yield a converged solution. The computed
time of the blackout was from 34:08:16 to
34:22:30 g.e.t. The actual time of initial black-
out was reported by the Range Tracker to be
34:08:17 g.e.t. The actual landing point was
reported by the recovery ship to be 27°22.6” N.
latitude and 176°35.3” W. longitude.

Although several minor computer problems
were encountered and corrected throughout the
flight, at no time during the mission did the
computers fail to drive the digital displays and
plothoards at the MCC. In addition, perform-
ance of the high-speed lines between Geddard .
and the MCC was excellent.

For the first time, CADFISS tests were con-
ducted during the mission to determine the op-
erational status of major equipment subsystems
at network sites. These tests were considered
necessary since mandatory equipment at many
sites did not operate for prolonged periods of
time when the spacecraft was out of range. All
of these tests were successfully supported by the
third Goddard computer while the other two

151



Goddard computers continued the operational
support of the mission.

Two range ships, the Range Tracker and the
Twin Falls Victory, were used to provide track-
ing data to the computers. The Range Track-
er provided good tracking data during the 7th,
20th, and 21st orbital passes. During reentry
the Range Tracker was poorly positioned with
respect to the blackout zone and provided only
six frames of data for this phase of reentry.
An analysis of these data indicated a landing
point which was about 3° or 180 nautical miles
away from the correct landing point. Twin
Falls Victory data readout was good on three
passes.

Ground Telemetry System

The telemetry coverage for the mission was
excellent. There were no major ground system
failures, although some coverage was lost be-
cause of the manual switching procedure used
onboard the spacecraft. In general, any de-
viation from nominal coverage can be attributed
to spacecraft attitude or to the transmitters be-
ing turned off. The telemetry relay circuits
from Antigua, California, Bermuda, and As-
cension were satisfactory in all respects. Dur-
ing all passes over these stations when telemetry
antennas were radiating, data were remoted to
the MCC. During the third orbital pass, the
telemetry was switched to the high-frequency
link prior to the spacecraft’s passing over
Hawaii and remained on until it was over the
California site, at which time telemetry was
switched back to the low-frequency link. At
all other times, the telemetry remained on low
frequency. No telemetry system anomalies
were noted during this period.

Air-to-Ground Voice Communications

The air-to-ground communications were of
good quality. The UHT system was used as the
primary communications system except for the
scheduled HF checks. During periods of com-
munication, UHF coverage varied only slight-
ly from predicted acquisition and loss times be-
cause of the nominal orbital trajectory. As ex-
pected, air-to-ground communications could not
be established during the communications
blackout period. An Instrumentation Support
Instruction was transmitted to the network out-
lining the use of the UHF squelch circuit as
defined in the network documentation. A pre-

152

mission checkout and the mission results indi-
cated that proper use of the squelch circuit elim-
inated background noise from open UHF re-
ceivers during periods of silence. This change
also resulted in a reduction of noise level on the
Goddard circuit during air-to-ground transmis-
sions.

Relay aircraft in the Atlantic Ocean area re-
ported good UHF reception from the spacecraft
and good relay transmissions to MCC on the
2nd, 3rd, and 17th orbital passes. A relay at-
tempt on the 16th pass was unsuccessful because
of a severe thunderstorm in the vicinity of the
relay aircraft. Communications from the MCC
to the spacecraft through the relay aircraft
were not attempted on the 2nd pass, and they
were unsuccessful on the 3rd pass because the
spacecraft had passed out of range. However,

 the relay communications were successful on the

Tth pass. Ascension and Antigua Islands in
the Atlantic were also available for relaying
communications between the spacecraft and the
MCC. Relay through Ascension was success-
fully accomplished for a period of approxi-
mately 6 minutes during the third orbital pass.
The Antigua voice relay was not used during
the mission.

In the Pacific Ocean area, communications
were successfully relayed from Hawaii through
Kwajalein and Wake Islands on passes 3 and
19, respectively. A voice-operated relay from
the MCC through the Range Tracker was at-
tempted on the 20th orbital pass. However,
this attempt was unsuccessful because the
transmission was made on the MCC-Hawaii
remote air-ground position instead of the God-
dard Conference Loop. This error apparently
placed a 1700-cps tone on the cireuit to the
Range Tracker and resulted in keeping the au-
tomatic voice relay continuously closed ; how-
ever, several transmissions from the astronaut
were received in the MCC. Another attempt to
use the relay on the 22nd pass was ineffective.
As in the MA-8 mission, satisfactory communi-
cations were established in the primary landing
area between the spacecraft and Hawaii by
using relay aireraft.

Command System

The reader is referred to appendix F for a
transeript of the MA-9 air-to-ground voice
communications.




The command system for the MA-9 mission
operated in a satisfactory manner, and the com-
mand control plan was followed very closely
throughout the mission. Several malfunctions
were noted at various sites,.but command capa-
bility was never lost by any site during the time
in which the spacecraft was passing over that
site. The command carrier “on” indication
from ‘the Bermuda station to the MCC was de-
layed approximately 32 seconds on the first
pass; however, it had no net effect on the mis-
sion since the onboard command receiver signal
strength remained above the receiver threshold
setting.

A total of 19 functions were transmitted from
the command stations. All of these functions
were received onboard the spacecraft with the
exception of one telemetry “on” function from
Muchea and the clock change from the Coastal
Sentry Quebec. The telemetry “on” command
from Muchea was not received because it was
transmitted when the spacecraft was out of
range of the 600-watt ground transmitter. The
clock change from the Coastal Sentry Quebec
was not received because the command tone was
also sent before the spacecraft was within
range of the ground transmitter.

The following ground-system malfunctions
were experienced :

(1) The Rose Knot Victor had an intermit-
tent problem in the beam power supply of the
backup power amplifier. It was detected be-
fore lift-off and the equipment remained in-
operative throughout the mission. The prime
transmitter was used to support the mission.

(2) Guaymas had a failure in the filament
transformer of the standby transmitter at
99:40:47 g.e.t. which damaged the power am-
plifier tube. The filament transformer and
the power amplifier tube were both replaced
and the equipment was operational by 32:05 47
ge.t. The prime transmitter remained opera-
tional during this time.

(3) The Bermuda high-power transmitter
came on with a 3.6-kw output, but did not come
up to full power. The station automatically
switched to low power, 600 watts, at 00:06:31
g.e.t.

707-056 0—63——1 1

(2]

Ground Communications

All regular, part-time, and alternate circuits
of the network participated in the MA-9 mis-
sion. Critical coverage was continuously es-
tablished on these circuits during preflight
countdown until the end of the mission for Ade-
laide, Muchea, Honolulu, New York, Mercury
Control Center, and GSFC. For other sites,
critical coverage was dependent upon standby
status (critical coverage being allowed to lapse
when the station was on a standby basis.

Upon review of the SCAMA log for the mis-
sion, it is apparent that this phase of communi-
cations was quite reliable. The few instances of
poor readability were mainly a result of the sta-
tion operation techniques and excessive back-
ground noise inside and outside the station.

Communications during the mission were
nearly perfect. Every communication patch
performed properly when needed. As antiei-
pated, outages occurred on a few occasions when
a station did not have the spacecraft “in view”
or during otherwise unimportant communica-
tions periods.

Average total message delays during MA-9
approximated 2 minutes, compared with 3 min-
utes and 15 seconds for MA-8. This difference
can be accounted for by the heavier traffic con-
centration of MA-8.

The MA-9 mission occurred during a period
of high solar activity. Unlike MA-8, however,
there were no geomagnetic disturbances and the
propagation conditions were favorable.

Timing

The timing system performed satisfactorily
at all stations except California. On passes 3,
4, 5, 16, 17, and 18, the serial decimal timing
was in error in tens-of-seconds readout. The
problem was corrected after pass 18 by replac-
ing all tubes in the timing counter units and
adjusting the phanastron in the time-compari-
son unit. During pass 20, the timing system
was again defective since it indicated 21 hours
rather than 20 hours.
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9. OPERATIONAL SUPPORT FROM THE DEPARTMENT OF DEFENSE

By MaJor GENERAL LErcuTON 1. Davis, U.S. Air Force, Department of Defense Representative for Mercury
: Support Operations

Summary

The Mercury—Atlas 9 mission marked the
successful conclusion of the nation’s first
manned space flight program to which extensive
operational support had been provided by the
Department of Defense. This support covers
many assets uniquely available within the broad
scope of this nation’s military structure and
includes such areas as early wind-tunnel studies,
astronaut training facilities, parachute devel-
opment, launch vehicles and launch operations,
aeromedical assistance crews, network facilities,
recovery forces, and public information.

Early in the program a need was recognized
for a more precise planning and control of the
many areas of DOD support to the National
Aeronautics and Space Administration. A De-
partment of Defense Representative for Mer-
cury Support Operations was designated by the
Secretary of Defense and was the sole point-of-
contact within the DOD for coordinating all
NASA requirements with DOD resources. A
coordinating organization, the Mercury Sup-
port Planning Office, was established to admin-
ister the plans, policies, and directives of the
DOD Representative.

Both the Redstone and Atlas launch vehicles
developed by the DOD for other programs were
modified and together with launch operations
provided support for the Mercury flight pro-
gram. Military facilities and persons associated
with tracking and telemetry stations within the
DOD complex were made available to complete
the Mercury Worldwide Network. By far the
largest DOD support effort in terms of people,
was the level of recovery forces deployed for
the various Mercury missions. This manpower
level was approximately 14,000 people for the
manned orbital missions. For those missions
where an occupant was included in the space-
craft, DOD medical teams were deployed to

provide assistance to NASA medical specialists.
The global DOD communications complex was
activated for use during Mercury missions to
lend support in a variety of areas where high-
speed information flow was required. This com-
munications complex, in addition to facilities
of the Mercury Worldwide Network, was espe-
cially valuable in coordinating the deployment
and operation of the recovery forces for an orbi-
tal mission. The DOD also supported the
NASA in disseminating and controlling Mer-
cury mission information for public consump-
tion through its public information organi-
zation.

Providing support to Mercury flights has con-
tributed greatly to the Department of Defense’s
knowledge and experience in areas of launch,
network, recovery, communications, and medi-
cal space operations. Future space-flight opera-
tions can be effectively supported by applying
the experience and procedures derived during
Project Mercury.

Introduction

Throughout the Mercury Project, the De-
partment of Defense (DOD) provided valuable
and timely support in eritical operational
phases of the project. As the project pro-
gressed and the scope of its activities increased,
o need for a centralized coordinating agency
within the DOD was recognized. The person
in charge of this agency was designated the
DOD Representative who had the sole responsi-
bility of coordinating the resources of the vari-
ous military organizations to satisfy the proj-
ect requirements of the National Aeronautics
and Space Administration. In this regard the
DOD Representative was the primary point-of-
contact for the NASA Operations Director in
conjunction with specific requests for Mercury
support.
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Prior to the designation of a DOD Represent-
ative for Mercury support operations, opera-
tional support for the project was handled on
an official but somewhat informal basis. The
intent of this paper is to describe the opera-
tional support that was provided after the
designation in 1959 of a DOD Representative
for Mercury support operations. This desig-
nation also provided NASA with a single point-
of-contact for the submission of their DOD
support needs.

Early in the Mercury Project wind tunnel
facilities such as the Arnold Engineering and
Development Center, Tullahoma, and the crew
training devices such as the Centrifuge at
Johnsville, Pa., were also made available; how-
ever, these support areas will not be discussed.
The support areas which are discussed comprise
launch vehicles and operations, worldwide
tracking, recovery, communications, aeromedi-
cal, and public information. These areas are
discussed separately as they pertain to Mercury-
Redstone and Mercury-Atlas mission activities
and are followed by a summary of DOD sup-
port provided for each specific mission. Al-
though the DOD provided launch, range, and
recovery support for the first Atlas launch,
named Big Joe, and for the Little Joe space-
craft development flights, these are not pre-
sented. The Big Joe flight was conducted to
provide early aerodynamic and thermodynamie
data by reentering a boilerplate spacecraft. A
greater emphasis is placed on describing the
gradual build up of operational support from
the relatively simple ballistic flichts, requiring
assistance primarily in the area designated the
Atlantic Missile Range, to the worldwide orbital
missions requiring DOD medical, network, and
recovery forces stationed around the globe.

This paper is intended only as a summary of
the concepts and techniques employed in the
various support areas relating to the Depart-
ment of Defense. ‘The Aeromedical Activities,
Network Development and Performance, Re-
covery, Redstone Development and Perform-
ance, and Atlas Development and Performance
papers should be consulted for greater detail
in the operational aspects of these subjects.

Planning and Organization

The National Aeronautics and Space Admin-
istration had sole responsibility for conducting
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the Mercury project. The NASA Operations
Director was designated as the single point-of-
contact with the Department of Defense. The
talents, resources, and facilities of the Depart-
ment of Defense were used to assist NASA in
attaining the overall objectives of the project.
The Secretary of Defense approved DOD sup-
port of Project Mercury in areas of launch,
network, recovery and bioastronautics.

The Commander, Atlantic Missile Range Test
Center (AFMTC), was designated as the De-
partment of Defense Representative for Proj-
ect Mercury support operations by the Secre-
tary of Defense and was made responsible to
coordinate the efforts of the many DOD ele-
ments involved and to provide a single point-
of-contact for NASA for the Mercury Project.
The DOD Representative was authorized such
staff as he might need to accomplish his duties
and was required to make maximum use of
existing DOD organizations and procedures.
Broad plans of DOD support for Project Mer-
cury were developed by the DOD Representa-
tive and published in an Overall Plan on Janu-
ary 15, 1960.

The Mercury Support Planning Office, con-
sisting of representatives from the major par-
ticipants in DOD support of Project Mercury,
was created to administer the plans and poli-
cies of the DOD Representative. This office
coordinated NASA’s support requirements for
Mercury with the DOD elements to insure that
needed support in the form of talent, facilities,
organization and other resources, was timely
and sufficient to the extent compatible with
DOD’s primary defense mission. The Mercury
Support Planning Office was the final coordi-
nating staff office for the DOD Representative
in all matters relating to DOD support of
Project Mercury operations.

Department of Defense support was origi-
nally divided into two stages: preoperational
and operational. The operational stage in-
cluded launch through recovery phases and the
preoperational stage included all other times
during which DOD supported Project Mercury.
During each of these stages, control of DOD
support differed, and a separate functional or-
ganization was required. In the preopera-
tional stage, the DOD Representative had re-
sponsibility for coordinating the action of DOD



forces in Project Mercury activities. In the
operational stage, full decision-making respon-
sibility was exercised by the NASA Operations
Director. In either stage, additional guidance
was provided by direct contact between the
DOD Representative and the NASA.

These planning, coordination and control
procedures, set up in the early days of Project
Mercury, remained basically unchanged until
the end of the seventh Mercury-Atlas mission
(MA-T7). After MA-7, it was decided to
amend the charter of the DOD Representative
to insure a tighter control of the diverse DOD
elements during mission operations, because of
the expanding scope of the program, the need
for a change in operational procedures and
realinement of recovery communications. As
a result, the duties and responsibilities of the
DOD Representative were revised in June 1962.
Significant changes were incorporated into the
revised terms of reference for the DOD Rep-
resentative which established two phases of op-
erational support: the coordinating phase and
the operational control phase which, at times,
ran concurrently. The coordinating phase was
that time during which plans were developed
and resources arranged to support future opera-
tions. This phase was continuous and included
training and simulation exercises preparatory to
flight operations. The operational control
phase included the launch through recovery
aspects of the mission and began at 24 hours
before the scheduled launch at which time the
DOD Representative assumed operational con-
trol of the DOD forces, assets, and facilities
used for support of Mercury operations. This
phase terminated at the time the spacecraft and
its occupant were recovered and turned over to
NASA officials.

