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FOREWORD

Th_ document presents the results of the first United States manned
orbit_ space flight eo_du_ed on February 20, 1962. The prelaunch aotivities,
spscecr_ descrit_ion , _g_t opers_ions, _ght dst.s, and tx_gbt _al)_es
presented form a continuation of the intormalion previously published for the
two Umted 8t_es manned su_0orbital space flights eonduc_d on Hay 5, 1961,
and July 21, 1961, re_pect_wly, by the Nstiona_ Aero_uties and Space
Adm;ui_t_ion.
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1. OPERATIONAL REQUIREMENTS AND PLANS

By JoHr_ D. HO_E, Flight OperationsDivision, NASA MannedSpacecraftCenter; CHRISTOPHERC. KRAFT,
Jr., ChieL Flight Operations Division, NASA Manned Spacecra/t Center; CHARLZSW. MATHEWS,
Chie/, Spacecraft Research Division, NASA Manned Spacecraft Center; and Sictmv A. SJonERc,
Flight OperationsDivision, NASA MannedSpacecraft Center

Summary TABLE1-I.--Ground Stations /or Project

This paper presents a brief outline of the Mercury

overall operational requirements and plans for Voice S- or Corn-
the MA-6 mission. A short description of the Stations and C-band maud
tracking and ground instrumentation network tale- radar capa-merry bili_y
is given together with general plans for re-
covery. Some aspects of flight-control train-
ing and simulation are discussed and require- 1. Atlantic MissileRange .......... X C X
ments for weather forecasting and allowable 2. Bermuda......... X S-C X
weather conditions are examined. Total per- 3. Mid-Atlantic Ship__ X ......

sonnel commitments for direct operations are 4. Canary Islands .... X S ___
enumerated. 5- Kano, Nigeria ..... X ......

6. Zanzibar .......... X ......
Introduction 7. Indian Ocean Ship__ X ......

8. Muchea, Australia__ X S X
The operational plan for Project Mercury 9. Woomera,Australia_ X C ___

has been presented in a number of papers pre- 10. Canton Island..... X ___ _--

viously (see refs. 1 and 2) and, therefore, it is 11. Hawaii ............ X S-C X

only the intention of this paper to give a very 12. SouthernCalifornia_ X S-C X
brief outline of the preparations for the MA-6 13. Guaymas, Mexico__ X S X14. White Sands .......... C ___

flight. The operation was planned by a great 15. Corpus Christi,
number of different groups of people, both Texas ........... X S ___

civilian and Department of Defense, and no 16. Eglin (AFATC)....... C ___
effort will be made to describe the efforts of any

individual group. The entire operation was a the launch and reentry phases, and to provide
coordinated team effort and was only accom- communications and telemetry data as often as
plished by the complete cooperation of all possible throughoutthe flight. In addition, sixconcerned.

Network Stations tIn order to perform real-time analysis of both _
the powered phase and orbiting flight, a net-
work of 16 stations located along the three-
orbit ground track was constructed. The loca-
tion of these sites is shown in figure 1-1 and
table 1-I. The sites were chosen for a great
number of reasons but primarily to take advan-
Lageof the existing tracking and data-gathering
facilities that were available at the start of the

project. In addition, it was desirous to make Flot-a_;1-L--Network stations distribution for
available continuous reM-time tracking during Project Mercury

1



of the sites at pertinent points along the ground it be necessary to reenter the spacecraft as a
track were provided with radio command ca- result of some inflight emergency. These areas
pability in order to back up such functions as are as indicated in figure 1-2.
retrofire and clock changes. These were At- It was desirable to have the capability of re-
lantic Missile Range; Bermuda; Muchea, Aus- covery at the end of each of the three orbits,
tra]ia; Hawaii; Guaymas, Mexico; and South- and primary landing areas located as shown
ern California. A communications and com- were established for this purpose. The forces
puting center located at the NASA Goddard necessary to support the various recovery areas
Space Flight Center, Greenbelt, Md., acts as the were based on the probability of having to end
focal point for these network sites, and by means the flight in a particular phase of the minion,
of telephone lines and microwave links provides and the requirements for the various areas were
high-speed information to the Mercury Control normally given in terms of access time to tile
Center at Cape Canaveral, Fla. This network spacecraft once the landing had taken place.
has proven to be an exceptionally good and ca- For instance, in the high probability area at
pable tool in controlling orbiting vehicles and, the end of three orbits, a maximum of 3 hours
in particular, manned spacecraft, was stated as the time to reach the spacecraft.

(See appendix A.) On the other hand, the contirfgency area lo-
cated on the east coast of Africa did not have

Recovery Forces predeployed forces, but airplane search capa-
One of the biggest considerations for Mcr- bility was provided so that the spacecraft could

cury operations planning was to provide for be located in a maximum of 18 hours. In this
safe and quick recovery of the astronaut. Plans case, the capability of providing emergency aid
were made to place forces in a large number of by means of paramedics was available should it
strategic locations to cover possible aborted be necessary. A more detailed description of
flights during all phases of the mission. Figure the recovery operation actually performed in
1-2 gives a general picture of the recovery op- MA_ is presented in paper 7.

eration. Plans were made for recovery in the Training
launch area on the basis of any foreseeab)e
catastrophe from an off-the-pad abort to abolts In the 3 years previous to the MA_6 flight,
occurring at or shortly alter lift-off. From all of the operating elements supplying support
this period to the point at which the spacecraft to the operation have gone through various
was inserted into orbit, a number of recovery training exercises in preparation for a partieu-
areas were located across the entire Atlantic lar flight. Of course, the Mercury-Redstone

Ocean, based on the probabilities of aborted flights, both unmanned and manned, and the
flights occurring as a result of launch vehicle or Mercury-Atlas orbital flights previous to MA-6
spacecraft, malfunctions. It was possible to were accomplished in preparation for the first
choose discrete areas on the basis of using the manned orbital flight and provided the best
spacecraft retrorockets to control the total range and most realistic training. Aim, both the
traveled. In addition, certain areas around astronaut and the ground flight-control person-
the world were set up for contingencies should riel performed a great number of simulated

launches and orbital flights in preparation for

k LOCAL AB(_T_:__ , each of these exercises and were a highly trained_ .... =-_ and professional organization by the time the

'_ '_;'_ _' _ MA-6 flight was made.[ _POSTSTAGING ABORT ;_
[ _ Weather Information

As the whole world now knows, one of the
most difficult operating problems encountered

y ORBIT was the weather. Early in the project theLANDING
- PREFERRED : NASA solicited the aid of the U.S. Weather

[ GONTINGENGYLANDING _ Bureau in setting up an organization to sup-d [[_L_ [d [ [[ [ [[ll;l[lJ dli[ i[[[

ply pertinent weather information. This group
FrGURZ1-2.--Project Mercury recovery areas, developed means for obtaining fairly detailed
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weather data along the entire three-orbit track tation. These camera observations are used in
of the Mercury mission. This information was conjunction with data from other instrumenta-
analyzed in many different ways to provide use- tion for establishing launch records.
ful operational information. For instance, de- In some cases where serious malfunctions oe-
tailed analysis of the weather over the Atlantic cur, the photographic data axe the only source
Ocean for various periods of the year was made for establishing the exact sequence of events.
to provide a basis of planning the flight and Cameras are used to obtain trajectory para-
to provide a background knowledge as to what meters in the early phase of launch, for engi-
could be expected to develop from day to day neering sequentiMs and for historical doeumen-
once a given weather pattern had been deter- ration. They are located in the vicinity of the
mined. As a guideline, weather ground rules launch pad, in tile generM ai_ea of Cape Cmna-
were established on the basis of spacecraft veral and along the Florida Coast both North
structural limitations and recovery operating and South of the launch area.

capabilities. These included such details as
wind velocity, wave height, cloud cover, and Support Personnel
visibility. During the days previous to and on As an indication of the total effort involved
the day of the operation, the U.S. Weather in the Mercury operation, it is interesting to
Bureau meteorologists provided weather in- note the number of people who participated. A

total of about 19,300 people were deployed atformation for all of the preselected recovery
areas and the launching site. The other weather the time of the mission. By far the largest
limitation was the result of the desire to obtain number (about 15,600) were associated with

engineering photographic coverage in the the recovery effort. About 2,600 were involved
at the launch complex and 1,100 were manning

launch area. the tracking network. (See table 1-II.)
Optical Tracking Details of spacecraft and launch-vehicle

Optical tracking of the Mercury-Atlas launch preparations _md the flight plan and control of
vehicle is part of the total launch instrumen- the flight are described in subsequent papers.

TABLE 1-II.--Direct Operation8 Support Personnel

Agency Location Function Number of
personnel

National Aeronautics and Space Administration___ Canaveral ..... Launch support ..... 300
Worldwide ...... Network .......... 50

Worldwide ...... Flight control ....... 90
Worldwide ...... Recovery ........... 15

Department of Defense ........................ Canaveral '_ .... Launch support .... 1,900
Worldwide '____ Network ........... 400
Worldwide ...... Recovery .......... 15, 600
Worldwide ...... Aeromedieal ........ 160

Contractor ................................ Canaveral ...... Launch support ..... 380
Worldwide ...... Network ........... 360

Weapons Research Establishment ............. Australia ...... Network ........... 50

· Department of Defense utilizes considerable contractual support in these areas.
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2. SPACECRAFT AND SPACECRAFT SYSTEMS

By KENNETH8. KLEINKNECHT,Manager,MercuryProject, NASA Manned SpacecraJtCenter; WILLIAMM.
BkaNa, Jr., Deputy Manager, MercuryProject, NASA Manned Spacecra/t Center; and E. M. FIELDS,
Chie/, Project Engineering OBice, Mercury Project, NASA Manned Spacecra/t Center

Summary tion contains the crew, the life-support system,

The Mercury spacecraft used by Astronaut the electrical-power system, and necessary dis-
: plays and system controls. The cylindrical
i John H. Glenn, Jr., in successfully accomplish-
' ing the first manned orbital flight from the section contains the major components of the
i United States performed as it was designed, parachute landing system. The topmost section
' Performance of all systems was at least as good contains a bicone antenna for RF transmission

as design, and in some cases better, as for in- and reception and the drogue (stabilizing)
stance, communications and manuaJ attitude parachute which is deployed during the landing
control. Deleterious effects of minor systems phase.
malfunctions were effectively avoided by sys- The large face of the spacecraft is protected
rem redundancy aided by astronaut corrective against reentry heating by an ablation-type heat
action, as in the case of the malfunctioning shield. A package which contains three posi-
control system, and by ample system design grade rocket motors and ,three retrograde rocket
margins, as in the cases of the lack of inverter motors is held to the spacecraft at the center
cooling and nondesign reentry without jettison- of the heat shield by three straps.
lng the retropackage. The spacecraft escape system includes an es-

cape-rocket motor on top of a tower which is
Introduction fastened to the top of the recovery section by

The Mercury spacecraft is designed to sustain a clamp ring. The escape-tower assembly also
a man in a space environment for a given period incorpora.tes a small rocket motor which jet-
of time, to protect him from external heating
and acceleration during exit and reentry, to
provide him with means for controlling the
attitude of the spacecraft, to permit him to
perform observations and a limited number of
experiments in space, and to then bring him
safely back to earth with sufficient location aids
to permit rapid recovery by surface forces.
The purpose of this paper is to present a brief
description of the spacecraft and its systems
and to provide a limited description of the per-
formance of the spacecraft during the first
manned orbital flight from the United States.

The external arrangement of the spacecraft l
is shown in figure 2-1. At ,the time fids photo- ,'_
graph was taken the spacecraft was mounted ,x
on ,the launch vehicle and was undergoing final

preparation for flight. The spacecraft is just
large enough to contain the astronaut and the
necessary equipment. The main conical per- Fromm2-1.--Exterior view of spacecraft 13.
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VENT-_ E TANK

ENTPANEL

MAIN AND
RESERVE

PARA-

COUCHAND
RESTRAINTS PERISCOPE

lV[O'U_E 2-2.--Interior view of spacecraft.

tisons the tower should the escape motor be and sequencing, the controls required to initiate
fired. In a normal mission such as MA-6, tile primary sequences manually, and the necessary
escape tower is jettisoned by firing the escape- flight control displays.
rocket motor soon after launch vehicle staging Within the pressurized compartment, the
when the aerodynamic forces have decreased so major systems near the astronaut are batteries
that the escape rocket motor is no longer re- for d-c electrical power, the environmental-
quired for a possible abort maneuver. The control system, and major components of the
spacecraft, posigrade rocket motors provide for communications and instrumentation systems.
separation from the launch vehicle after this The astronaut operates control sticks with each
time for either aborted or normal missions, hand. The right-hand stick is used for man-

The entire spacecraft is mounted to a special ually controlling the spacecraft attitude, and
adapter section on the Atlas launch vehicle and the left-hand stick can be used for initiating the
is restrained by an explosively actuated clamp escape sequence in event of an emergency.
ring. Between the pressure compartment and the

Figure 2-3 shows an interior view of the heat shield are the tanks for the hydrogen
spacecraft. The astronaut is supported by a peroxide which is used as fuel for the attitude

molded conch and other restraints and faces control system. In addition, the landing bag is
the small end of the spacecraft. Accelerations folded up and stowed in this area. Around the
during both exit and reentry act in the same periphery of the large pressure bulkhead are
direction and thus enable his support couch to vents for the steam which is given off by the
be effective without reorientation. The as- environmental control system.
tronaut faces a display of the surface of tim A window is provided, in the conical section
earth through a periscope and an instrument over the astronaut's head, for the astronaut to
panel as shown in figure 2-3. use for observations and for obtaining visual

The instrument panel, which is shown in attitude references. The astronaut entrance
figure 2_, is supported by the pe_pe struc- and egress hatch is located in the conical section
ture. It contains the instruments and display as indicated by the outline to the astronaut's

lights necessary to monitor spacecraft systems right. The astronaut can also egress through
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ASTRONAUT
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FIGURE2-3.--Spacecraft cabin arrangement.

the recovery compartment by removing a por- and an insulated double-wall stnlctul_ for the
tion of the instrument panel, tho forward pres- afterbody.

sure bulkhead, and the parachute container. Ablation Shield
The spacecraft at the launch of MA-6 The ablation-shield material is a mixture of

weighed 4,265 pounds. The weight at insertion glass fibers and resin in the proper proportions
into orbit was 2,987 pounds, and at retrograde, such that the resin will boil off under applied
2,970 pounds. The water-landing weight was heat with the glass fibers to provide strength
2,493 pounds, and the recovery weight was and shield integrity. During the tfigh-heating
2,422 pounds, period of reentry, the resin vaporizes and boils

off at low temperatures into the hot bonndaryHEAT PROTECTION
layer of air thus cooling.

An artist's conception of the Mercury space- The shield is designed to withstand the heat
craft during the early stages of a normal reen- loads generated by more severe reentry condi-

try is shown in figure 2-5, with shading indi- tions than those experienced during the MA-6

cating that the spacecraft is surrounded by a mission when only a few pounds of the slfield

bright-orange envelope of heated air. The were,boiled away.

spacecraft has been designed to protect the in- Afterbody

terior from the effects of reentry aerodynamic The afterbody (cone, cylinder, and antenna
heating. Th. is heat protection consists of an cannister) is protected somewhat from the l_ot
ablation reentry heat shield for the forebody boundary layer of air and gaseous ablation
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LEFT-HAND PANEL RIGHT-HAND PANEL(_[

PR,MARY CON_O__LA_S I "_'
'_: co._o_ MAIN PANEL

0 CONTROLS-CABINPRESSURE ANDDISPLAYS

O

VOLTAGEDISPLAYS AND CONTROLS- CONTROLS
CONTROLSYSTEMS CONTROLS

FZQUP.E 2-4.--Instnament panels.

products during reentry since most of tlle after- cent of the heating that is experienced by tile
body, with its inward sloping sides, is in tlle ablation shield; therefore its heat protection
dead-air region behind the ablation shield. The arrarngement ca_ be the more conventional dou-
aftcrbody surface thus receives only 5 to 10 per- ble-wall construction with insulation between

the inner and outer ;vails (see fig. 2-6). The
Mercury spacecraft afterbody heat protection,
msshown in figure 2-6, consists of a double-wM1
construction with insulation between the outer

and inner wMls. In figure 2-6 lightweight
fiberglas blankets are labeled "insulation," and
compressed surface-clad insulation is labeled
"Min-K." On the outer conical surface .'md

antenna section thin high-temperature alloy
(Ren_ 41) shingles are used. On the outer

cylindricM section thicker shingles of beryllitml
are used in a heat-sink arrangement. The shin-
gles are blackened to aid the radiation of heat

away from the spa_craft, and they are at-
tached to the basic structure in such a manner

that they caa_expand and contract with temper-
lCIOURE2-5.--Artist's conceptionof spacecraft during _tul'O cha,nges without transferring loads to the

reentry, primary-load-carrying spacecraft structure.
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BERYLLIUM7 ment is modest during the orbital phase of the

SHIN_ mission, varying between 200* F and -50 ° F,
.031" RENE 41 __MIN-K depending upon the sun impingement. Of par-

tictfiar interest are the cabin-air and suit-air

.22." -- INSULATION_ temperatures. These remain ftt acceptable lev-
REN_ _41SHINGLE7 els during all phases of the mission, attesting to

REN_' _-K tile effectiveness of tile environmental control41-

VYCOR /_INSUL_IO__ system and the insulation.Figure 2-8 shows the maximum temperatures
WINDOW _.01 TITANIUM in the ablation shield near the staguation point

ABLATION during and after reentry for three orbital re-
SHIELD entries. As can be seen, preflight calculations

FzooaE2-6.--Arrangement of heat-protection elements, predicted quite well the measured temperatures.
In order to illustrate the effectiveness of .the As is now well known, the MA_ reent W was

spacecraft heat protection, some significant tern- intentionally begun with the retropack in place
per_tures are presented in figure '2--7. From an in the center of the shield. Thus, it is particu-
overall standpoint, the most severe I_ting is larly interesting to note that the maximum tern-
encountered during reentw. During this time, perature measured near the stagnation point in
the air cap surrounding the front end of the the MA-6 shield was not much lower than those
spacecraft has a maximum temperature of about measured during the 5L_4 and MA-5 reentries.
9,500° F, which is nearly the same as the tem- This and other available evidence indicates that
perature of the surface of the sun. As a result, the retropack disintegrated from reentry heat-
the surface of the heat shield reaches a maxi- ing during the early part of the reentry so that

mum temperature of about 3,000° F and the its presence made little difference in the total
spacecraft afterbody shingles attain maximum heat input to the shield.
temperatures in the order of 1,000° F on the
thin shingles and 'about 600° F on the thicker SPACECRAFT SYSTEMS
shingles.

