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Introduction

A number of papers have been given previously,

both to the IAS and other scientific organizations,

which deal with the operational planning for

Project Mercury1'2.- This paper deals with the

operational experience gained from the develol_nent

of facilities to perform real-time flight control

and the experience gained from using these facili-

ties. The discussion of this experience is prima-

rily limited to the Mercury-Atlas orbital flights

leading up to and including the flight of Astro-

naut John H. Glenn, Jr. In a_dition, the over-all

recovery operation is discussed.

Network Stations

The orbital track flown in the three-orbit

Mercury flight and the location of the network

tracking stations established around the world to

maintain contact with the spacecraft are presented

in figure 1. This orbit and the supporting net-

work were chosen for a number of reasons but

primarily on the basis of the following:

(i) The desire to use the tracking facilities

already available in the southern United States

and the instrumentation on the Atlantic Missile

Range

(2) The desire to obtain continuous tracking

and voice contact with the astronaut throughout

the powered flight and the insertion into orbit

and during the reentry and landing phases

(3) The belief that radar tracking data

should be available from a number of strategic

locations around the world to establish the orbit

properly

(4) The desire to maintain voice contact

with the astronaut as often as possible during

the early phases of the flight and on the order of

every 15 to 20 minutes thereafter

(9) The need to remain within the temperate

zones of the earth so that the design requirements

on the spacecraft and the dangers of cold weather

to the astronaut after landing could be reduced

All of these sites had voice and telemetry

capabilities with the spacecraft. A large number

of the sites had either C- or S-band radar track-

ing capability with teletype data facilities back

to the Central Computing Center at Washington,

D.C. The sit@s at Cape Canaveral; Bermuda;

Muchea, Australia; Hawaii; Guaymas, Mexico; and

California had facilities for radio commaud to

the spacecraft. Teletype to and from the Control

Center at Cape Canaveral was available to all the

sites, and the capability of voice was provided

from Hawaii through Bermuda and to the two sites

in Australia. In addition, during John Glenn's

flight, voice was provided to the Canary Islands

and by single-sidebaud radio to the ships in the

Indian Ocean and off the west coast of Africa.

The Communications and Computing Center is

located at the NASA Goddard Space Flight Center,

Greenbelt, Md., and high-speed data lines and voice

and teletype lines were provided from this center

to the Mercury Control Center at Cape Canaveral.

All of these facilities were provided with the

background of previous flight_test experience and

on the basis of the safest operational concepts so

that the safe recovery of the astronaut could be

assured and to provide sufficient capability for

controlling both unmanned and manned orbital

flights. A great deal of experience has now been

obtained from operating this complex network and

should prove beneficial to fUture space-flight

programs.

Based on the knowledge gained from the three

Mercury-Atlas orbital flights flown to date, the

following conclusions can be drawn:

The facilities provided by this network are,

in most cases, more than adequate to provide both

orbital information and data for performing flight

control for unmanned and manned flights. Experi-

ence has shown that with the tracking and computing

complex at Cape Canaveral and Washington, D. C.,

the orbital elements can be determined within a

very few seconds after launch-vehicle cutoff with

sufficient precision to assure control of the space

vehicle should some abort condition present itself.

Additional tracking obtained during the first half

of the first orbit refines these computations to

some extent and 3 together with the cutoff con-

ditlons, provides extremely accurate spacecraft

positions for at least a three-orbit mission.

The computer program provided essentially

real-time spacecraft position and, although com-

plex, it has shown the capability of handling

almost any trajectory problem which could exist.

The radar tracking system has shown that low-

altitude orbits can be acquired and tracked with a

high degree of accuracy provided proper acquisition

data and systems are available.

In all cases3 horizon-to-horizon coverage on

UHF, which provided excellent telemetry and voice

contact with the spacecraft, was possible. The

use of HF extended the contact times by about

2 minutes at each site and is considered an impor-

tant adjunct to the spacecraft communications

system. The co_nand capabilities to the space-

craft proved to be adequate and useful and, of

course, a necessity for unmanned operations. In

this case, the coverage from a given site was more

dependent upon antenna patterns than the other UHF

systems, but with minor design changes horizon-to-

horizon coverage is also believed to be possible

with this system. As noted previously, either

teletype or voice, or both, were available to all

of the sites. However, experience has shown that

voice facilities to all sites are highly desirable.

The use of voice has proven to be very useful in

providing real-time flight control, as evidenced by

the rapid decisions required in the last two orbital

flights. In conclusion, except for the voice

requirements, the network facilities provided in
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past flights appearto be in mostcasesmorethan
adequateto supportmannedorbital flights.

In orderto performreal-timeflight control,
the computingprogramandthe c_nputingcomplex
providesthe heartof this capability. Experience
hasshownthat programscanbedevelopedsuchthat
rapiddecisionscanbemadewithin a fewseconds
of almostanyforeseeableemergencysituation.
However,careful attentionmustbegivento the
datadisplaysandthe methodin whichthesedata
arepresented.Thedisplaysmustbesimpleand
the actualnumbersof displaysmustbeminimized.
Thepoint to bemadehereis that onlythe final
decision-makingprocessesshouldbedisplayedfor
humanjudgment,andthat anyprocessesinvolving
arithmeticshouldbeleft for automaticcomputer
decision. Oneof themostsignificant lessonsto
begainedfromourexperienceis the needto bring
the flight controlpersonneltogetherwith the
computerprogramersandthe computingcomplex.
Theseengineersandmathematiciansmustwork
togetherintimatelyto provideproperflight con-
trol. Also, the developmentandcheckoutof the
programsanddisplaysrequirethat all of these
elementsbetogetherin onelocationona continu-
ousbasis. It mightbepointedout that the cum-
puterswereusedin ProjectMercuryfor making
onlythosecomputationsassociatedwith trajectory

information. Future space programs will require

computer programs and equilmnent to aid in making

decisions regarding spacecraft systems performance

and other tasks which m_y require rapid decision-

making processes.