To provide for the centralization of overall
operational control of the global recovery
forces, the DOD Representative established the
DOD Mercury Recovery Control Center at
Cape Canaveral. Another method used by the
DOD Representative for exercising operational
control of the support forces was the publica-
tion of operations orders and directives prior
to each mission. These orders proved to be an
effective means for conducting these missions
and contained a more detailed description of
the procedures by which operational control
would he exercised by the DOD Representative.

Based on these orders, the supporting com-
manders prepared their individual directives
for the control of their assigned forces.

Documentation

Several methods were used by the DOD Rep-
resentative to evaluate DOD performance dur-
ing the Mercury Project. Monthly status
reports were submitted by the DOD Representa-
tive to the Secretary of Defense and Annual
Reports summarized calendar year operations.
Postmission reviews and preoperational con-
ferences were held by the DOD Representative
and attended by representatives from NASA,
the National Ranges and DOD support forces.

Prior to each mission, the DOD Representa-
tive received readiness reports from the sup-
port forces and kept NASA informed as to the
DOD’s ability to support the mission. DOD
forces were kept apprised of countdown status,
lift-off time, flight progress, and landing infor-
mation during an operation.

To consolidate and standardize the adminis-
trative and operational procedures for the DOD
National Ranges, Operations Plan 60-1 was
published in 1960. The procedures proved so
effective for the early Mercury flights that a
joint DOD/NASA document, Network Opera-
tions Directive 61-1, was published with a de-
tailed description of the manner in which the
DOD, NASA and the Australian Weapons Re-
search Establishment (WRE) facilities would
operate as an integrated global network in sup-
port of Project Mercury. The documentation
flow which transferred information between
NASA and DOD started with the NASA Pro-
gram Requirements Document, which requested
specific items of support from the ranges. The
ranges, in turn, replied with a Program Sup-
port Plan which specified how they would meet
NASA’s requirements.

Launch Support

Launch operations for Project Mercury were
conducted at the Cape Canaveral Missile Test
Annex of the Atlantic Missile Range. The Red-
stone vehicles were launched by NASA Mar-
shall Space Flight Center assisted by members
of the Army Ballistic Missile Agency. Other
DOD participation in the Redstone launches
was limited to standard launch complex and
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instrumentation support normally provided to
missile programs by the AMR.

The DOD role in Atlas launches was extendled
to inelude the Atlas D launch vehicle, guid-
ance system, and launch complex, and was pro-
vided‘by the Space Systems Division (SSD)
of the Air Force Systems Command (AFSC).
The 6555th Aerospace Test Wing of SSD lo-
cated at Patrick AFB was given the responsi-
bility for final installation, prelaunch check-
outs, and actual launch of the Atlas launch ve-
hicle to insert the Mercury spacecraft into a
proper orbit.

Network Support

The mission of the Mercury Worldwide Net-
work was to enable flight control people to
monitor, by electronic means, the status and
performance of the spacecraft, its systems, and
its occupant and to communicate with the pilot.
To accomplish this mission, NASA, with the
assistance of the DOD, implemented a global
tracking and telemetry network. This network
required the use of certain existing DOD sta-
tions as well as the construction of additional
facilities. As originally planned, the network
consisted of 14 land-based stations, two DOD
tracking ships, and a communications center.

A listing of the network stations is as fol-
lows:

Station Operating
number Station name agency
17 Cape Gangyerals SCvine e ims e AMR

Grand'Bahamg:o (0 Tei b S AMR

GranddPusleaaitis filu o S AMR
20 Berrndas s ks vl BN, ol NASA
3i=-Rogetlnotiis Sapi v i v o G S AMR
4" Canary Island Tt 5 2 rmin e A s AMR
B RaN0 S50 ST R B R NASA
Ol Zaneibar 0 F b ks sicOBE. | BE NASA
Tiet ConstaliSentry e af Sedar S S5 AMR
S Muaheg i s et e el ERE WRE
B Woonera: 2o sl R WRE

10 (Deleted)

17 Canton Talands = e SR s PMR
125 Hawedidi: Sorallnieddt Sl dsmin o i PMR
13 Phirdrauellofi-tas ok St EREL MG PMR
147, Guiayraagl st ise oL b d Sl i NASA
163 Vihite/Sandsi o Wil el 0o Gl WSMR
L6 Corpus|Ghrigtis - L s e WSMR
170 Welipeate i etion e Rl R APGC

The network was later modified on a mission-
to-mission basis by other DOD facilities, in-
cluding additional stations of the Atlantic Mis-
sile Range and two radar tracking ships. The
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DOD Communications Center was replaced by
the NASA Communications and Computing
Clenter at the Goddard Space Flight Center
(GSFC) and some Mercury stations became
identified by names more descriptive of their
actual location.

During Mercury missions, the entire network
was under operational control of the DOD Rep-
resentative’s network commander, assisted by
the network status monitor, who advised the
NASA Operations Director on the status of
the network to perform its mission. Upon
termination of the mission, operational control
of the stations reverted to the respective range
commanders or the NASA, as appropriate.
A fter the network had been established, NASA
provided the technical planning, augmentation,
and modification of the network to complement
the DOD operational control.

Instrumentation for the initial Mercury
flights involved only the facilities of the AMR.
The entire network, except for the Coastal
Sentry, was first called up for support of MA-3.

The first time a Mercury network instru-
mented ship was used in support of a Mercury
mission was during MR-3. The Coastal Sentry
ship was located in the landing area for telem-
etry and communications between the space-
eraft and the ground.

For the second manned flight, MR—4, the
AMR Rose Knot ship, was deployed in the
landing area. It was during MA—4 that most
of the network stations had their first oppor-
tunity to attempt radar track. In general,radar
track from the stations was poor and the Ber-
muda, White Sands, and Woomera data were
not usable at Goddard. A postflight review
was held at AMR and was attended by repre-
sentatives from all of the radar sites. It was
learned from this review that the antenna pat-
terns for both the C- and S-band beacons were
not good because of deep nulls in the antenna
patterns. A decision was made to install an an-
tenna pattern-phase shifting device on the
spacecraft for the next mission. This device
introduced a phase delay of 400 cycles per sec-
ond to shift the antenna pattern and effectively
smear over the deep nulls.

The installation of the phase shifter on the
C-band antenna system for MA-5 proved suc-
cessful. During the MA-5 postmission review,
indications were that the radar coverage was




much improved. This improvement was the
result of the use of the phase shifter, the in-
tensive training received by the radar operators
between missions, and by the use of a radar con-
troller on the handover net.

During the MA-7 flight, several stations re-
ported amplitude modulation by the phase
shifter on the C-band beacon ; however, reentry
data were smoother than on previous missions.
The two relay aircraft obtained SARAH bea-
con bearings on the spacecraft and confirmed
its location prior to sighting.

Failure of the magnetron driver unit on the
Canary Islands Verlort radar caused a 15-min-
ute hold in the MA-8 countdown. Some com-
munications problems were encountered during
periods of poor propagation conditions and air-
craft relay was unsuccessful because the dis-
tance between spacecraft and aireraft was too
great. :

The launch for the Mercury-Atlas 9 (MA-9)
mission was the first mission rescheduled be-
cause of network difficulties. Bermuda’s C-
band radar had unacceptable range data errors
because of a faulty shift register in the range
digital data channel and a faulty preamplifier
in the azimuth digital data channel.

The network for MA-9 was augmented by
the addition of the Twin Falls Vietory Ship
(AMR), the USNS Range Tracker (PMR),
Antigna Island, Ascension Island, East Island,
Wake Island, and Kwajalein Island.

Relay aircraft were equipped with high gain
antennas and the spacecraft-to-ground voice re-
lay was successful. Voice relay was also accom-
plished through Ascension, Wake, and Kwaj-
alein. Radar aircraft of the Air Defense
Command, used as part of the network for the
first time, obtained a good skin track of the
spacecraft during reentry, including blackout,
and were able to obtain some contact during
orbit. For the first time, stations were allowed
to go on standby status during the orbital phase,
and computer and data flow tests were con-
ducted to confirm their return to operational
status.

Recovery Support

During Project Mercury the DOD contribu-
tion to planned and contingency recovery opera-
tions expanded considerably. Starting with a
concentration of all recovery efforts about a

single planned landing area, recovery support
multiplied until the DOD was supporting 32
planned landing areas and 51 contingency land-
ing areas for the final Mercury mission. For
MR-1A, the first unmanned ballistic flight, the
recovery support forces consisted of 8 ships
and 15 aireraft all located within 1,500 nautical
miles of Cape Canaveral. Recovery support
for the final MA-9 mission consisted of 28 ships
and 171 aireraft.

Mercury-Redstone Series

The Mercury-Redstone series of four flights
which required recovery support took place
during the period December 1960 to July 1961.
These missions all involved ballistic trajectory
flights, with the primary planned landing area
located directly downrange northeast of Grand
Bahama TIsland. Naval ships and aircraft
formed the recovery task force and were as-
signed stations within the designated recovery
areas. Aircraft units from the Air Rescue
Service (ARS) and the Air Force Missile Test
Center (AFMTC) assisted the surface recovery
forces. Contingency recovery commanders
were designated and units of their commands
were pre-positioned along the ballistic track to
insure readiness should a contingency recovery
situation have occurred.

Mercury-Atlas Series

Mercury-Atlas missions MA-3 to MA-9 were
all planned as orbital flights varying from one
orbital pass to the extensive 1-day, 22-orbit
mission which concluded the Mercury program.

With the advancement from ballistic to or-
bital flight, the support provided by elements
of the DOD substantially increased. No longer
was it sufficient to consider only a downrange
flight path, but now it was necessary to view
the entire earth-circling orbital paths as poten-
tial contingency recovery operation areas. Al-
though the number of planned landing areas
increased from 1 to 82, the greatest expansion
of DOD recovery effort occurred in the area of
contingency recovery operations. The support
of contingency recovery landing areas was pri-
marily borne by aireraft, and in many instances
by the same aireraft used in support of planned
landing areas. The number of aircraft directly
participating in recovery operations for this
series increased from 22 located along the AMR
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ballistic track to 171 located at 30 land-based
sites and onboard two aircraft carriers.

The unmanned flight of MA-3 was the first
planned one orbital pass mission, but failure in
the launch vehicle resulted in its destruction by
the Range Safety Officer. The spacecraft escape
system worked perfectly and the spacecraft was
retrieved by a launch-site recovery-force heli-
copter, 200 yards off shore. This was the only
time during the program that the launch-site
recovery forces had to put into practice the
many hours of training for just such an
emergency.

Because of extensive slippages in the original
scheduled dates for the orbital missions, two
separate and distinet recovery-force deploy-
ments were required. The DOD recovery
forces in support of these missions adjusted and
substituted units as necessary to meet normal
military commitments during the periods be-
tween recovery deployments. Despite these
reorganizations, all recovery elements and units
were ready and effectively performed their
recovery missions.

The MA-T mission of Astronaut Lieutenant
Commander Carpenter, USN, terminated after
a three-orbital flight with a 250 nautical mile
overshoot of the primary landing area. Re-
covery was effected, however, about 3 hours
after landing. A postmission review of this
flight revealed the need for a change in recovery
communications and operational procedures.
This review led to the establishment of
a DOD Mercury Recovery Control Cen-
ter (MRCC) jointly staffed by Commander
Cruiser-Destroyer Flotilla Four (CTF-140)
and his deputy, Commander Air Rescue Serv-
ice, who performed the recovery mission for the
DOD representative. Furthermore, recovery
communications equipment and procedures were
changed for future missions so as to provide a
more tightly controlled recovery organization
capable of quick response to changing situations.

The last two missions of the Mercury Proj-
ect, MA-8 and MA-9, constituted a culmina-
tion of all the lessons learned in previous mis-
sions, and reflected the flexibility of the recov-
ery forces when the primary planned landing
area was relocated from the Atlantic to the Pa-
cific Ocean. The final flight had the greatest
number of recovery forces providing support
and required the closest coordination of effort.
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The Pacific recovery force trained intensively in
preparation for these missions, and the smooth-
ness with which the two operations were con-
ducted reflected their efforts and refined pro-
cedures. In both flights the manned space-
craft landed within 414 miles of the primary
recovery ship and was recovered and on board
within 45 minutes in each case.

Recovery forces supporting MA-8 were de-
ployed with 19 surface units in the Atlantic and
7 in the Pacific. A total of 134 aircraft pro-
vided the planned and contingency recovery
support for this mission. For MA-9, surface
support forces in the planned landing areas
numbered 15 ships in the Atlantic and 11 in the
Pacific. Air support was provided by aircraft
from the Army, Navy, Air Force, Marine
Corps, and the U.S. Coast Guard. Commander,
Middle East Force, provided a contingency sur-
face recovery force of two ships for the north
Indian Ocean areas.

Aeromedical Support

To fulfill the objectives of Project Mercury,
the NASA requested the Department of Defense
to provide certain medical support. The pur-
pose of this support was to assure thorough on-
scene medical care and a prompt and complete
assessment of the astronaut’s postflight condi-
tion. :

On December 1, 1959, the Department of De-
fense Representative for Project Mercury Sup-
port Operations designated the Staff Surgeon,
AFMTC, as his Assistant for Bioastronautics.
The principal function of the Assistant was to
plan, organize, and deploy worldwide medical
support for Mercury flight operations in re-
sponse to NASA medical requirements.

The Department of Defense provided medical
support in the categories of administration, peo-
ple, training, facilities, and equipment. The
extent of this support is discussed to show the
magnitude of such support.

Administrative Support

Administrative support included selection
and deployment of medical resources and facil-
ities and the formulation of medical support
plans. The scope of this support included the
following :

(1) Development of medical plans and pro-
grams.




(2) Acquisition, siting, and making opera-
tionally ready, the required medical facilities.

(8) Requisition, preparation, and deploy-
ment of all needed medical equipment.

(4) The preparation of plans to provide
blood for an injured astronaut and procedures
in case of non-survival of an astronaut.

(5) Medical staffing of a Forward Medical
Station, an Operational Support Unit, and
launch site recovery forces.

(6) Deployment of people and equipment to
fleet recovery units.

(7) Establishment of specialty teams and
alerting of specific DOD hospitals.

In addition, administrative actions were
taken to procure medical specialists from Aus-
tralia and the Public Health Service to sup-
port each mission. Arrangements were made
for immunizations, distribution of publications
to recovery medical forces, and training pro-
grams.

Training

For the later manned missions, 84 medical
officers were trained by the AFMTC in June
1960 and in April 1963, 23 DOD medical officers
were trained specifically for MA-9 by NASA.

People

During the program 233 medically trained
people were made available by the DOD in sup-
port of Project Mercury flight operations.
These people served in the following areas:

(1) Asaeromedical monitors. The monitors
were assigned to Mercury network tracking
stations. Their functions were to monitor,
using telemetry displays, the physiological
condition of the astronaut.

(2) At Cape Canaveral, to provide emer-
gency surgical support in the event of a launch
site incident or disaster.

(3) On recovery vessels, to provide immedi-
ate on-scene medical assistance in the event of
a medical emergency during recovery opera-
tions.

