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The site at Bermuda was designed with the same concepts as those used
at Canaveral in that it ves comsidered to be a backup to the Mercury Control
Center in certain instances such as command control following an abort
decision. The next slide shows an overall view of the Operations Room at
Bermuda, It can be seen that the layout and the consoles are similar to
those at the Control Cemter. No further details will be presemted here
but suffice it to say that the same basic philosophy in performing flight
control was used. Certain additionsl computing facilities arve provided at
Bermuda because of the mecessity to perform the backup function of determin-
ing the conditions of the orbit and certain times of retrofire associating
with aborts. These facilities will be discussed in more detail.

The remote sites vere primarily designed so as to provide information
%0 the control center on the status of the astronsut and the capsule and to
keep the astronaut updated on mission progress. A picture of a remote site
operations room is shown in the next slide. There are three Flight Control-
lers at each site supported by spproximately 20 to 30 engineers and
technicians dependent upon the detailed equipment at each of the sites.
Each site has a Capsule Controller and Aeromedical Monitor and a Capsule
Systems Monitor. The duties of these monitors are adequately described by
their titles and the data is displayed in minute and strip chart form in a
similer menner to the Control Center.

Now let us consider in some detail the facilities and date required
to perform the Flight Control function. Perhaps the most important and by
far the most complex system is the computing and date flow facilities
required. ,
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The next slide presents the various sources of tracking data and
computing systems which are required to meke the various decisions regarding
launch, orbit and reentry. In order to provide information on trajectory
during leunch, the orbital phase, times of retvofire, and impact prediction,
the sources of data as shown on this slide are required. Two IBM 7090 com-
puters are provided at the Coddard Space Flight Cembter in Washington, D. C.
These computers perform all of the computations necessary for all phases of
the flight. The method in which dats is supplied to these computers is
thus dependent upon the flight phase and let us consider first the launch
and orbital insertion period. Because of the eritical nature of this
phase miltiple sources of date are provided for redundancy and for decision
and action should an eborted flight occuwr. The Atlas missile is controlled
by the G. E. - Buwrroughs tracking and computing system and this data is
considered the primery source during the launch phase. Positions and
rate date are transmitted by means of high-speed data lines to the Godderd
computer and some of the trajectory displays such as altitude, time to go,
downrange distances, and certain guidance commands, are supplied directly
to the MCC. Should this date system fail or an sbort occur, dste is pro-
vided on these same high-speed data lines from the AZUSA or FPS-16 rader
sysbems through the IBM 7090 computer et the AMR to the Goddard computer.
In eddition, raw date from these systems cen also be used. As noted,
information on the various events which occur during the launch are provided
to the computer from the MCC. The Bermude data from both the FPS-16 and
Verlort raders provide similer trajectory displays through an IBM 709
computer. In addition, the date from this computer or divectly from the
muwu@ummwmu
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the Goddaxd Center. Once the capsule is in orbit, date from the various
redar systems shown st the remote sites are tranmuitted by teletype to
Goddard and sutomatically processed in the computer to update the verious
displays at the MCC. Also, once the reentry maneuver has taken place,
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Center to the Flight Dynemlcs Officer end Retrofire controller in both
plotboerd and digital display form. Four plotboards are used as shown in
the next slide which is & picture of the retrofire and Flight Dynamlcs
Officer's console and the four plotbosrds are used for display. The
plothoard on the far left is used to present impect prediction; the other
three present trajectory informetion with regexrd to the launch insertion
and orbit phase. The data displayed on these three charts during the
‘lsunch phase is presented in the next slide. One of the plots preseats
altitude and crossrenge deviation as & function of downrenge distances
and another velocity end acceleration as & function of elapsed time.
These quantities are used to give an indication of the missile performance
~ especially during the first portion of the flight. én«ﬁu-mm
after a certain elapsed time, switches to plotting the yaw error signal
to the missile and the insertion altitude, that is, the altitude to which
the computer is guiding the missile as a function of time~to-go to cutoff.
These quantities also give en indication of missile performance. The most
important chart used is the plot of flight path angle versus velocity
retio, that 1s, the retio of the present velocity to the velocity requived
for orbit at the desived sltitude. mwhmhmw
Dynemics Officer in two different scales such thet vhen the velocity
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ratio reaches 0.9, the seale is greatly magnified to allow the iuportant
GO-NO0-GO decision to be made at the time of booster cutoff. During the
flight, the Flight Dynemics Officer uses these cherts to determine that '
the missile is performing satisfactorily, and, in addition, uses these
date to determine the time of sbort should an sbort for astronsut or capsule
systems malfunctions become necessery. During the last 15 seconds of flight,
he concentrates on the magnified plot of flightpath angle. From this plot
he can determine that the proper orbitel perameters heve been achieved and
the couputer, through means of lights on this sme plotboard, mekes the
GO-NO-GO reconmendetion at the seme time. At the same time, the computer }
presents the various times of retrofire sssocisted with the cutoff conditions
achieved, that is, if en sbort or NO GO decision is made, the time of retro-
fire required to land in a particular recovery avea vill be displayed, and
if & good deeision is veached, the time of retrofire st the emd of & novmal
three-orbit mission and the time at the end of each orbit will be displayed.
The plotbomrds continue to give data on the position of the capsule and
certein other parameters regarding reentry orbit depending upon the decision
made at cutoff. As date is received from the remote sites, the times of
retrofire and the other trajectory information are contimally updated.
Also, information necessary for acquisition is supplied to the remote sites
by teletype from the computer. Certain information with regard to times
of retrofire associated with particular contingency recovery sveas is
supplied to each site. This will be discussed in move detail by Mr. Thompson
in a later paper.
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As can be seen from this discussion of informetion and date require-
. ments, e highly complex commnications system is required. This system
mist provide means for trensmitting redar date and scquisition informstion
to end from sites around the world and certain pertinent infarmation on
the status of the astronaut and capsule systems. The entire commuications
network to accomplish this task is & subject of its own and cannot be
discussed in detail. However, certaln aspects of the system eve necessary
to the understanding of flight comtrol. Teletype to all sites is provided
and, in a1l cases, reduniant pads ave used becsuse of the desive for high
relisbility nnd the high demsity treffic during certain phases. Voice
mmmsomdthmatdm,wu,m,
Michea, Austrelia, Havaii, Cusymss, liew Nexico, and the California site
u,nmm.m.mummmum«-ﬁm
ental U.S. Experience today has shown thet feirly relisble commmice-
tions cen be maintained although there is a time for serious propagation
problems. Teletypes, of course, has an inherent lag and,on the average,
requires six to ten minutes to transmit a messege to any given site and
receive a reply. Voice cammunicetions to ell sites would be helpful and
m,mw'mmmummmtm'
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There sre many aspects of the Mercury Network which should be consid-
ered, such as construction, selection of sites, instrumentstion tests,
countdowns, ete., which should be discussed but cammot be, because of the
limited time. However, it should be exphesized that the network and the