Flight Simulation

The most powerful tool developed in con-

Junction with the Mercury network was the capa-

bility of simulating all phases of the flight.

The slmnlation provided training for both the

astronaut and the flight control team in all

aspects of the flight operation. In addition to

training, the simulation facilities provided an

excellent means of checking all of the network

facilities and allowed development of operating

procedures well in advance of an actual flight

test. This flight simulation proved to be an

important adjunct to the training of the malnte-

nauce and operating people at all of the sites in

that it provided realistic problems in many phases

of network operations.

The flight simulation was accomplished with

the use of two facilities, both of which were pro-

vided with a Mercury spacecraft procedures trainer.

One of these facilities utilized a complete slmn-

lation of a remote-site flight-control facility.

The second and most beneficial facility was the

one developed in conjunction with the Mercury

Control Center. With this facility, not only

could the astronaut and the procedures trainer be

realistically tied in with the control center to

simulate the powered phase of the flight, but a

complete trajectory simulation was possible by

using the actual launch and orbit computer pro-

gramers. Also, by using taped procedures trainer

outputs, each of the sizes around the network was

able to simulate in the proper sequence an entire

three-orbit flight. A complete description of

this system is not presented in this paper, but

the importance of this equipment to the success of

the mission cannot be too strongly emphasized.

Although the flight-control procedures and ground

rules were thoroughly thought out through paper

studies, the simulation facilities provided the

best means of proving and improving these proce-

dures and rules. In fact, a great deal of the

success of the Mercury flights can be directly

attributed to these simulations.

As previously mentioned, mission rules for all

phases of the operation beginning with the count-

down and ending with recovery were established

previous to each operation. The development of

these rules and of the flight-control concepts

began at the same time, which was a considerable

length of time before any of the Mercury flight

operations. The mission rules were established in

an effort to provide for every conceivable situ-

ation which could occur onboard the spacecraft;

that is, consideration of both the astronaut and

the spacecraft systems and all of the conceivable

ground equipment failures which could have a direct

bearing on the flight operation. In addition,

rules were established in an effort to handle a

large number of launch-vehicle malfunctions. These

rules of course, dealt primarily with the effects

of a sudden cutoff condition and its effect on the

spacecraft flight thereafter. As pointed out,

these rules were established for the prelaunch,

powered flight, and orbital flight phases of the

mission.

Because of the complexity of the entire oper-

ation and the critical time element of powered

flight, it was felt and borne out by flight experi-

ence that such a set of rules was an absolute

necessity. Of course, it is impossible to think of

everything that can happen; but if most of the con-

tingencies have been anticipated, the rest of the

time can be used to concentrate on the unexpected.

Also, the simulated flights were an excellent test

bed for all of these rules and many changes came

about as a result of these tests. Furthermore,

through simulations of the malfunctions covered by

the mission rules, a much better understanding of

all of the operating problems and spacecraft

systems was achieved, and a number of problem areas

was uncovered. Because of the many operatin@

problems, the need for this type of operations

analysis cannot be overemphasized. As a matter of

fact, such a set of mission rules would be

extremely useful to the conceptual design of amy

space flight program, and it would be beneficial

to have these rules during the initial phases of

the program as a set of design guidelines.

Flight Control

The organizational setup to perform control of

the flight is presented in figure 2. This organi-

zation is limited to that group performing direct

flight control from lift-off to landing. Within

the Mercury Control Center the Operations Director

was, of course, the over-all director of the entire

flight operation with a Network Ccmmmnder and a

Recovery Ccmnsnder supplying the necessary ccsmmnd-

level support to the operation. The Flight Director

had detailed flight-control responsibility for the

flight following lift-off of the space vehicle. The

organization used to perform the flight control

activities is as shown by the block diagram. There

was a Support Control Coordinator responsible for

managing and operating the systems support to the

Control Center. The Assistant Flight Directors,

normally several people, provided necessary adminis-

trative and procedural support during both prelaunch
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andthe flight operation.TheNetworkStatus
Monitorwasresponsiblefor the entireMercury
networkduringoperatingperiodsandfor conduct-
ing the networkcountdown.TheLaunch-Vehlcle
Monitorwasresponsiblefor monitoringprimarily
the operationof the automaticabortsystemin the
launchvehicle. In thebottomrowof the diagram
are themainfllght-control elementswhosupported
the Flight Directorandactuallyperformedthe
detailedcontrolof theflight. TheFlight Surgeon
wasresponsiblefor all of the aerc_edicalaspects
of themission. TheEnvironmentalControlMonitor
wasresponsiblefor the life-supportsystemwithin
the spacecraft.TheCapsuleCommunicatormain-
talnedvoicecommunicationswith the astronaut
duringthepoweredphaseof the flight andwhen
the spacecraftwasovertheMercuryControlCenter.
TheCapsuleSystemsMonitorobservedall of the
spacecraftsystems,suchas, the reactioncontrol
system,attitude controlsystem,andelectrical
controlsystem.TheRetrofireControllerwas
responsiblefor all of the timesof retrofire
associatedwithboththenormalandaborted
flights. TheFlight DynamicsOfficerhadover-all
controlof the computingcomplexsupportingthe
operation,monitoredthevarioustrajectory dis-
playsindicatinglaunch-vehicleperformance,and
with the computermadethe "go-no-go"decisionat
orbital insertion. All of theseprimaryflight
controllershadresponsibilityovertheir respec-
tive areas,not onlyduringpoweredflight but
duringall of the orbital flight andreentry,and
maderecommendationsto the Flight Directoron
their particular systems.