(4) At advanced medical units in high prob-
ability landing areas at Grand Bahama Island
and Grand Turk Island.

(5) In the Bioastronautic Holding Facility
in Hangar “S”, Cape Canaveral, to assist in pre-
flight preparations.

(6) A dietitian and food service supervisor
were provided in the astronauts’ dining facil-
ity to prepare and serve prescribed diets to the
flight astronaut and his backup.

Facilities

The following medical facilities were pro-
vided :

(1) Cape Canaveral: Two blockhouses were
modified to provide a forward Medical Station,
a Medical Command Post, a Medical Com-
munications Center, an astronauts’ diet, kitchen
and dining room, and a ready room for the
Medical Specialty Team.

(2) Downrange: Two prefabricated surgical
hospitals and medical debriefing units were
erected at Grand Bahama Island and Grand
Turk Island.

(3) The Wilford Hall USAF Hospital,
Lackland AFB, Texas; the US Navy Hospital,
Portsmouth, Virginia; the Walter Reed Army
Hospital, Washington, D.C.; the Tripler Gen-
eral Hospital, Honolulu, Hawaii; were desig-
nated as specialty team hospitals. Seven other
DOD hospitals were alerted in high probability
landing areas, to support the astronaut if
needed.

Senior medical officers from the three armed
services established the medical equipment
needs in support of Project Mercury. The medi-
cal supplies and equipment were provided to
NASA on a loan basis and will be available for
support of future manned space flights.

The DOD medical participation in Project
Mercury has been mutually beneficial in that
the NASA received support otherwise un-
available to them and the Department of De-
fense medical services gained extensive experi-
ence in medical support operations. These
itrained experienced people represent a core
of technically competent specialists to support
future manned space programs.

Communications

The termination of Project Mercury was also
the termination of an extensive communications
complex used by the Department of Defense
forces in support of this NASA project. This
complex started with the early Mercury ballistic
missile communications limited to that of radar
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and telemetry data needed within the confines
of the Atlantic Missile Range (AMR).

As the project progressed to the orbital
flights, communications grew in complexity to
a point which involved the resources of the na-
tional ranges, Defense Communications Agency,
and the equipment and facilities available to
the separate commands, commercial agencies,
and foreign governments.

Programs were initiated to provide com-
munications that were uniquely required by the
Mercury mission. Some of the equipment re-
sulting from these programs was adopted by
NASA for incorporation into future facilities
support.

As Mercury missions advanced from un-
manned suborbital to manned orbital flights, it
became necessary for the DOD representative’s
staff to have communications specialists im-
mediately available to assist in the overall DOD
communications support as well as to participate
actively in the operational phase of the mis-
sions. Beginning with the MA-7 mission, the
function of the Communications Coordinator
was performed for the DOD Representative by
the Chief, Range Support Communications
Division, AFMTC, assisted by other communi-
cations specialists in the AFMTC organization.
The value of this group was fully realized dur-
ing the course of the MA-9 mission. For this
mission the most complex communications sys-
tem employed in the support of the national
space effort was implemented. From 48 hours
before lift-off through test termination, this
group of communicators supervised and main-
tained constant surveillance of the worldwide
communications systems insuring that the best
possible support and performance was afforded
this Mercury mission.

Network Support

Communications for the Mercury suborbital
flights consisted basically of the following :

(1) Launch pad intercommunications sys-
tems with associated circuitry to other Cape
Canaveral instrumentation areas, such as com-
mand control, telemetry, radar, and central
control. These systems were interfaced with
those provided by NASA within the Mercury
Control Center for internal communications.

(2) Voice, teletype, data, and timing eircuits

to Grand Bahama and Grand Turk Island
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tracking sites through the use of the AMR sub-
marine cable.

(3) Ultra-high frequency (UHF) and high
frequency (HF) communications between the
spacecraft and ground with equipment pro-
vided by NASA and operated by the AMR at
Cape Canaveral, Grand Bahama, and Grand
Turk.

Additional communications support for the
first manned suborbital flight consisted of a
basic teletype and voice plan to provide for the
passing of traflic to a recovery force consisting
of 10 surface vessels and 11 aircraft in the At-
lantic area. Teletype circuits connected the
Mercury Recovery Control Center (MRCC) at
Cape Canaveral to the three service communica-
tions centers, Andrews AFB, Ft. Detrick, and
Cheltenham, in the Washington complex; the
AMR submarine cable connected the MRCC
with the recovery forces in Puerto Rico; and
simple high-frequency single sideband (HFE/
SSB) voice communications connected the
MRCC to the recovery ships and aircraft.

As the missions progressed into orbital flights,
the NASA tracking network could not meet the
need for expanded global tracking and com-
munications requirements. The DOD aug-
mented the existing NASA network by
providing coverage at such stations as Antigua,
Ascension, Pretoria, Kwajalein, Wake Island,
and San Nicholas Island. DOD also provided
range ships and aircraft specially configured
for spacecraft voice relay.

During MA-8 and MA-9 the DOD provided
communications support for the xenon flash-
ing-light experiment being conducted at Dur-
ban, South Africa, by routing communications
through the AMR station at Pretoria, South
Africa.

The DOD Interrange tie line connecting Pt.
Arguello, White Sands Missile Range, Eglin
Air Force Base, and Cape Canaveral was
widely used during the Mercury mission for
radar handover and for intersite coordination.
The value of this circuit was realized by both
NASA and DOD elements for radar control.
Beginning with the MA—6 and subsequent mis-
sions, modifications were made to include the
sites at Guaymas, Mexico, and Corpus Christi,
Texas. The line was extended to the Hawail
tracking site for MA-8 and MA-9.




To overcome problems associated with space-
craft-to-ground communications especially dur-
ing the reentry period, the DOD initiated a de-
velopmental program on the use of airborne
platforms as automatic relay stations. Special
C-130 aircraft were configured with equipment
capable of the receipt and automatic retrans-
mission of the modes of communications,
HEF/UHF, available from the spacecraft or
ground stations. Included in the program were
various patterns by which the aircraft would
fly so as to provide the best coverage and relay
conditions. During MA-8 and MA-9 this sys-
tem was also incorporated aboard the telemetry
aircraft operated by the PMR in the Pacific
area. :

Shortly after MA-8, the AMR developed a
technique for the relay of telemetry data by
way of single-sideband radio. This system was
successfully demonstrated in November 1962
from AMR stations Antigua and Ascension
Islands to Cape Canaveral involving distances
of 1,200 to 4,400 miles, respectively.

The system was offered to the NASA for use
during MA-9 as a means of relaying
real-time aeromedical data. The NASA ac-
cepted this proposal and the system performed

successfully.
Recovery Support

In addition to the basic teletype and voice
- plan for passing communications traffic to the
recovery force deployed in the Atlantic, pro-
visions were also made for the handling of clas-
sified traffic by the installation of a secure tele-
type circuit between Patrick AFB and Cape
Canaveral. The AMR submarine cable was
used to interconnect the MRCC at Cape Canav-
eral with the recovery forces in Puerto Rico.
High-frequency single-sideband (HF/SSB)
voice communications were used between the re-
covery ships and aircraft in the Atlantic and
MRCC.

For the MA-9 mission communications were
needed to support 28 surface vessels, 171 air-
craft, and various Recovery Control Centers
and contingency forces deployed around the
world. To tie this vast complex into an effec-
tive communications network, the communica-
tions resources of the DOD, with its inherent
capability to interconnect with other govern-
mental and commercial systems, were available

to the DOD Representative’s communications
staff for support of MA-9.

The hub of the DOD recovery communica-
tions effort was the Mercury Control Center at
Cape Canaveral. As missions progressed from
suborbital to full orbital flights, the center was
modified from one of limited communications
support to an extensive and complex system
which supported the 22-orbital flight (MA-9).
This Center was designed to provide for the
receipt of status information from worldwide
deployed forces and for the passing of direc-
tions to the task force commanders. Desks were
replaced by operational-type consoles equipped
with communications systems capable of pro-
viding direct communications between the de-
ployed forces and individuals on the recovery
staff. Visual display equipment was provided
for the rapid dissemination of information, as
needed, within the MRCC and intercommunica-
tions links were installed for coordination be-
tween DOD and NASA elements.

General Support

As originally planned, the Mercury network
communications system did not provide voice
communications to network stations having an
HF link connecting them with the Goddard
Space Flight Center. In order to maintain
voice communications with AMR range vessels
operating under their control, the AMR estab-
lished a voice circuit to two range vessels by
using the unused sideband of the NASA SSB
teletype circuit. This method of operation,
commonly in use though not applied to the
Mercury network, proved exceptionally useful
to the flight controllers during early missions.
This method of operation was extended to other
Mercury stations so that during MA-9 voice
communications were available to all sites.

Prior to MA-9, teletype communications from
the Mercury Recovery Control Center were
routed to the three military services communi-
cations stations in the Washington area com-
plex. The basic service, although satisfactory,
created delays when it became necessary to pro-
vide alternate routing or to correct technical
difficulties and was also cumbersome in effecting
coordination during the course of the mission.
For MA-9, a plan was created which routed all
teletype communications for the recovery forces
through one station, Army East Coast Relay
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Station at Ft. Detrick, for further dissemina-
tion by automatic means to the final destination.
This new system proved very effective during
MA-9 by providing a single point of contact for
coordination purposes, a reduction of circuitry
between Cape Canaveral and Washington, D.C.,
and an ability to react quickly to alternate rou-
tine requirements.

The Area Frequency Coordinator at AFMTC
was given the responsibility for providing pro-
cedures and controls necessary to insure that the
11 spacecraft frequencies were protected from
harmful interference. Critical times were
established as being from 6 hours before lift-off
through mission termination. The frequency
protection plan, as developed, was applicable
throughout a belt extending some 700 miles
north and south of the predicted orbital paths.
To provide the control agencies with timely in-
formation on implementation and termination
of frequency protection, some 87 addressees were
contacted by use of Address Indicator Group
teletype messages. In addition to these actions,
it was necessary during the course of Project
Mercury to coordinate the assignment and use
of 171 HF frequencies. Throughout the Mer-
cury program a total of 43 cases of electronic
radiation interference was reported and satis-
factorily resolved or alleviated.

Public Information

Department of Defense support of the NASA
public information effort on Project Mercury
began with logistic support of news media cov-
ering the early launches. A press site which of-
fered a direct view of the Redstone launch
complex was built near the Mercury Control
Center for the flights of Astronaut Commander
Shepard, USN, and Astronaut Major Grissom,
USAF (MR-3 and MR-4, respectively). A
new, improved press site was constructed near
the Cape Canaveral landing strip, near the
Atlas launch complex, for the orbital flights.

Logistic support of the news media covering
the Mercury activities developed into a general
pattern with the greatest amount of support re-
quired at Cape Canaveral. The number of ac-
credited news media representatives covering
the flights increased with each launch until
more than 700 covered the MA-9 flight. Sup-
port included transportation, escorts, communi-
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cations lines (525 pairs of telephone lines and
six wideband video lines from the Cape press
site), shelter, and public-address systems.
AFMTC had a full-time representative at the
NASA news media center; and for MA-8 and
MA-9, a DOD information officer was on duty
at the Pacific News Center in Honolulu.

For coverage of recovery operations, news
media representatives were positioned with
DOD forces in the primary landing areas and
communications channels were furnished so that
real-time reporting was possible. Excellent co-
operation was received from all DOD agencies
in the preparation of information material and
in the support of news media people by DOD
forces.

After MA-8 and MA-9, NASA Headquarters
convened in a meeting of the press pool repre-
sentatives from all news media to critique the
information aspects of the flights. The reports
of the media personnel indicated that the lo-
gistic support furnished by DOD was sufficient
and timely.

Review of Mercury Missions

The Department of Defense support dis-
cussed here is limited to that provided for the
Mercury-Redstone (MR) missions and nine
Mercury-Atlas (MA) missions during the Mer-
cury Project. DOD support in the early
phases of the Mercury Project was primarily
in the areas of launch and network. As the
project developed and missions became more
complex in scope and objectives, DOD support
expanded into the additional areas of recovery,
communications and bioastronautics. The
scope of this support, in terms of people, air-
craft, and ships for the manned orbital flights
is shown in tables 9-T and 9-II. A brief sum-
mary of each mission with regard to DOD sup-
port follows.

The first Mercury-Atlas vehicle (MA-1) was
launched on July 29, 1960. The spacecraft was
unmanned and was intended to land northeast
of Antigua Island in the West Indies. Stand-
ard AMR tracking and data acquisition equip-
ment was available and the recovery support
consisted of units from the Atlantic Fleet
(CINCLANT), Air Rescue Service (ARS),
and AMR forces deployed as a task force. A
structural failure occurred approxmiately 1
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Table 9-I1.—DOD Adrcraft and Ship Support for Project ]P[e?“cury

Aireraft MA-6 MA-7 MA-8 MA-9
ATIaNTCATE R e SR 82 74 65 65
Paeifica ATt bbbt gl o 12 12 41 58
@ CVI s roiss S e S e 16 16 16 27
T |y L AT S A s s S e LA 4 2 4 4
EATRIEE S i 2o i Sl el Ui 0 0 2 5
INTALPIEi S e st il ot b s BB 4 2 0 0
PliofoliRecor s 3 3 2 4
iWeatheriRecon - ==sis i ssiit 1 1 1 4
Ad mintAY G S P 4 4 3 4

Potal: UsEBEgstait etinmen 126 114 134 171
IRccovenyishipsiass - - g 24 20 26 28

® Includes 4 aircraft from RAAT.

minute after lift-off. After a 214 hour search
by the lIaunch-site recovery group, without suc-
cess, activity reverted to regular salvage opera-
tions by AMR forces augmented by two Navy
minesweepers. Approximately 98 percent of
the spacecraft and some parts of the launch ve-
hicle were ultimately recovered.

On November 21, 1960, the first Mercury-
Redstone mission with an unmanned spacecraft
using the Redstone launch vehicle was unsuc-
cessful because premature engine cut-off acti-
vated the emergency escape system when the
launch vehicle was a few inches off the pad.
The launch vehicle settled back on the pad and
was damaged slightly. The spacecraft was re-
covered for reuse.

The unmanned Mercury-Redstone 1-A mis-
sion (MR-1A) on December 19, 1960, was a re-
attempt of MR-1, and was successful. The re-
covery phase started with visual sighting by
ship and aireraft lookouts and search and rescue
and homing (SARAH) detection by search air-
craft prior to spacecraft landing. A helicopter
hoisted the spacecraft clear of the water 15 min-
utes after landing and deposited it onboard ship
17 minutes later.

The spacecraft for the Mercury-Redstone
mission 2 (MR-2) was launched on J anuary 31,
1961, and carried a 37-pound chimpanzee 420
statute miles downrange. The spacecraft was
tracked by the AMR almost to landing, al-
though it had overshot by about 100 miles.
Ultra-high frequency (UHF) transmissions
were detected by several recovery aireraft dur-
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ing the flight. Recovery aircraft located the
spacecraft, and a helicopter returned it to a
dock landing ship. Medical support people and
materiel were provided on ships, at Cape Ca-
naveral and at Grand Bahama Island to assist
in medical operations. :

The second Mercury-Atlas mission (MA-2)
on February 21, 1961, was successful and the
landing was northeast of Antigua Island. A
recovery helicopter retrieved the spacecraft 42
minutes after launch and delivered it to a dock
landing ship from which it was delivered to
Roosevelt Roads, Puerto Rico.