During the exit flight, when the small end of Rocket Motor Systems
the spacecraft points in the direction of flight, The rocket motor assemblies used in the

the afterbody shingles are also subjected to Mercury spacecraft are as shown in figure 2-9
aerodynamic heating, attaining maximum tem- and are listed in the following table Mong with
peratures as high as about 1,300° F. With the their nominal performance characteristics.
local temperatures dependent upon local flow
conditions and the thermal mass of the space-

Nominal Approx-craft surface. Number imate
The temperature variation of the outer shin- Rocket motor of thrust burning

gles around the astronaut's pressure compart- motors each, lb time
each, see

EXIT, 1,500 --

ORBIT, 200 TO -25 _ EXIT 700

REENTRY, 850_ / ORBit, 150 TO -50 Escape ........... 1 52, 000 1

/' // j REENTRY,1,000 Tower jettison ..... 1 800 l. 5Posigrade ......... 3 400 1] I
J/ / _ EXIT,150

5,000_ ,_'_'-/'_"_2" ff ORBIT,I00 TO0 Retrograde ........ 3 1,000 10
SHOCK WAVE: _'_ "_--_q REENTRY, BO0

9,500 AT START /_ I' %'_ .%'_ _J
OFREENTRY;/_ _\/ .._'/'_--CABIN AIR- All of these rocket motors employ solid-

7,500 AT MAXq_ t_ _ EXIT,85' propellant fuel.
_J ORBIT, 105 TO 90

N _SUIT AIR: RECOVERY,103 The escape rocket is mounted at the top of

EXIT,65 the escape tower and incorporates three cantedORBIT, 65 TO 75

RECOVERY,85 exit nozzles to direct the exhaust gases away
from the side of the spacecraft.

FiGur,_ 2--7.--Representatlve temperatures in degrees
Fahrenheit. The tower jettison rocket also has a three-
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TEMPERATURE, f_

°F ....P.Eo,c.Eo _ TOWE.JETT,SO.ESC'PE__l200(_ \ 0 MA-4

I00( _)_

I I I I I / //o 20 40 eo so ,oo i_?_?/ . __?/ % I ,
Fz(_s 2--8.--Maximttm ablation-shield temperatures. _

nozzle assembly and is attached to the bottom Fxao_E2-9.--Spacecraft rocket motors.
of the escape rocket-motor case.

The three [osigrade and three retrograde rocket motors are ripple-fired (5-second delays
rocket motors are mounted in a package which between motor ignitions) and provide the ye-
is held to the spacecraft at the center of the locity decrement necessa.lW to initiate reentry.
heat shield by three straps. The posigrade All rocket motors have dual ignition systems
rockets :l_ salvo-fired to separate the space- from separate electrical power sources. In
craft from the launch vehicle. The retrograde addition, each ignition system has dual squibs

Fm_ c_.at

it_llO
OEtAY

I , .....

//! i

/ I %

'iF_! ...::::;?,,_
I

\\ L............. · i

¢_.

FIa_ 2-10,--Ret_'orocket fire schematic diagram.
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to insure ignition. A typical example of rocket- The mode of control can be easily selected by
motor system firing circuitry is shown in figure tile astronaut by positioning of the proper
2-10. switches and valves mounted on the instrument

In the MA-6 mismon, all rocket motor sys- panel. It should also be noted that certain of
terns appear to have operated properly. Tho these control modes can be selected to operate
escape tower was jettisoned as planned at. tlle simukaneously, such as ASCS and MP, or
proper time. The firing of the posigrade FBW and MP, in order to provided double au-
rockets provided the expected velocity change, thority or so that even with certain malfunc-
as did the retroroeket motors, tions in each mode, complete control can be

maintained. Also of interest is the type of
Control System electrical power requirement for each of these

The control system of the Mercury space- control arrangements. Most significant is the
craft provides the capability of performing lack of any electrical power requirement for the
several functions vital to a successful orbital manual proportional control mede.
mission; they are attaining a precise attitude for The thruster impulse is directed by the four
retrofire and holding the attitude closely during basic control medes through 18 individual

the stepped thrusting period of dm retroroekets, system, as shown in figure 2-11. Figures
Without such control, an orbital mission would thrusters--12 on system A and 6 on the malmal
very probably suffer mission failure. Because 2-12(a) and 2-12 (b) show the A and B systems
of this critical function, the Mercury control RCS schematic diagrams. Figures 2-12(a)
system has been designed so that it can per- and 2-12(b) do not show completely the meth-
form its function in event of multiple ods of electrically controlling the thrusters; in
malfunctions, figure 2-12(a) there is a switch missing be-

Table 2-I indicates the four control arrange- tween the hand controller and the ASCS control

merits that are available in the present Mercury box which permits selection of either FBW or
spacecraft. Basically, there are two completely ASCS. Similarly, in figure 2-12 (b) the con-
independent fuel. supply, plumbing, and nection of the hand controller through a switch
thruster systems. Each uses 90-percent hydro- and the ASCS control box to the thruster sole-
gert peroxide to provide selected impulse as de- holds for RSCS control is missing. Metered
sired. There are two means of controlling the quantities of hydrogen peroxide are decomposed
outputs of each of these systems; that is, on in silver-plated catalyst beds in each of the
system A the astronaut has a choice of using thruster chambers to provide the desired ira-
either the automatic stabilization and control pulse. Twelve of the thrusters used on the
system (ASCS) or the fly-by-wire (FBW) sys- Mercury spacecraft are sized to provide rule-
tern. The ASCS is automatic to the extent that quate control during the retromsmenver.
it can provide the necessary attitude control These thruster ratings are as follows:
throughout a complete mission without any ac-

tion on the part of the astronaut; this is the sys- Syst_l_ B,tem that was used on the unmanned Mercury Axis Systemlb A,
missions. The FBW system is operated by _,

movement of the astronaut control stick to oper- Pitch ............ 24 4 to 24
ate the solenoid control valves electricMly. Yaw ............. 24 4 to 24

On system B the astronaut has the choice Roll............. 6 1 to 6
of using either the manual proportionM system
(MP) or the rote stabilization control system
(RSCS), both of which axe operated through The remaining six thrusters are in system A
the astronaut's control stick. In the MP sys- to provide fine attitude control as desired under

tern, linkages transmit the control stick move- orbital conditions with minimum fuel eonsump-
merit to proportionM control valves which regu- tion. Each of these six thrusters has a thrust
late the flow of fuel to the thrusters. The rating of 1 pound.
RSCS uses a combination of stick positions On the MA_l mission the eontrol system, with
and the computing components of the auto- essential mode changes by the astronaut, pro-
matic system to provide rate control, vided adequate control of spacecraft attitudes

11
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TASI. E 2-I.--Spacecrafi Control System Re- attained and maintained accurate control for

dundancy and Electrical Power Requirements retrofire by by using both automatic and man-

ual attitude-control modes, and accurately
Control Corresponding fuel Electrical achieved entry attitude. During entry, after
system system (fuel power
modes supply, plumbing, required maximum dynamic pressure, the astronaut

and thrusters) while on manual proportional and fly-by-wire
control successfully controlled the lateral-oscil-

ASCS...... A .......... d-c and a-c lations until the B-system fuel supply ;vas de-
FBW_ _ A............ d-c pleted. At this time the oscillations began to
MP .... B.......... None build up; however, switching to an automatic
RSCS ...... B ............ d-c and a-c mode did reduce oscillations to within desirable

limits until the A-system fuel supply ;vas also
ASC_S--Automatie stabilization aha control system depleted.
FBW--Fly-by-wire

MP--Manual proportional sys- Oontrollecl by pilot ac- Communications and Instrumentation
tom tua_ion of control

RS©S--Rate stabilization eon- stick Communications

trol system The spacecraft communications and instru-
during all phases of the mission despite recur- mentation systems consisted of voice, radar,

fences of small thruster malfunctions Which dis- command, recovery, and telemetry links. Each
abled the minimum fuel consumption mode system had main and backup (or parallel)
about the yaw axis early in the mission. As equipment for redundancy, with selection of
discussed in paper 11, the astronaut very satis- the desired system generally at discretion of
factorily completed his phmned maneuvers in the astronaut through switches mounted on the
space, orientated the spacecraft as he desired instrument panel. Table 2-II is a list of the

to make terrestrial and celestial observations, systems, and figure 2-13 shows the physical lo-

FIGURE 2-11._Arrangement of re_cfioa control system.
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MAIN :_F
REC[IVER-

HF

fiECOVER_,

F_GURE2-13.--Locations of major components of communications system.

TASLE 2-II.--Spacecrafi Communications a_d cation of the communications equipment in the
Instrumentation Systems spacecraft. The performance of the various

communication links was generally very goodVoice communication
during the MA-6 mission as shown in figure '2-

UHF transceiver ........... 2 watts 14. The time for wh4ch useful signals were ob-
UHF transceiver ....... 0.5 watt rained for each link are compared with the time

HF transceiver ........... 5 watts that the spacecraft was within line-of-sight fol'
each pass over two selected range stations.Radar
This same comparison was made for each pass

C-band beacon ............. 400-watt over each range station, averaged for the entire

transponder mission, a_d presented in percent form in the
S-band beacon .............. 1,000-watt right'-hand colunm of figure 9.-14.

transponder Since the HF voice system was not used

Commands enough in the MA-6 flight to allow a meaning-
ful assessment of HF coverage, the HF cover-

2 command receivers ......... 10 channels age shown in figure 2--14 is for the MA-5each orbital flight which utilized a tape recording

Telemetry for spacecraft voice broadcasts on both ItF
and UHF systems. A simplified schematicI2 FM transmitters

.......... I 2 watts each diagram showing the various communications

Recovery systems and their respective antenna systems
is shown in figure P__-15.

HF D/F beacon SEASAVE___ I watt Voice system.--The voice system, used for

UHF D/F beacon SARAH .... 7.5 watts two-way voice conversations between the
UHF D/F beacon SUPER- 91 watts ground and spacecraft, was made up of high-SARAH.
HF transceiver .............. I watt frequency (HF) and ultra-high-frequency

'- (UHF) systems. From previous orbital ex-

15



MISSION
NETWORK SUMMARY SUMMARY

CALIFORNIA MUCHEA (AUSTRALIA) USEFUL TIME IN
ORBIT NUMBER ORBIT NUMBER % OF LINE-

I 2 3 I 2 3 OF-SIGHT TIME

O

BEACOr NOT APPLICABLE 78

COMMAND I
RECEi- PERFORMANCE HAS BEEN SATISFACTORY
VERS

RECOV-
ERY PERFORMANCE HAS BEEN SATISFACTORY --

I II I
MA-5 DATA

KEY: [ x)[('-'_ USEFUL TIME, (x) MINUTESSTATION LINE OF SIGHT TIME, (x) MINUTES

FIOURB 2--14.--Performance of spacecraft communications links.
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FXGURE 2-15.--Communieat-ions and antenna systems schematic diagran_.
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perienee and ground tests, it was known that strument calibration and to obtain additional
the HF system had somewhat poorer voice fi- data on the command-system infiight perform-
delity but longer range than the UHHF system, ante. Tile onboard command system con-
The UHF system, because of its slightly better sisted of two identical receivers and decoders,

voice quality, was considered to be the primary each capable of performing any required func-
system. From previous experience, it was tious. The data are being studied to evaluate
known that the range of the UHF system was tile command-system performance, which has

approximately equal to the line-of-sight range been satisfactory iii previous orbital missions.
and was entirely adequate for a normal mis- Tele_etry .s?/stem.--The telemetry system
sion. The main voice traffic was therefore eon- consisted of two nearly identical FM-FM tele-

dueted on the UHF system, with a small amount merry snbsystems, each carrying essentially the
of trattle conducted on the HF system to verify same data for redundancy and each using eom-
system operation. It might be noted that the mutated and continuous channels. The aero-

UHF system consisted of a main and a backup medical data and some system-performance
transmitter-receiver. Thus, three separate information from the telemetry system were
voice systems were available for choice of the displayed in real time at the Mercury Network
astronaut--HF, UHF main_ and UHF back- stations for the purpose of monkoring the eon-

up--as shown in figure 2-16. Also, a redundant ditious of the astronaut and critieaJ spacecraft
ground-to-air voice link is available through systems as the mission progressed. The per-
the command receiver channel. An additional formance of the telemetry system was satisfac-

air-to-ground communication link is available tory as shown in figure 2-14.
to the astronaut by keying the low-frequency Recovery syste_.--The recovery system eon-
telemeter carrier. It should be noted that all sists of a I-IF transceiver (1 watt), one recovery
of these links use the main bieone antenna package containingthe CWSEASAVE beacon

through the use of a multiplexer. (1 ;;'att), a pulse modulated SARAH beacon
Performance of the voice system during the (7.5 watts), and a pulse modulated SUPER-

MA-6 mission was satisfactory as indicated in SARAH beacon (91 watts). The antenna sys-

figure 2-14. tems used by tho recovery system are shown in
Radar system.IThe radar system consisted figure 2-15. Performance of the recovery sys-

of C- and S-band beacons mlboard the space- tern has been satisfactory.
craft. Both beacons were "on" continuously

throughout the flight, and either or both Instrumentation

beacons could be interrogated when within The spacecraft instrumentation system moni-
range of the appropriate ground station. Per- tored the astronaut's ECG, respiration rate
formance of tile radar system, including the and depth, blood pressure, and body tempera-
ground tracking and computing complex, ;vas ture iix addition to certain aspects of operations
satisfactory and ;;'as such that tile spacecraft of the spacecraft systems. Locations of many
orbital trajectory ;vas well defined by the end of the sensors are shown in figure 2-17, and the
of the first orbit, and continued tracking dur- instrumentation list is shown in table 2-111.

ing the remaining orbits resulted in only minor Ninety commutator segmdnts were available for
changes to orbit parameters already established, data, plus seven continuous channels. The eon-
Radar performance is shown in figure 2-14 tinous channels were used mainly for aeromedi-
and is discussed in more detail in paper 6. eel information and spacecraft control-system

Uomma,mi system.--The command system performance data. An instrumentation sche-
provided means of commanding alt abort, retro- matic diagram is included as figure 2-18, to
fire, spacecraft-clock change, or instrumenta- show how the different measurements were han-

tion calibration from the ground_ if necessary, dled. A 16-mm camera photographed the as-
None of the first three of the above commands tronaut's face and upper torso area in color at
were needed for acconlplishment of the MA-6 360 frames/min or 5 frames/rain, depending on
mission. The onboard command system was the mission phase. The overall quality of these
exercised by ten instrumentation-calibration photographs ;;'as good; however, due to ex-
ground conunands during the mission for in- treme variations in the light intensities in the
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TAnLE 2-III.--Spacecra/t Instrumentation and TAnL£ 2-III.---Spacecruft Instrumentation and

Ranges/or the MA-6 Mission Ranges for the M J-6 Mission--Continued

[All data commutated, unless otherwise noted.] [Ali data eommutated, unless otherwise noted.]