operational plamning required should be considered in the design of the
space vehicle. If this is not done, the ground support necessary to the
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mission will be less than desired and, in addition, its completion will
lag the spece vehicle and, therefore, tend to pace the program. Another
point vhich can be considered is the orbomxd instrumentation. This instru-
accemplishing the test objectives.



In an attempt to give a better understanding of how the comtrol of
the flight is achieved the rest of the peper will deal with the details
of how flight control is performed during the phases of the flight. Of
course it must be recognized that an orbital flight om which these proce-
mimumuumutumwmnuumm
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in vhich the astronsuts and the flight controllers have participated.
W,mmm.umammummmm
used to demonstrate these techniques and have, so far, with minor changes,
proven to be adequate. In fact, the Redstone flights were plamned on the
basis of an orbital leunch in order to exercise these technigues.

The next slide gives & pictorial presentation of the importent launch
phese and orbital imsertion. Just previous to liftoff the final calcula-
tion checks are made with the astronsut to assure proper systems functions
end reaffirm that the commmnications systems are functioning properly.
The final phases of the countdown and the lift-off are transmitted to the
astronaut by the capsule monitor in the Mercury Control Center. As the
lift-off occurs the astronaut confimms that the on-board clock and timing
mwmmummmmmw.
During this early phase of the flight trajectory information from the