The unmanned Mercury-Atlas 3 (MA-3)
mission on April 25, 1961, was planned as a one-
pass orbital flight with landing east of Ber-
muda. All network stations except the Coastal
Sentry ship were called up to support the mis-
sion. The Recovery task force was deployed to
cover the designated landing area. A recovery
team from U.S. Commander in Chief, Europe
(USCINCEUR) provided a contingency capa-
bility to 0° longitude. A failure in the launch
vehicle resulted in the Range Safety Officer’s
aborting the mission 40 seconds after launching.
The spacecraft was retrieved 200 yards off shore
by a recovery helicopter which was deployed for
this purpose.

The first manned Mercury flight, Mercury-
Redstone 3 (MR-3) took place on May 5, 1961.
After a successful reentry, the spacecraft, with
Astronaut Commander Alan B. Shepard, Jr.,
USN, aboard, was sighted prior to its landing in




the planned landing area by deployed heli-
copters. One of the helicopters delivered the
Astronaut and spacecraft safely to the recovery
aireraft carrier 26 minutes after landing. All
phases of DOD support, including range, recov-
ery, and medical, were excellent. For this mis-
sion the AMR Coastal Sentry ship was located
in the landing area for telemetry and space-
craft-to-ground communications. Medical sup-
port consisted of aeromedical monitors aboard
the Coastal Sentry Ship, emergency medical
teams aboard recovery vessels and at the launch
site, and a medical debriefing team at Grand
Bahama Island. Aircraft of the ARS were on
station to assist in search operations.

The second manned flight, Mercury-Redstone
4 (MR—4), was conducted on July 21, 1961.
DOD support was comparable in scope to that
of MR-3. For this mission the AMR Rose Knot
ship was used in the landing area. The flight
and landing phases were successful. After
landing, premature actuation of the spacecraft
side hatch resulted in an emergency situation in
which the spacecraft filled rapidly with water
and began to sink. Astronaut Major Virgil T.
Grissom, USAT, egressed from the spacecraft,
and, after a short but difficult period in the
water lasting approximately 3 minutes, was
hoisted aboard the recovery helicopter and
delivered on board the recovery ship for medi-
cal examination 19 minutes after spacecraft
landing. A second helicopter attempted to
recover the sinking spacecraft. The weight of
the flooded spacecraft exceeded the lift capa-
bility of the helicopter at full power and the
pilot elected to release the spacecraft rather
than to jeopardize further the safety of the
helicopter and crew. The spacecraft sank in
2,800 fathoms of water.

A second attempt, to orbit an unmanned
spacecraft, was scheduled for August 25, 1961.
This mission was designated Mercury-Atlas 4
(MA-4). All network stations were scheduled
to participate. Recovery forces were deployed
similarly as had been for MA-3. Contingency
support was increased in scope to include full
deployment by forces from CINCLANT,
and partial deployment by forces from
USCINCEUR, CINCPACFLT, and ARS.
Bioastronautic support included additional
forces deployed for training in the launch-site
area. Shortly prior to beginning the count-

down, launch-vehicle problems were identified
which resulted in a 3-week delay of the launch.
All deployed forces were recalled, then rede-
ployed for a September 12 launch. On Septem-
ber 13, the mission was successfully conducted
with the spacecraft completing a one orbital
pass and landing in the planned landing area.
A C-54 search aircraft located the spacecraft
and retrieval was accomplished by the USS
Decatur and delivered to Bermuda Island.
Network performance, with the exception of
generally poor radar tracking, was good. The
tracking problem was traced to the lack of
operator training and poor spacecraft antenna
patterns.

Mercury-Atlas 5 (MA-5) was scheduled for
November 14, 1961, to carry a chimpanzee on a
three-pass orbital flight. Recovery planning
included the primary landing area at the end
of the third pass, as well as the probable areas
for landing at the end of the first and second
orbital passes. Recovery forces were deployed
accordingly and contingency recovery com-
manders planned for a full deployment. Ad-
ditional medical forces included veterinary spe-
cialists for postflight care and examination of
the chimpanzee, as well as a complete launch-
site support team. On November 12, space-,
craft problems resulted in a 2-week delay in the
launch. During this period, recovery forces
reverted to normal operational control, were
reorganized, and redeployed for a November
29 launch date. The launch was successful and
flicht was normal until spacecraft problems
prompted a decision to land the spacecraft at
the end of the second orbital pass. Radar
tracking was greatly improved through inten-
sified training prior to the flight and better
spacecraft antenna patterns as a result of a
beacon modification. Reentry and landing pro-
ceeded normally and the spacecraft was sighted
in the planned landing area by recovery air-
craft about 260 miles south of Bermuda. It
was retrieved within 80 minutes after sighting.
The spacecraft and occupant were delivered to
Bermuda.

Mercury-Atlas mission 6 (MA-6) on Febru-
ary 20, 1962, was the first manned orbital flight
and involved three orbital passes. The space-
craft, with Astronaut Lieutenant Colonel John
H. Glenn, USMC, aboard, landed about 166
miles due east of Grand Turk Island, approxi-
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mately 4 miles from the recovery destroyer
which retrieved the spacecraft 21 minutes after
landing.

All network instrumentation remained opera-
tive and provided full coverage throughout the
three orbital passes. Telemetry and communi-
cations were excellent in spite of some telemetry-
recording and radio-propagation problems.
Radar coverage was better than expected, ex-
ceeding the performance for MA-5. Although
a 4-minute ionization blackout occurred during
reentry, the C-band radars were able to main-
tain track of the spacecraft which resulted in
an accurate prediction of the landing point.

The landing areas after passes 1, 2, and 3,
were treated as primary recovery areas for this
mission. The recovery task force comprising
a total of 24 ships and 41 aircraft was stationed
in the nine planned landing areasin the Atlantic
Ocean. An additional 37 aireraft were stand-
ing by at Jacksonville, Florida ; Bermuda, Lajes
Air Force Base, Azores; BenGuerir, and
Roosevelt Roads, Puerto Rico. Forces from
USCINCEUR, CINCPAC, and USAF were
deployed along the remaining orbital tracks for
contingency recovery.

A full Bioastronautic Task Force, consisting
of 159 medical people was provided by the DOD
and deployed to support this mission. These
people staffed or augmented 4 medical treat-
ment facilities, 21 recovery ships, and 14 medi-
cal monitoring stations. The medical evalua-
tion and debriefing of the astronaut was
completed at the advanced medical treatment
facility at Grand Turk Island on February 23,
1962.

The seventh Mercury-Atlas mission (MA-T)
was launched on May 24, 1962. This mission
was the second three-pass orbital flight. Astro-
naut Lieutenant Commander M. Scott Carpen-
ter, USN, was the pilot for this mission. All
network stations were scheduled to participate
except the AMR Rose Knot ship which was
undergoing modification for a command-con-
trol system. Only the landing area at the end
of the third orbital pass was designated as
primary for this mission, requiring support .of
only one aircraft carrier. The spacecraft was
launched and inserted into a nominal orbit with
exceptionally good precision. Just prior to
retrofire, at the end of three passes, a failure in
the automatic control system was noted. A
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manual retrofire maneuver was planned and the
countdown was sent from the California site.
Attitude errors at retrofire caused the space-
craft to overshoot the planned landing point by
approximately 250 miles. A directional find-
ing (D/F) bearing on the spacecraft was quick-
ly obtained by search aircraft and a SC-54 ar-
rived within 1 hour after spacecraft landing
with an auxiliary flotation collar and other sur-
vival equipment. Helicopters were launched
from the carrier U.S.S. Intrepid when the car-
rier was within flight range. Although an ARS
SA-16 arrived on scene before the helicopters,
the Task Force Commander decided to effect
recovery by helicopter. The astronaut was re-
trieved 3 hours after landing and returned to
the carrier. The spacecraft was retrieved by a
recovery destroyer for delivery to Puerto Rico.

A postmission review held at Patrick Air
Force Base, Florida, revealed the need for a
more rapid flow of information between the
Mercury Recovery Control Center (MRCC) at
Cape Canaveral and the on-scene forces. Re-
covery communications equipment and pro-
cedures were changed for future missions so as
to provide for a more tightly controlled re-
covery organization capable of quick response
to changing situations.

On October 3, 1962, the eighth Mercury—Atlas
mission (MA-8) was launched. This mission,
planned for six passes, was successfully com-
pleted and the spacecraft, with Astronaut Com-
mander Walter M. Schirra, USN, aboard,
landed in the primary landing area approxi-
mately 414 miles from the recovery aircraft
carrier. For the first time in the Mercury Proj-
ect, recovery forces were deployed in the Pa-
cific Ocean for a primary landing northeast of
Midway Tsland. The landing area in the At-
lantic Ocean at the end of the third pass was also
treated as a primary area in the event that a
full six-orbital mission could not be completed.
Contingency recovery forces were expanded to
cover the additional ground tracks in the South
Atlantic, Caribbean, and western Pacific Ocean.
The AMR Coastal Sentry ship was positioned
in the Pacific Ocean to monitor the planned
retrofire maneuver. Two S-band radar ships
from the Pacific Missile Range and an Army
C-band radar ship were positioned uprange
from the primary landing area for reentry
tracking. The Bioastronautic Task Force con-




sisted of 84 medical specialists assigned to the
launch area, network stations, and recovery
units. An additional 22 specialists were avail-
able on a standby basis.

Centralized operational control together with
the cooperation of the DOD forces participat-
ing in MA-8 were instrumental in achieving an
integrated and responsive organization.

The ninth Mercury—Atlas mission (MA-9)
was launched on May 15, 1963. This manned
1-day mission was planned for 22 orbital passes
with the primary landing area in the Pacific
Ocean southeast of Midway Island. The
MA-9 spacecraft, with Astronaut Major Gor-
don Cooper, USAF, aboard, was placed into a
near-perfect orbit by the Atlas launch vehicle.
After 33 hours of normal flight during which
the major objectives were met, a malfunction
in the spacecraft control system required man-
ual control of the spacecraft during retrofire
and reentry. This was accomplished success-
fully and precisely by the astronaut and the
spacecraft landed in the primary landing area
within 414 miles of the recovery aireraft carrier.

There were a total of 26 planned landing
areas in the Atlantic and Pacific Oceans for
the MA-9 mission. These areas were selected
- so that the ships of the Atlantic and Pacific
task forces could cover more than one area. A
worldwide deployment of contingency recovery

forces was required to cover the entire ground

track of the spacecraft. All theater forces were
augmented by long-range C-130 MATS air-
planes. There were 98 aircraft deployed for
contingency recovery by the Air Rescue Service
(ARS), Caribbean Air Command (CAIRC),
Pacific Air Forces (PACAF), and CINCUSA-
REUR. Two AMR network ships were po-
sitioned in the Pacific Ocean to give command-
control coverage. Reentry tracking in the
Atlantic and the Pacific was available from
two C-band radar ships. The Bioastronautic
Task Force included 78 medical people de-
ployed, 32 specialty team members on standby,
two specialty team hospitals, and 7 recovery
support hospitals.

Support efforts of DOD also included the
successful accomplishment of voice relays both
in the Atlantic and Pacific. Relay to Mercury
Control Center (MCC) of the astronaut’s voice
while in orbit was obtained by the AMR
(C-130’s stationed near Bermuda. During re-
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entry and after landing, voice communications
were relayed through PMR aircraft to the
Hawaii network site where it was patched
through network voice circuits to MCC. Radar
airplanes of the Air Defense Command sta-
tioned in the Atlantic and Pacific obtained skin
track of the spacecraft. The network provided
excellent tracking coverage throughout the
flight, considering the lengthy operating period
for the equipment and long working hours for
site people. Thoroughness in planning and ex-
cellent performance of assigned missions by
DOD forces were reflected in the success of the
MA-9 mission.

Concluding Remarks

Many changes in procedures and techniques
used in providing Department of Defense sup-
port were developed during the course of the
Mercury Project. Many lessons were learned
and put into effect during successive missions;
however, only those significant items which may
have possible application in supporting future
manned space programs are described.

The organization for the coordination and
control of the overall DOD participation in
Project Mercury was highly satisfactory. The
designation of a DOD Representative for co-
ordination of DOD support for Project Mer-
cury operations was effective in that NASA was
provided with a single point-of-contact for the
submission of their overall DOD support re-
quirements.

The operation of the global Mercury network
comprising DOD ranges, NASA stations, and
two stations in Australia was a significant
achievement, in coordinated team effort and was
only accomplished by the complete cooperation
of all concerned. Network management and
operational procedures were clearly defined and
compiled in a comprehensive joint DOD-NASA
Mercury Network Operations Directive which
proved to be a very useful and -effective
document.

The demonstrated ability of several ranges
to combine their collective resources effectively
to support global missions proves the possibility
of combining all such national missile tracking
resources under a single management control for
the support of all missile and space programs
of all agencies.
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The integration of radar-tracking equipment
into a tracking system at the DOD missile
ranges increased the capability of each range to
support future missions. Technological ex-
perience and achievements of each range were
pooled to permit all ranges to take advantage
of such advancements or modifications.

The application of relay techniques for trans-
mitting remote telemetry data from the down-
range stations, derived from AMR experience
in data transmission, was reported to NASA
for possible adaptation to the wire and radio
circuits of the Mercury network. Subsequently
NASA secured a telephone line for data trans-
mission between Pt. Arguello and the Mercury
Control Center. During the ninth Mercury-
Atlas mission the Mercury Control Center was
supplied with a real-time display of electrocar-
diograph functions from the DOD sites at Cali-
fornia, Antigua, and at Ascension. Inaddition
to increasing the potential at each site by such
improvements, a considerable saving in research
and development costs was also realized by vir-
tue of this exchange of technical information.

The use of radar-tracking aircraft during
Mercury missions and especially the results ob-
tained during the reentry phase of the MA-9
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mission added significantly to the flexibility of
network operations.

The use of the vast communications resources
within the DOD and their integration into ex-
isting NASA and commercial systems to sup-
port network and recovery operations contrib-
uted significantly to the operational success of
the project.

One of the more important considerations
for support of Mercury operational planning
was to provide for the safe and rapid recovery
of the astronaut. Plans made by the DOD ele-
ments provided for the deployment of forces
in a large number of strategic locations to cover
possible aborts during all phases of the mis-
sion. Much of the effort in training was ex-
pended by forces that were deployed to act in
contingency situations which essentially never
developed. Their efforts, nevertheless, contrib-
uted to the success of the recovery mission.

Providing support to Mercury flights has
contributed greatly to DOD’s knowledge and
experience in areas of launch, network, recov-
ery, communications, and medical space opera-
tions. Future space-flight operations can be
effectively supported by applying the experi-
ence and procedures derived durihg Project
Mercury.




10. ASTRONAUT TRAINING

By RoBERT B. Voas, Ph. D., Asst. for Human Factors, Office of the Director, NASA Manned Spacecraft
Center; Harorp 1. Jounson, Flight Crew Operations Division, NASA Manned Spacecraft Center; and
RAYMOND ZEDEKAR, Flight Crew Operations Division, NASA Manned Spacecraft Center

Summary

Any training program must be based on three
factors: the requirements of the job, the char-
acteristics of the trainees, and the training fa-
cilities available. Each factor is briefly dis-
cussed and its effect upon the nature of the
training program is indicated. Selection of the
Mercury astronauts began in January 1959.
They reported at the Manned Spacecraft Center
in April of that year and took part in a group
training program for the next 2 years. In
April 1961, when the Mercury manned flight
program began, a special preflight preparation
program was conducted with each of the pilots
and his backup designated for a flight. The
remainder of the group took part in develop-
ment and operational activities and did limited
training to maintain the proficiency developed
during the group training program.