Figure3 showstheorganizationof atypical
remotesite. TheCapsuleCommunicatorat the site
actedasthe Flight Directorfor a particular
locationandwasresponsiblebyvoiceandteletype
to the MercuryControlCenter. Hewasthe engineer
responsiblefor communicatingwith theastronaut
andfor makinganydecisionsaffectingthe flight
operation. Hehada maintenanceoperationssuper-
visor responsiblefor thedetailedsystemssupport
at the site, a systemsmonitorwhoobservedall of
themajorspacecraftsystems,and,again,anaero-
medicalmonitorresponsiblefor the aeromedical
aspectsof the astronautandthe spacecraft.

Figures4 and5 presentphotographsof the
MercuryControlCenterandatypical remotesite.
TheMercuryflight experiencehasshownthat this
sizeorganizationis aboutasbig ascanbecoped
with andstill performthe flight controltask.
In the future, everyeffort mustbemadeto auto-
mateasmanyof the systemsoutputsaspossibleso
that onlythe final systemsperformanceparameters
arepresentedto theflight controllersandthereby
limit thenumberof engineersrequiredto aualyze
the flight performance.

Recovery Operations

The recovery operations for Project Mercury

were, of course, one of the largest and more com-

plex aspects of all of the operating plans required

for the test. The following discussion is given as

a description of the forces set up for the orbital

flight of John Glenn. The recovery areas setup for

this operation can be considered in two broad cat-

egories: Planned recovery areas in which the prob-

ability of landing was considered sufficiently high

to require the positioning of location and

retrieval units to assume recovery within a

specific time; and contingency recovery areas in

which the probability of landing was considered

sufficiently low to require only the utilization of

specialized search and rescue procedures.

The planned recovery areas were all located

in the North Atlantic Ocean as shown in figure 6,

and table I is a summary of the support positioned

in these areas at launch time for the MA-6 flight.

Special recovery teams utilizing helicopters,

amphibious vehicles, and salvage ships were located

at the launch site to provide rapid access to the

spacecraft for landings resulting from possible

aborts during the late countdown and the early

phase of powered flight. Winds at the launch site

were measured and the locus of probable landing

positions for various abort times were computed to

facilitate positioning of these recovery forces.

Areas A to E supported all probable landings

in the event an abort was necessitated at any time

during powered flight. Area A would contain land-

ings for abort velocities up to about 24,000 feet

per second, and Areas B, C, D, and E would support

higher abort velocities where programed use of the

retrorockets become effective in localizing the

landing area. Forces as shown in table I were

positioned in these areas to provide for location

and retrieval within a maximum of 3 hours in the

areas of higher landing probability and 6 hours in

the area where the probability of landing was some-

what lower.

Once the spacecraft was in orbital flight,

Areas F, G, and H were available for landing at the

end of the first, second, or third orbits, respec-

tively. Forces as shown in table I were available

to assure location and retrieval within a maximum

of 3 hours for most probable landing situations.

Thus, to assure short-tlme recovery for all

probable aborts that could occur during powered

flight and for landings at the end of each of the

three orbits, a total of 91 ships, 12 helicopters,

and 16 search aircraft were on station in the deep-

water landing areas at the time of the MA-6 launch.

Backup search aircraft were available at several

staging locations to assure maintaining the air-

borne aircraft listed in table I. These forces in

the planned recovery areas were all linked by com-

munications with the recovery control center

located within the Mercury Control Center at Cape

Canaveral.

Since it was recognized that certain low

probability situations could lead to a spacecraft

landing at essentially any point along the ground

track over which the spacecraft flies, suitable

recovery plans and support forces were provided to

cover this unlikely contingency. In keeping with

the low probabilities associated with remote land-

ings, a minimum of support was planned for con-

tingency recovery; however, a large force is

required because of the extensive areas covered in

three orbits around the earth. The location of

contingency recovery units for the MA-6 flight is

shown in figure 7- A typical unit consists basi-

cally of two search aircraft specially equipped for

UHF/DF homing on spacecraft beacons, point-to-point

and ground-to-air communications, and pararescue

personnel equipped to provide on-scene assistance

on both land and water. No retrieval forces were

deployed in support of contingency landings;
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however, procedures were available for retrieval

support _ the fact. These search and rescue
units were stationed at the 16 locations shown in

figure 7 and were all linked by c_mmications
with the recovery control center at Cape Cauaveral.

Throughout the MA-6 flight, the astronaut was con-
tinually provided with retrofiring times for land-

ing in favorable contingency recovmry areas. How-
ever, the contingency forces deployed had the

capability of flying to any point along the
orbital track if required.

