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At thebeginningof theMercuryProgramit
wasrealizedthat theentire preparationof the
manfor piloting thespacecraftwouldhaveto be
doneby useof simulationtechniques.It wasalso
realizedthat nosingleall-inclusive flight simu-
lator couldprovidetheastronautwithpracticein
all phasesof themissionin a sufficiently real-
istic environment.Todeterminethesimulation
needs,theMercury-Atlasflight wasbrokendown
into areasof astronautmissionresponsibilityand
into areasof physiologicalandpsychologicalfac-
tors affecting theastronaut.A studywasmadeof
existingandproposeddevicesto determinerequire-
ments_suitability, feasibility, andavailability
of thesedevices. Thesimulatorsanddevices
finally selectedarelisted in Figure1. Omitted
fromthis list areseveraldevicesthat arenot
actually simulators,suchasmockupsandvisual
devices,disorientationdevicessuchas theoneat
Pensacola,andairplane0 g familiarization
flights. Thelistings in Figure1 arenotby
orderof importanceor timeavailability but
rather in groupingsof fixed-basedanddynamicor
moving-basedsimulators.

Thefirst twodevices_ControlSimulatorsNo.
1andNo.2, werepart-tasktrainers consistingof
apilot support_ahandcontroller, a simplified
displaypanel,andananalogcomputerprogrammed
with six-degree-of-freedomequationsof motion.
In TrainerNo.l, thepilot wasupright in a chair
anduseda researchtypethree-axishandcontrol-
ler. In TrainerNo.2, thepilot useda couch
supportandaMercurytypehandcontroller. Both
of thesetraining deviceswereusedfor initial
indoctrinationandtraining in themanualcontrol
of the spacecraftattitudesduringorbit, retro-
fit% andreentry. Controltechniquesjdisplay
configurations_andmanualcontrolwith inflated
pressuresuit wereall evaluatedonthesedevices.
Thedeviceswereretired uponreceiptof the
MercuryProceduresTrainers.

TheMercuryProceduresTrainersarecomplete
flight trainers that allowpracticeandevaluation
of all proceduralandinflight tasks. Figure2
showsthe trainer, the instructor's station in the
foregroundandthecapsulein thebackground.Two
trainers wereproducedbytheMcDonnellAircraft
Corporation,onefor Langleyandonefor CapeCans,
veral. Thetrainersarenearlyidentical with the
exceptionof thecomputingequipmentusedto
definethevehiclemotions.TheLangleyequipment
is capableof solvingfor all motionsincluding
thosecausedbytheaerodynamiceffects during
reentry. TheCapeequipment_however_carlonly
reproducethevehiclerotarymotionsof space
flight. Thetrainersarerelatively high-fidelity
simulatorsof the operationof mostof the onboard
systems3 especiallythosethat involvedirect
astronautactivity. Themajoritemsnot simulated
arethe spacecraftnoisesandthe viewout of the
capsulethroughthewindowandthe periscope.The
periscopedisplayin theLangleyTrainerhasbeen

animatedto allowsomeattitude controlpractice
usingthis referencesystem.Theinstructor from
his stationcanintroudcedirectly approximately
275separatevehiclefailures andindirectly_
countlessmore.

Thedesignof thesetrainers followsthat of
mostairplaneflight trainers in the limited useof
actualvehiclehardwareandto theuseof electron-
ic techniquesto animateall displays. Theuseof
actualor pseudo-actualvehiclehardwareis limited
to that requiredto producethephysicalenviron-
ment_that is, theenclosure_the panel_the hand
controller andassociatedlinkages,the coucb_the
switches_andsoforth. Systemhardwaresuchas
for theAutomaticStabilizationandControlSystem
or for the Life SupportSystemis notused. The
operationof thesesystemsis duplicatedtb_ough
techniquesmakinguseof timersanddiodefunction
generatorsandanalogcomputingamplifiers_inte-
grators_andservos.

Thenextgroupof deviceslisted in Fioou_rei
are thosein whichphysicalmotionis involved.
Thesemotionswereusedeither to subjectthe
astronautto an inhospitableenvironment_reference
the centrifugeor Multiple-AxisSpinTestInertial
Facility; or wheremotioncuesareconsideredto
be important;or wherea movingbasewasthe simp-
lest methodof generatingsatisfactorydisplays.