Instrument Instrument

range range

(0 to 100 percent (Otc lOOpercent
full scale unless full scale unless

Events: otherwise noted) otherwise noted)

Tower release .................... On-off Electrical functions:

Tower escape rocket ignition ..... On-off 3 volt reference ................... 100-percent full
Spacecraft separation ......... On-off scale

Retroattitude cmmaand ............ On-off Zero reference .................... O-percent full

Retroroeket fire ................. On-off scale

Retrorocket assembly jettison ...... On-off 7 voit a-c bus, volts ................. 0 to 8

0.05g relay ...................... On-off d-e s, volts ........................ 12.9 to 2>9.8

Drogue parachute deployment ..... On-off d-c current _, amperes .............. 0 to 50

Antenna fairing release ............ On-off lqXans a-c bus, volts ................. 95 to 120

Main parachute deployment ........ On-off A_SCS a-c bus, volts ................ 90 to 125

Periscope retract .................. On-off Isolated d-c bus, volts ............. 13.3 to 23.4

Mayday .......................... On-off Standby d-c bus, volts .............. 13.2 to 23

Heat-shield deployment ........... On-off Standby inverter _'ON"_ ............ On-off

Main parachute jettison .......... On-off Astronaut:
Reserve parachute deploy ........ On-off
Pilot abort ...................... On-off Body temperature, °F ............ 92.5 to 105.9

Body temperature, °F ............ 92.6 to 106

Stabilization and coatrol: ECG #1 4...........................

Control stick position (roll) _, (leg___ --+12 Respiration 4 ......................

Control stick position (pitch) _, deg__ ±12 Blood pressure', mm Hg .......... 56 to 205

Control stick position (yaw) _, (leg___ _+14 Command receivers:

Gyro output (roll), deg ............. --130 to 190 Command receiver ON-OFF ....... On-off

Gyro output (pitch), deg ........... --120 to 174 Command receiver signal strength
Gyro output (yaw), deg ............ --70 to 250 "A", #v ....................... 0 to 80

Scanner output (roll), deg ......... --37.5 to 33 Command re_'eiver signal strength

Scanner output (pitch), deg ........ --38.5 to 33 "B", pv ........................ 0 to 80

Scanner ignore (roll) .............. On-off Environmental fu_tio_l,_:
Scanner ignore (pitch) ............ On-off

Suit inlet temperature, °F ........ 39 to 116
ASCS slaving signal ................ On-off

Cabin temperature, °F ............. 35 to 233
Roll solenoid, high, + .............. On-off

Suit pressure, psis ................ 0 to 15
Roll solenoid, high, -- .............. On-off

Cabin pressure, psis .............. 0 to 15
Pitch solenoid, high, + ............. On-off

Pitch solenoid, high, -- ............ On-off Static pressure, psia ............... 15.2 to --0.3
Coolant quantity pressure, psig .... 213 to 489

Yaw solenoid, high, + .............. On-off
Yaw solenoid, high, --_ ............ On-off O: supply pressure, primary, psig___ --50 to 7,500

Ca supply pressure, secondary, psig__ --100 to 7,600
Roll solenoid, low, + ............... On-off

O: partial pressure, mm Hg ........ --15 to 980Roll solenoid, h)w, -- ............... On-off

Pitch solenoid, low, + ............. On-off O: emergency rate mode ............ On-off

Pitch solenoid, low, -- ............. On-off Accelerations:

Yaw solenoid, low, + .............. On-off Acceleration, A= (low range), g
Yaw solenoid, low, -- .............. On-off units ............................ --0.415 to 0.375

Roll rate (low range) 2, deg/sec_ .... --9.9 to 10 Acceleration, A= (high range), g
Roll rate (high range) a, deg/sec ..... --25.5 to 31.5 units ............................ --3.2 to 3.5

Pitch rate _, deg/sec'_ .............. --10.3 to 10.5 Acceleration, Ay (low range), g
Yaw rate _, deg/sec ................ --+10.3 units ........................... --0.415 to 0.38

Commutated and continuous; continuous data re- 3 Commutated and continuotrs; continuous d-c cur-

corded onboard only. rent and d-c voltage recorded onboard only.
2 Continuous only; recorded onboard only. _Continuous only.
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TABLE2-III.--Spacecralt Instrumentationand conditions for the astronaut. In addition, the
Ranges/or the MA_ Mission--Continued astronaut can manually actuate a control to

initiate the oxygen emergency-flow-rate mode
[All data commutated, unless otherwise noted.]

to provide an adequate suit environment in the
Instrument case where multiple plumbing or electrical

range failures m_ght make automatic initiation of the(0 to 100 percent
full scale unless emergency-flow-rate mode inoperative.

Accelerations--Continued othehvisenoted) The environmental control system provided,
Acceleration, A, (high range), g with its automatic operation, an adequate and

units............................ -4.0 to 4.9 safe environment for the astronaut tliroughout
Acceleration,A..................... 31 to 35 the entire MA_ mission.
Integrating accelerometer signal,

ft/sec .......................... 0 to 505 A simplified schematic diagram of the en-
vironmental control system is shown in figure

Equipment temperatures:
'>.2-20,and the system is discussed in more de-

RCS automatic H,O, line tempera-
ture low roll, clockwise, °F ..... --6 to 242 tail in papers 3 and 5.

RCS automatic l_hO, line tempera- Electrical Power and Sequential Systemsture low roll, counterclockwise,

°F .............................. --11 to 289 Electrical Power System
RCS manual H,02 line temperature

low roll, clockwise, °F.......... --12 to 200 Figure 2-91 shows the spacecraft electrical
RCS manual H,O, line temperature power system. Rechargeable silver-zinc bat-

low roll, counterclockwise,°F.... --29 to _ teries of 'both 3,000-watt-hour and 1,500-watt-
Retrorocket temperature, °P ........ --16 to 140

hour ratings are arranged into three powerHeat-shield temperature, °F ........ --140 to 2,470
Inverter temperature, 150 v-amp, sources to provide a total of 13,500 watt-hours.

°r ............................. --10 to 337 Nominal discharge rate for each type of bat-
Inverter temperature, 250 v-amp, tery is 4.5 amperes but each 'battery is capable

°r ............................. -is to _22 of supplying pulse currents up to 42 amperes
Transmitter temperature, Hi*, °P___ 8 to 320 for a few milliseconds. Silicon diodes in each
Transmitter temperature, LF, °12___ --1O to 326

positive leg of all batteries prevent discharge
Onboard time: of normal batteries into defective or low-voltage
Verner clock, _ percent ............. 0 to 12

batteries in parallel configurations. The in-Time since launch, percent ......... 0 .to 1O0
Timeto retrograde,percent......... 0 to 100 dividual battery voltages and the total current
Calibrate signal................................... are monitored in flight by the astronaut. In

' Continuousonly. event of battery failure or equipment failure,
he can manually switch off individual batteries

spacecraft during the various mission phases, or all battery power.
definition was reduced at times. Performance A solid-state static inverter provides 115-
of the instrumentation system was satisfactory, volt, 44)0-cycle,single-phase alternating-current

power for the spacecraft attitude control system
Environmental Control System and another provides similar Power for the

As shown in figure 2-19, the environmental environmental control system. A staaadby in-
control system is located principally under the verter provides redundancy for either of these
astronaut's support couch. This all-important two main inverters a_ndcan take over for both
system provides an oxygen atmosphere, tern- if noncritical ASC_ I_)adsare switched off ma_-
perature control, and pressure regulation for uMly. The standby inverter can be automati-
the astronaut's suit and the cabin. The cabin cally or manually placed in _et.ion.
and suit are independent redundant circuits for Electrical power consumption for the MA-6
automatically providing proper environmental mission is shown in the following table:
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Aero_edical ECG,

body temperature _nd respiration rate,

tlood oressure and depth--\ _Abort h_dle

k _- _ relay box no. 1

2¸¸¸¸¸ I - <_ (instrumentation)
Retrorelay box no. 2 / temp. seasors

Inst. control relay box _k ' _ / Power system control relay box

Launch and orhit relay box no. 3 (d-c current)

_AECS calibrator and amplifier
/

pressure transducer

/' pressure transducer

relay panel
_High-thrust reaction control

// solenoids (typical 6 places)motion potentiometer _
f '_/ -I_w-*_hrus% reaction control

/ /'_x solenaid_ (tYPical 6 places)

, i ,/ jettison limit switch

l mo / H.............. (roll)Tran::d ..... (main O_ _up_ly p....... )? ' ',

P:.tch control motion potentton_ter _' ' /L Horizon a¢_er (pitch), \

T_an_ncer (suit inlet air pre.:_re) ' , \ _aln parachute deplo_ent limit s_;itch
ox_r_eY )Transducer

\ --Beserve parachute deployment limit switch

\ Suit 0, p_rtial press

Tr;nsdaccr (sL;itinlet uir :cnp.)

FIGURE 2-17,--Lo(yationof some spacecraftin.%_tmlmentationsensors.
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i_GO'_,E 2-18.--Inslrumentation system schematic diagram.
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FXG_E 2--19.--Appr0¢dmate physical arrangement of spacecraft environmental control system.
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_a_mr 2-20.--Schematic diagram of environmental control system.
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MAIN
MAIN 24 V DC BUSES

.3-3000 W.H.
j -

STANDBY [_2-1500 W.H. STANDBY24,18,12,8_6 V DC BUSES
/

I - 1500 W.H.I

ASCS250V.A.INV'}---_/ ; ASGS 115VAC, 400 CPS,14, BUS

FANS INV. i :_ FANS115VAC, 400 CPS, 14, BUS

150 V.A.

STANDBYINV. W.H.- WATT HOURS
250 V.A. j V.A. - VOLT AMPERES

Fz6_ 2-21.--Schematic diagram of spacecraft electrical power system.

o

APPROX.34° APPROX.34y
_ __ 1 °

,,"" 4 5 6 7 8 ;_::__?

i 3 1.BOOSTERAND SUSTAINERENGINESFIRED

i 2. BOOSTERENGINECUTOFF "l /_

3. TWENTYSECONDSAFTERBOOSTERCUTOFFTOWERJEI-rlSONED lO

4. SUSTAINERCUTOFF
I

5.SPACECRAFTSEPARATION :_

6 SPACECRAFTTOORBITATTITUDE _-J/-:-___._!_

!_2 7. SPACECRAFTEXECUTESTHREEEARTHORBITS ., !.
8.STARTRETROSEQUENCE 1

_9.SIXTYSECONDSAFTERRETROFIRINGRETROPACKAGEISJETTISONED

_10.DROGUE PARACHUTEDEPLOYEDAT21,000FEET

11.MAIN PARACHUTEAND LANDINGBAGDEPLOYEDAT10,000FEET

12./VtAINPARACHUTERELEASED,RESERVEPARACHUTEFIECTED,
RECOVERYAIDS ACTIVATED

1 _RETROPACKAGENOTJETTISONEDFORMA-6MISSION 12

_DROGUEWASDEPLOYEDATSLIGHTLYHIGHERALTITUDEIN MA-6MISSION _i

_IGURE 2-22.--Sequence of major events for the MA-6 mission.
25



TABLE 2-IV.--Methods of Initiating or Controlling Major Mission Sequences

Initiation capability

Major mission events Auto- Grounc P
matic

1 Booster and sustainer engines firing ......................
2 Booster engine cutoff ................................ ___ x
3 Tower jettison ................................. x
4 Sustainer engine cutoff .......................... ® x
5 Spacecraft separation ................. x __
6 Yaw and pitch maneuver to orbit attitude .................... x ......
7 Attitude control during orbit ................... x
8 Start retroseqnence .......................... x x x
9 Retropackage jettison and reentry attitude control _ ! x _ x

10 Drogue parachute deployment ............................ ' x ...... x
11 Main parachute and Landing bag deployment .............. x x
12 Main parachute relemse,reserve parachute ejection, recovery aids activation_ x x

® Refers to automatic redandant system. [] Refers to indirect control, x Refers to direct control.

Both the d-c and a-c electrical systems func- E,R,_GSIGNAL
tioned well throughout tile MA-6 mission. Ex- ILIFT OFF

cessive temperature rises of the inverters were 1BOOSTLRSUSTAINER

caused by a malfunction of the inverter cooling POWEREDFL,G.T
system. The inverter design operating tem- ]G E GUIDANCE

BOOSTERCUTOFF ]
peratures was exceeded for both inverters dur- I I
ing tile second orbit. Ma.xinlum inverter tern- BooSterSEPARATIONI1
peratures were over 200 c F, somewhat higher BOOStersePsens0rII

than desig_l temperature; however, performance TD_%_"CI?C_'_L[_'VReI_"_'_' I
of the inverters during the mission was excellent I
and IlO adverse effects due to the high tempera- TOWERring sep JI
tures were noted during postflight inspections. PERM,sS,yEreLaYsII

ESCAPEROCKETFire J
Sequential System I

TOWERSEvARATIONj

Figure '2_22 shows the sequence of major I
to_RsepsenSORI

events for the MA-6 mission. The only excep- I

tion to the planned sequence occurred during SUSE^,NE_IPOWEREDFLIGHT j

event (9) as a result of the astronaut being IG E GUIDANCE

SUSTAINERCUTOFF [advised to retain the retropackage during re- ' L

entry and manually overrode the automatic I I I
BELOWB'STHRUSTI

sequencing as directed by instructions from the IPlLOT'SCA_SE,_wI I CG_OEE_eNsoRI
ground. Figure '2-23 shows the spacecraft ] I ISECTIMel_ II
master sequential system. ICARAD^,teRBOL_F,REI

I
Redundancy for the automatic initiation of ICAPADAPTRtNGSEPI

I
spacecraft sequence events is furnished by the I _RBOSSWERELAYS]

I
astronaut's ability to initiate events manually [ROslGRADErOcKETFiRE[
by switches and controls and by ground-eom- I CAJSE_ I

I
manded initiation of certain events by means I _R_,SS_VER_SI
of a radio-command link. Table 2-IV shows I

j CAF'SEpsENsOR ]

the redundancy in initiation capability for ira- I t J
jArmEAteLU_ CLOCKJportant events. From this tabulation it can be ,SEC_I

seen that the astronaut has control over all of [TURNaBOUTORBItAnl

tile primary spacecraft automatic functions. (a) Launch and orbit.

The astronaut also has indirect control over the rmurm 2-23.--Master sequential diagram for the MA-6
important launch-vehicle functions, such as spacecraft.
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[SATELLITECLOCK-TR]

JGROUNDCOMMAND] I PILOTCO/W_ANO

RETRO J J RETRO J

I I I__
I i

PILOTRETROJ 30SEC
DELAYSW J T MEDELAYJ

i I
J ATTITUDEPERMISSION

JATTITUDEPERMISSIONJ BYPASS/ J

30SECI [
HIGHTHRUST IFIRERETROSJ J

HOLD I
i N) SECTIMEDELAYJ

I
JPILOTSWITCHJ r

{ THIS PARTOFTHEAUTOMATICSEQUENCEWASPERFORMED

J RETROASSEMBLYSEP MANUALLYBYTHEASTRONAUT,BOLTFIRE AFTERHEINTERRUPIEDTHE
J CIRCUITRY(PILOTSWITCHI

J RETROASSEMBLYSEPJ TOPREVENTJETTISONINGOF
J THERETROPACKIRETRO

JRETROASSEMBLYSEPSENSORJ ASSEMBLYSEPBOLTFIREI.t I
5 SECTIMEDELAYJ I 30SECTIMEDELAYJ, {

[ABOVE.058] JBELOW.OSGJ JRETRACTPERISCOPEJ
, -[ I

'ASCS I2°/SEC J JREENTRYSTABILIZATIONJ IREENTRYORIENTATIONJ

ROLLRATE, I JPLUSRATE J'RSCS?.5°/SECROLLRATE,JDAMPING I PLUSRATEDAMPING J

_THEMAJORPORTIONOFR_NTRYRATEDAMPINGWASACCOMPLISHEDBYTHEASTRONAUT
USINGFLY-BY-WIREANDMANUAL-PROPORTIONALCONTROLMODES,RATHERTHANTHE
AUTOMATICMODESOFCONTROLSHOWN.

(b) ie.et_'og,rade and reent,ry.

Fieu_ 2-23,--Continued.
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ARMED 2 SECAFTERTOWER SEP

r , [
J 21,000BAROSTATSACTUATE I I 2 SECTIMEDELAY J

I I
I J J10,0(_ BAROSTATSACTUATEJ

I EXTENDPERISCOPEI I DROGUEMORTORFIRE Ii I
DROGUECHUTEDEPLOYJ JJETTISONANTENNAFAIRINGI [ SWITCHUHFTODEMODE J

]1[' I'r 'OPENCABIN INLET J DEPLOYMAIN PARACHUTEJ j

JEi-rl SONH202 ANDOUTLETSNORKELS EJECTSOFARBOMBJ INFLATEMAIN

J_,RESCUEBEACONiON) CHUTEEJECTORBAG
AUTOPILOT(OFF) SWITCHFROMBICONETODESCENTANTENNA

J 12SECTIME BELAY J

j J {ARMI
J LANDINGBAGEXTENDJ J DUALINERTIASWITCHES J

I
J TOUCHDOWN(SPLASH)J

I
] SECTIME DELAY J

I
J DISCONNECTMAIN CHUTEJ

i J i
TURNONFLASHING J 1MIN TIMEDELAY J lOMIN TIME DELAY J

L GHTSEASAVEBEACON J J
I EXTENDWHIPANTENNAI TURNOFFCOMMANDI

RECEIVERSC ANDS BANDI
BEACONSHFCOMMUNICA-I
TIONS BOTHTELEMETERSJ

TAPERECORDER,CAMERASj
(c) Landing and recovery.