Weather

As the whole warl_ now kmows, one of the most
difficult operating problems encountered was the
weather. Earl_ in the project the NASA solicited

the aid of the U.S. Weather Bureau in setting up
an orEanizatiea to supply pertinent weather infor-

mation. Tbls group developed means for obtaining
fairly detailed weather data along the entire
three-orbit track of the Mercury mission. This

information was analyzed in ma_ different ways
to provide useful operational information. For

instance, detailed anal_sis of the weather over

the Atlantic Ocean for various periods of the year
was _ to provide a basis of planning the flight
am_ to provide a background knowledge as to what

could be expected to develop frc_ day to d_y once
a given weather pattern had been determined. As
a guidellme, weather ground rules were established

on the basis of s1_cecraft structural limitations
and recovery operating capabilities. These

included such details as wind velocity, wave

height, cloud cover, and visibility. During the

days previous to and on the day of the operation,
the U.S. Weather Bureau meteorologists provided
weather informatiea for all of the preselected
recovery areas and the launching site. The other
weather limitation was the result of the desire to

obtain engineering photographic coverage in the
launch area.

Right Control and
Recovery Operations

for MA-6

In order to illustrate how the over-all oper-
ation is conducted, the MA-6 fligh_ of John Glenn
and the flight control and recovery operations

utilized will be described starting with the ini-

tial countdown and ending with the final recovery
operation.

The countdown for launching the Mercury-Atlas
vehicle is conducted in two parts. The first part
is conducted on the day before the launch and

lasts approximately 4 hours. D_ this period

detailed tests of all of the spacecraft systems
are performed an_ those interface connections
important to these systems are verified. This

part of the countdown was conducted with no major
problems or holds resulting. Approximately
17 1/2 hours separated the end of this count amcl

the beginning of the final countdown, and during
this period the spacecraft pyrotechnics were

installed and connected and certain ex!_ndables
such as fuel and oxygen were loaded.

At T-390 minutes the countdown was resumed

and progressed without an_ unusual instance until

T-120 minutes. During this period additional

spacecraft systems checkouts were performed and
the major portion of the lmmch vehicle countdown

was begun. At T-120 minutes a built-in hold of
90 minutes had been scheduled to assure that all

systems had been given sufficient time for checkout

before astronaut insertion. During this period a
probl_m developed with the guidance system rate

beacon in the launch vehicle causing an additional
45 minute hold, and an additional I0 minutes was

required to repair a broken microphone bracket in
the astronaut's helmet sa_er the astronaut Insertion

procedure had been started. The countdown proceede_
to T-60 minutes when a 40 _ hold was required
to replace a broken bolt becwAse of misalinememt on

the spacecraft's hatch attachment. At T-45 minutes,
a 15 minute hold was required to add fuel to the
launch vehicle; and at T-22 minutes an additional

2_ minutes was required for filling the liquid-
oxygen tanks as a result of a minor malfunction in

the ground support equil_ent used to pump liquid
c_ygen into the launch vehicle. At T-6 mimltes

and 30 seconds, a 2 minute hold was required to
make a quick check of the network computer at

Bermuda. In general, the coumtdown was very smooth
and extremely well executed. A feeling of confi-

dence was noted in all conceraed, IncluAing the
astrons_t, and it is prgbabl_ more than significant
that this feeling has existed on the last three
Mercury-Atlas Ismnches.

The launch occurred at 9:47:39 a.m.e.s.t.
on l_ebruary 20, 1962. The powered portion of the
flight which lasted 5 minutes and 1 second was
completely normal and the astronaut was able to

make all of the planned c_cations and obser-

vations throughout this period. Throughout this
portion of the flight no abnormalities were noted

in either the spacecraft systems or in the astro-
maut 's physical condition. The launch-vehicle

guidance systen performed almost l__rfectly3 and
I0 seconds after cutoff the cc_er gave a "go"
reccm_endation. The cutoff conditions obtained
were excellent.

Table II presents the actual cutoff con-

ditions that were obtained. The altitude achieved

528, 381 feet and the spacecraft velocity
achieved., was 2_,730 feet per second. The other

significant _emtity, flight-path angle, was
-0.04_ at cutoff. The other quantities shown in

the table give more information on the flight

parameters. These values inclnde a perigee of
86.92 nautical miles, an apogee of 140.92 nautical

miles, an orbit period of 88 minutes and 29 seconds,
and an inclination angle of 32.54 ° . Also shown

are the maximum accelerations achieved during exit

from and entry into the earth's atmosphere, both of
these values being 7-7g- All of these values were

within the expected tolerances for the lannch

vehicle aud its guidance system. The Mercury net-

work eom_uting system performed flawlessly through-
out both the powered and orbital phases of the

flight and provided complete information on the

orbit, spacecraft position, and retrofire times
necessary for all of the recovery areas. A ecm-
l_rison of the planned and actual times at which

the major events occurred are given in table Ill
and the times at which all of the network sites

acquired and lost contact with the spacecraft are
l_resented in table IV,

The flight test experience which had been
achieved on the previous Mercury-Atlas orbital

flights, that is, the MA-4 an_ MA-5, had given the
flight control team an excellent opportunity to

exercise control over the mission. These flights
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were, of course, much more difficult to control

and complete successfully because of the lack of an

astronaut within the spacecraft. All of the analy-

ses and" decisions had to be made on the basis of

telemetered information from the spacecraft. The

presence of an astronaut made the flight test much

more simple to complete, primarily on the basis of

astronaut observations and his capability of

systems management. A manned flight, however,

makes the job of monitoring spacecraft performance

more complex because of the large number of backup

and alternate systems from which the astronaut

could choose.

After separation of the spacecraft from the

launch vehicle, the astronaut was given all the

pertinent data involved with orbit parameters and

the retrofire times necessary had immediate

reentry been required. Following these trs.us-

missions, which were primarily from the Bermuda

site, the astronaut made the planned checks of all

of the spacecraft control modes using both the

automatic and manual proportional systems. These

checks indicated that all of the control systems

were operating satisfactorily. Also, the astro-

naut reported that he felt no ill effects as a

result of going from high accelerations to weight-

lessness, that he felt he was in excellent con-

dition, and, as the two previous astronauts had

commented, that he was greatly impressed with the

view from this altitude.