Thefirst of thesemoving-baseddeviceswas
thePilot EgressTrainer. Thistrainer is a
boiler-platemockupof the spacecraftwith similar
hydrodynamiccharacteristicsandsimilar escape
pathobstructions. Thetrainer wasusedin both
tanksandopenseasto developthe preferredrecov-
eryandegressprocedures.Procedureswere
formulatedfor egressfromall probablevehicle
conditionsincludingveryroughseasanda comple-
tely submergedspacecraft.Thetrainer is also
usedto train groundteamssupportingthe flight.
Helicoptorandshipretrievals weremadein which
the communicationsandrecoveryprocedureswere
practiced.

Thenextdeviceis theMASTIF(Multiple-Axis
SpinTestInertia Facility). ThisNASA-Lewis
built simulatoris shownin Figure3. Verybriefly
!it consistsof threegimbalsindividuallypowered
by compressednitrogengasthrusters. Angular
ratesfromnearzeroto over60revolutionscan
readilybegenerated.Theastronautswerewhirled
to rotational speedsabovethosewheredisorienta-
tion occursto becomefamiliar with this
disorientationandto practicestoppingthemotions
byuseof theMercuryhandcontrollerandangular
rate instrumentdisplays. Thetests servedmainly
to build confidencethat in, the eventof a gross
AutomaticControlSystemfailure, theastronaut
couldregaincontrol of thevehicleandstopall
tumbling.
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Next on our list of simulation devices is a

facility considered one of the most important for

the program. The Centrifuge at Johnsville has

been used in astronaut training %nd in engineering

evaluations of man and equipment. The gondola of

the centrifuge was equipped with as much vehicle

hardware as was required to support the astronaut

in the launch and reentry phases of the mission.

This vehicle equipment included the support couch,

display panel, hand controller and linkages,

Environment Control System, pressure suit, and the

biomedical instrumentation. To further duplicate

flight conditions, the gondola was evacuated to

reduced cabin air pressure of the actual flight.

Six-degree-of-freedom e_uations of motion were used

to animate the display panel however the accelera-

tion profiles were predefined. In the final

training sessions man, equipment, and procedures

were evaluated by simulation of the complete three-

orbit mission starting with the preflight physical

examination through countdown, launch, three orbits

reentry, recovery, post mission debriefings and

physicals. Base line medical data for comparison

with the flight data was a very important byproduct

of these astronaut training periods.

The last of the devices listed is the ALFA

Trainer. Figure h shows the present form of this

trainer. It is basically a pseudo-Mercury space-

craft mounted on a spherical air bearing. This

nearly frictionless support coupled with a com-

bined astronaut-plus-trainer center of gravity at

the center of the ball, produces an almost perfect

simulation of spaceflight, as far as attitude

control is concerned. The structural support sys-

tem and the effects of the 1 g field on the

trainee limit the yaw and pitch motions to plus

and minus 3_ degrees. Roll is unlimited. All

three attitude reference systems are available to

the astronaut including the i_erisco[_e, panel

instruments, and the window. For the periscope

display, a lO-foot diameter screen is viewed

through optics simulating the wide-angle view of

the vehicle periscope. A moving earth scene of

the orbital track is back projected onto the

screen . This display is relatively accurate for

deviation angles up to 2_ degrees. For the panel

displays, actual vehicle hardware is used to meas-

ure the attitudes and rates and to display these

to the astronaut. For the view through the windo_

a lighted horizon and a generalized star field are

provided. Motion of the trainer is controlled by

astronaut use of compressed air jets. Either the

manual proportional jets or the manual low-level

fly-by-wire jets can be used. Disturbances which

can be produced by misalinment of the retrorockets

are'also simulated by compressed air jets.

This paper has thus far described the simu-

lators developed for astronaut training. The

astronaut, however, is but one member of the

flight team. The operational plan for Project

Mercury includes a network of telemetry, command,

and tracking stations around the world directed by

the Mercury Control Center at Cape Canaveral. As

the design and construction of the network proced-

ed, it became evident that procedures to operate

the network and facilities to test these proce-

dures were required. This was especially true for

the Control Center with its large staff who moni-

tor many varied inputs. At the same time, it was

evident that a need existed for verification of the

readiness of the network to support a particular

flight. The techniques of mission simulation were

developed in order to supply the required facili-

ties to exercise procedures and to verify
readiness.