FZ0VgE 2-28._Concluded.

engine cutoff, through use of the spacecraft sure. At this time, the drogue parachute is de-
abort handle when necas_ry, ployed to decelerate and stabilize the space-

The performance of the spacecraft sequenc- craft. At about 10,000 feet, the antenna section
ing system was satisfactory during the MA-6 and drogue parachute are jettisoned by the sig-
mission, hals from another dual barostat and the main

Landing System parachute is deployed in a reefed condition

The landing system consists of the drogue opened to 12-percent of the maximum diameter
parachute, main and reserve parachutes, land- for 4 seconds to minimize the opmfug shock.

The main parachute deploys fully after 4lng bag, and attendant functional systems.
The landing system is armed when the escape seconds of reefing. A reserve parachute may
tower is jettisoned during exit flight; however, be deployed by the astronaut in the event the
it is not actuated until the spacecraft returns main parachute is unsatisfactory. After main
to the relatively dense parts of the earth's parachute deployment, the landing bag is ex-
atmosphere, as shown in figure 2-24. tended to provide attenuation of the landing

The landing system is normally actuated at load. Immediately after landing, the main
an altitude of about 21,000 feet bY either one parachute is automatically disconnected and the
of two baeostats which sense atmospheric pres- reserve parachute is ejected.
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DROGUE MAIN PARACHUTE DEPLOYMENTDEPLOYED

'FED
)ISREEFED

ANDING BAG
DEPLOYED

DISCONNECTED_______RESERVE PARACHUTE JETTISONED L .... -____.___:.:_:
FzGvas 2-24.--Sketch depicting use of spacecraft landing systems.

The drogue parachute is a 6-foot-diameter shield is held directly to the spacecraft by a
conical ribbon-type with a 80-foot-long riser, mechanical latch and the landing bag is folded
Tile main and reserve parachutes are 63-foot- and contained between the heat shield and

diameter ringsail types, either of which will spacecraft. After release sthe heat shield drops
provide a sinking velocity of 30 feet per second down and extends the bag to its full length.
at sea level. For a water landing s the bag attenuates land-

The landing bag is a rubberized-cloth assem- lng decelerations from approximately 45g to
bly about 4 feet long. Before release, the heat approximately 15g.

The drogue parachute deployed at an accept-

LANDING _----_=_ _'". RELEASE able but somewhat higher than expected alti-
BAG _.4,_ MECKaNfS_ rude during the MA_6 mission. Both drogue

· ' and main parachutes were observed by the as-

I tronaut to be in good condition after deploy-

ment. The heat shield released properly and
the landing bag attenuated the landing loads
about as expected.

The "heat-shield-deployed s' signal, that is

_. _._, sent to the telemetry system, is furnished by

_'. _ either one of two limit switches which sense
the movement of the heat-shield retention de-

LOYED' vices as shown in figure 2-25. During the or-
LIMITSWITCH bital flight portion of the MA-6 mission, one

FIGures2-25.--Details of heat-shield deployment mech- O_ these switches sent a "shield-deployed' sig-
anism and sensing switches, ttal to the ground monitoring stations. Post-
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flight tests of both limit switches revealed that rather than parallel and rigged farther away
one switch was faulty and could give intermit- from actuation points.

tent "shield-deployed" signals with the shield (2) A "ma_neuver" switch will be installed

locked in place, on the ASCS panel to permit the astronaut to
FUTURE PLANS intermlpt automatic orbital pitch-precession.

As a result of minor difficulties experienced (3) The 1-pound-thrust chamber assemblies
during the flight of MA_6 tile following modi- are being modified to make them more reliable.

fications will be made to subsequent spacecraft: (4) The check valve between the coolant tank

(1) The limit switches which indicate that and inverter cold plates is to be replaced by a
tile heat shield is released will be wired iii series manual valve.
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3. LIFE SUPPORT SYSTEMS AND BIOMEDICAL
INSTRUMENTATION

By RIC_tAaDS. JOHNSTON,Asst. Chie], Li/e Systems Division, NASA MannedSpacecraft Center; FRANKH.
SAMONSKI,Jr., Li/e Systems Division, NASA Manned Spacecra/t Center; MAXWELLW. LIPPITa',Lije
Systems Division, NASA Manned Spacecra/t Center; and MATTHEWI. RADNOFSKY, Li/e Systems
Division, NASA MannedSpaceeraJtCenter

Summary

This report contains a description of the en-
vironmental control system a_nd outlines the
system performance in flight. The pressure
suit is described and the significant pressure-
suit developments accomplished to date are
shown. Tile survival kit is described and

special emphasis has been placed on newly de-
veloped survival items. The Ma_-8 bioinstru-
mentation is discussed and the development of
the blood pressure measuring system is re-
viewed. The paper is presented as separate
sections for these four areas.

Environmental Control System Fxouaz 3-1.--Project Mercury environmental eontrot
$ystean.

Introduction

The Project Mercury environmental control spacecraft under the astronaut support couch.
system ('ECS) 'has been described in previous The astronaut is clothed in a full pressure suit
papers (refs. 1 and 2) and, therefore, this paper to provide protection in the event of a cabin
only reviews the system design and outlines decompression.
specific MA-6 system configurations. The test The pressures in the cabin and pressure suit
program for the ECS was presented in the are maintained at 5.1 psia in normal flight with
MR_ flight report (ref. 3). Flight data for a 100-percent oxygen atmosphere. The system

is desip_ed to control automatically the eh-the MA-6 flig!_t are presented in this paper.
vironmental conditions within the suit and cabin

System Description throughout the flight. Manual controls are

The Mercury environmental control system provided to enable system operation in the event:
provides a livable environment for the astronaut of automatic control malfunction. In describ-
in which total pressure, gaseous composition, lng the environmental control system, it can be
and temperature are maintained, and a breath- considered as two subsystems; the pressure-suit
lng oxygen supply is provided. To meet these control system and the cabin system. Both of
requirements a closed-type environmental con- these system operate simultaneously from com-
trol system was devMoped by AiResearch inon coolant water and electrical supplies. The
Manufacturing Division of GalTett Corpora- coolant water is stored in a tank with a pres-
tion under a McDonnell Aircraft Corporation surized bladder system to facilitate weightless
subcontract, flow of water into the heat exchanger. Elec-

The environmental control system shown in trical power is supplied from an onboard bat-
figure 3-1 is located in the lower portion of the tery supply. Oxygen is supplied at an initial
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the light and correction of the water flow rate
will prevent the heat exchanger from freezing.
In the gas side of the heat exchanger, water
vapors picked up in the suit are condensed into
water droplets and are carried by the gas flow
into a mechanical water separation device. The
water separator is a sponge device which is
squeezed periodically to remove the metabolic
water from the system. This water is collected
in a small tank. The constant flow rate of the

atmosphere is maintained by a compressor.
In the MA-6 spacecraft a constant bleed ori-

fice was provided between the oxygen supply
F_a_rar 3-2.--Schematic diagram of the Mercury and the pressure-suit control system. This

enviromnental control sy,tem. constant oxygen flow was in excess of metabolic
needs and thus provided a continuous flushing

pressure of 7,500 psi from two spherical steel of the pressure suit to insure adequate oxygen
tanks, partial pressure. In normal operation, suit

Pressure-SuitControl System pressure levels were maintained slightly above

The pressure-suit control system provides cabin pressure by metering this excess oxygen
breathing oxygen, maintains suit pressurize- flow through an exhaust port in the demand
tion, removes metabolic products, and main- regulator. In the event of a cabin decompres-

sion the demand regulator would automatically
tains, through positive ventilation, gas tempera- establish a referenced pressure of 4.6 psia for
tures.

As shown in figure 3-2, the pressure suit is the exhaust port of the regulator, and thereby
attached to the system by two connections, the suit pressure would be maintained at this pres-
gas inlet connection at the waist and the gas sure level. The addition of the oxygen bleed
exhaust at. the helmet. Oxygen is forced into orifice is the major ECS change for this flight.
the suit distribution ducts, canqed to the body An additional mode of operation is provided
extremities, and permitted to flow freely back by the emergency rate valve. This valve pro-
over the body to facilitate body cooling. The rides an open-type pressure-suit operation strut-
oxygen then passes into the helmet where the lar to aircraft pressure-suit systems. A fixed

flow of oxygen is directed through 'the suit for
metabolic oxygen, carbon dioxide, and water ventilation and metabolic needs. The re-

vapors are exchanged. The gas mixture leaves mainder is dumped into the cabin. This system
the suit and passes through a debris trap where
particulate matter is removed. Next, the gas is is used in the event, the pressure-suit control
scrubbed of odors and carbon dioxide in a chem- system fails and also during final stages of

descent. The other components of the suit sys-teal canister of activated charcoal and lithium

hydroxide. The gas then is cooled by a water- tern are closed off during this mode of operation.
evapo'rative type of heat exchanger which Oxygen is supplied from two tanks, each con-
utililizes the vacuum of space to cause the cool- raining sufficient oxygen for more than 28

hours. The tanks are equipped with pressure
ant water to boil at approximately 35° F. The transducers to provide data on the supply pres-
heat-exchanger exit gas l:emperature is _gu-
lated through manual control of the coolant- sure. The tanks are connected in such a way

that depletion of the primary supply automa;i-
water flow valve. The resulting steam is ex- eally provides for supply from the secondary
hausted overboard. The st earn exit temperatu re bottle.
on the overboard duct. is monitored by a thermal

Cabin System
switch which actuates a warning light when _be
duet temperature drops below 47° F. The c_bin system controls cabin pressure and

The light is on the astronaut's panel and pro- temperature. A cabin relief vMve controls the
vides a visual indication of excessive water flow upper limit of cabin pressure. This valve per-
into the heat exchanger. Proper monitoring of mits cabin pressure to decrease with ambient
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pressure maintaining a differential pressure of g_ DARKNESSI I SUNLIGHT
5.5 psi during the climb of the vehicle. This

valve seals the cabin at 5.5 psia. In addition, a TEMPERATURE,
manual decompression feature is incorporated 'F CABINT_,_PERATURE, REENTRY7

in this valve to permit the astronaut to dump Ioo
the cabin pressure if a fire or buildup of toxic

gases occurs, so}- __]SU_'r_INL_ET._ EMERGENCYRATE,q/

A cabin-pressure regulator meters oxygen TF_..M__into the cabin to maintain the lower limit of 6o................
0 01:00 02:00 OR'O0 04:00 05:00

pressurization at 5.1 psia. A manu_l recom- TIME.HR:MIN
pression feature is incorporated in the regulator
for cabin repressurization after the cabin has _oug_ 3_?,.--Variation of su/t and cabin temperatures
been decompressed, with tinte.

Cabin temperature is maintained by a fan and changer was operating near its maximum ca-

heat exchanger of the same type as that de- pacity for the existing conditions. Even so,
scribed in the discussion of the pressure-suit the mean cabin air temperature was steadily
system, reduced during the mission after the first hour

Postlanding ventilation is provided through in orbit.

a snorkel system. At 20,000 feet following re- The suit inlet temperature (fig. 3-3) varied
entry, the snorkels open and ambient air is between 65° F and 75° F during the orbit phase.
drawn by the suit compressor through the inlet The astronaut reported a coolant flow of 1.7

valve. The gas ventilates' the suit and is lb/hr to the suit heat exchanger and a steam
dumped overboard through the outlet valve, exhaust temperature of 60 ° F. These values

are both higher than anticipated and contra-
Flight Data dict each other since freezing of the heat ex-

Launch.--The launch phase was normal in changer would be expected at this flow rate.
that cabin and suit pressures maintained a 5.5 No explanation of this anomaly can be offered
psi differential pressure above ambient during at this time.

ascent and held at 5.7 and 5.8 psia, respectively. The coolant tank was charged with 95 pounds
Orbit.---Cabin and suit pressures were _nain- of water before the flight. The coolant-quan-

tained at 5.7 and 5.8 psia, respectively, through- tity indicating system shows a usage of 7.2
out the flight. The delay in these pressures pounds. Postfiight tests rex,es.led a usage of
that has been observed in previous flights was 11.8 pounds. The difference in calibration a_d

absent in this flight for three possible reasons: final system temperatures can account for about
(1) Low cabin leakage (less than 500 3.8 pounds of the 4.6-pound discrepancy. The

cc/min) remainder is considered _ be instrument error.
(2) Oxygen from the bleed orifice in excess The primary-oxygen-supply pressure indi-

of astronaut requirements cates a usage rate of 0.13 lb/hr for the duration

(3) Possible leakage from the secondary of the fiight. Postflightt_tsconfirmthisusa_e
oxygen supply rate.

The oxygen partial pressure measurement The secondary oxygen supply exhibited an
agreed with suit pressure within 0.2 psi unexplained decayinpressureofapproximately
throughout the flight. This value is within the 19 percent of the total supply. This decay was
· ccuracy of the instrument, first noted at _n elapsed time of i hour and 40

The cabin air temperature (fig. 3-3) fiuctu- minutes. An approximation of the time when
ated between 90° F and 104 ° F as the space- the leakage beg_n is difficult since the bottle

craft passed from darkness into sunlight. The was serviced to 8,000 psig prior to flight, a_d
astronaut reported that at least five attempts the maximum indicating value of the pressure
to reduce cabin air temperature by increasing transducer is 7,500 psig. Postflight testing re-
water flow to the cabin heat exchanger resulted vealed no appreciable leakage from the sec-

in the illumination of the excess-water light, ondary supply. No explanation of this problem
This light indicated that the cabin heat ex- is available at this time.
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Reentry and Postlanding

The maximum cabin temperature during re-
entry and postlanding was 103° F, which was

tolerable. The suit inlet temperature increased t _ sm6
to 86° F during the postlanding phase_ This _¥_$imLo

value is reasonable since the air temperature in a __
the landing are_ was 76° F (relative humidity, 4 _-,._n:as
56 percent) and the suit, compressor raises the &_vOttmaT
temperature by approximately 10° F. 7._t_C_TOR

Pressure Suit

Introduction

The pressure suit used in the MA-6 flight
was developed from the U.S. Navy MK-IV full _araz 3_.--Pressure suit torso.

pressure suit manufactured by the B. F. Good- Donning and doffing of the suit is provided
rich Co. This basic suit was selected by NASA through a pressure-sealing entrance zipper
in July 1959 for use in Project Mercury after which extends diagonally across the front of
an extensive evaluation program of three _%11 the torso from the left shoulder down to the

pressure suits. This initial suit evaluation was waist. Two frontal neck zippers and a circum-
conducted by the U.S. Air Force Aerospace ferential waist zipper are also provided for
Medical Laboratory, Aeronautical Systems Di- ease in donning and doffing.
vision. Many design changes have been made The pressure-suit ventilation system is an in-
to the suit since the start of the Mercury pro- tegral part of the torso section. A ventilation
gram and, indeed, changes and modifications inlet port is located at a point just above the
are still being investigated to provide as good waist on the left side of the torso section. This

a suit as possible for the Project Mercury inlet port is connected to a manifold inside the
flights. In this paper, the suit is briefly de- suit where vent tubes lead to the body extrem-
scribed and emphasis is placed on showing the ities. These tubes are constructed of a helical

developmental evolution of the present pressure spring covered hy a neoprene-coated nylon fab-
suits, ric that contains perforations at regular inter-

The full pressure suit consists of five baltic vms. Body ventilation is provided by forcing
components, the suit torso, helmet, gloves, boots, oxygen from the environmental control system
and undergarment, into the inlet and distributing this gas evenly

over the body. The ventilation system in the
Pressure-SuitTorso Mercury pressure suit was especially developed

The suit torso, as shown in figure 34, is a to insure compatibility with the environmental
closely fitted coverall tailored for each of the control system.
astronauts. It covers all of the body except The suit torso section contains several items
for the head and hands. The torso section is which have been developed specifically for Proj-
of two-ply construction: an inner gas-retention ect Mercury. They are as follows:
ply of neoprene and neoprene-coated nylon fab- Bioconnector.--The biocolmector provides a
ric and an outer ply of heat-reflective, alumi- method for bringing medical data leads
nized nylon fabric. The helmet is attached to through the pressure suit. The bioconnector
the torso section by a rigid neck ring. A tie- consists of a multipin electrical plug to which
down strap is provided on this neck ring to the biosensors are permanently attached, a re-
prevent the helmet from rising when the suit ceptacle plate mounted to the suit torso sec-
is pressurized. Straps are also provided on the tion and an outside plug which is connected to
torso section for minor sizing adjustments of the spacecraft instrumentation system. With
leg and arm length and circumferences _nd to this system, the biosensor harness is fabricated
prevent the suit from ballooning when pressur- with the bioconnector as an assembly and no
ized. additional electrical connectors are introduced
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neck dam is rolled and stowed on the outside

of the neck ring disconnect. After the astro-
naut removes the helmet in preparation for

k _TEawu__ egress, he unrolls the neck dam until it provides
2_ RECEPTACLE PLATE a seal around his neck.

3. _ARMENT WITH Pressure Indicator. A wrist-mounted pres-
seacEa PATCHES sure indicator is worn on the left arm. This in-

dicator provides the astronaut a cross check on
his suit-pressure level. The indicator is cali-
brated from 3 to 6 psia.