The first orbit went exactly as planned and

both the astronaut and the spacecraft performed

perfectly. Over the Canary Islands' site, the

astronaut's air-to-ground transmissions were

patched to the voice network and in turn to the

Mercury Control Center and provided the control

center and all other voice sites the capability of

monitoring the transmissions to and from the space-

craft in real-time. This condition existed

throughout all three orbits from all sites having

voice to the control center and provided the best

tool for maintaining surveillance of the flight.

Except for the control systems checks which

were made _riodically, the astronaut r_nained on

the automatic system with brief periods on the

fly-by-wire system which utilizes the automatic

control jets. This procedure was as planned so

that a fixed attitude would be provided for radar

tracking and so that the astronaut could make the

necessary reports and observations during the

first orbit. Ik_ing the first orbit, it was

obvious from the astronaut's reports that he could

establish the pitch and yaw attitude of the space-

craft with precision by using the horizon on both

the light and dark sides of the earth, and that he

could also achieve a reasonable yaw reference.

Aside from the xylose tablet taken over Kano, he

had his first and only food (a tube of applesauce)

over Canton Island during this orbit and reported

no problems _rlth eating nor any noticeable dis-

comforts following the intake of this food.

During the first orbit, the network radar

systems were able to obtain excellent tracking

data and these data, together with the data

obtained at cutoff, provided very accurate infor-

mation on the spacecraft position and orbit. As

an example, between the time the spacecraft was

inserted into orbit and the data were received

from the Australi_u sites, the retrosequence t_mes

changed a total of only 7 seconds for retrofire

at the end of 5 orbits. This indicated the accu-

racy of the orbit parameters. From this point to

the end of the 3-orbit flight, using all of the

available radar data, these times changed only

2 seconds. The final retrosequence time was

04:32:38 as compared with the time initially com-

puted at cutoff of 04:32:47 and the time initially

set into the clock on the ground before lift-off of

04:32:28. All of the network sites received data

from the spacecraft and maintained communications

with the astronaut from horizon to horizon_ and

everything progressed in a completely normal

fashion. Because of the excellent condition of the

astronaut and the spacecraft, there was no question

about continuing into the second orbit, and a "go"

decision was made among personnel at Guaymas,

Mexico, and the Mercury Control Center and

"foremost" the astronaut himself.

Shortly after the time that the "go" decision

was made at Guaymas, the spacecraft began to drift

in right yaw. After allowing the spacecraft to go

through several cycles of drifting in y_w attitude

and then being returned by the high thrust jets,

the astronaut reported that he had no 1-pound jet

action in left yaw. With an astronaut aboard the

spacecraft, this malfunction was considered a minor

problem, especially since he still had control over

the spacecraft with a number of other available

control systems. It should be pointed out, however,

that without an astronaut aboard the spacecraft,

this problem would have been very serious in that

excessive amounts of fuel would have been used; and

it may have been necessary to reenter the space-

craft in some contingency recovery area because of

this high fuel-usage rate. From this point on the

astronaut controlled the spacecraft attitude man-

ually except for periodic checks of the automatic

control system.

During the pass over the control center on

the second orbit, it was noticed that the telemetry

channel used to indicate that the landing bag was

deployed was showing a read-out which_ if true,

indicated that the landing-bag deployment mechanism

had been actuated. However, because there was no

indication to the astronaut and he had not reported

hearing any unusual noises or noticing any motions

of the heat shield, it was felt that th_s signal,

although a proper telemetry output, was false and

probably had resulted from the failure of the sens-

ing switch. Of course, this event caused a great

deal of analysis to result and later required the

most important decision of the mission to be made.

The flight continued with no further serious

problems and the astronaut performed the planned

180 ° yaw maneuver over Africa to observe the earth

and horizon while traveling in this direction and

to dete_mine his ability to control. Following this

maneuver, the astronaut began to have what appeared

to be trouble with the gyro reference system, that

is, the attitudes as indicated by the spacecraft's

instruments did not agree with the visual reference

of the astronaut. However, the astronaut reported

he had no trouble in maintaining the proper attitude

of the spacecrai_t when he desired to do so by using

the visual reference. Because of the problems with

the automatic control system, previously mentioned,

and the apparent gyro reference problem, the astro-

naut was forced to deviate from the flight plan to

some extent_ but he was able to continue all of the

necessary control systems tasks and checks and to

make a number of other prescribed tests which
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allowedboththe astronsntandthe groundto evalu-
atehis performanceandthe performanceof the
spacecraftsystems.Asobservedbythe groundand
the astronaut,the horizonscannersappearedto
deterioratewhenonthe darksideof the earth;
but whenthe spacecraftagaincameinto daylight,
the referencesystemappearedto improve.However,
analysesof the datasubsequentto theflight
provedthat the horizonscannersystemwas
functioningproperlybut the changesin spacecraft
attitudesthat resultedfromthe maneuversper-
formedbythe astronautcausedthe erroneousout-
putswhichhenoticedonthe attitude instruments.
It hasbeenknownthat spuriousattitude outputs
wouldresult if the gyroreferencesystemwere
allowedto remainin effect duringlargedevi-
ationsfromthenormalorbit attitude of 0° yaw,
0° roll, and-34° pitchAandthis wasapparently
the caseduringthe 180v yawmaneuverwhichwas
conductedoverAfrica. Thisconditionwill be
alleviatedin future flights by allowingthe
astronautto disconnectthe horizonscanner
slavingsystemandthe programedprecessionof
the gyroswhichpreservesthe local horizonwhile
he is maintainingattitudesotherthanthe normal
spacecraftorbit attitude.