is transmitted
range safety plotboerds/by voice to the comtrol cemter to assure that the
proper trajectory is being followed. The astronaut mekes a renge safety
mmmwmmmmm-u
acceleration, oxygen, and cebin pressure. The ground flight comtrol
monitors are momitoring the verious systems parameters continuously
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during this period. Ome of the most critical points im the launch occurs
um%,mm«nmnmmammm
cabin pressure seals end is maintained at 5-1/2 psi. A commmications
procedure with the astronaut is used to assure that if the cebin pressure
and suit pressure were to fail sbort action by the astronaut or the
flight director could be taken to prevent an excessive altitude being
reached by the capsule. Continued surveillance is made by the monitors
and the astronsut is kept informed of the trajectory amd the status of
the flight from both a missile end capsule point of view. [s staging
of the Atlas ocours at about 200,000 feet this event is confirmed by
both the astroneut and the ground controllers and 20 seconds later con-
firmetion is given by the astroneut that the tower has jettisoned
properly. In all cases the astronaut is prepared to perform manual
backup should it be required. After this period while the booster is
being propelled by the sustainer emgine all of the flight comtrol monitors
are making a close anslysis of capsule systems performance and astronsut
conditions such that sbout four minutes and 30 seconds a final GO-NO-GO
decision can be made in conjunction with the astronsut. This decision
ie & commitment to orbit of the astromsut and capsule systems. Certain
ground rules are formulated and agreed upon many weeks in advence of the
flight upon which this GO-NO-CO decision is mede. From this point on
almost complete attention is given to missile performence in the form
uwmummwmmmmr
are achieved, that is, the proper velocity, flight-path angle, and
altitude. The conditions which are achieved are immedistely transmitted
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to the astronaut and the astronaut confirms that proper separation of
the cepsule has been achieved and that a turnaround meneuver has been
properly initiated and meinteined. Should & GO decision be achieved the
astronsut would be informed either by the Cape or the Bermuda site of the
times of retrofire calculated by the computer for a proper reentry at the
end of the designed mission. If the computer indicates a NO GO condition
the astronsut would be so informed and the times of retrofire necessary
for landing in a preferred recovery area would be indicated to him and
to the Bermuda flight controllers. The actions to be taken by the ground
muﬂumw,um,uw\wmmm
cutoff conditions. Of course, these actions can be extremely time-criticel
and the comifinicstions procedures to be followed have been worked out by
intensive training in this particuler area. The insertion takes place
sbout midwey between Canaveral and Bermude in approximately one minute
after this time comtrol of the voice link and command to the capsule is
given to Bermda. Bermmda actually acquires the capsule RF links at
sbout a minute and 30 seconds before cutoff. Also, sumery information
and other pertinent data regerding the launch phase is immediastely trans-
mitted by voice and teletype to all remote sites. All of this information
is being monitored by the recovery control center located adjacent to the
flight comtrol operations room and is kept informed in almost veal time
of the experienced landing points of the capsule.

Let us now consider that orbit has been achieved and take a look at
the activities at a typical remote site. The next slide again gives e
pictorial presentation of the procedures following during a normal pass
in an orbit which pesses fairly close to overheadTthis period lasts for
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spproxinetely five to six mimites. The stetion has veceived messages
both from the control center and other sites on astronaut and systems
performance and acquisition messages end certain times of retrofire from
the computer. The acquisition messages are received 30 minutes, 10 minutes,
and 5 minutes previous to the horizon time of the capsule. Upon making
the initial voice contact and acquiring telemetry signal the astronsut
immediately reports his condition and certein instrument readings for
direct telemetry comparison. He, in turn, is given a time of retrofirve
for the end of this particular orbit and the next contingeney recovery
area in order that he may know the most up to date information should an
emergency develop at any time. Becsuse of the importance of the time of
and the time of retrofire sent in to the clock. These are compared with
telemetry and transmitted back to the Coddard computer and used in calcu-
lating future times of retrofire. Of course, during this time radar data
from the site is being transmitted to the same computer for updeting the
orbit characteristics. The astronsut is informed of the progressof the
mission and is kept updeted on certain matters concerning recovery and
worldwide weather. Then, if necessary, the astronsut could meke & complete
status report to the site regarding systems functions such as any changes
he may have mede, his physical condition, any commmnications phenoma or
problems, how he has been sble to navigate and anything concerning mission
control which he may desire for review. Also, over some sites ceytain
tests will be made in conjunction with the ground to ascertein the astronsut
ebility to perform in the space enviromment. Following loss of contact
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vith the capsule the site will immedistely transmit a message to the
control center and ell other sites regarding the status of the astronsut
and capsule systeus.

‘This process is followed es the capsule progresses throughout the orbit.
Of course, certain other procedures with regard to clock setting and
retrofiring arve followed at command sites, such as Muchee in Australis,
and the California sites. The retrofire meneuver is performed by a
countdown from the ground to the astronaut and would be initisted
similerly by the astromeut and the ground command. The on-board clock
will be used primarily as a backup to these commands. The control of the
capsule throughout orbit retrofiring and reentry will vary from flight to
flight in order to evaluate both the astronaut's cepability end the

In order to train both the astronsut and the ground crews in flight
control problems and to develop the procedures necessary to flight control
fecilities were constructed both at the control center and at Langley
vhich allow complete flight simulation. At both of these facilities a
procedures trainer is provided in vhich not only the normal mission can
be flown but almost any conceiveble malfunction can be sssimilated. Out-
puts from this trainer are provided to the flight contrel consoles and
complete realisn can be obtained imcluding such problems as telemetry and
radio noise, dropouts fails resdings, etc. In sddition, complete trajec-
tory simulstion is combined with this operstion such that the entire launch
arbit and reentry phases can be duplicsted. These facilities have proven
o be extremely useful to the operation and,as has been stated by the
astroneut, is considered one of the most important training devices to be
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developed for Project Mercury. Such facilities will be a mandatory
requirement for the Apollo program. These facilities should be considered
during the design phase of the actual vehicle so that ground crew and
astronaut training can begin as soon as possible.

It is realized that only & cursory look has been given to the Mercury
network and the flight control aspects of the project. Engineers from
the divisions responsible for these aspects of the project are devoting
time to the Apollo program and the Apollo comtract is urged to take
advantege of the Mercury experience through these people.