Fxarar 3-.5.--Bioconnector (installation). Blood-Pressure (Yo_mector. A special fitting

into the transducer system. Iii operation (fig. is provided on the suit torso which permits
3-5) the male internal plug is inserted inside pressurization gas to be fed into the blood-pres-
the suit receptacle and locked into place. The sure cuff. A hose leading from the cuff is at-
internal plug protrudes through tile suit to al- tached to this connector during suit donning.
low the spacecraft plug to be attached. The After astronaut ingress into the spacecraft the
bioeonnector system has proven to be a much pressurization source is attached to the connec.
more satisfactory connector than the previously tor on the outside of the suit.
used biopatch. Helmet

Neck Da_n.--A conical rubber neck dam is
attached to the torso neck ring as shown in fig- The helmet asselnbly, shown in figure 8-7,
ute 8-6. The purpose of this neck dam is to consists of a resinous, impregu_ted Fiberglas
prevent water from entering the suit in event h_rd shell; an individuMly molded crusha_ble
of water egress with the helmet off. The impact, liner; a ventilation exhaust outlet; a

(a) Stored position. (b) 'Unrolled position.

linguae 3-6.--Neck dam.
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hand controller. Tlle glove, like the torso sec-
tion, has a two-ply construction--the inner gas

t at'cxa,_0_ retention ply and an outer restraint ply. ThelAir, lq
___;xr&as_soa inner ply is fabricated by dipping a mold of
a_¢ _aoa the astronaut's hand into Estane material. Thc
¢_-oe_a._ outer ply is fabricated from one-way stretch5. [I_q..ATEI_Tla_
a _Oa sro_ _-_ nylon on the back of the hands and fingers and
7..VI.qORSEAl. _ff'B_E
a_ao_s a neoprene material injected into a nylon fab-

ric in the palm of the gloves to prevent slippage
in turning knobs, and so forth. Lacings are
provided on the back of the glove to allow for

l_otmE 3-7.--Helmet assembly, minor adjustments. Two wrist restraint straps
are provided to form break points and thereby

visor sealing system; and a communica/;ions improve pressurized glove mobility.
Minature needle-like red finger lights are

system, provided on the index and middle fingers of
Tile helmet visor s_ding system consists of both gloves. Electrical power is supplied to

a pivoted Plexiglas visor, a pneumatic visor
the minature lights by a battery pack and switch

seal, and an on-off xqsor valve. Closing the on the back of the gloves. .These lights provide
visor actuates the valve and causes automatic instrument-panel and chart illumination before
inflation of tim visor seal. The visor seal re- the astronaut is adapted to night vision.mains inflated until a deflation button on the

valve is manually actuated by the astronaut. Boots

The valve has provision for attachment of the Lightweight, aluminized, nylon-fabric boots
visor-seal gas-supply-bottle hose. with tennis-shoe-type soles were specially de-

The hehnet communication system consists signed for the Mercury pressure suit. These
of two independently wired AIC-10 earphones boots resulted in substantial weight savings,
with sound attenuation cups and two Jude- provided a comfortable boot for flight, and a
pendently wired AIC-10, newly developed, flexible friction sole which aids in egress front
dynamic, noise-cancelling microphones. The the spacecraft.
microphones are installed on tracks which al-
low theln to be moved back from the center of Undergarment

the helmet to permit eating and proper place- The undergarment is a one-piece, lightweight,
ment. cotton garment with long sleeves and legs.

Thumb loops are provided at the sleeve ends toGloves
prevent material from ridhtg up the arms dur-

The gloves attach to the suit torso at the lower ing suit donning. Ventilation spacer patches
forearm hy means of a detent ball-l_aring (see fig. 3-5)of a trilock construction are pro-
lock. The gloves have been specially developed vided on the outside of the undergarment to
for Project Mercury to provide tlle maximum insure ventilation gas flow over certaht critical
in comfort and mobilikv. Early centrifuge areas of the body.
programs dictated the requirements for this
development. Poor mobility in wrist action Pressure-Su/t Support

when the suit is pressurized caused an impair- Prior to and after astronaut donning of the
ment in the use of the three-axis head con- pressure suit the complete assembly was pres-
troller, surized and leak checked at 5 psig, and at 5

A pressure-sealing wrist bearing was in- inches of water differential pressure. This test
corporatext to improve mobility in the yaw- console provides the pressure control and leak-
control ,axis. The one-way stretch material on age measurement system required.
the back of tbe gloves impcoves mobility in the During astronaut transfer from the suit
pitch and roll axes. dressing room to the launching pad, a light-

The gloves have curved fingers so that when weight, hand-carried, portable ventilator pro-
pressurized the gloves assume the contour of the vided suit cooling.
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Constant communications are maintained developed. This report presents a brief de.scrip-

with the astronaut during this transfer by uti- tion of each of these items and the develop-

lizing portable communication headsets carried mental programs.

by the astronaut insertion team.
In the MA-6 flight, the pressure suit served Liferaft

more as a flight suit since the cabin pressure
was maintained. Astronaut connnents indi- Early in the Mercury program it was decided

cated that the pressure suit was satisfactory that improvements could be made in the design
of the PK-2 raft. These improvements in-

throughout the flight, cluded improved stability in rough seas and

Survival Equipmenl ease in boarding. A contract was let in No-
vember 1959 to fabricate several liferafts which

Introduction incorporated bow ballast buckets under the

The MA-6 spacecraft was equipped with a raft for stability and a defiatable aft section
survival kit (fig. 3-8) made up of standard to simplify boarding. Tests of these rafts with

a subject in a full-pressure suit proved that

they were very difficult to capsize and easy to
board.

With the configuration settled upon_ an at-
tempt was made to reduce the weight of the

raft by the employment of a lighter base fabric
and coating and CO2 cylinders.

Sea tests were again performed by NASA
personnel attired in a Mercury pressure suit
using liferafts fabricated of conventional fab-
ric, built in accordance with the NASA designs.
The subject was able to sit on one side tube of

FIGURE3-8.--Packed survival kit. the raft without capsizing it.

I)epartment of Defense (DOD) survival items An inhouse program was then initiated to
and other items recently developed by the improve the raft reliability and reduce its
NASA. This survival equipment is carried for weight by decreasing the number of fabrication

emergency recovery contingencies and has not seams through the utilization of new materials.
been used in the three manned flights to date. Figures 3-10 and 3-11 are photographs of the

rafts developed by NASA.

Contents Test results indicated satisfactory or superior

performance when compared with conventional
Contents of the survival kit are shown in rafts or rafts developed to date for NASA.

figure 3-9 and are as follows: The new unit was significantly lighter than con-
Sea dye marker Signal mirror ventional rafts, packed to about 1/_ the thick-
Survival flashlight Zinc oxide ness, and when inflated provided over 3 square
Shark chaser Soap feet of additional space for the occupant. This
Food container Medical injectors raft contained only I seam as opposed to 11
Jack knife First-aid kit seams in the previous rafts.

Sun glasses SARAH beacon Two single-seam rafts were fa_bricated and
Pocket waterproof Nylon lanyard strength tested to 5 psi and shape retentiou

matches Liferaft after 24 hours with 2 psi. These rafts were

Signal whistle Water container then packed and subjected to the shock, ac-
Survival knife celeration, temperature_ vibration_ vacuum_ and

The newly developed items include the flash- oxygen conditions specified for the Mercury

light, liferaft, water container_ and automatic spacecraft. After passing these tests_ the rafts
medical self-injectors. Also, a newly developed were reinfiated, repacked, and considered flight

life vest, not contained in the survival kit_ was items for the MA-6 mission.
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_GXmE 3-9.--Survival kit components.

realized, since when filled with 6 pounds of

water, the bag takes up space already mmsable
itt the lifemft kit.

Figqn'e 3-12 shows tile water container ill tile
uninflated, unfilled condition. Water is forced

under pressure into the container by means of
tile one-way pressure valve shown in tile lower,
middle, left-hand sectiou. The astronaut drinks
through the plttstie, spiral tube. An Estane

F_OURE 3-10.--Liferaft showing stabilizing buckets.

Water Container

The original spacecraft water containers were
two inflexible 1-pound plastic cases containing
3 pounds of water each, with a total weight of
8 pounds. It. was determined that a flexible
water bag might be installed itl the liferaft kit

which would provide both inflight and survival
drinking water and reduc_ overall weight and
volume.

By fabricating these iteras of neoprene coated
nylon fabric, an immediate savings of 13/4

pounds and 220 cubic inches in volume was r_Gvar 3--ll.--Liferaft top view.

38



FiaxmE 3-12.--Water container. FmvPm 3--14.--Life vest.

liner within tile bag insures tasteless water. The second model, with minor modification and
Figure 3-13 shows how the water container supplementary testing, became the standard
packs imo the survival kit. The liferaft is flight items of equipment.
placed on top of the water container. Internal carbon dioxide actuating devices

were desig'ned to reduce bulk and weight.Life Vest
Lighter weight coated fabrics were tested and

As a result of the MR4 recovery operation in one was selected (5 oz nylon with 1.5 oz
which the astronaut had to make an emergency neoprene).
exit without his survival kit, it became apparent A packet to stow the vest was developed.
tlmt an emergency flotation device was required The present configuration (fig. 3-14) is trape-
to maintain flotation in a water-filled pressure zoidal, 5- by 4- by 3- by 1-inch in thickness.
suit. In order to preclude or reduce the pos- The packet and vest weigh less than 1 pmmd
sibility of similar situations of this nature, the (0.99 lb) and contain an oral inflater in addi-
NASA instituted the development of a minia- tion to the internal carbon dioxide charge.
turized life vest employing the following' Presently, the packet is affixed to the suit be-
criteria: low the neck ring. A lanyard is provided to

(1) Minimal bulk (less than '20 cu in.) preclude accidental loss upon inflation. Place-
(2) Minimal weight (less than 1 lb) ment tests of the package indicate the chest
(3) Minimal interference with flight effi- area to be as satisfactory as the lower leg. The

eiency entire unit can be opened, inflated, and donned
Two basic configurations were fabricated, one with one hand in less than 10 seconds when

a simple tube similar to a ski be]t, the second attired in the pressure suit.
a belt. with inflated hooks (fig. 3-14). The in- Tests were nmde itt the open sea from a
flatable hooks were constructed to provide a launch. The test subject first swam about with
positive grasp to the wearer's shoulders; easy the pressure suit in tile intact condition, then
donning and doffing features; and adequate actuated the flotation device, donned it, and
flotation dmracteristics without impairing opened tile zipper to his suit. The suit soon
rescue, recovery, or swimming of the astronaut, filled with water and the subject swam about

unhindered. The 'subject then was instructed
to remove the vest while tied to a safety line.
He was unable to remain on the surface unless

held there by the safety line.
Final acceptance testing, s, including high

shock, acceleration, heat-cold, vacuum, and
vibration, were performed in accordance with

f_ _- _ the requirements for all spacecraft hardware.
_.9 The life vest was carried by the ,astronaut dur-

Flol.rlm 3-13.--Water container in survival kit. ing the MA-6 flight but was not used.
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Automatic Self-Injectors

The survival kit contained four automatic

self-injectors which contained medications for
pain, shock, and motion sickn .ecs and a stimu-
lant. These injectors were developed under an
NASA contract. The injectors are stored in a
small package. One end of the injector is
equipped with a red safety cap and the other
end contains the medication and needle. Upon
removal of the safety pin, the injector is armed.
By pressing the needle end of the injector into
the pressure suit, the needle is extended through
the suit into the skin and the medication is l_-

leased. The resulting hole in the suit caused aa rxGvaE3-15.--_q.ight sensor harness.
insignifcant suit leak. In the MA-6 flight the
astronaut did not use any of the injectors prior to support a disc of 40-mesh stainless steel
to, during, or after the flight, screen, 30 mm in diameter and approximately

2 mm above the skin. The center conductor of
Po_trecovery Kit

a miniature-type coaxial cable is brought
Each of the MA-6 recovery ships was through a strain relieving projection in the

equipped with a postrecovery kit which con- rubber ring and soldered to the screen. A piece
t ained: of thermally shrinking plastic tubing seals the

High cut gym shoes Toothbrush cable shield at the entrance into the ring to pre-
Flight jackets Razor and blades and vent the entry of moisture.
T-shirt cream Before the electrode is applied to the washed
Shorts (briefs) Combs and shaved skin, a coating of elastoplast adhe-
Socks Wrist watch sive is applied to the bottom surface of the elec-
Handkerchiefs Pressure-suit-helmet trode and allowed to dry. The ring cavity is
Sunglasses carrying case filled with a paste composed of bentonite, cai-
Wash cloths Postflight coverall cium chloride, and water. The electrode is
Soap then applied and the cavity of the ring is

checked; voids are eliminated; then the assem-
Bioinstrumentatlon bly is sealed with tape. A 4-inch square of

Introduction moleskin applied over the entire sensor area
completes the installation.

The biosensors used to monitor the physio- The signal from the ECG electrode is trans-
logical state of the pilot during the MA-6 flight mitted via the coaxial cable within the pressm_e
are essentially the same as those used on the suit to the bioconnector and then to the ECG

previous MR 3 and MR4 suborbital flights amplifiers in the spacecraft instrumentation
with the exception that for the first tilne the package. Differential amplifiers with high in-
astronaut blood-pressure measuring system put impedance and good common mode rejec-
(BPMS) was used. (See fig. 3-15.) tion are used to raise the signal to that required

A detailed discussion of the electrocardio- for input to the spacecraft telemetry system.
gram, body-temperature, and respiration sen- ECG measurements are discussed in paper 9.
sots can be found in the report on the MR-4
flight (ref. 3), and these sensors will be only Respiration Sensor
briefly treated here. A more complete discus- In order to measure respiration rate and
sion of the BPMS is included, depth, a thermistor anemometer detecting the

flow of the expired air was used. A thermistor
Electrocardiographic Sensor with sufficient current through it to maintain

The ECG sensors consist of rings composed its temperature at approximately '200° F in still
of silicone rubber. The rings are constructed air was mounted in a small plastic enclosure
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that was attached to one of the microphones method utilizes essentiMly the same principle
within the helmet. A furmel-shaped opening used in clinical sphygmomanometry, namely an
facing the pilot conducts a portion of the ex- inflatable occluding cuff on the left arm. The
pired air across the heated thermistor, and cuff is inflated by gas to a pressure in excess of
through exist vents in the back. 5'_qmnthe flow expected systolic pressure. As the pressure de-
of air cools the thermistor, the resistance change creases slowly, a microphone placed under the
causes a voltage variation across the sensor, lower half of the cuff over the braehial artery
This voltage change is sensed by a small pre- transduces the Koretkoff sounds (ref. 5). The
amplifier mounted on the cable leading from signal from thc microphone is amplified a_nd
the sensor and this signal is transmitted through mixed with a signal from a pressure transducer
the pressure-suit biconnector to the spacecraft which transmits the cuff pressure. In order to
instrument_t.ion package, find the arterial pressure it is necessary to

The respiration sensing system does not yield identify the points of inception and cessation of
data from which tidal volume can be deter- the microphone signal on the cuff pressure
mined. The microphone to which the sensor signal, which are the systolic and diastolic
is attached is pivoted so that it can be adjusted, pressures.
5_qaen the microphone is moved, the signal from In order to develop a blood pressure measnr-
the sensor varies because of the change in the ing system (BPMS) for spacecraft use, a num-
volume of air passing across the thermistor, bet of problem areas had to be considered:
The respiration data have not been fully saris- (1) Pilot safety and comfort
factot:y to date. Therefore, an improved re- (2) Establishment of the accuracy of the
spit-ation sensing system employing the im- measurement compared to clinical and
pedance pneumograph principle is presently direct methods

being developed under an NASA Morn'md (3) Operation in a full-pressure suit
Spacecraft .Center contract. Details of the (4) Operation on an active subject in a noisy
impedance pneumograph are published in environment

reference 4. (5) Compatibility with spacecraft systems
(6) Compatibility with the receiving facili-

Body Ttanperature ties at Mercury Control Center and the

The body temperature probe is a thermistor Mercury Network stations
mounted in a special rectM catheter. The cathe- The original concept of the BPMS (fig. 3-10)
ter is a small plastic cylifider about 3 mm in was an automatic system, which would be initi-
diameter and 25 nun long from which the ther- aced from a tracking station through the eom-
mistor projects approximately 2 mm. The ther- mand receiver, by an automatic sequencing de-
mistor, catheter, and lead wires are dipped in vice onboard or by the pilot. The automatic
liquid latex to a length of about _0 cm to pre- system incorporated speciM safety circuits to
vent the entry of moisture. The thermistor dump the cuff pressure if the cuff stayed above
forms one arm of a resistance bridge which is

/

excited by 400 cps current and which is located r-0CCLU01NG r- PROGRM_ED
I 'x CUFF DUMP \ REGULATOR

in the spacecraft instrmnentation package. _----'_----'h_MICROPHONESOLENOID7'/ FILL
/' SUIT MERCURY / / _-SOLENOID