Asthe "go-go-go"point at the endof the
secondandbeginningof the third orbit approached,
it wasdeterminedthat althoughs_nespacecraft
malfunctionshadoccurred,the astronautcontinued
to bein excellentconditionandhadcomplete
controlof the spacecraft.Hewastold bythe
Hawaiiansite that theMercuryControlCenterhad
madethe decisionto continueinto the third orbit.
Theastronautconcurred,andthe decisionwasmade
to completethe three-orbitmission.

Oneotherproblemwhichcausedsomeminor
concernwasthe increasein invertertemperatures
to valuessomewhatabovethosedesired. It
appeared,andthe flight test results confirmed,
that the coolingsystemfor theseinverterswas
not functioning. However,recenttests madepre-
viousto the flight hadshownthat the inverters
couldwithstandtheseandhigheroperatingtemper-
atures. Theresultsof thesetests causedthe
flight controlpeopleto minimizethis problem,
andit wasdecidedthat this minormalfunctionwas
not of sufficient magnitudeto terminatethe flight
after the secondorbit. Furthermore,abackup
inverterwasstill availablefor usehadoneof the
maininvertersfailed duringthethird orbit.

Duringthethird orbit, the apparentproblems
with the gyroreferencesystemcontinuedandthe
automaticstabilization andcontrolsystem(ASCS)
malfunctionsin the yawaxiswerestill evident.
However,theseproblemswerenotmajorandboth
the groundandthe astronautconsideredthat the
entire situationwaswell undercontrol. Thiswas
primarily becauseof the excellentconditionof the
astronautandhis ability to usevisual references
onboththe darkandlight sidesof the earth, and
the fact that mostof the control systemswere
still performingperfectly. Theoneproblemwhich
remainedoutstandingandunresolvedwasthe deter-
minationof whetherthe heat-shielddeployment
mechanismhadbeenactuatedor whethertheteleme-
try signalwasfalse dueto a sensingswitch
failure. DuringthepassoverHawaiionthe third
orbit, the astronautwasaskedto performsome
additionalchecksonthe landing-bagdeployment
system.Althoughthe test resultswerenegative

andfurther indicatedthat the signalwasfalse,
theywerenot conclusive.Therewerestill other
possiblemalfunctionsandthe decisionwasmadeat
the controlcenterthat the safestpathto takewas
to leavetheretropacka_eonfollowingretrofire.
Thisdecisionwasmadeonthebasisthat the retro-
packagestrapsattached to the spacecraft and the

spacecraft heat shield would maintain the heat

shield in the closed position until sufficient

aerodynamic force was exerted to keep the shield

on the spacecraft. In addition, based on studies

made in the past, it was felt that the retention of

the package would not cause any serious damage to

the heat shield or the spacecraft during the reentry

and would burn off during the reentry heat pulse.

Also over the Hawaiian site, the astronaut

went over his retrosequence checklist and prepared

for the retrofire maneuver. It was agreed that the

flight plan would be followed and that the retro-

fire maneuver would take place using the automatic

control system, with the astronaut prepared to take

over manually should a malfunction occur. Addi-

tional time checks were also made over Hawaii to

make sure that the retrofire clock was properly set

and synchronized to provide retrofire at the proper

moment. The astronaut himself continued to be in

excellent condition and showed complete confidence

in his ability to control any situation which might

develop.

The retrofire maneuver took place at pre-

cisely the right time over the California site and,

as a precautionary measure, the astronaut performed

manual control along with the automatic control

during this maneuver. The attitudes during retro-

fire were held within about 3 ° of the nominal atti-

tudes as a result of this procedure, but large

amounts of fuel were expended. Following this

maneuver, the astronaut was instructed to retain

the retropackage during reentry and was notified

that he would have to retract the periscope manu-

ally and initiate the return to reentry attitude

and the planned roll rate because of this inter-

ruption to the normal spacecraft sequence of events.

Following the firing of the retrorockets and

with subsequent radar track, the real-time com-

puters gave a predicted landing point. The pre-

dictions were within a small distance of where the

spacecraft and astronaut were finally retrieved.

As far as the ground was concerned, the reentry

into the earth's atmosphere was entirely normal.

The ionization blackout occurred within a few

seconds of the expected time and although voice

communications with the astronaut were lost for

approximately 4 minutes and 20 seconds, the C-band

radar units continued to track throughout this

period and provided some confidence that all was

well throughout the high heating period. As it

might be expected, voice communications received

from the astronaut following the ionization black-

out period resulted in a great sigh of relief

within the Mercury Control Center. The astronaut

continued to report that he was in excellent con-

dition after this time, and the reentry sequence

from this point on was entirely normal.

A number of spacecraft control problems were

experienced following peak reentry acceleration,

primarily because of the method of control used

during this period. In addition, large amounts of

fuel from both the manual and automatic systems had

been used and finally resulted in fuel depletion of

35



bothsystemsJustpreviousto the timethat the
droguechutewasdeployed.Theresults of these

flight tests have indicated that somewhat differ-

ent control procedures be used during this period

for the next flight.