As in astronaut training, no one device or

technique could supply all the required training

and indoctrination to bring the Flight Controllers,

the astronaut, and the entire Mercury Network into

a well-integrated team. To accomplish this inte-

gration, two simulation facilities were constructed

and a technique of world-wide simulation developed.

The first of these facilities, and by far the

simpler, was constructed at Langley and was used

to give the remote site Flight Controllers their

initial familiarization with the displays and with

the team aspects of flight monitoring. The facili-

ty consists of the procedures trainer and the

displays typical of a remote site. Figure 5 shows

a schematic of the facility. Vehicle data is

obtained from the trainer, conditioned, and sent

directly to the Flight Controller displays. All

intra and intersite communications are simulated.

Before each Mercury mission, exercises are run to

evaluate site procedures and to exercise the Flight

Controller-astronaut interface in both normal and

abnormal situations.

The second facility, the mission simulator,

was constructed at the Control Center and consists

of the Procedures Trainer, interface equipment, and

of course the Control Center facilities. When

operated to animate Control Center displays only,

the simulation is considered to be operating closed

loop. This means that any real time astronaut or

Flight Controller action will affect the simulated

mission exactly as it would an actual mission.

The complex is also operated in an open loop mode

in connection with world-wide simulations.

Figure 6 is a photograph of the simulation

area and shows the data conditioning equipment,

the data control panels, the trajectory displays,

and controls in the foreground. The procedures

trainer instructor's station, the trainer capsule,

and the trainer analog computer are in the back-

ground. Figure 7 is a schematic detailing the

s£mulation equipment and the tie-in to the Control

Center. Spacecraft data, approximately DO func-

tions, are taken from the trainer, conditioned to

look like telemetry, and transmitted to the opera-

tional telemetry receiving equipment in the form of

the telemetry composite before conversion to radio

frequency. The reverse path, connnands to the

spacecraft, are simulated be sensing switch clos-

ures in the Control Center and using these closures

to effect changes in trainer operation. The UHF

and HF air-ground voice communications are also

simulated. The intermediary equipment can modify,

interrupt, or cause false readings on any of the

channels. This equipment also generates the

remaining 40 telemetry parameters (including the

biomedical parameters) which come from the vehicle

during flight.

The voice aspects of the vehicle countdown and

the range operations are simulated so that pre-

launch and launch procedures involving these commu-

nications paths could be exercised.

The trajectory--and at this time we will speak

only of the powered flight phase--_as generated by

either of two methods. Both methods make use of

the high speed operational data transmission
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systemsandtheGoddardComputingComplex.The
first methodwhichutilizes the "B"Simulatorwas
usedduringmostof the simulations.Thismachine
usesmagnetictapescontainingall necessarydata
to simulatethe launchareatracking. Thesedata
includethe outputsof theAtlasGuidanceSystem,
theoutputsof theImpactPredictorComputer,and
rawradardata. Alsoonthe tapesare the dis-
crete commandsof boosterandsustainerburnout
whichcontroltheprocedurestrainer operation.

The tapes used on the "B" Simulator can and have

been made to produce both normal and problem

launches and orbits. A typical problem might be

an overspeed cutoff which restricts the possible

landing areas.

The second method of powered flight trajectory

simulation is used on launch day to verify the

complete launch area trajectory data flow subsys-

tem. Taped inputs to the guidance and to the

impact computers are used to exercise the comput-

ers, the launch area data conversion and l

transmission system, as well as the high speed

data lines to Goddard. With this second system,

the discrete launch events can only be sent to

the trainer via manual action of the trainer

operators.

Simulation of radar tracking after capsule

separation was not necessary from the flight

control procedures standpoint as the operational

programs of the Goddard Computer can define the

entire flight path and generate all Control Center

displays from just the insertion vector. Remote

site radar tracking was simulated however to exer-

cise the teletype system which is used to transmit

this data to Goddard. The teletype tapes were

generated by Goddard for replay at the remotel

sites during simulations.

The above system details the _closed loop

mission simulation capability at the Control

Center. However one of the requirements of true

mission simulation was to simulate world wide.

To extend the capability to tDm remote sites, a

method of animating the site displays was needed.