The group training program consisted of five
major areas: (1) basic astronautical science in-
struction, (2) systems training, (3) spacecraft
control training, (4) environmental familiari-
zation, and (5) egress and survival training.
The specific preflight preparation programs in-
volved : (1) integrating the pilot with the space-
craft, (2) specific systems training, (3) devel-
opment and practice of the specific mission
flight plan, (4) training with flight controllers,
and (5) medical and physical preparation. All
of the Mercury trainers and training facilities
are briefly listed and discussed, and this section
concludes with an evaluation of the training
devices and of the various phases of the train-
ing program.

Overall, the Mercury training program ap-
pears to have been successful in providing ex-
perienced pilots with the detailed spacecraft
operation and systems information and skills
which were required for them to make the tran-

sition from airplanes to spacecraft. The pro-
gram seems to have been well suited to the
requirements of the Mercury Project and future
programs will make use of the same basic tech-
niques. In retrospect, some of the emphasis on
environmental familiarization might have been
reduced, and more complete simulation of the
external view from the spacecraft should have
been provided. However, the great majority
of the trainers and training activities have been
both beneficial and necessary to produce the
level of readiness that was demonstrated in the
flight program.

Introduction

The Mercury training program was the first
opportunity to prepare individuals for space
flight. In general, however, the techniques used
were not basically new or unique to this project.
Rather, standard training techniques and
training equipment approaches which had
been used for many years in aviation were
adapted for preparing the astronauts for their
flights. From the beginning, the role of the
astronaut has been conceived as being active and
highly similar to that of the test pilot who
carries out the initial flights of new aircraft.
TWhile the Project Mercury drew heavily upon
flight training methodology, there were certain
specific requirements of this program which
were significant in determining its basic form.
Tt is perhaps worth keeping these requirements
‘0 mind in a review of the Mercury training
procedures:

(1) The Mercury program was not a mass
training program, only seven individuals were
involved, and, therefore, it was possible to re-
duce the formality of the program and to use a
number of shortcuts which would not have been
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feasible in the larger aviation training pro-
grams.

(2) The participants in the training program
were experienced individuals who were already
well along in preparation for space flight. This
not only greatly reduced the overall amount of
training necessary, it was also possible to em-
phasize individual initiative and responsibility
for their training status.

(3) The training program had to be flexible
because the spaceeraft which the astronaut was
being trained to operate was under development
and therefore was being modified according to
mission requirements.

(4) The training program had to be designed
to help feed back into the developmental proc-
ess. The astronauts were expected to aid the
development engineers by participating in the
design and review of many of the spacecraft
systems, and the training activities were fre-
quently combined with systems tests to evaluate
both onboard and crew equipment.

(5) Unlike flight training, actual training in
space was not feasible. There was a complete
dependence upon ground simulator training
until the astronaut flew the mission for which
he had been preparing.

(6) The training had to be designed to tie
in with the training and preparation of other
operational groups such as the flight controllers.

(7) The significance of the program to our
national prestige, the very great interest of the
public, and the large cost resulted in an un-
usually strong emphasis upon a very high level
of reliability, perfection, and precision in the
man’s performance.

Training-Program Characteristics

Any training program must be based on three
major factors: the job requirements, the charac-
teristics of the trainees, and the training fa-
cilities which are available. These factors are
discussed in the following paragraphs.

Characteristics of Mercury Astronaut’s Job

While the Mercury spacecraft was designed
to complete a limited preprogramed mission on
a completely automatic basis, from the very be-
ginning manual controls were also provided.
It was recognized that the man could provide
increased systems reliability and give flexibility
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to the mission by allowing for a greater variety
of maneuvers and scientific observations. The
decision to provide for complete manual opera-
tion was highly significant for the crew train-
ing program because it meant that there would
be a requirement for an individual who could
skillfully manage the vehicle, as well as merely
tolerate the physical stresses of the flight.

The major tasks (refs. 1 and 2) which can
be identified from an analysis of the Mercury
vehicle and its mission, involve :

(1) Sequence monitoring—monitoring all of
the critical phases of the space mission, such as
lift-off, staging of the launch vehicle, the sepa-
ration of the escape tower, the separation of the
spacecraft from the launch vehicle, firing of the
retrorockets, and deployment of the parachute.

(2) Systems management—operation of all
of the onboard systems and the management of
the critical consumable supplies to insure that
any out-of-tolerance condition is recognized and
corrected before an emergency situation devel-
Oops.

(8) Attitude control—maneuvering the ve-
hicle to the proper relationship to the earth or
orbital path whenever it is required during the
mission.

(4) Navigation—being able to determine the
spacecraft’s position in orbit at any time and
determining the critical retrofire time.

(5) Communications—operating the radio
links to keep the ground control center in-
formed of his status.

(6) Research observations—carrying out the
special activities related to research and the
evaluation of spacecraft function under flight
conditions. The difficulty of performing these
tasks was increased by the presence of environ-
mental conditions, such as high acceleration,
reduced pressure, heat, noise, vibration, and
welghtlessness.

In addition to these tasks involved in the ac-
tual operation of spacecraft, the Mercury astro-
nauts were expected to contribute to a number of
areas in the Mercury program. These included
four main areas:

(1) Design of the Mercury spacecraft.

(2) Development of operational procedures.

(3) Development of inflight test equipment.
It was desired to carry out tests of the space-
craft function, of special advanced systems and
components, and to do scientific research during




the space flight that required the astronauts’
participation in the development of a number of
specialized kinds of equipment.

(4) Contribution to public relations activi-
ties. The astronauts served as excellent spokes-
men for the program and were an important aid
in meeting the requirement set by Congress to
keep the public informed on the space program.

Characteristics of Trainees

The job requirements discussed in the previ-
ous section required individuals with high skill
levels, appropriate personality traits, and a
high level of physical fitness. The require-
ments under each of these areas are summarized
as follows:

(1) In the area of aptitude and ability fac-
tors, the individual needed :

(a) A good engineering knowledge

(b)" A good knowledge of operational pro-
cedures typical of aircraft or missile systems

(¢) General scientific knowledge and re-
search skills.

(d) High intelligence.

(e) Psychomotor skills similar to those re-
quired to operate aircraft

(2) In the area of personality factors, the
candidate had to demonstrate :

(a) Good stress tolerance

(b) A good ability to make decisions

(¢) Ability to work with others

(d) Emotional maturity

(e) A strong motivation for the program

(8) The physical requirements included :

(a) Freedom from disease or disabilities

(b) A resistance to the physical stresses of
space flight accelerations, reduced pressure,
weightlessness, high temperatures, and so
forth

(¢) Medium size so that they could be ade-
quately accommodated by the relatively small

Mercury spacecraft.

Initial planning during the fall of 1958
resulted in the definition of five basic require-
ments for Mercury crew members: age, 39 or
below ; height, 5 feet 11 inches or below; grad-
uate of a test pilot school; qualified to fly jet
airplanes; with 1,500 hours of jet flying time;
and a bachelor degree in science, engineering, or
the equivalent. During the first weeks of Janu-
ary 1959, a selection board reviewed the records
of 508 military test pilots and selected the 110

who met the above requirements. The 69 most
highly qualified of these candidates were in-
vited by the services to come to the Pentagon to
receive a briefing on Project Mercury and to be
interviewed by the NASA Space Task Group.

On the basis of these interviews, 32 were
selected to proceed to the Lovelace Clinic for a
week of detailed physiological examinations
and then to the Wright Field Aeromedical
Laboratory for a week of stress tests (refs. 3
to 6). Data from these two testing programs
were summarized and reviewed at the Space
Task Group during the first week of April 1959.
In all, 18 men were found to be medically quali-
fied without reservation and, of these, the seven
most technically qualified were selected to enter
training.

Training Facilities

Table 10-I summarizes all of the major
training facilities used in the Mercury Astro-
naut Training Program. Included are train-
ing devices and other facilities used for sig-
nificant areas of the training program. From
the table, it can be seen that there were a large
number of facilities used. This resulted from
at least three factors.

(1) Since the program was a first effort of
its kind, it seemed appropriate to try all fa-
cilities to get a better feel for the relative im-
portance of various types of experiences to the
training.

(2) It was generally impossible to simulate
more than one or two of the environmental con-
ditions at any given facility. Therefore, it was
necessary to use many different devices to ob-
tain experience with all aspects of the environ-
ment.

(3) Most of the training devices had to be
simple and rudimentary because the simulation
techniques for space flight were in their in-
fancy, and the training program was based on
an accelerated schedule.

Table 10-I also lists the availability, date,
approximate training time per astronaut, esti-
mates of cost, lead time, and support time for
each of the major training devices. The sched-
uling of some types of training activities had
to be held up pending delivery or completion of
this equipment. Also as can be seen from the
source or location of each device in table 101,
these training facilities were spread out over
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the country. This resulted in a large amount
of travel for the astronauts. As a result, their
time was used somewhat less efficiently than
if all the training facilities had been available
from the beginning of the program at MSC.
Most of these facilities are pictured in figures
10-1(a) to10-1(p).

Training Chronology

-‘ Figure 10-2 presents a chronology of the
Mercury training program. The astronaut sel-
ection program ogcupied the period from Janu-
ary to April 1959. The group training pro-
gram ran for approximately 2 years, to April
1961. After April 1961, the manned flight
program began. Prior to each flight, a pre-
flight preparation program was conducted for
the pilot and his backup. The length of this

(b) Aireraft used for proficiency flights, (d) ALFA trainer

- FIGURE 10-1.—Photographs of various training facilities.
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(e) Analog computer trainer no. 2.

(f) Slowly revolving room.

Ficure 10-1.—Continued.

(g) Zero-g airplane flights.

(h) Chapel Hill Planetarium.
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(k) Procedures trainer.

(i) MASTIF trainer.

(j) Egress trainer. . : (1) ECS trainer.

Fieure 10-1.—Continued.
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(p) Virtual image celestial display.

(0) Yaw recognition trainer.
Freure 10-1.—Concluded.
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1959

1960 196l 1962 1963

Manned Mercury flights

Astronaut selection

MR 3|MR 4 MA 6|MA 7 IMAB MA 9

Group training

Preflight preparation

MR 3|

MR4 |

MA6

MAT7|
| MA B

Astronaut development activities,
Mercury

Future programs

Operations activities

T TEEETE ) g . —

Ficure 10-2.—Chronology of Mercury training program.

program depended upon the time available
between flichts and on the nature of the flight.
In general, the backup pilot on one flight was
selected as primary pilot for the next mission.
In this way, the actual preflight preparation
of each pilot encompassed close to 6 months—
the first halt as a backup and the second half
as the primary pilot.

The pilots’ contribution to the development
activities in the Mercury program began soon
after they reported to the NASA and had had
sufficient indoctrination on the Mercury space-
craft systems. The astronauts participated in
planning for the programs to follow Mercury
which began in 1961 and became greatly accel-
erated in 1962,

Each man was assigned to a Mercury network
station as voice communicator. Service in this
capacity normally involved a minimum of 3,
or more, weeks. This activity in connection with
Mercury operations began with the manned
Redstone flights in 1961 and became greatly
amplified with the manned orbital flights in
1962 and 1963. After the termination of the
group training program, they had to devote
time to maintaining their proficiency, in addi-
tion to these operational requirements.
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Group Training Program

The group training program consisted of five
major areas which are described in the follow-
ing paragraphs. Portions of this program
have previously been described by Astronaut
Slayton in ref. 7 and others (ref. 6 and 8).

Basic Science Program

An initial phase of the Mercury astronaut
training program consisted of brief but com-
prehensive courses in the astronautical sciences.
The astronauts had had considerable training in
the aeronautical sciences, but most had not had
an opportunity to acquire the basic knowledge
in such subjects as rocket propulsion and space
mechanics which were required in the Mercury
flight program. Training in the space sciences
enabled the astronauts to function better as ob-
servers of inflight phenomena and provided a
basis for better understanding of the technical
aspects of the Mercury spacecraft and vehicle
systems. The series of courses listed in table
10-IT was conducted with the cooperation of
the NASA Langley Research Center. Time
did not permit a more extensive program al-
though it would have been desirable.




Table 10-II.—Lectures on Space Sciences

Subject Hours

1. Elementary Mechanics and Aero-
dynarnicsissees e e nl o e s 10
. Principles of Guidance and Con-

b2

. Navigation in Space__ - —_____
. Elements of Communication______
Space Physiest S8 S ne ee i - A 1
SBasiciBhysiologyssisnsies - mr ot

D O W
00 b b O W

Systems Training

A large portion of the training program was
devoted to familiarizing the astronauts with the
Mercury systems. This knowledge was not only
basic to all of their training activities but was
the essential basis of their contribution to the
development program. The primary require-
ments of this training were: to develop a basic
understanding of the nature and characteristics
of each system; to build on this understanding
a knowledge of the system operation and func-
tion; and, finally, to develop, in the Mercury
procedures trainers and the spacecraft, skill in
managing the onboard systems.

Systems briefings.—The systems training be-
gan with a series of briefings given by special-
ists within the Space Task Group. The first set
of lectures covered the Mercury systems and was
followed by another group of lectures covering
operational areas. These lectures were followed
by a series of somewhat more detailed systems
briefings by contractor personnel at the various
contractor facilities. Periodically, throughout
the 2 years of the group training program, sys-
tems lectures were repeated.

Contractor wisits.—The astronauts visited
contractor plants and other NASA centers in
order to get a firsthand view of the developing
hardware and of the operational facilities.

Manuals—Documentation of the Mercury
systems was a particularly difficult problem be-
cause the spacecraft was under development.
The first set of systems lectures were used as the
basis for the Mercury Familiarization Manual
(ref.9). This manual became the basic systems
document used by the astronaut.

A second manual, which was developed later
in the program and which emphasized the oper-
ational aspects of the systems management

problem, was the Capsule (Spacecraft) Flight
Operations Manual (ref. 10). This document
was printed in a size small enough to be carried
in the pocket of the flight jacket with the inten-
tion that it could be carried along on flights,
if desired. In actual practice, it was not carried
with the flight but was used during some trainer
runs. A third publication used extensively in
training was the Flight Controller’s Handbook,
which was developed within the Manned Space-
craft Center (see paper 15) and which provided
a number of useful diagrams for analyzing
system malfunctions. ‘

Specialty Assignments—To insure that the
astronauts had available to them the most up-
to-date information possible, they participated
in the engineering reviews and other meetings
on the spacecraft systems. Since no one man
could cover all of these meetings, each astronaut
was assigned to a specialty area (ref.7). Each
man attended meetings in his area and reported
back to the group.