The co_mmnicatlons with the astronaut during

the latter stages of descent on both the drogue

and main parachutes were excellent and allowed

conmnnulcations with either the astronaut or the

recovery forces throughout this entire descent

phase and the recovery operations which took place

following the landing. The landing occurred at

2:43 p.m.e.s.t, after 4 hours# 59 minutes# and

23 seconds of flight.

Recovery forces in all areas were notified of

mission progress by the recovery control center.

Based on mission progress# units located at the

end of the third orbit knew they were to become

involved, and figure 8 presents recovery details

in the MA-6 landing area. An aircraft carrier

with retrieval helicopters was located in the

center of the planned landing area, one destroyer

was located about 40 nautical miles downrange, and

a second destroyer was located about 40 nautical

miles uprange. Telemetry and search aircraft were

airborne in the areas as shown. After the retro-

rocket maneuver and about 19 minutes prior to the

estimated time of landing, the recovery control

center notified the recovery forces that according

to calculations, the landing was predicted to

occur near the uprange destroyer as shown in

figure 8. The astronaut was also provided with

this information by the Mercury Control Center as

soon as communications were reestablished after

the spacecraft emerged from the ionization black-

out. Lookouts aboard the USS Noa, the destroyer

in the uprange position, sighted the main para-

chute of the spacecraft as it descended below a

broken cloud layer at an altitude of about

5,000 feet from a range of approximately 5 nauti-

cal miles. Communications were established

between the spacecraft and the destroyer, and a

continuous flow of information was passed through-

out the remainder of the recovery operation.

In this case, location was very straightfor-

ward in that a retrieval ship gained visual

contact during spacecraft landing. However 3 as a

matter of interest for future operations since

visual sightings are probably the exception rather

than the rule, other spacecraft location infor-

mation available soon after landing is also

plotted in figure 8. The SOFAR fix was approxi-

mately 4 nautical miles from the landing point,

and the first two HF/DF fixes were within approxi-

mately 25 miles of the actual spacecraft position.

This landing information, along with the calcu-

lated landing position provided by the Mercury

network, would have assured bringing search air-

craft within UHF/DF range. In fact, the airborne

search aircraft in the landing areas obtained

UHF/DF contact with the spacecraft shortly after

beacon activation at main parachute opening_ how-

ever, it was the Noa's day and she was on her way

to retrieve.

The Noa had the spacecraft aboard 20 minutes

after landing. Figure 9 shows the spacecraft as

it is being lowered to the deck. Astronaut Glenn

remained in the spacecraft during pickup; and

after it was positioned on the ship's deck_ he

egressed from the spacecraft through the side

hatch. Original plans had called for egress

through the top at this time; however, the astro-

naut was becoming uncomfortably warm and decided

to leave by the easier egress path.

In making the pickup, the Noa maneuvered

alongside the spacecraft and engaged a hook into

the spacecraft lifting loop. The hook is rigged

on the end of a detachable pole to facilitate this

engagement and the lifting line is rigged over one

of the ship's regular boat davits as shown in

figure 9. A deck winch is used for inhauling the

lifting line, and when the spacecraft is properly

positioned vertically, the davit is rotated inboard

to position the spacecraft on deck. A brace

attached to the davit is lowered over the top of

the spacecraft to prevent swinging once the space-

craft is clear of the water.

Each ship in the recovery force had embarked

a special medical team consisting of two doctors

and one technician to provide medical care and/or

initial postfllght medical debriefing. For the

MA-6 mission, postflight medical debriefing was

the only requirement and was completed onboard the

Noa in about 2 hours after pickup. The astronaut

was then transferred to the aircraft carrier for

further transfer to Grand Turk Island, and he

arrived there approximately _ hours after landing.

Additional engineering and medical debriefings

were conducted at Grand Turk.
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TABLE I. - MA-6 RECOVERY FORCES FOR THE PLANNED RECOVERY AREAS

A/'ea

Launch site

A

B,C,D,E

F,G,H

Total

Number of

search aircraft

m----

6

i each

2 each

16

Number of

helicopters

3 each.

Number of

ships

8 destroyers

1 destroyer each

1 carrier each

2 destroyers each

12 21

Maximum ]

recovery time,

hr

short

3to6

3to6

3

TABLE II.- FLIGHT CONDITIONS

Cutoff conditions :

Altitude, ft ................

Velocity, ft/sec ...............

Flight-path angle, deg ..........

Orbit parameters :

Perigee altitude, nautical miles ......

Apogee altitude, nautical miles .......

Period, min:sec ...............

Inclination angle, deg ...........

Maximum conditions :

Exit acceleration, g units .........

Exit dynamic pressure, lb/sq ft .......

Entry acceleration, g units .........

Entry dynamic pressure, lb/sq ft ......

528,381

25,730

-0.O47

86.92

140.92

88:29

32.54

7.7

982

7.7

472
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TABLE III.- SEQUENCE OF EVENTS DURING MA-6 FLIGHT

Event

Booster-engine cutoff

Tower release

Escape rocket firing

Sustainer-engine cutoff

(SECO)

Tail- off complete

Spacecraft separation

Planned Timeal

hr:min: sec

00: 02: Ii. 4

00: 02:34.2

00: 02:34.2

00: 05:03.8

00: 05:03.8

Actual Time,
hr:min: sec

00: 02:09.6

oo. o2:33.3

oo: 02:33.4

00: 05:01.4

00: 05:02

00: 05:03.6

Retrofire initiation

Retro (left) No. i

Retro (bottom) No. 2

Retro (right) No. 3

Retro assembly jettison

O.05g relay

Drogue parachute deployment

Main parachute deployment

Main parachute jettison

(water impact)

04: 32:58

04: 32:58

04: 33:03

04: 33:08

04: 33:58

04: 43:53

04: 50:00

04: 50:36

04: 55:22

04: 33:08

04: 33:08

04: 33:13

04: 33:18

(b)

c04: 43:31

04: 49:17.2

04: 50: ii

04: 55: 23

apreflight calculated, based on nominal Atlas performance.

bRetro assembly kept on during reentry.