Body temperature data are discussed in paper 9. y[ FiT_J_NG_'_1_'_ ?/ 'f__0 2

,_ __ _O0 PSI

Blood-PressureMeasurlngSystem ;'-_ _' [_MOTO_In April 1961 it was decided to institute a "x,
program to develop a device to measure arterial '_-_/IPRPRESSURE _

pressure. It was hoped that a system could [[ssu_ _X_c___DII L---------J/ _--._M_,?. --_ _l__Tl._l,_.._.-_

be developed in time for the first orbital flight. ! _ SUTpN_ 'MARCSVSTEM_L__
After a survey of the current state of the art, / ] AMPUFIER/_ ] I

the decision was made to use the new method / _q', _1 I ',TO SPACECRAFTj

then currently under development. An inten- PREAMPLIFIERJ "'_nLTER_ TELEMETRY
sire effort to design, develop, and test the flight
hardware was started in June 1961. The Fmraz 3-10.--Block diagram of automatic BPMS.
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60 mm Hg for more than 2 minutes. This fca- Dr. Geddes observed in reference 5 that if

ture provided for the skuation in which the the microphone signal is filtered so that only
pilot was nnconscious and the automatic system frequencies between 39 and 40 cps are used,
failed to bleed off the cuff pressure. The cuff the various artifacts due to movements and

prea_ure in tlle automatic system was decreased ambient noise level are greatly attenuated,
in a linear nmnner from 220 mm Hg to 60 mm while the component that allows the discrimi-
Hg by a special pressure regulator in which nation of the systolic and diastolic points is
the reference spring tension was varied by a passed. Sometime prior to the inception of the
motor-driven cam. The pneumatic system con- project, this observation was confirmed. For
sisted of an oxygen storage flash, solenoid fill flight use a specially damped, piezoelectric

valve, motor-driven re_dator, dump solenoid microphone was developed. The instrument is
valve, cuff pressure transducer, and suit refer- about. 3.5 cm in diameter and 0.5 em thick and

enco manifold. The regulator, dump solenoid is so constructed that sensitivity to noise enter-

valve, and pressure transducer were referenced ing from the side away from the skin is greatly
to a manifold connected through a flow restrie- reduced. The microphone signal exists from

tor to the pressure-suit system to prevent, dif- the suit through the bioeonnector and enters
ferenees between cabin pressure and suit the amplifier in the blood-pressure unit. The
pressure from causing large em'ors and to allow BPMS amplifier consists of a shielded prealn-
measurements in the evm_t of the loss of cabin plifier and two high-gain amplifiers which de-
presstme. After considerable testing it was de- termine the response characteristics. Each am-
cided to wear the cuff inside the' suit because plifier is designed to have greatly attenuated
readings taken with the cuff outside of the suit response outside the 3'2 to 40 cps pass band by
showed large errors due to the cooling duets means of resistor-capacitor filtering circuits in
within tbe suit. The problem of entering the each feedback loop. The amplifier output is

suit with a pneumatic line to infate the cuff gated so that unless a signal of sufficient am-
required extensive development. A fitting was plitude is present there is no output signal, and
devised that is comfortable, reliable, and easily this gating results in a marked reduction in the
disconnected for spacecraft e_'ess, output noise level for improved readability of

During the testing of the preliminary system the signal.
on astronauts and other flight personnel it be- The cuff pressure is measured by a potenti-
came evident that the standard 5-inch clinical ometer-type transducer powered by two mcr-

cuff was unsatisfactoI_' because of its stiffness, cury batteries to give the zero-centered +1.5
bulk, and the fact. that arm movement was re- volt output necessary for input to the telemeter.
stricted. A new cuff (fig 3-17) was devised by The signal from the pressure transducer passes

through a miniature transformer where it isf9¥-.._

_LON_ \//ff'"'_ mixed with the output from the microphone and
then on to the output dipping circuits that

_-_..___ protect the tel emetry system from excessivevoltages that can cause cross-channel inter-
/i"_ ferenee.

£ In order to compare this method with direct

arterial measurement, a special centrifuge unit

FI01Yaz 3-17.--BPMS cuff. was fabricated and installed on the human
centrifuge at the University of Southern Cali-

the NASA which has proved to lre acceptable fornia (USC). A series of tests were per-
on all points and is ahnost mmoticeable in its formed by lrersonnel from USC, NASA, Mc-
uninflated state. Tests were performed toc(,m- Donnell, and AiResearch. Subjects equipped

pare the new cuff with the standard cuff and with the BPMS on the right arm and an arterial
the resulting data were identical. It is felt catheter on the left arm were tested at various
that the new cuff type has application where accelerationlevels. Spot checks were also made
comfort, light weight, ease of application and with a clinical cuff and stethoscope. The re-
unrestricted arm motion are desired, sults showed that at lg the BPMS method re,'_l
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about 5 mm lower on systole and about 5 mm

higher on diastole compared with tile direct
arterial readings.

There is an increased scatter in the points as
acceleration increased which is thought to be

partly due to the "eyeballs-down" position of
the subject causing a pooling of blood in the
lower arm. Comparison of the data from the
BPMS with clinical and arterial tests can be
summarized as follows: The BPMS is more
accurate than the clinical method when both

[

are compared with the direct arterial measure-
ments, and the BPMS readings compared with

the clinical readings are higher on systole and k.,.
lower on diastole, a fact which is probably due
to the increase in sensitivity of the microphone _Graz 3-19.--Manual BP_IS flight equipmenL
over the stethoscope.

In order to test the system further as well as velop the BPMS as late as 1961 resulted in the
to obtain baseline data on the pilots, a centri- system being a retrofit item instead of planned
fuge unit was installed on the centrifuge at the spacecraft, equipment. A number of late
U.S. Navy Aviation Medical Acceleration changes were made in the configuration of the
Laboratory (AMAL), Johnsville, Pennsyl- system to reflect developments in the space-
vania. Various noise and vibration problems craft equipment. The area originally selected
were encountered and solved. The tests were for the mounting of the BPMS was proved un-
most useful in the testing of the proposed flight desirable due to egress difficulty. Alternate
amplifier, and they also provided the first op- areas selected required repackaging of various
portunity to obtain pilot comments on the de- components and finally resulted in the elimina-
vice. It was during these tests that'the pres- tion of the gas pressure source, regulator, and
sure-suit fittings and special cuffs were devel- motorprogramer and the installation of a hand-
ope& pumped inflation system with a simple orifice

Concurrently with the test program, prob- to release cuff pressure (figs. 8-18 and 3-19).
lems in spacecraft integration were being Subsequent flights will be provided with a
pursued by the McDonnell Aircraft Corpora- BPMS requiring only a switch actuation to
tion. The decision to start the program to de- initiate the cycle. This system will contain
____...._uOCCI-UD_NGMANUAL.... _ the gas pressure source for cuff inflation, the

FF regulator, and the orifice to relieve cuff pres-
BULB ( ) PRESSURE]

/-MI?OPHONE , ORFICE_[ TRANSDUCER_ sure and will allow a larger number of deter-
I[ iX ,

__(g_=__f SUIT _ minations.
FITTING m In order to measure arterial pressure with-I _SEaUENC-

', /[ ] --mc out adding telemetry channels, the input to thei ] CIRCUITS?
M,r_ _ channel carrying the sternal ECG lead wasTS,0CO..EC switched to BPMS during blood-pressure de-

/ j IICLI_INSI_
/ / PRE.......... ilCIRCUITS[_ terminations. The band width required for the

/ A_I_'-IER_ I I BPMS is somewhat greater than that required
for ECG and it was necessary to modify the re-

_ TOSPACECRAFT ceiving equipment to insure legible readout.
FILTERS_ TELEMETRY Blood pressure measurements are discussed in

FIef'ss 3-18.--Block diagram of manual BPMS. detail in paper 9.
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4. LAUNCH-COMPLEX CHECKOUT AND LAUNCH-VEHICLE
SYSTEMS

By B. PORTEaBaowN, MercuryLaunch Coordinator,NASA Manned Spacecra]t Center; and G. MEamTT
PaZSTOS, Chic/, Preflight Operations Division, NASA Manned Spacecra/t Center

Summary launch cmnplex was basically designed to sup-
port Atlas D operations. Both the complex

In summary this paper has pointed out the and the launch vehicle, however, were modified
planning required to support the launch corn- to provide various and specific features that
plex and vehicle for the MAd; operation. For- were necessary for a manned spacecraft opem-
tunately, all modification and emergency type tion. A brief description of a standard launch
considerations ;;-ere not activated during the complex and launch vehicle is given first so that
operation. However, the paper has indicated the special features for Mercury will be more
the necessity for such items in support of readily recognized. Figure 4-1 shows a stand-
manned spacecraft operation. It is not the in- ard Atlas D launch complex. The term "corn-
tent of this paper to suggest that all possible plex" includes such facilities as the blockhouse,
combinations of occurrences were thought of fuel and liquid oxygen storage, electrical power
and planned for. Such a conclusion can only
be reached after considerable experience is BLO_K,ou_
gained from many such operations. The sue- ,'--_/
cess of M.A-6, however, indicates that the uMS,L,C_L_.OxsTo_Ao_
planned concept, test procedures, and check-out
and preparation techniques were sound and that
no additional major modifications are neces-
sary for support of a manned orbital operation.

Introduction

This paper is concerned with the special
modifications and considerations for Mercury l_G_az 4-1.--Stanaara Atlas D launch complex.
launch operation involving the launch complex
and the launch vehicle. The paper covers two supply, service tower, and the launching pad.
areas, long-range planning, and the tests and All equipment necessary to check out corn-
preparations of the complex and the launch pletely each system on the complex and in the
vehicle for the MA-6 operation. For the sake launch vehicle is located in these facilities and
of clarity, comparisons are made between stand- each of these systems is completely vMidated
ard Atlas boosters and complexes and the prior to each launch operation. Figure 4-9
launch vehicle and complex as configured for shows a view of some of the checkout equip-
Mercury. ment located inside the blockhous_

The general configuration of the launch
Description of Launch Complex and vehicle is shown in figure 4-3. The launch

Launch Vehicle vehicle is allA stage, liquid-propellant launch
The Mercury-Atlas 6 vehicle-;vas launched vehicle with five engines: '2 booster engines, 1

fi'om launch complex 14 at Cape Canaveral, sustainer engine, and 2 small vernier engines.
Fla. The launch vehicle used for this mission These engines proauce a total tt,_st of approx-
was essentially an Atlas (series) D and the imately 360,000 pounds. The fuel tank is lo-
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FIGURE4-2.--View of equipment in blockhouse.

cared immediately above the main engines and altitude against range. Two seconds after lift-
the liquid oxygen tank is located above the fuel off, the roll program is initiated by onboard

tank, the tanks being separated by a bulkhead, flight equipment. This maneuver is necessary
System components, such as command receivers, because the launch pad is oriented so that the
telemetry packages, guidance equipment, an- pitch axis ut' the launch vehicle is alined on an
tennas, and so forth, are housed in the two pods azimuth of 105 ° while the Mercury spacecraft
on the sides of the fuel rank. Launch-vehicle insertion head is about 75 ° . Therefore, the roll

guidance is provided by a combination of on- program has to rotate the launch vehicle ap-
board equipment and ra[do ground guidance proximately 30 ° to aline it with the Mercury
equipment, spacecraft insertion heading. At 15 seconds

Perhaps the best way to explain the normal after lift-off the roll program is complete and
functions of the launch vehicle is to look at the then the pitch program is started. Although

sequence of events during powered flight. Such
a sequence is shown in figure 44. The figure ALTITUDE VS SURFACE RANGE FOR LAUNCH-

VEHICLE POWERED FLIGHT PATH
shows the launch-vehicle traiectory plotted as

ALTITUDE

_' /_: SUSTAINERENGINECUTOFF301 SEC /
f

STARTS5
_XK_ _10 FT

LOX
TA BULKHEAD

67 FT41N Lz 6 SEC

STUBl _ _VERNIERENGINENO.I / _/___ STAGING
154SEC

POD-__ / "-BOOSTERENGINECUTOFFt50 SEC

il6 Fm__ _.S_STAtNERENGINE fSTARTPITCHPROGRAM
BOOSTERENGINESJ_ _r2FT31N. //.ENDR?LL PROGRAM15SEC , r

SURFACERANGE
FmUaE 4-3.--Standard Atlas D launch vehicle. FIGURE4--t.--Sequence of events during powered flight.
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BLOCKHOUSE COMMAND ABORT SYSTEM-7
/

RESCUE _ /
AND FIRE EGRESS rUMBILICAL _
VEHICLES_ TOWER_ ! TOWER

FUEL _ _ ' /_/"" _""_/" /

SERVICE / /2_ '_'"',.._._,_- _TEST VEHICLE/*

'rOWER/,// /' .,:'

RooM-- --WATERmDFOAMNOZZLES
FZOL-aE 4--5.--Mercury modifications to launch complex.

the pitch program is active throughout the re-
maining portion of powered flight, the rate at
which the pitch program changes the pitch at-
titude varies throughout the trajecto_-. At
T+130 seconds, the ground guidance station
sends a command which shuts off the two boost-

er engines. Then the sustainer engine is locked
in the neutral position and the booster engines
are jettisoned. The sustainer engine is then rxovaE4_.--8ervice tower showing white room.
unlocked and the vehicle is guided to insertion
by the controllable sustainer engine which is
positioned by commands from the ground guid-
ance station. At approxinmtely T+300 sec-
onds, the ground guidance station, once satisfied
that all insertion parameters are attained, sends
a command which shuts off the sustainer and

vernier engines.

Complex and Launch-Vehicle Modifications

As mentioned previously, in order to support
Mercury missions, both the complex and the
launch vehicle were modified. Figure 4-5
shows the major modifications tlmt were made __
to the complex. In the service tower, a room -:
was built to enclose the spacecraft. Fig'u,-e 4-6
shows an external view of the service tower

and the specially built room. This room, com-
monly called the "white room," is located near
the top of the service tower. The spacecraft
is shown in the figure immediately outside of --
the sliding doors of the white room. Figure
4-7 presents a close-up view looking into the
white room. The figure shows the sliding doors
in the open position and the spacecraft sus-

pended just above the adapter. The figure also · ,1
shows the roof in the folded position, but the
floor is shown intact. It should be pointed out rlOURE4-7.--Inside view of white room.
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spacecraft without external aid or, in case the
astronaut became incapacitated, the external
egress crew could use the tower to remove the

astronaut. Also shown in the figure is the mo-
bile egress tower, known as the "cherrypicker."
The mobile tower is shown on the left of the

i figure in a partially extended position. This
mobile tower was used on the Mercury-Redstone

i operations; however, subsequent tests on the
:i Atlas complex indicated that the tower may
i possibly interfere with radio transmissions.i

Also, the tower was subject to possible damage
from the greater pressure environment pro-
duced by the Atlas engines. It was decided,
therefore, that the mobile tower was not as well
suited for an Atlas launch as was the fixed struc-

ture previously discussed. The "eherrypicker"
however was stationed behind the blockhouse
so that it could be used as substitute in the

event that the primary egress tower failed to
operate.

Special rescue and firefighting vehicles were
stationed just outside of the complex to trans-
port the egress crew to the tower and/or to
meet the astronaut at the tower and transport
him away from the complex. Figure 4-9 shows
the position of these vehicles relative to the

Fm_mE4_.--Emergency egress tower, launch pad. The astronaut-transport vehicle,
with its covering of special thermal insulation,

that the floor also can be folded in a manner can be seen in this figure. The egress proce-
similar to that of the roof. The movable doom, dure ;vas practiced many times and it is interest-
floors, and roof are necessary to allow opening ing to note that the astronaut could evacuate
of the white room so that the service tower can the spacecraft and be delivered to a safety zone
be moved away from the flight vehicle approxi- outside of the complex in about 2% minutes.
mately 55 minutes prior to hmnch. The eh- A special firefighting system was also in-vironment in this white room was controlled

to minimize the effects of humidity, dust, and stalled. The four nozzles shown in figure 4-5
- · were remotely controlled from the blockhouse

so forth, on the spacecraft components, in such a manner that water or fire-smothering
An emergency egress tower is shown in fig- foam could be directed to any area inside the

ure 4-8. The figure shows the egress platform
in the extended position such that the end of
the platform is adjacent to the door of the space-
craft. When retracted, the platform is rotated
in the vertical plane about the opposite end _' ::_
and locked in the vertical position. This fea-
ture is necessary so that the launch vehicle,
when launched, will not strike the platform.
Actually, the platform is held in the vertical
position during the entire countdown and, if
needed, it is lowered to the extended position
in about 30 seconds by means of remote con-
trol from thc blockhouse. This tower provided
the astronaut with a means of evacuating the FIGURE4-9.--Rescue and firefighting vehicles.

48



and the spacecraft is mounted on top of the
adapter.