Mercury Procedures Trainers—The bulk of
the operational training in the Mercury sys-
tems was achieved on the Mercury Procedures
Trainers (MPT). The name “procedures
trainers” is actually a misnomer since these de-
vices could better be classified as flight simula-
tors. Initially, a very simple open-loop device
had been considered for training in the basic
Jaunch procedures. This was to be supple-
mented later by a complete flight trainer. How-
ever, the time available for development and
delivery of these training devices was so short
that it was decided to combine the two into a
single trainer. In this trainer, it was possible
to simulate the operation of all of the Mercury
systems and induce approximately 275 separate
system failures (ref. 11). Provisions were
made to pressurize the pressure suits. How-
ever, with the exception of the indicator read-
ings, the actual environmental conditions in the
cabin were not provided. Two of these units
were procured in order to have one available
at the launch site to be used in prelaunch train-
ing, while the other was used at the main train-
ing base at Langley Field, Va. These two pro-
cedures trainers differed slightly in their
provisions for animating attitude control sys-
tem, as is described later, but they were essen-
tially identical in their capability to simulate
the operation of onboard systems.
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Initial training began by reviewing each sys-
tem separately in the trainer. The normal op-
eration of each system and all of the failures
which could be simulated were demonstrated
during this initial period. Following this, a
series of both Redstone and Atlas simulated
flights were made for each student, during
which simulated emergencies were kept to a
minimum in order to allow the astronauts to
become familiar with the timing of the normal
missions. Once they were generally familiar
with the timing of the missions and the normal
indications, the numbers and types of malfunc-
tions were increased. By the end of the group
training period, all the astronauts had made a
large number of Atlas and Redstone runs and
had had an opportunity to experience most of
the major emergencies.

Environmental Control Systems Trainer—
Additional training in the operation of the en-
vironmental control system was provided by
the environmental control systems trainer
which was a heavy shell mock-up with a proto-
type spacecraft environmental system. The de-
vice used was delivered to NASA in November
1960 and installed in a man-rated vacuum cham-
ber at the U.S. Naval Air Crew Equipment
Laboratory in Philadelphia (fig. 10-1(1)).
During December of 1960 and January of 1961,
the astronauts participated in a program of sys-
tem familiarization that included being exposed
to a simulated reentry heat pulse and approxi-
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mately 2 hours of the expected postlanding
temperature. During these runs, the astronauts
wore the pressure suits and became familiar
with function of the suits when associated with
the environmental control system. However,
since a provision had been made for simulating
the suit function in the procedures trainer, this
type of training was not considered essential.
This was particularly true since the astronauts
received further first-hand familiarization to
the environmental control system by participat-
ing in the preflight checkout of the spacecraft
environmental control system at the launch site.

Attitude Control Training

A number of fixed and moving based simu-
lators had to be employed because no single
trainer was capable of simulating all of the
tasks on all of the control systems under all en-
vironmental conditions (ref. 12). The function
of each of the principal control attitude trainers
is summarized in table 10-ITI. This table lists
the attitude control trainers and the spacecraft
control systems which could be simulated, the
reference systems which were available to the
pilots, tasks which could be practiced, environ-
mental conditions simulated, and finally
whether or not attitude tasks could be practiced
in conjunction with other flight activities. Kach
of these trainers is briefly deseribed in the fol-
lowing paragraphs.
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Analog  trainer—The analog computer
trainer provided the first simulation of the as-
tronaut’s manual flight-control task in Project
Mercury. The simulator (fig. 10-1(a)) was
set up by Langley Research Center personnel at
the inception of Project Mercury and was used
heavily during the first half of 1959, both for
engineering feasibility tests and for introducing
the Mercury flight control tasks to the
astronauts.

Analog trainer no. 2—The trainer was acti-
vated in the latter half of 1959. The simulator
(fig. 10-1(e)) utilized a special-purpose a-c
analog computer obtained from an obsolete
F-100 gunnery trainer. Realism was enhanced
by the use of an early type molded styrofoam
couch and a prototype Mercury three-axis con-
troller supplied by the contractor. Aside from
providing the astronaut with his first oppor-
tunity to practice attitude control in the pres-
surized suit, this trainer was used to perform
a number of engineering feasibility studies.

Mercury Procedures T'rainers—The Mercury
procedures trainer no. 1, housed in the NASA
Full-Scale Tunnel at Langley Air Force Base,
Va., and trainer no. 2, housed in the Mercury
Control Center (fig. 10-1(k)) at Cape Canav-
eral, Fla., were the most valuable flight-crew
trainers used in the Mercury Project.

The decision to provide two trainers was
found to be sound since, in addition to the astro-
nauts’ requirements, there were requirements to
use both Mercury Procedures Trainers in con-
junction with simulations in the flight controller
training program. Trainer No. 1 was used in
conjunction with the remote site simulator at
Langley Air Force Base, Va.; and trainer no. 2,
with the Control Center Mission Training Com-
plex at the launch site. (See paper 15.)

Both trainers were delivered without analog
computers for animating the rate-and-attitude
flight instruments, Therefore, procedures
trainer no. 1 was connected to the same com-
puter used in the analog trainer no. 2. This
computer allowed activation of all of the 22 pos-
sible combinations of manual and/or automatic
attitude controls that were provided in the Mer-
cury spacecraft. Three months after delivery,
procedures trainer no. 2 was supplied with a
small-capacity general-purpose analog com-
puter which permitted activation of only the
manual-control modes for the orbital phase of
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flight. Approximately 6 months prior to com-
pletion of Project Mercury, additional equip-
ment was obtained to provide manual damping
practice during reentry.

Trainer no. 1 had an active periscope display
consisting of a moving dot on the face of a cath-
ode ray tube which was activated by the hand
controller and the analog computer. Very late
in the project a nmew, versatile, virtual image
display was also added to trainer no. 1. This
display was used briefly for training prior to the
last Mercury flight.

Virtual-image celestial display.—Because of
the state-of-the-art of space flight external-
view simulation at the outset of the Mercury
project and the compressed time schedule, no
external view other than that through the peri-
scope was provided on MPT no. 1 at the time of
delivery of the procedures trainers. However,
considerable effort was expended in trying to
develop new and versatile displays. One result
of these efforts was the virtual-image viewing
system (fig. 10-1(p)). The first working model
of the system was delivered and installed on the
MPT no. 1 in time for limited training prior to
the MA-9 flicht. This display could simul-
taneously accept inputs ranging from three-di-
mensional models to closed-circuit television or
film strips. However, the only display avail-
able at the time of the MA-9 flight was
a star view. The stars were produced by
setting ball-bearings of various sizes into
the surface of a 12-inch diameter, hollow
magnesium sphere which was gimballed and
driven by a computer. The ball bearings, upon
illumination by a point light source, produce
exceedingly realistic point sources of light of
the desired brightness to represent the star
fields.

Y aw-recognition trainer—Prior to the MA-
8 six-orbital-pass mission, there was consider-
able concern regarding whether or not the pilot
would be able to detect his yaw position solely
by use of the slow translation of terrain or

_clouds viewed out the window of his spacecraft.

The pilot’s ability to determine accurately yaw
by using out-the-window references is all-im-
portant if his gyro altitude information was
lacking during retrofire as in the MA-9 flight.
In this case, Astronaut Cooper had to rely on
his window scene to determine heading or yaw
p;sition accurately for retrofire. (See paper
17.)



In order to give the astronauts a preview of
the out-the-window motion cues they would
have in orbit, a yaw-recognition trainer (fig.
10-1(0)) was conceived, built, and activated in
about 2 weeks. The trainer consisted of a
33-foot diameter convex-lens-shaped screen,
one surface of which represented either the
earth’s surface or a constant-altitude cloud
deck. This surface was made of polyethyl-
ene plastic and was used to display a real,
moving image of simulated clouds produced
by a film strip moving at the proper speed
through a slide projector. The speed of the
image movement duplicated the in-flight ap-
parent movement between the spacecraft and
the ground by having the observer view
the scene from a point at the middle of the
lens while standing 2 feet away from the sur-
face. To heighten realism, the flight crews
wore a box over their heads which had an open-
ing which simulated the proper size and shape
of the spacecraft window.

The MA-8 and MA-9 flight crews utilized the
yaw recognition trainer prior to their flights.
The other astronauts used the trainer subse-
quent to their flights. All of the pilets who had
flown orbital flights reported that it duplicated
almost exactly the visual yaw motion cues ob-
served from the spacecraft.

Attitude instrument display mock-up.—The
attitude instrument display mock-up (fig. 10-1
(m)) consisted of a half-scale transparent
model of the Mercury spacecraft mounted
within a four-gimbal all-attitude support. The
mock-up contained the actual Mercury rate and
attitude indicators without horizon scanner or
ASCS logic hardware. The exterior covers of
the attitude gyroscopes were removed so that
the trainee could observe the manner in which
the attitude gyros tumbled during simulated
motions of the spacecraft. The device illus-
trated how the attitude indicators can read in-
correctly as a result of various spacecraft
attitudes occurring at times when the floating
gyroscope axes are not parallel to the spacecraft
axes. The major purpose of this training de-
vice was to teach the astronauts how to regain
use of the attitude gyros and attitude indicating
system if correct reference were lost as a result
of the tumbling of the gyros or the interference
of the “repeater” stops. This conceptual trainer
was very useful and each flight crew spent sev-
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eral hours studying the maneuvers planned for
their flights.

Ground-recognition trainer—The ground-
recognition trainer (fig. 10-1(n)) consisted of
a prototype molded couch, an actual Mercury
periscope, a back-projection screen, and a
motorized slide projector. The slide projector
displayed a colored, moving image of the earth
on the screen. No cloud cover was simulated.
The image was viewed through the periscope,
located at the proper distance from the screen
to simulate the geometry of a periscope in a
Mercury spacecraft at 110 nautical miles alti-
tude and aimed at the earth’s nadir.

The purpose of the trainer was to familiarize
the astronauts with the wide-angle optics of the
periscope which caused a compression of the
images of coastlines, rivers, mountain ranges,
and other topographical features. This trainer
was not used extensively because, to a certain
degree, the scenes viewed were very similar to
those that were seen through the periscope
simulation of the ALLFA trainer.

Air-lubricated free-attitude trainer—The
air-lubricated free-attitude trainer (ALFA)
(fig. 10-1(d) ), was designed and developed by
engineers of the NASA Manned Spacecraft
Center. This trainer moved on an air-bearing
and had 360° of freedom in roll and 35° of
freedom in pitch and yaw. The astronaut oper-
ated compressed air jets through a Mercury
hand controller. Retrofire disturbance torques
were also simulated with compressed-air jets.

Two attitude-control systems were simulated
on ALFA: manual proportional and fly-by-
wire. In the fly-by-wire simulation, only the
low-torque jets (used for attitude control in
orbit when attempting to minimize fuel con-
sumption) were simulated. All three reference
systems are provided. The periscope was simu-
lated through a wide-angle lens and a system
of mirrors which presented a view of a circular
screen on which a map of the earth was pro-
jected from-a film strip. The actual Mercury
gyro package and instrument display were
mounted on the trainer. The window display
was simulated schematically by an illuminated
strip to represent the horizon and small bulbs
to simulate the stars.

Multi-Axis  Spin-Test Inertia  Facility
Trainer—The Multi-Axis Spin-Test Inertia
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Facility (MASTIF) trainer, created in Feb-
ruary 1960 by personnel of the NASA Lewis
Research Center, was utilized for a simulation
training program of recovery from tumbling
flight in February 1960. The trainer (fig. 10-1
(1)) consisted of a couch mounted inside three
gimbals, a three-axis hand controller, and a
rate display. The astronauts were spun at rota-
tional rates of about 30 rpm about all three
spacecraft axes simultaneously. At a prear-
ranged time, the astronauts assumed control of
a three-axis compressed nitrogen fly-by-wire at-
titude control system and brought the couch
to rest by reference to a Mercury rate-indicator
instrument.

The purpose of the trainer was to provide the
best technique and improved confidence level
for stopping inadvertent tumbling of the Mer-
cury spacecraft. The training was considered
valuable even though the possibility of its ap-
plication was thought to be fairly remote.

Centrifuge Training

Four formal centrifuge programs were con-
ducted at the Aviation Medical Acceleration
Laboratory’s centrifuge at the Naval Air De-
velopment Center at Johnsville, Pa., as part of
the group training program (fig. 10-1(c)).
The first two programs were combined engi-
neering-feasibility and preliminary astronaut-
familiarization programs while the last two
were intensive operational training programs
for the Redstone and the Atlas flights. The
configuration of the centrifuge gondola and the
computer control system varied between pro-
grams. The gondola was configured to simu-
late spacecraft for either orbital or ballistic
missions. The simulated attitude control Sys-
tem was run closed loop and the centrifuge was
run open loop. The astronauts wore full pres-
sure suits and some runs were made at a simu-
lated altitude of 28,000 feet.

Overall, the astronauts experienced an aver-
age of 45 hours on the centrifuge. These pro-
grams appeared to be extremely valuable both
for training and in providing an opportunity
for checking out items of personal equipment
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and for demonstrating the adequacy of the
spacecraft instrumentation for viewing under
acceleration.

Environmental Familiarization

Despite the general familiarity of the astro-
nauts with the space flight environment and
their demonstrated capability of performing
effectively under stress, an attempt was made
during the training program to provide addi-
tional familiarity with this environment. The
following five requirements were thought to be
conducive to good performance under space-
flight conditions:

(1) The astronauts required a detailed knowl-
edge of and confidence in the equipment which
they had to operate in space. This was pri-
marily provided through the systems training
described previously. However, the environ-
mental familiarization involving pressure cham-
ber and centrifuge runs provided an opportu-
nity to become more fully acquainted with the
pressure suit, the couch and restraint systems,
the bioinstrumentation and other items of per-
sonal equipment and to develop confidence that
these items would perform their functions ade-
quately in the space-flight environment.

(2) The astronauts also required a familiar-
ity with the environment itself. Familiarity
with the conditions of space flight minimizes
the number of novel and possibly distracting
stimuli which will be encountered in flight. Ex-
perience with these conditions also permits the
development of the specific techniques for mini-
mizing these environmental effects. For ex-
ample, under acceleration it is necessary for the
astronauts to learn a special breathing tech-
nique to minimize the tendency of peripheral
vision to become blurred because of reduced
oxygenation of the blood. During early train-
irig, this breathing technique required some
thought and distracted the astronauts from their
control tasks. However, as training progressed,
the breathing became automatic and full atten-
tion could be devoted to the task.

The accommodation of the pilot to the effects
of acceleration can be seen in figure 10-3 which
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F1cURE 10-3.—Centrifuge retrofire training.

provides a comparison of the retrofire attitude
control performance, under the simulated accel-
eration of the retrorockets and statically. The
data presented are average values for all astro-
nauts and show an increase in error with ac-
celeration ; however this initial effect tended to
disappear with practice.

Table 10-IV summarizes the environmental

conditions which were simulated during the
group training program. The first column lists
the various conditions experienced while the
second gives the intensity of exposure encoun-
tered in suborbital and orbital flights. The
third column summarizes the level experienced
in training while the final column lists some of
the trainers which were used to provide this
experience. With the exception of weightless-
ness, all the environmental conditions were sim-
ulated during training at least to the level ex-
pected in a normal flight. Weightlessness
condition cannot be simulated within the atmos-
phere for more than 60 seconds; however, the
astronauts did, over several runs, build up an
average of 40 minutes total weightlessness per
man. In general, all of the environmental fa-
miliarization experiences were of value. How-
ever, with the exception of the linear accelera-
tion experienced on the centrifuge and effects of
suit pressurization, none of the environmental
simulations were critical, including weightless-
ness.
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(8) A high level of physical conditioning
was also required. Since, to meet flying re-
quirements, the trainees had been maintaining
themselves in good condition for a number of
years, no forma] group physical training pro-
gram was initiated aside from a short period
of instruction in scuba diving. Reliance was
placed on each individual to keep himself in
good physical condition and he was aided in
monitoring his conditions by frequent physi-
cal examinations and by his own observations
of his ability to perform adequately on the
centrifuge and in other types of environmental
training.