CThe O.05g relay was actuated manually by astronaut when he

was in a "small g field."
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TABLE IV.- NETWORK ACQUISITION TIMES FOR MA-6 FLIGHT

Station

Canaveral

Bermuda

Canary Islands

Atlantic Ship

Kano

Zanzibar

Indian Ocean Ship

Muchea

Woomera

Canton

Hawaii

California

Guaymas

Texas

Eglln

Canaveral

Bermuda

Canary Islands

Atlantic Ship

Kano

Zanzibar

Indian Ocean Ship

Muchea

Woomera

Canton

Hawaii

California

Guaymas

Texas

Eglin

Canaveral

Bermuda

Canary Islands

Atlantic Ship

K_azo

Zanzibar

Indian Ocean Ship

Muchea

Woamera

Canton

Hawaii

California

Guaymas

Texas

Eglin

Canaveral

(Canton)

Telemetry Signal

Acquisition, hr:miD:sec Loss, hr:min:

00:00:00

00:03:02

00:14:15

Not in range

00: 21:13

00: 29:51

00: 40:02

00: 49:21

00: 54:O0

01: 09:19

Not in range

01:26:41

01: 26:47

01:29:24

01:52:00

01: 33:20

01: 36:38

01: 47:55

01:51:54

01:54:47

02:04:05

02:12:17

02:22:51

02: 27:36

02: 42:51

02: 49: Ol

02: 58: ii

02: 59:59

03: 03:14

03: 05:35

03: 06:51

03: 09:56

Not in range

03: 24:44

Not in range

Not in range

03: 46:55

03: 56:31

04: 03:16

Not in range

04: 21:49

04: 31:17

04: 33:44

04: 36:53

04: 39:O0

04: 40:52

00: 06:20

00: I0:26

00: 21:23

O0: 28:21

00: 37:51

00: 48:31

O0: 57:55

01: 02:41

01: 17:42

01: 31:23

01: 33:25

01: 36:18

01: 37:05

01: 40:03

01: 43:53

01: 53:58

01: 58:31

02: Ol: 21

02:10:51

02: 22:09

02: 31:23

02: 35:45

02: 49:45

02: 55:19

03: 04:48

03: O6:44

03: 09:39

03:12:07

03: 13:46

03: 17:03

03: 32:25

03: 56:49

04: 04:12

04: 06:19

04: 28:49

04: 37:57

04: 39:49

04: 42:32

04: 42:52

04: 42:55

Voice Reception

Frequency

UNF

UHF

HF

UHF

HF

UHF

UHF

UHF

UHF

UHF

UHF

HF

LFHF

HF

UHF

HF

UHF

Duration, hr:min: secsee

UHF

UHF

UNF

UHF

UHF

UHF

UHF

UNF

HF

UHF

UHF

LUTF

UNY

UHF

UHF

LrHF

UHF

UHF

HF

KF

UHF

HF

HF

HF

HF

HF

HF

UHF

HF

UHF

HF

UHF

UHF

LrHF

UHF

UHF

LrHF

00:00:00 to 00:05:30

00:03:30 to 00:09:30

00:ii:00 to few sec

00:15:O0 to 00: 23:00

00: 12:00 to 00: 14:O0

00: 22:00 to 00: 29:O0

00: 29:O0 to 00: 38:O0

00: 41:O0 to 00: 48:00

00:50:00 to 00:58:30

O0: 56: OO to 01: 03: OO

01:09:00 to 01:15:30

01:03:30 to 01:04:00

01: 27:50 to 01: 30:O0

01: 19:00 to 01: 25:30

01: 26:O0 to 01: 53:50

01:20:50 to 01:26:00

01: 28:30 to 01: 36:30

01:33:30 to 01:40:00

01: 37:30 to 01: 42:00

01:48:00 to 01:55:30

01:53:00 to 01:58:00

01: 55: OO to 02: O1:O0

02:O4:00 to 02:11:00

02: 13: OO to 02: 22: OO

02: 25:00 to 02: 32:30

02:23:30 to 02: 24:30

02: 28:O0 to 02: 37:O0

02: 42:30 to 02: 49:00

02:49:00 to 02: 55:30

02: 58:30 to 03: 04:30

03:00:30 to 03:0g:30

03: 03:30 to 03:10:30

03:07:30 to 03:72:30

03:07:00 to 03:14:00

03: 09:00 to 03: 16:50

03: 16:30 to 03: 18:00

03:20:00 to 03:25:00

03: 26:30 to 03: 30:O0

03: 25:O0 to 03: 26:30

03:30:30 to 03:32:30

03: 30:O0 to 03: 32:30

03:40:00 to 03: 41:30

03:44:O0 to 03: 44:30

03:47:00 to 03:55:00

03: 58:30 to 04: 04: OO

03:57:00 to 03:58:00

04:03:00 to 04:07:00

04: 15:30 to 04: 21:00

04: 20:30 to 04: 30:30

04: 31:30 to 04: 38:30

04: 33:30 to 04: 40:30

04: 38:00 to 04: 39:30

04: 39:00 to 04: 43:30

04: 40:30 to 04: 43:30
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