Pilot Safety Program

It was recognized at the beginning of the
program that the launch vehicle would have
to be modified in some areas for Project Mcr-
eury; therefore a special study program was

initiated to evaluate each system, concept of
operation, and the effects of combinations of
various failures that could conceivably occur.
This program, called the "Pilot Safety Pro-
gram," drew on the talents of many groups,
primarily those groups with previous experi-

. _ ; ence gained from Atlas D operations. The
philosophy stressed in this program was based
on the use of fully developed components in or-
der to preserve system reliability as established

· --. - by flight experience. The program also estab-
lished a standard for components to be used on
Mercury launch vehicles so that component ac-

FXGImE4-10.--Firefighting nozzle, ceptability could be based on nominal perform-
ance characteristics rather than outstanding or
better than expected characteristics. There

complex. Figure 4--10 shows a close-up view of were some instances in which wiring or cir-
one of the nozzles, cuitry changes were made, but in these cases

A radio command system was installed in the the changes were made to improve system
blockhouse. This system provided a ground- reliability. The factory rollout procedures and
command means of firing the spacecraft escape the flight safety review for the pilot safety pro-
rockets and aborting the spacecraft prior to gram are discussed in detail in references 1
launch and was the primary system for abort and _.

during the first 10 seconds of flight. No attempt is made to mention all changes
The Mercury configuration of the flight made to the launch vehicle; however, the major

vehicle is shown in figure 4-1i. The adapter changes will be discussed. For instance, after
which mates the spacecraft to the launch vehicle ignition, the launch vehicle is intentionally held
is immediately above the liquid oxygen tank down for several seconds in order to determine

that the engines are functioning properly. ThisMA-6 FLIGHT VEHICLE
change was a result of previous experience

JSFT. iN. _ESC_ TOWER which showed that, after ignition, the engine

6_ .SPACECRAFT performance could possibly become erratic

4 FT 31N.__ _SPACECRAFT ADAPTER (rough combustion) and cause destruction of

__ the launch vehicle. The experience also showed

I0FT that the additional hold-down time would pro-
vide sufficient time to detect such a malfunction

95Fq 4 IN. BULKHEAD

I I /- preventing destruction.
67 FT4 IN. ¢' ' -FUEL TANK (aP-I) Another system that was modified is the eom-STUB ' _VERNIER ENGINE NO.I

Po maud destruct system. This system was changed

__TAINER ENGINE to include a time delay circuit so that if a man-ual destruct command was sent to the launch

ROOSTERENGINES _L_-FT31N. vehicle, receipt of the command would im-
Fxamm 4-11.--M'ereury configuration of flight vehicle, mediately fire the spacecraft escape rocket mo-
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tor; but destruct action of the launch vehicle mand from ground control, the control unit calls
would be delayed 3 seconds to allow the space- for spacecraft abort. It should be pointed out
craft time to escape from the launch vehicle, that just prior to launch, the ASIS indicates

The addition of the time delay circuit intro- to the blockhouse that the system is in a ready
duced the major modification made to the launch condition; however, the system is not actuMly
vehicle--the abort sensing implementation sys- activated urXil the launch vehicle has risen 2
tem (ASIS). This system wa_ designed spe- inches. This feature precludes spacecraft abort
cifically for Project Mcr(tory, and its purpose in the event, that the engines should shut down
was to provide an automatic system that would after ignition but prior to lammh-'_-ehicle re-
sense specific quantities in the launch vehicle, lease. Of course, the ASIS is far more eompli-
detect when those quantities indicated impend- cated than implied by this discussion, however
lng catastrophe in the launch vehicle, and abort the intent of this paper is to present the gen-
tinespacecraft to escape the catastrophe. It was eral explanation of operation rather than details
believed that the ASIS was necessary because of the system.
some previous flights of the Atlas D had indi-
cated that the time period between an indication Systems Preparation for MA-.-6

of impending catastrophe and launch vehicle All of the previous discussion has dealt with
destruction could be extremely short--ap- long-range planning and implementation in re-
preaching the reaction time of a human being, gards to the complex and the launch vehicle
It was decided therefore that an automatic sys- for the Mm_mry program. The following dis-
tern would be desirable, at least until more ex- cussion will concern the actual prep_r_t, ion of
perience was gained on manned flights, these systems for the launch of MA-6. Upon

Basically, the ASIS consists of sensing ele- arrival at C_pe Canaveral, the launch vehicle
ments which detect malfunctions and a control was inspected and prepared for erection in ap-
unit that receives the signal and initiates the proximately 48 hours. The launch vehicle was
proper action. The sensors used in this system transported to the complex on a dolly-type
are rate gyros, pressure switches, and eleet.rical vehicle. The launcher on the launch pad was
power sensing. The control unit is basically rotated about 90°; and the launch vehicle was
connected to two systems, the spacecraft escape backed into the launcher, alined, and attached
system, and the booster-engine system. For ex- to the launcher. A hoist cable was then at-

ample, if tine control unit receives a signal from tachexl to the front, end of the dolly (top end
a sensor_ the unit tells the spacecraft escape sys- of the launch vehicle) and the dolly and launch
tern to abort, the spacecraft; then the unit tells vehicle were hoisted to the vertical position, the
the booster engines to shut down. Also, if the launcher rotating back to its original position.
engines are intentionally shut down by a eom- Figure 4-1'2 shows the launch vehicle being

erected, and figure 4-13 shows the launch vehi-
cle after erex:tion in launch position.

After m'eetion it was learned that the

launcher mo'_hanism_ in which the launch ve-
hicle was mounted, could not be adjusted suf-
ficiently to aline the launch vehicle properly.
Therefore, the launch vehicle was taken down,
the launcher mechanism was l, placed, and the
launch vehicle was reerected. All systems on
the complex and the launch vehicle were then
tested individually. For example, complete
tanking tests were conducted in which the fuel
and liquid oxygen tanks were loaded and pres-
surized to flight pressure. This test is per-
formed to determine if any leaks are in the
systems and also to check out the controls re-

i*mTZaE4-12.--Launch velfielebeing erected, lated to each system. During this test on the
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- ;; After electrical mating, the launch vehicle

_t4 and spacecraft participate jointly in all test&-_ These tests are discussed in paper 5 on space-

' _ craft preparation. The first attempt to launch
MA-6 was on January 27, 1962. The launch
vehicle was loaded with fuel on January 24.
However, the mission was canceled because of
excessive cloud cover in the launch area and
was rescheduled for February 1; so the fuel
tallk was drained. On January 30, the fuel tank
w'as again loaded; however, normM inspection
procedures disclosed that the insulation-retain-
ing bulkhead in the fuel tanks was leaking.
Figure 4-14 shows a sketch of this bulkhead.

LOX TANK
BULKHEAD_I

F _L-rINSULATION

I_OURE 4-18.--Launch vehicle after erection. / L_F_-FUEL-TANK APEX

MA-6 launch vehicle no major leaks were evi-
dent; however, some minor leaks were dis-
covered and subsequently cor_,ected, r_GURE4-14.--Bulkhead between fuel and liquidoxygen tanks.

The autopilot system, as another example, is
also tested; however, before autopilot tests are This partition is actually made up of three
conducted on the launch complex the gyro separate pieces. The top line represents the
packages are calibrated in a laboratory at Cape main bulkhead that. provides structural integ-
Canaveral with special testing equipment, rity. Below this bulkhead is ll& inches of in-
These packages are also electric'ally mated to the sulating material and the lower line is the re-
abort-sensing control pa&age which is part of taining bulkhead whose only purpose is to
the ASIS previously discussed. During these support the insulation. The leak was in the
laboratory and systems tests, various anoma- lower retainer and tiffs had allowed fuel to soak
lies were uncovered in the gyro package and into the insulation and become trapped. This
the ASIS control package. These packages trapped fuel, the amount of which was un-
were replaced and systems tests were completed known at the time, could possibly have caused
satisfactorily on the launch vehicle. All excessive inertia loads to be applied to the very
launch-vehicle systems were then tested simul- thin retainer. After a careful study of the
taneously in a test commonly known as the possible effects connected with this problem, it
launch-vehicle flight acceptance composite test was decided that sufficient flight experience had
(FACT). This test is conducted to determine been obtained on previous launch vehicles with-
that all launch-vehicle systems ate compatible out the retainer to justify removing the re-
so that each system will not adversely affect the tainer from this launch vehicle. Therefore, the
operation of another. The launch-vehicle sustainer engine was removed, the lower apex
FACT must be successfully accomplished before of the fuel tank ;vas removed and a scaffold
the spacecraft is electrically mated to the launch was built inside of the launch vehicle up to the
vehicle, retainer. After the retainer was removed and
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all systems were reconnected, a complete tea The other problem concerned the pumping sys-
program was rerun on every system disturbed tern that loads liquid oxygen aboard the launch
by tile modification. Tile simulated flight test vehicle. This problem occurred during liquid
was rerun on February 16, 1962, and tile launch oxygeu tanking at T-22 minutes. The outlet
vehicle was again loaded with fuel in prepare- valve in the main liquid oxygen pump failed
tion for launch on Februa_ 20. in the closed position, but _ smaller secondary

pump was switched into the circuit to complete
Countdown the tanking operation with no further incidents.

The remaining part of the countdown was per-During the actual launch countdown, two
formed smoothly and without trouble of anyproblems were experienced--one with the
kind. At lift-off, blockhouse equipment indi-launch vehicle and one with ground support.

equipment on the complex. The first problem, coted that all systems were functioning prop-
the one involving a launch-vehicle system, oc- erly, and about 5 minutes later, the report from
curred at T-120 minutes and involved a mai- the Mercury Control Center of successful in-
function of the guidance rate beacon. The be_- sertion proved that the launch vehicle had per-
con was replaced and checked out satisfactorily, formed its jot, nearly to perfection.
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5. SPACECRAFT PREPARATION AND CHECKOUT

By G. Mr_mTT PRESTON,Chief, Preflight Operations Division, NASA Manned Spacecraft Center; and
J. J. WILLIAMS,Preflight OperationsDivision, NASA Manned Spacecraft Center

Summary this type of program. The flight tests aJso con-
tributed to this desist evaluation.

Friendship 7 arrived a; Cape Canaveral on The detailed examination of the spacecraft
August 27, 1961, and was launched February design, therefore, was primarily conducted at
20, 1962. Tlle spacecraft underwent detailed Cape Canaveral.
system-by-system tests after arriv:d to verify This examination involved functional testing

its configuration. The configuration was of tlle spacecraft systems, observing in detail
changed as result of information obtained front the performance of the systems. These tests
the MA-5 orbital flight. After the design were repeateA often and duplicated as near as
changes ;;-ere incorporated, the spacecraft un- possible different flight environments and
derwent final hangar systems tests, modes. During these tests, all discrepancies,

At the launch complex tile spacecraft was no matter how trivial, were scrutinized for
mated to its launch vehicle and combined tests

their si_-mificance. Design changes indicated by
;;-ere conducted to ascertain the compatibility these tests and the flight tests were incorporated
of the spacecraft, launch vehicle, and support- as rapidly as possible so that the optimum
lng range instrumentation. After ascertaining spacecraft configuration was flown.
tlle compatibility and functional capabilities of Astronauts Glenn and Carpenter participated
alt elements, the space vehicle was successfully in all system checkouts at Cape Canaveral and
launched February 20th. reviewed all design changes. This partieipa-

Introduction tion allo.wed for intimate familiarization with
the spacecraft and a better understanding of

Friendship Seven arrived at Cape Canaveral, its system.
Fla., on August 27, 1961, for final preparation Time Utilization
for flight. It was in checkout at Cape Canav-
eral for 166 working days. This appears to be By examining the expenditure of the 166
a long time; therefore, the philo_phy of (>per- days that Friendship Seven spent at Cape Ca-
ations for Project Mercury that dictates such naveral, the effort spent in testing and modify-
a lengthy checkout at Cape CanaverM is lng the spacecraft can be seen. The checkout
discussed, of the spacecraft itself was conducted in Hangar

The reliability of the Mercury project was S compound at Cape Canaveral, Florida, and
established by a step-by-step developmental lasted approximately 138 days as shown in fig-
flight program and a repeated detailed exami- ure 5-1. This checkout was followed by launch
nation of the spacecraft and its systems, complex operations in which the launch vehicle

Because of the urgency of the program, all and spacecraft were mated and testing was con-
spacecraft produced were used for flight testing ducted to assure that the launch vehicle and
and none were _vailable for developmental test- spacecraft were mechaxfically, electrically, aad
lng in the l_boratories until late in the program, radio-frequency compatible. This testing was
Therefore, the preflight operations conducted followed by final preparations and assembly for
,_t Cape C_naveral on the vaxious spacecraft the launch.
served not only to prepare that particular craft The time spent in the hangar can be initially
for flight, but it also was part of the design broken into two parts:
evaluation of the spaceci_ft that is typical of (1) Work was performed on the spacecraft
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'WORK -- I_3SD4BLY 33

63 [ FSEQUENTIALELECTR!CAL& 11

_DESIGN CHANGES 30--_-ENVIRONMENT3_L 7
/

_ INSTRUMENTATI 0_ 3REACTION CONTROL 9

COMMUNICATIONS 5

-FANGAR Ck_CKS 133 . _ELECTRICAL &
_LECTRICAL & 13 EQUENTIAL 3
ELECTRONIC5

iNSTRU14EArTATI0N 2TABILIZATICN 3

_fESTING _1 -- r_C_IAi_ICAL 1

_ICHANICAL 22 -- tENVIRONMENTAL 9
_REACTION CONTROL 12

TOTAL !66

_SYST_4S T0 --
CHECKS

SIMULATED FLIGHT

ECTRICAL &
EWOPX 29 -- ECTRONICS 7

_-_;CH_NICAL 22

ESTING 13

-COMPLEX CHECKS 33-- _gLAb/ICH-VEHICLEMODIFICATION 13

Time Analysis O_ Friendship V-_s [
Prafilight Operations LWEAT_ 7

i_oo_E 5-1.--Time analysis of preflight operations on Friendship 7.

such as assembly and servicing tile spacecraft spent in adding instrumentation; and 9 were
and incorporating design changes that had been spent modifying the reaction control system.
dictated by previous flights. This work took Of the 70 days spent in testing and taking
approxinnttely 63 of the 133 days spent in the corrective action, 41 were used for actual test-
hangar, lng. Of these 41 days, 13 were used by the

(2) Systems testing, troubleshooting, and re- electrical and electronic systems, 22 for the me-

placing of components as the result of this test- chanical systems, and 6 for overall simulated
lng were also conducted in the hangar. Seventy flight tests. Figure 5-1 shows a further break-
days were spent in this phase of the operation, down of the electrical and electronic systems

The launch-complex operations required 33 days tests and the mechanical systems tests.

to perform. Twenty-nine days were spent troubleshooting

A further breakdown of the aforementioned and replacing components as the result of

categories would show thai 33 days were spent troubles encountered during these test periods.
during the work periods to assemble and serv-
ice the spacecraft in the hangar. Thirty days Of these '29 days, 7 days were spent on the elee-

were spent incorporating design changes as the trical and electronic systems and 2'2 days were
result of the previous flight. Of these 30 days, spent on the mechanical system. A majority of
11 were spent changing the wiring of the cleo- t/he troubles with the mechanical system were
trical and sequential system; 7 were spent modi- associated with the environmental control sys-
lying the environmental control system; 3 were tem which took 15 days to correct.
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Of the 33 days spent on the launch pad (ac-
tually, 48 days were spent on the pad, however,
10 of these were spent troubleshooting and have
been included itl tile above analysis), 13 days
were spent in pad testing; 13 days were required
to modify the launch vehicle as a result of a
mMfunction of the fueling system, and there

were 7 days of weather delays. _LUES

Spacecraft Design Changes

Friendship 7 had several design changes made
at Cape Canaveral as a result of information

obtained from the orbital flight of spacecraft 9. F_aT:RZ5-3.--Heat sinks added to roll thruster as-
A total of '255 changes were made in the space- sembliesin reaction control system.
craft while at the Cape. Some of these items
will be discussed subsequently for each of the

major spacecraft systems. Louis, 5io., and data obtained from the space-
craft 9 flight indicated a need for removing tlle

Reaction Control System excess heat generated by the thrusters. This
heat resulted in undesirable fuel temperatures.

The following changes were made to the re-

action control system: Electrical System

(1) Plastic flare seals were removed from the
automatic system inlet and outlet connections The following changes were made to the elec-
to the thrust chamber solenoid valves and re- trical system:

placed with soft aluminum washers (fig. 5-2). (1) The fuses were removed from the stand-
Tests conducted at Cape Canaveral and Mc- by inverter circuit for the manual mode of
Donnell Aircraft Corp., St. Louis, Mo., re- operation.
vealed that the plastic seals resulted in relaxed (2) The fuse holders were structurally rein-
torque on the tube fittings at ambient tempera- forced because of the record of mechanical fail-
tures. It was also shown that this condition ures that they have experienced in the past.
was further aggravated by the high tempera- (3) Indicator lights were added to enable the
tures found in the vicinity of the thrust pilot todeterminewhich inverter waspowering
chambers, the bus.

(2) Heat sinks were added to both manual (4) An auxiliary battery was added to the
and automatic roll thruster a_emblies (fig. maximmn-altitnde sensor wiring to eliminate
5-8). Tests at McDonnell Aircraft Corp., St. voltage transients in the circuits.

(5) The abort sig_lal to the sensor was inter-
locked with a spacecraft, separation signal to
prevent the tower from jettisoning prema-
turely.

(6) A camera programing system was added
to enable the cameras to run at high and low
speeds so that the film would last throughout
the mission.