(4) A fourth requirement was the detailed
planning and practice of emergency procedures
until they could be rapidly and correctly ex-
ecuted. The majority of this type of training
occurred on the procedures trainer, particu-
larly during the period just prior to the flight.

(5) A final requirement for performing ef-
fectively under stress was to maintain their
habits of altertness and their ability to react
rapidly and think effectively in emergencies,
which they had developed during their careers
in flying. Since none of the training situations
involved any significant amount of hazard, it
was important that the astronauts have an op-
portunity to maintain their skills in meeting
real emergencies. As a result they were pro-
vided with aircraft so they could maintain their
flying skills (See fig. 10-1(b)).

Through these five steps, knowledge of the
equipment available to their use, familiarity
with the environment, physical conditioning,
preplanning for emergencies, and the habit of
constant alertness and readiness for action, the
astronauts were provided with the basis for a
high degree of effectiveness in performing well
under the unusual environmental conditions
associated with space flight.

In considering the problems of preparing in-
dividuals for performing effectively in a realis-
tic environment, it is interesting to note that a
number of programs, in which it was intended
to use actual hardware in real environments in

‘order to train the astronauts, were considered
but were not put into practice because the train-
ing value appeared to be too small to justify
the cost or safety hazards involved in their im-
plementation. At the initiation of the Mercuty
program, it had been recommended that as part

of the training program a series of balloon
flights be undertaken in which the actual Mer-
cury spacecraft would be carried to altitudes
of from 80,000 to 100,000 feet. The plans for
this program were carried for several months
and the requirements studied in detail. The
studies indicated that training value did not
justify the risk or the cost involved in the pro-
gram. Two other programs of a similar nature
were also eliminated. One program involved
placing the actual spacecraft on the Lewis
MASTIF device for training in controlling at-
titude during retrofire. The MASTIF device
was inside a full-scale wind tunnel, which could
have been depressurized. Analysis also showed
that it would be very difficult to reproduce the
conditions of motion typical of space flight be-
cause of the very high inertia of the MASTIF
gimbals. A final program of the same sort was
a plan to place a flight Mercury spacecraft on
top of the Redstone launch vehicle during static
firing so that the astronaut could experience
the actual noise and vibration typical of launch.
Once again neither the risk nor the cost ap-
peared justified in view of the limited training
value. These three examples illustrate what
seems to be a basic result of the Mercury train-
ing experience. Using actual flight equipment
in simulated environments for training pur-
poses alone generally involves too great an ex-
pense to be worthwhile. When only training is
involved, mission simulators are most efficient.
On the other hand, in the Mercury program,
valuable training was achieved during the
launch checkout of the actual flight vehicle in
the pressure chamber at Cape Canaveral. -In
this case, however, the simulation benefited not
only the training program but the checkout of
the flight article.

Egress and Survival Training

The astronauts were provided with several
training programs designed to prepare them to
egress successfully, survive and be recovered
under various contingency conditions. The
egress and survival programs are summarized
as follows.

Egress training, phase 1—The first egress
training program was conducted in February
1960, in which the egress trainer, spacecraft no.
5, (fig. 10-1(j)) and the NASA Langley Re-
search Center Hydrodynamic Basin no. 1 were
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used. Each of the astronauts.made several
egresses through the top hatch with and with-
out the pressure suits in calm water and in artifi-
cially generated waves up to 2 feet in height.

Egress training, phase 2.—The first full-scale
open water egress program was conducted in the
Gulf of Mexico near the Pensacola Naval Air
Station in March and April of 1960. This pro-
oram consisted of 1 day at sea, during which
both top and side hatch egresses were accom-
plished, and a second day at the training tank
for water-survival technique and drill.

Eqress training, phase 3—Underwater egress
was accomplished at NASA Langley Research
Center in August 1960, with the Langley Re-
search Center Hydrodynamic Basin No. 1 again
being used. Each astronaut made six egresses
while the spacecraft was submerged. Half of
these were accomplished while wearing the Mer-
cury pressure suit.

Periodically, the astronauts were given re-
fresher courses on proper egress and recovery
procedures through briefings and participation
in subsequent egress and recovery exercises.

In addition, each designated flight crew par-
ticipated in a full-scale recovery exercise prior
to each ﬂjght during which both top and side
egress, survival equipment deployment, and
helicopter pickup operations were accomplished.

Survival training, phase 1.—Water survival

training was accomplished in conjunction with

most of the water-egress programs and through
briefings. The first water-survival training
program was conducted at Pensacola, Florida,
in March 1960. The training consisted of sev-
eral briefings, a training film, and actual prac-
tice with the use of the survival equipment in
the training tank and in the open sea during
egress and recovery operations.

Survival training, phase 2—In July 1960,
the Mercury astronauts completed a 5l4-day
course in desert survival at the Air Force Sur-
vival School, Stead Air Force Base, Nevada.
The course consisted of three phases: (1) 114
days of academics oriented to survival opera-
tions in the North African or Australian desert;
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(2) 1 day of field demonstrations covering the
utilization and care of available clothing and
spacecraft and survival equipment; and (3) 3
days of remote-site training during which the
astronauts applied the knowledge and tech-
niques that they had learned during the brief-
ings and demonstrations.

Preflight Preparation

Approximately 3 months prior to each flight,
the designated pilot and his backup began spe-
cific preparations for the mission. The period
of preparation was, however, somewhat vari-
able depending upon the particular mission and
the time between missions permitted by the
flight schedules. Pilots participating in the
earlier missions had the advantage that the
training received in the group program was
fresher and that less change had occurred in
the vehicle configuration between the time of
this program and their flight. Those partici-
pating in later flights experienced a lapse of in-
tensive training from 1 to 2 years and had the
problem that the spacecraft configuration had
changed considerably in the interim, particu-
larly as the mission length was extended. Thus,
the preflight period of training became more
and more significant. The final impression de-
veloping out of the Mercury experience was
that on a day-for-day basis preflight prepara-
tion was the most valuable period of the train-
ing program. Experience indicated that the
pilot was required to put in a 10- to 12-hour
day for at least 6 days a week during this pre-
flight period. Astronaut Cooper’s activities
during this time are shown in table 10-V.
Since there were so many demands upon the
pilot’s time, a definite danger existed that im-
portant items of training would be pushed aside
or overlooked unless care was taken to plan
carefully in advance, and frequent training re-
views were held to assure that all critical train-
ing items had been accomplished. During this
period there are five major preparation activi-
ties for the flight crew. These activities have
been described previously by Astronaut Car-
penter (ref. 13).



Table 10-V—M A-9 Pilot Preflight Activities From January 1, 1963 to Launch Date

Date Day Activities

T Yy o Altitude Chamber Systems Test Review, blood-pressure
checkout in altitude chamber, flying (TF-102A)

Jantditol7a ct i EL 0 I, U AN ol Altitude Chamber Systems Test

JAnQREE SN AN e G R Flight-plan review, flying (TF-102A)

ey B e Sats eSS e Dacil TV systems test, flying (TF-102A)

Jan. 18 and 19______ Fri. and Sat_____._. Morehead Planetarium (celestial review)

JanwaNele. s i i Monisssudis i By e Weight and balance

T2 et AL N e Systems briefings (ASCS and RCS)

Jants23 e Wi s WiedEszetnar o aiingy Systems briefings (communications and sequential)

JanEE2 AT R b Thursese s ol b sk Flight-plan and experiments review

Jant 25Eme i diag § el I pimes e bilaiitend husy Systems briefings (electrical and ECS)

JIARNE 0 B EIRIE SET IWedPRma e o) hein i Flying (F-1024)

Jany 3R e fEhu TR SEwemms/iigg . . 4 Flying (T-33A)

Febialialusirs g o Hiri - Sossians s A Launch vehicle rollout inspection

Feh@Plkentio - b - dun Sat Scmennuge Flying (T-33A)

U0 8 e i el Sln ST 8 Flying (T-33A)

10 oy L LT MonSSuuEsTis | o Experiments status review

Hle bR SIaRTaL L e ARGl S T S L Flight-plan review

(HebiiGiig o nipile .\~ Wiedeselt dusanii B g Couch fitting

Rebidval orrsmg 1 MBS oRbh gl S L A P Flying (T-33A)

HehyeQue. - i i it Rsteesion il Observation of flashing beacon on T-33A

bt 1= 27 B | MODIEE et Flight-plan briefing to Deputy Director for Mission Require-
ments

Bleh: 12 50 (IR T BRI s b Flying (F-1024)

Meb 205 e - o (Weddssile . .o 00 Flying (F-102A), flight-food testing

Hebe o o B - © - pBLUTESE . SIS Experiments briefings

Heb#23 0 SOIEE Satiuiy SR Flying (T-33A)

IMIarAIlE L iRl FricHehc e S - TV systems test

VTS weiuis FUm R Monize Uil CLTEER, Communication systems radiation test

VT MBS N Wedsson” "R 5 Weight and balance

IVTarS RIS ot FipyL AAEalen SOSN8 Flying (F-102A)

Wi lves T S e Thes- = S8 & Couch fitting

IMiapiS1SHEaSIRT ) Wed hid S0V S0 1§ Flying (T-33A, F-102A)

W A Thuret-t= = S 75 Communiecation systems radiation test

IMARBISEERE S Iy ERSEDTR e Sl Communication systems radiation test, Mercury Procedures
Trainer

IMPATRILOREN S oo o TUeE. o, g W Darkness and egress test

Mar. 20 to 24_______ Wed. to Sun________ Simulated flight (Hangar)

Wi, O e, SunSE st c— Flying (F-102A)

Wil AL S e IRNEs:cc L S S Flying (T-33A)

INTar o7 aiEgelt ) Wedssmmommulats | - - Flying (T-33A), Mercury Procedures Trainer

INIar 2 SESEE . o AU 0 Tttt ] Flying (T-33A), Centrifuge—acceleration refamiliarization

IMiars2gisa i i 2 T TR ol i mp i Mercury Procedures Trainer

ApPESRandi2l o L. Mon. and Tues______ Mercury Procedures Trainer

AT RA SRR T ATTNTES - Mo S DOD-NASA MA-9 Review, Prepad RCS test

PTG L T Frits | - s gdeieia - Mercury Procedures Trainer, flying (TF-102A), Morehead
Planetarium (Celestial review)

ADESG s il L Satse]  Aedint L Morehead Planetarium (Celestial review)

AN oL W e S Srine - SIS - § Flying (F-102A)

IApREIgEiiE: sai s Tuess - i i Flying (F-102A)

ADEIOEET WedH. trsinienim. | Egress and recovery training

AT ] e TThars: . SALCeEes Egress and recovery training, survival pack exercise

IATRSIEE AT T Mon. 550G Flying (F-1024)

A TSGR o Trhess. | & Sl Mercury Procedures Trainer, mission and flight controller
briefing

el S e WedBl oL b h L Mission and flight controller briefing

AT Al S i oo |- T kb Alinement, weight, and balance; Mercury Procedures Trainer

ADESROR BT 7 O L S T O Mercury Procedures Trainer
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Table 10-V—M A-9 Pilot Preflight Actimties From January 1, 1963 to Launch Date—Continued

Date Day Activities
APr29 i Sogeiftmi sl Moneba i b b Mechanical mate
ADRAZ3E - HTE e Tuegta=t- Aetiges vea Simulated flight no. 1
ADTi R4S e s S Wed_.___. e EiTEL Sy Electrical mate
APRE25E e e Thurase=t ¥ intoie 4 Mercury Procedures Trainer
AP 27 e DU S DL s as b Mercury Procedures Trainer
ADTH 20050 o S Mon==riiE Sl i Yaw demonstration (AF Hangar)
ADE 30 s iaisiats TUesEE iAo wlilie: . Systems briefings (review)
Mayildiamit oiie s Wedeivsaenin o b Systems and operations examination
Mgy O bleny s il Thursiilisee s saicon Launch simulation, Mission Rules review
May:i3er ~eoam i Iyl s s A Examination questionnaire review, marked spacecraft’s nor-
mal and emergeney instrument limits
Mayiditre,  aseaps Sat. . Sslies AT aE Launch simulation
IVEelyal vt | il Sun. . Sl el st Flying (TF-102A)
IMiaya6EERE - EE il Mon._ moumisr ceiil Flight configuration sequence and aborts
My 7oes - IR ffues. [ om Ese cainl Network simulation, Flight Plan Procedures training
May 8- - ISEEE Wed._ . 2ol Launch simulation and RF compatibility tests
I\ A TR TR Elih s S Sl Network simulation
My 108 L e is il e e e Simulated flight no. 3, flying (F-102A)
ey A0 S S et S ey Lali Mission Status Review, flight-plan and experiments briefings
May 1255 =L SUTHELESEEEE e Network simulation, physical examination
May TBE e pls N0 D eilppi o) Y, Mercury Procedures Trainer, mission review
May 4 L FIEsEEsE ARVEREL S Countdown (canceled)
May 165 - SEaitanes Wedesseatsnlonr - 10 Launch

Integration of the Pilot and the Spacecraft

the spacecraft. The participation of the MA-9

pilot with the checkout activities of the space-
craft is listed in table 10-VI(a) and a summary
of the time spent in the actual spacecraft of all

After the spacecraft had been delivered to the
launch site, a primary opportunity was provided
for the pilot to operate the actual controls of

Table 10-VI.—Pilot Time in Spacecraft During Hangar and Launch Complex
(a) MA-9 Pilot Time in Spacecraft 20

Date Test description Duration,
hr: min
Ot RN t011'9,+1 962 =S T Integratedisystems testommmm i fe = 0 0 06:45
Now. 11, 1962 it 1 RIGS"hangarSsueis - (RN SRR 03:15
Jan G0 6 S o ) Altitudefehamber: ISRl (R 0 06:45
Jan. 12 and Mar. 1, 1963_____ TiVisystemsitestBon L - SISSEIE e ainms . J8L 0 07:00
Mar. 4, 14, 15, 1963 _______ Communications systems radiation test____________________ 04:45
Miar:S110 =1 0638 = S Darknessiandiepyenss Soenuie RIS o 01:20
Mar. 20, 21, 22, 1963._______ Simulatedffightihangaritse WE SIS F IS il i 12:10
Apriltd S106SER - S EropadsRESitestin Inauness iE RN B 00:50
AprilS1 8810 GR NI Alinement, weight, and balanee___________________________ 04:00
Aprili2s 106 B EERENE Systems test and simulated flight no. 1_____________________ 04:00
April 24, 19639~ S SIS | HlectricnliacoMsu iy - e 04:30
May:3, 19638 S Mark instrument normal and emergeney limits______________ 00:45
Mayl6; 196388~ SSEEa Flight configuration sequence and abort. .. _________________ 03:00
May 8 106358 i EISEI Launch simulation and RF compatibility___________________ 05:00
May 10, 10635 _ EHESe Systems test and simulated flight no. 3.____________________ 03:45
May 14510638 SEEREEEET Countdowni(canceled) Bt USRI - | o~ @ 06:00
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Table 10-VI—Concluded.