Referring to Figure 7, it can be seen that the

simulated vehicle data was displayed at the

Control Center via operational ground station

telemetry equipment, equipment that is an integral

part of every remote site. Therefore all that was

required was to record the data from the trainer

on magnetic tapes and play these tapes at the

remote sites. The tapes are made prior to each

mission so that the format and calibration of the

data would be relatively similar to the flight

configuration. The other spacecraft data input to

a site, the astronaut's voice, was simulated on

the site by an individual scripted to make the

standard reports and answer any expected querries

from the Flight Control Teams. Both individual

site exercises and integrated network mission

simulations were conducted using this technique.

To conduct an integrated network simulation,

special telemetry tapes and astronaut scripts were

supplied to each site. Detailed instructions as

to when to play the tapes (in terms of time from

liftoff) and as to the setup of the telemetry

receiving station were also sent to all sites.

Preparation of these simulations required care-

ful and thorough planning and coordination. Since

the simulations are basically open loop, the

actions of the astronaut and the Flight Controllers

had to be anticipated and these effects included in

the prerecorded tapes. The missions were based on

the flight plan and on the existing mission rules.

A number of abnormalities or faults were included

to exercise the astronaut and flight control proce-

dures and to test the mission rules.

The special telemetry tapes were prepared by

having an astronaut fly a complete mission with the

trainer personnel simulating all ground stations.

A master telemetry tape was recorded and the site

tapes were prepared from this master by copying

data for only those periods the spacecraft would be

over that particular site. The recorded data was

reviewed to evaluate the suitability of the data

from the standpoints of calibration accuracy, con-

formity to last minute vehicle modifications, and

adherence to the mission rules. If any of the data

was not suitable, the telemetry ground station

decommutators were repatched so that the flight

control displays would be close to the desired

readings. Repatchings were also used to produce

further spacecraft failures. The use of this

repatching technique allowed one telemetry tape to

serve as the basis for several simulated missions.

The scripts for the simulation of the air-to-ground

voice were based on the astronaut's voice reports

as recorded and on the objectives of the mission.

As with telemetry repatchings, the voice scripts

allowed considerable flexibility of operation.

Mission simulations are conducted in a manner

similar to the actual launch. The entire network

goes through a three-to six-hour countdown

actually performing the equipment, communications,

and data flow checkouts. At the Cape, most of the

launch area checkouts such as the spacecraft and

booster are only simulated; however,!where tie-in

to the network exists, the actual checkout is per-

formed. After liftoff each site receives contact

with the spacecraft in turn and transacts its

voice and data collection tasks. As a standard

mission operation, each site reports to the

Control Center a summary of the telemetry readouts

and a synopsis of the Flight Controller's opinions

of the vehicle and astronaut status. These tele-

type messages are carefully monitored by the

simulation group to insure that the desired dis-

plays and data were received by the site and that

the anticipated actions were taken. If deviations

are noted, the simulation group teletypes new

instructions to the subsequent sites to attempt to

get the "mission" back on track. The simulations

normally terminate with splash; however recovery

aspects have been exercised. Not to be forgotten

in the simulations are the debriefings conducted

by the Flight Director. These debriefings can and

have lasted almost as long as the simulated flight

itself and have-lead to many improvements in pro-

cedures and equipment usage.

As may be evident from the preceding para-

graphs, mission simulation is more "technique"

than equipment. These paragraphs just brush the

surface as to the many varied duties required

before and during simulations to effect a success-

fulworld-wide simulated mission.

In conclusion, I might summarize the training

routine that leads up to each flight. Sometime in

the months preceding his flight, the flight astro-

naut participates in a centrifuge program. He

re-acqualnts himself with the techniques of
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increasing nls acceleration tolerance and with the

acceleration profile as it affects his mission

sequencing. Approximately three months before a

flight, he starts intensive use of the procedures

trainer and the ALFATrainer to plan the flight

and to become proficient in the inflight duties.

The network schedule is somewhat more

abridged. About three weeks before the flight_

exercises are held on the remote site trainer with

the flight astronaut 9articipatin_ if possible.

After deployment to the remote sites, approxi-

mately F -7 days, the Control Center with an

assist from Bermuda conducts lamnch abort exer-

clses. The flight astronaut participates in _nese

drills as much as possible. The closed loop mode

of Control Center simulation is used so that the

tot_l effect of any decision can be evaluated.

Between F -4 and F -2 days_ full integrated net-

work simulations are conducted around the world.

The astronaut has already "flo_" these missions

and participates mostly as an interested spectato_

The above routine, in fact the entire simula-

tion and training effort was developed by a

process of evolution and continues to develop as

the needs of the program grow.
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