(b) Approzimate Time in Flight Spacecrajt During
Preparation Periods for Each Orbital Flight

Flight Time, hr
MA-6 25:55
MA-7 45:00
MA-8 31:27
MA-9 73:50
Average 44:03

the orbital pilots is given in table 10-VI(b).
This activity is essential, since:

(1) An opportunity was provided to make
final adjustments of personal equipment, such
as the pressure suit, survival equipment, food
items, and check lists to satisfy the special re-
quirements of the flight spacecraft and the
pilot.

(2) These tests provided an opportunity to
check out the spacecraft system with the man
in the loop; thus, for example, the adequacy of
the environmental control system was checked
with the pressure drop resulting from the pilot
in his suit.

(3) The pilot became familiar with the
specific configuration and performance of his
spacecraft. The settings for the cooling sys-
tem or the feel characteristics of the control
systems vary slightly from spacecraft to space-
craft, and the pilot had an opportunity to be-
come familiar with these features of the vehicle
he would fly.

(4) The pilot had an opportunity to gain
further familiarity with the prelaunch check-
out procedures on the launch pad. During this
time, he learned his role in the countdown and
became familiar with the instrument indica-
tions and the lights and sounds that accompany
the various tests as the vehicle is readied for
flight.

Systems Training

A second major area of activity of the astro-
nauts during this period was in systems training
for his spacecraft. This systems training began
with one or more series of lectures by the engi-
neers involved in the checkout of the vehicle.
Each lecture covered a specific system in great
detail, emphasizing operational techniques and
functional interrelationships. These systems
lectures were then followed by extensive prac-
tice in emergency procedures on the Mercury
procedures trainer. A problem was encoun-
tered in modifying the Mercury procedures
trainer no. 2 to keep it as close as possible to the
configuration of each spacecraft. It was, of
course, impossible to make them completely
identical. However, in general, it was possible
to alter the trainer so that as the spacecraft
systems were modified, the changed perform-
ance would be reflected to the pilot during simu-
lations. When modifications could not be made,
it. was extremely important to make the pilot
aware of the differences between the trainer’s
operation and the flight operation so that he
could keep them clearly in mind.

Table 10-VII(a) summarizes the MA-9
pilot’s training on Mercury Procedures Trainer
no. 2 whereas table 10-VII(b) shows the total
amount of time spent on the Mercury procedures
trainer by the pilots of the four orbital missions
during their preflight training program. Also
indicated in table 10-VII(b) are the numbers
and categories of malfunctions experienced.
These data give some indication of the amount
of time devoted to recognition and correction
of the many malfunctions which could be pro-
gramed into the trainer. The relative emphasis
to be placed on emergency procedures in com-
parison with normal mission activities is diffi-
cult to assess. This seems to be a characteristic
which may be increasingly true in the future,
since a major function of the man may be to
correct malfunctions of the vehicle’s systems.
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Table 10-VII.—Concluded
(b) Four Orbital Pilots

Number of | Total Hours Number and type of failures
Flight Missions on MPT
no. 2 ECS RCS Sequential | Electrical | Commu- Other
nication

MA-6 80 59:45 30 24 57 35 11 25,
MA-7 73 70:40 24 11 43 26 7 32
MA-8 37 29:15 10 5 22 15 5 11
MA-9 52 33:30 13 8 32 17 5 6
Average 60 48:35 19 12 38 23 i 18

Flight Plan Development and Training

The pilot also participated in the develop-
ment and practice of a mission flight plan,
which varied considerably in each mission.
(See paper 17.) The astronaut participated in
this process to help insure that he adequately
understood the requirements and that the
specific procedures could be carried out without
compromising other mission requirements. The
flight plan activities were tried out in the Mer-
cury procedures trainer to determine the best
procedures and equipment configurations.
Since it was highly desirable to give the pilot
ample opportunity to practice the flight plan
and to get experience with the experimental
equipment prior to the flight, it was essential
to finalize the flight plan and have the experi-
mental equipment ready well ahead of the
launch date.

In addition to the practice of the specific mis-
sion activities in the Mercury procedures
trainer, a number of special refresher training
activities were conducted. Normally, each of
the flight crews received a short refresher
training program on the centrifuge. In this
program no attempt was made to provide a com-
plete simulation of the Mercury instrument
panel or control tasks. The pilots normally
experienced from six to eight launch or reentry
profiles in the centrifuge to help refresh them in
their breathing and straining techniques.

The flight crews also normally received a
planetarium indoctrination (fig. 10-I(h)) to
help them review the celestial sphere as seen
from orbit. Since these programs were held
close to the flight date, it was normally possible
to simulate the appearance of the sky on the

actual day of the launch and to simulate some
of the special astronomical phenomena to be
observed during the flight.

Combined Astronaut-Flight Controller Training

A fourth area of training conducted during
the preflight period was the combined training
of the astronaut with the flight control groups.
For this training the Mercury procedures
trainer no. 2 was tied into the Mercury Control
Center’s simulation equipment so that the astro-
naut could communicate directly with the flight
controllers and the vehicle parameters from the
Mercury procedures trainer no. 2 would be dis-
played to the flight controller in the same form
as the vehicle data during the flight. Two
types of training runs were made. The first
was the launch-emergency training sessions in
which only the launch portion of the mission
was simulated. Various types of emergencies
were simulated, some affected the astronaut but
most involved information displayed to the con-
trollers. During this time the astronaut and
the ground flight controllers had an opportu-
nity to become familiar with each other’s pro-
cedures and to refine the launch communications
and emergency procedures. Following each
run, a debriefing session would be held to cri-
tique the run and to modify any procedures
which did not appear adequate.

Following the launch abort simulations, net-
work simulations were run with the flight con-
trollers. On these simulations the pilot,
through the hardline, could be in direct com-
munication not only with the launch control
center but with the other flight-control
sites in the United States and Australia. In
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these simulations the pilot would frequently
take part, thereby providing some of the sta-
tions with an opportunity to become familiar
with his particular voice and communication
patterns. This was particularly significant for
the medical monitors since they made use of
voice communications as one of their major
monitoring aids. While these sessions were
highly valuable for the flight controller, they
were less valuable for the astronaut since much
of his time would be spent with the spacecraft
in the orbital configuration with little or no op-
portunity to practice emergency procedures.
As a result, the astronaut frequently went
through a launch and perhaps one-orbital pass
with the network simulation and then spent
the rest of his time in the simulator, carrying
out. emergency procedures and other special
activities in which he particularly needed
practice.

Medical and Physical Preparation

A final area of activity during this preflight
period was in the medical and physical prepara-
tion of the astronaut. During this period, the
final physical examinations, establishing the
fitness of the pilot for the flight, were given and
the majority of the baseline data with which
the inflight results would be correlated was col-
lected. It was also during this period that the
astronaut was placed on a special diet in order
to prevent possible solid waste problem during
the flight. Medical preparations for the flight
are described in greater detail in paper 11.

During this preflight period each of the as-
tronauts intensified their physical fitness pro-
gram, bringing it to a peak shortly before the
launch date. This physical activity was impor-
tant not only in insuring a high level of fitness
at the time of launch but it also served the pur-
pose of giving the pilot an opportunity to relax
from the pressing technical problems which oc-
cupied the majority of his day. Overall, the
problem of maintaining good physical fitness
and avoiding excessive fatigue during this pe-
riod was a serious one.

Concern was expressed in some quarters that
the repeated delays which often occurred in the
launch date would produce anxiety in the pilot
or result in a letdown in profficiency due to
“over training” or loss of motivation. No such
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offects were noted with any of the pilots. Astro-
naut Glenn experienced the longest delay fol-
lowing a launch attempt (30 days) with no un-
desirable effects either by his own account (ref.
14) or as indicated by his trainer performance.
His performance on the retrofire control task
for the month before and after the postpone-
ment of his flight is shown in figure 10-4. As

O Error scores in degrees-each point
represents the 3axis summed maximum
attitude errors. Averaged over 5 or more
retrofire scores.

48 r
4z
36| ... Canceled
o ! launch
- 30| o !
o oo =" & ! I
5aaf "‘“qj.—-"’n’""'-ﬂ-..\ :.Launch
u gt et
12
6
0 | 1 fli 1 - 1 1
| 2 3 4 ) 6

Number of IO day periods of training prior to launch

Freure 10-4.—Procedures frainer retrofire attitude
control scores. MA-6 pilot.

can be seen there is no evidence of decrement in
performance following the postponed launch.

Training Evaluation

The inflight performance of the pilot provides
the best indication of the adequacy of the astro-
naut training program. Further verification
was provided by comparing performance of
specific maneuvers during flight with those on
the trainers, and by having the pilots’ comment
on the value of the various training devices.

In those cases where specific flight maneuvers
were practiced on the procedures trainer, com-
parisons can be made between the attitudes held
in the trainer and those maintained in flight.
This has been done in all previous flight reports
in the sections on pilot performance (refs. 15 to
19). However, the number of these compari-
sons is limited since many periods of manual
maneuvering could not be compared with
ground data because the specific maneuver car-
ried out during flight was not practiced under
controlled conditions or because the maneuver
involved attitudes outside the limits of the auto-
pilot sensing system, in which case, attitude data
would not be available from the gyro indicators.

A great deal of evaluative material was ob-
tained from the astronauts during the debrief-



ings following each mission. In general, the
astronauts reported that while weightlessness
was generally pleasant, there was a short period
during the flight when they felt that they needed
some time to adapt to both the weightless
experience and to the novel view through the
spacecraft window. (See paper 20.) Both of
these features of the space flight were inade-
quately simulated during the training periods
since the weightless condition could not be sim-
ulated for more than a minute and, until late in
the program, there was no dynamic simulation
of the view through the Mercury spacecraft
window. This adaptation period, to the orbital
flight condition, might have been reduced had it
been possible to have a simulation of the exter-
nal view and more prolonged weightless experi-
ence. In any case, this small adaptation period
was not a serious problem for any of the
astronauts.

The pilots were unanimous in indicating the
importance of their participation in the check-
out of the spacecraft during the period just
prior to the flight. Many of them felt that this
was the most valuable single portion of the
training program. All of the pilots felt that
the procedures trainer was the single, most use-
ful training device. However, there were vari-
ations among them in the opinions of the
amount of time required on the trainer prior
to the flight. There was also general agree-
ment that the centrifuge was the most critical
environmental simulation device and that a
short refamiliarization experience on the cen-
trifuge prior to the flight was highly desirable.

The Mercury flight program was too limited
to evaluate in detail all the many training de-
vices and programs which were used in the
astronaut training program. However, the best
estimate of the authors as to the relative utility
of the various trainers and programs are in-
dicated in Table 10-T in the last column. In
considering these ratings, the reader should note
that they apply to programs with the special
features of the Mercury training program listed
in the introduction to this section. In addition
to these ratings, the following general conclu-
sions appear warranted :

(1) The devices and programs used in the
Mercury astronaut training program were ade-
quate to provide transition training for skilled
pilots to the operation of a spacecraft.

(2) The program could have been shortened
and made more efficient had adequate training
facilities been available at the initiation of
training and in one location.

(3) The most important environmental fac-
tors requiring simulation during the training
were linear acceleration and the reduced mobil-
ity produced by the pressurized suit.

(4) Other environmental simulations were
desirable but not critical to adequate flight prep-
aration. This conclusion includes the weight-
less experience. However, it should be noted
that training in weightlessness was relatively
unimportant in the Mercury program because
the astronaut was unable to move from the seat.

(5) Simulations involving actual flight hard-
ware in realistic environments were studied and
generally found to involve more cost and risk
than could be justified by their training value,
unless they were required for vehicle checkouts.

(6) Experience in the actual vehicle to be
flown prior to the flight is a highly essential fea-
ture of the preflight preparation and is an
exception to the foregoing generalization.

(7) Flight plans and all experimental and
other movable equipment items which will be
used within the spacecraft must be available
and finalized well in advance of the launch date
in order to permit adequate time for training
in their use.

(8) A fixed-based simulator with dynamic
displays is generally adequate for orbital flight
training since angular and linear acceleration
cues are relatively insignificant in the weight-
less condition. However, in certain cases
motion may simplify the simulation problem.

(9) Two simulators are necessary in order to
support both the general group training pro-
gram at the central site and the preflight prepa-
ration program at the launch site.

(10) External view simulation on the full-
mission simulator is essential since much of the
orbital maneuvering will be done with the ex-
ternal view used as a reference.

(11) Integrated flight crew-flight controller
training is essential to refine mission rules and
communication procedures.

(12) Flexibility in the design of all trainer
systems is essential in order to permit modifica-
tion to fit the particular configuration of each

flight vehicle.
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11.

AEROMEDICAL PREPARATIONS

By CHARLES A. BERRY, M.D., Chief, Centér Medical Operations Office, NASA Manned Spacecraft Center

Summary

The lessons learned from the operational
medical program conducted in Project Mercury
are discussed in this paper.

The objectives of the medical portion of the
crew selection program were met, and detailed
physical examinations on even select test pilot
groups have found rejectable defects. Stress-
testing has been made part of a selection-in-
depth training program. '

Medical training given to the astronauts has
been of great value during inflight monitoring
and discussion of medical problems.

Medical maintenance has included routine
medical care, and annual and special physical
examinations. Close association of the flight
surgeon and the astronaut in training has pro-
duced an excellent preventive medicine prac-
tice. The flight crew surgeon is best fitted to
determine the astronaut’s readiness for flight,
but a specialist team conducts the examination
for baseline data to compare with postflight
data. Preflight examinations were conducted
before each checkout procedure and more for-
mally at 10 days and 3 days before flight, and
on flight morning. Longer missions with Pa-
cific recovery caused modification of the post-
flight examinations. The importance of prac-
tice runs of most of the medical procedures
was shown and a medical countdown was de-
veloped and integrated with the Mercury Con-
trol Center (MCC) and blockhouse countdown.

Complete isolation of the crew is impractical
and has depended on a reduction of stronger
contacts in the immediate preflight period.

Drugs were provided in injectors, and pills
were available in flight and in the survival kit.
The only drug used was the dextro-ampheta-
mine sulfate on the MA-9 mission. The astro-
naut must always be pre-tested to any drug he
may use. Scheduling of rest, activities, and ex-

ercise periods is necessary. A method of ob-
taining separate urine samples was successfully
used. Dietary control of defecation was suc-
cessful. Inflight food and water ingestion must
be scheduled.

Medical monitoring was performed for flight-
safety reasons and for aiding the surgeons in
making go-no-go recommendations to the op-
erations director. The value of range flight
simulations and of the medical flight controller
has been shown. Parameters monitored in-
cluded body temperature, respiration, electro-
cardiogram, blood pressure, and voice. The
comparison and correlation of readings with
environmental data are stressed. Correlation
of inflight events and physiological responses is
very meaningful. The space-flight environ-
ment, while exposing men to numerous stresses,
has produced no unmanageable physiological
overload. Postflight orthostatic hypotension
has been noted for a period of several hours.

Recovery operations have been modified from
taking medical care to the astrenaut to taking
the astronaut to medical care. The support has
been trimmed to require fewer highly trained
personnel to “wait it out” at the launch site.

Project Mercury gave the opportunity to de-
fine more closely the medical problem areas as
the future is anticipated with great expecta-
tions and confidence in man’s ability to adapt
to and conquer this new frontier.

Introduction

The development of an operational medical
program for Project Mercury posed a challenge
to the national aerospace medical community
in line with that which the orbiting of man
posed to the national engineering community.

The purpose of this paper is to review briefly
and necessarily incompletely the medical opera-
tions and findings from all our manned space
flights and to emphasize the knowledge ac-
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