(7) Wiring to the thruster solenoids was
brought through a common connector so that
the solenoids could be disabled for long dura-
tion autopilot checkout to prevent electrical

_'ic.ultz 5-2.--Reaction Control System flare seals, overheating of the solenoids during testing.
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Environmental Control System ·. ,' ,';"- '.. :' ..

The following changes were made to the en- >,2 ! _:_ '
vironmental control systma:

(1) Advanced water-type heat exchangers
(cold plates) were installed under the 150 and
?50 main hwerters (fig· 5-4). The results ob- :,
tained on the spacecraft 9 flight indicated in- . ,v )

sufficient cooling '"<' -<· . , .'

/.

FIGrRE 5-6.--I)ebris found in cooling fan of Space-

craft 9 after flight.

(13) The aluminum check valves in the freon-
water inverter cooling system were replaced
with stainless steel valves. This change was
made when it was found that the Muminum

PORT(OPPOSITE cheek valves tended to corrode and remained in
SIDE) either the open or closed position.

Fmxmz :_.--Inverter coolingplate. (4) An indicator was installed on the instru-
ment panel tx, provide the astronaut with an in-
dication of heat exchanger exhaust temperature
in order to _)ntrol the cooling flow in the suit
circuit·

Automatic Stabilization and Control System

The following changes were made to the
automatic stabilization and control system:

(1) The autopilot was replaced with a later
model which contained new logic circuitry.
This circuitry prevented erroneous orbit pulses

SCREEN due to intermittent sector switching. This
' WITH .ZS' DIA HOLES

Z-NEWSCREEN change was designed to conserve reaction eml-
W,TH.os'o,aso_Es trol system fuel.

(2) Fuses were added to the power leads to
FmL'nE5-5.--C,mling fan duct inlet screensfor Friend- the rate gyros to prevent loss of an inverter in

ship 7 and Spacecraft 9.
the event of a malfunction in the gyro·

(_) The cooling fan duct inlet screens wm'e (3) Heater blankets were added to the scan-
changed to screens having 0.06-inch diameter nors, It was found that the effectiveness of the

scanners was reduced unless the scanner holom-
holes. (See figure 5-5.) This change was
required when the postfiight inspection of eter was maintained at 75°'
spacecraft 9 revealed that the cabin fan was Instrumentation System
jammed by small bits of metal, fabric, and mab-
ber, shown in figure 5-6, which were ingested The following changes were made to the in-
into the fan under zero-g condkioas through strumentation system:
the 0.25-inch diameter holes in the inverter cool- (1) An instrmnent package was clmnged
ing ductscresns, from a position near the right foot· This
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change was made to avoid interference with
the pilot's right foot during flight and to facili-
tate removal of the hatch for egress.

(2) Temperature pickups were added to the

1-pound automatic and manual roll thrusters
to monitor the effectiveness of the new heat
sinks.

(3) A manual blood pressure measuring sys-
tem was installed.

Miscellaneous Changes

Two other design changes were made. They '
are;

(1) A personal equipment container was
manufactured and installed to provide a place

for storing the items which tile astronaut took r_ovrx 5-7.--Spacecraft cabled for electrical power
on the flight to perform the activities required system tests.

of him. power surges occurred_ the inverter was re-
(2) Removable filters were installed on the placed. Previous experience has indicated

pilot's observation window to provide protec- that such inverters often fail completely at a
tion to the astronaut when exposed to direct later date.

sunlight. The iustrumentation system was thoroughly
tested and calibrated on the bench as shown in

Hangar S Systems Tests figure 5-8 at Cape Canaveral prior to its instal-

Checkout operations at Hang'_r S consisted lation in the spacecraft. The system was tested
of individual systems tests followed by a simu- again after it had been installed in the space-

lated flight test with all systems operating in a craft. The primary purpose of the latter test
manner approaching flight conditons as nearly is fourfold: (1) to determine the error, if any,

as possible. The following system tests were between the hardline signal normally used to
performed on Friendship 7: transmit data to the blockhouse or other test

equipment in the hangar and the signal radi-
(1) Electrical power ated through the transmitter; (2) to determine

(2) Instrumentation possible system interference with the system
(3) Sequential operating in the spacecraft (3) to make a sin-
(4) Environmental control
(5) Communications
(6) Reaction control ]
(7) Communications radiation tower test _
(8) Automatic stabilization and control
(9) Altitude chamber tests

The electrical power system test was the ini-
tial test performed on the spacecraft. The test
determined if power could be safely applied to
the control and power distribution system of

the spacecraft. The test also checked automa-
tic and manual a-c inverter switching. Figure

5-7 shows the spacecraft cabled up for this test.
Similar cabling is used in many of the follow-

ing tests.
Power surges on the d-c bus were experienced

when the 150 v-amp main inverter was switched FIGURE5-8.--Bench setup for testing spacecraft in-
on the line. Because an excessive number of strumentation.
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gle-point calibration check of the complete call- leakage was reduced to within tile specification
bration made oil the bench; and (4) to insure volume by employing a specific procedure itl
that the system was satisfactory to support other opening the valve. Tile repeatability of this
spacecraft tests. No major system diserepan- procedure was validated: that is, the leakage
cies were uncovered during this testing, rate remained within specifications after follow-

The sequential system test provides for tile lng the opening procedure.
checkout of the automatic and manual sequen- (2) The oxygen-flow-sensor warning light
tial system. Tile sequential system testing may failed to come on when the primary bottle was
be broken down into four major phases; exhausted. The sensm_ have shown erratic

namely, (1) launch sequenee_ (2) orbit se- performance in the past. It was decided that
quence, (3) escape or abort sequence_ and the ground and flight monitoring was adequate

(4) _ecovery sequence. Control signals information to warn tile pilot of oxygen
were fed to the various inputs of the quantity.

sequential system and the output functions (3) The high-pressure oxygen regulator

of the system were monitored. The maximum- showed an external leak. The valve body was
altitude sensor actuates the jettisoning of the found to be defective. The defect was repaired
escape tower. Although it is called a maxi- stopping the externalleak.
nmm-altitude sensor, it is roally avariable timer (4) The aluminum freon check valve stuck

whose time delay depends on the existence of an open. These valves were replaced with newly
abort signal and the time from lift-off that the designed stainless steel check valves which

abort signal occurred. During the abort phase operated protrerly.
in the sinmlated flight of Friendship 7, it was The primary purpose of the communication
determined thatthissensoractuatedearly. The system tests was to determine the electrical

sensor was replaced and _he abort runs were characteristics of the individual components
l'epeated successfully, that. comprise the onboard communications sys-

Tile enviromnental control system (ECS) tem. Although the test, equipment was phys-
checkout conducted prior to the altitude-chum- ically located approximately 100 feet away in
ber test determined the functional operation of the checkout trailer (fig. 5-10), the test was
the individual components of the ECS system.
The oxygen bottles are serviced to operating
pressure at this time for the altitude-chamber
test.

As the resuh of testing, +,he following major
ECS discrelmncies were uncovered:

(1) Excessive leakage of the high-pressure
oxygen shutoff valve was noted. The stem was
removed from the valve body and the lubricant

;vas found to have hardened on the O ring,s
and sealing surfaces (fig. 5-9). The O rin_
and hackup seals were replaced, and the com-
ponent was luhricated and replaced in the valve

body. The valve coutiuued to show a leakage
caused by the seals not seating properly. The

SEN_

LUBRICANT

FiOUltE 5-9.--High-1)ressure shutoff oxygen valve stent Fromm 5-10.--CommmHeations system test OtlUil-mlent
shown with hardened lubricant, in checkout trailer.
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equivalent to a bench test with the components
in the spacecraft. The test revealed the fol-

lowing discrepancies:
During HF rescue voice receiver checks, the

HF output change was 14 decibels with an in-put signal level change from 5 to 50_000 micro-
volts. The specification requirement was for !
not more than 10 decibels. With an input vari-

ation of from 10 to 50 microvolts_ the output
change was 7 decibels. This deviation from
specification was not considered serious and was
considered acceptable. It is well to point out at
this time that detailed specifications have been

established for the performance of spacecraft

equipment. However, during spacecraft cheek-
out, when the performance does not meet these
specifications, the required performance is re-
viewed by considering the requirements for the'

particular flight and the increase in knowledge
about the performance requirements that has

been obtained since they were originally estab-
lished. Thus, equipment is not arbitrarily
changed when it does not meet specification, te_ocR_ 5-12.--Spa¢_ec-raft being installed on commu-

The reaction control system (RCS) checkout nications tower for communication antenna tests.

procedure determined the condition and opera- system gas integrity. The system was then
tion of the RCS system. Tests were conducted filled with 35-percent hydrogen peroxide
in a special test cell (fig. 5-11). Several gas (H202) for '24 hours to monitor decomposition
checks were employed to determine the overall pressure rise and to determine system cleanli-

ness as well as to precondition the system for
use with 90-percent H202. Following the 35-
percent H202 surveillance, a hydrostatic check
of each system using 35-percent Hz02 was

made to determine system liquid integrity, k
'24-hour surveillance using 90-percent tt202
was then conducted. This surveillance was

followed by a functional check that pressurized
the system and static firing each of the
thrusters.

The system performed very well during these
tests_ except the manual proportional control
mode had slightly higher stick forces than de-
sired. These forces, however_ were acceptable

to Astronauts Glenn and Carpenter.
Communications system tests were made on

the radiation tower to determine the HF char-
acteristics of the bicone antenna. Tests of the

other communications system components were
also made at the same time to permit the At-
lantic Missile Range to evaluate the system.
For this test the spacecraft ;;'as placed on a

FmuRz 5-11.--Spacecraft in reaction control system 44-foot-high wooden tower as shown in figure
facility for functional test of system. 5--1'2. The test is conducted with no ground
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PIouaE 5-13.--Dynaraie tests of autopilot in dynamic

fixture

servicing equipment (GSE) cables connected to
the spacecraft; thus the flight configuration
was simulated as closely as possible.

During the test it was noted that the auxiliary
UHF beacon caused some interference on the F_GuaE ._14.--Automatic checkout equipment for
UHF voice transmission. Since the interfer- checkinglogicof autopilot.
ence was not great and did not affect the intel-
ligibility of UHF voice transmissions, system proximately 125,000 feet and a simulated mis-
operation was considered satisfactory for flight, sion was conducted.

Test data indicated that the 150 v-amp in-Tile automatic ,stabilization and control sys-
verter overheated during the first three nlns.tern (ASCS) checkout of the spacecraft was

divided into two parts: a static test. and a The flow orifices were increased in size for the
dynamic test. The dynamic test was conducted fourth run.
with the spacecraft in a. dynamic fixture (fig. During the fourth run, the 150 v-amp itt-
5-13) wlfich could be rotated at constant rates verter still overheated while the 250 v-amp in-
of roll and pitch. Yaw dynamic tests were
conducted by rolling the spacecraft. 90° and
pitching. The logic of the system was tested
by using an automatic tester located in the
checkout trailer as shown in figure 5-14.

The autopilot passed thc static test with only
minor discrepancies. Ho_vever, the dynamic
portion of the test was terminated with a failure
of the yaw repeater loop. A shorted capacita-
tot ;;-as discovered in the repeater motor cir-
cuitry. A new autopilot passed both the static
and dynanfic test with no system discrepancies.

The altitude-chamber tests (fig. 5-15) were
used to detennine the operating characteristics
of the overall environmental control system
(ECS). The astronaut was suited and con-
nected into the ECS for the first time during
the altitude-chamber tests. The chamber was

lq'toeaz 5-15._)verall evaluation of the environmental

pumped down to a simulated altitude of alt- control system in alUtuae chamber.

60



vetoer remained cool. A subsequent investiga-
tion indicated that the flow passages in the

water-type heat exchanger (cooling plate) were
plugged. It was found that sealant used in
the construction of the cooling plates had pene-
trated into the flow passages as shown in figure
5-16. The passages were cleaned and the orig-
inal orifices were reinstalled. Flow tests on the
final installation showed that the system was
clean.

FXGURE5-17.--Spacecraft during final simulated flight
test in Hangar S.

[__ The configuration of the spacecraft duringthe simulated flight test was as follows and is
shown in figure 5-17.FmugE 5--16.--Plugged inlet part of cooling plate for

'150 v-amp inverter. (1) The spacecraft was installed on the
launch-vehicle adapter, and was electrically
connected to the adapter.

Friendship 7 began its hangar simulated (2) The escape tower without the escape
flight test on November 25, 1961. This test rockets ;vas installed on the spacecraft.
was completed on December 12, 1961. When (3) An absolute minimum of GSE cabling
the launch was rescheduled for January 1962, was connected to the spacecraft to simulate ac-
a rerun of the hangar simulated flight was tual flight configuration as closely as possible.
made. The second simulated flight test series (4) Two-tenths ampere fuses, used to simu-
began December 19, 1961, and were successfully late squibs, were installed at actual squib Iaea-
completed on December 21, 1961. At this time, tions.

the spacecraft was considered functionally (5) All squib firing-circuit wiring was in
ready for launch pad operations, flight configuration.

This simulated flight, test was designed to (6) The astronaut ;;-as suited and in the
accomplish the following test objectives: spacecraft for the systems test.

(1) To reverify proper operation of indi- (7) Recorders were connected to monitor all
vidual systems squib circuits to verify proper firing times.

(2) To insure proper operation of the se- Malfunctions during the simulated flight test
quence system through all modes, including were as follows:
abort and emergency override (1) The no. 2 suit fan showed intermittent

(3) To demonstrate intrasystem compatibil- flow characteristics. Further troubleshooting
ity when all systems were operating concur- led to replacement of no. 2 suit fan, no. 1 and
rently no. 2 check valves, and the negative pressure

(4) To verify proper operation of space- relief valve.
craft systems when tile flight conditions are ('2) The C-band beacon operated intermit-
simulated as nearly as practicable tently at low voltage. The beacon was replaced.
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(11) Spacecraft servicing

F_C,URE 5-18.--Launch complex testing of Friendship 7. (12) Precount
(13) Count
Each of these launch pad operations, together

(3) The instrumentation time correlation with the troubles encomltered, subsequent, de-
clock was replaced because of an inope_ltive lays, and repairs made, is discussed for the tests
time-zero light, made during the checkout of the complex, the

(4) Plastic compound was found on a fuse spacecraft, and the spacecraft launch-vehicle
block contact. The compound was removed and combination.
all fuse blocks were checked for the compound,
but none was found.

(5) The satellite clock jammed during me-
chanical reset. It was replaced.

(6) The suit-fan toggle switch could be made
to break contact when a slight force was placed
on the toggle while it was in the no. 9 position.
The switch was replaced.

(7) The microphone wices in the astronauCs
helmet were found reversed, and the helmet, was
repai_ed.

(8) The emergency 10-second retrorocket fire
relay timed out. in 5 seconds. The relay panel
was replaced and reverified.

Launch Pad Operations

As originally planned the launch pad opera-
tions were scheduled for completion in 13'days;
however, due to delays caused by changes in
the spacecraft and launch vehicle after mating,
trouble encountered during tests, and adverse
weather conditions, the actual time the space-
craft spent, on the launch pad is somewhat

longer than the 13 days as shown in figure 5-18. l_'_Gt'Rz5-19.--Spacecraft on Atlas launch vehicle
For Friendship 7 this period extended from undergoinglaunch complex testing.
January 3, 1962, through February 20, 1962.

Launch Complex Checkout
Figure 5-19 shows the spacecraft on the launch

vehicle during these launch pad operations. .The launch complex checkout is performed
The launch pad operations are listed below to validate all the complex wiring and latmch

itt the order in which they are normally per- pad modifications prior to mating the spacecraft
formed: with the launch vehicle. An automatic wire

(1) Lammh complex checkout checker is used in this operation. It is shown
(2) Interface inspection in figure 5-20.
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FIGURE 5-20.--Automatic wiring checker used to check

cabling involved in preflight operation. Fxcurm 5-21.--View of spacecraft adapter being
mounted on lannch vehicle.

There were no serious discrepancies discov-

ered during this test and the complex was de- top of the launch vehicle the retropackage pyro-
clared ready for receiving the spacecraft, technics are checked for continuity and resis-

tance and then shorted with shorting plugs. No

Interface Inspection unforeseen difficulties were experienced in mat-

Prior to mating the spacecraft to the launch- lng spacecraft 13 to the launch vehicle; thus
vehicle adapter, it was necessary to verify that the ._[A-6 vehicle was ready for launch padcheckout.
all items in the adapter section had the proper
clearance and that there was no debris. Figure

5-91 shows the adapter being mounted on the
launch vehicle. Following the inspection and

mating of the spacecraft to the launch vehicle,
all openings into this vital section were sealed.
These seals are not removed again except for

emergency work and just prior to launch. The
adapter and interface area met all requirements
and the spacecraft was then mated with the
launch vehicle.

Mechanical Mating

Mechanical mating was primarily a mechani-

cal fit operation in which the spacecraft was
placed on the launch-vehicle adapter (fig. 5-22)
and the main clamp ring was installed. In rmURE 5-22.--Mechanitml mating of spacecraft
addition, prior to hoisting the spacecraft to the to adapter.
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Spacecraft Systems Tests thruster 'Lssemblies as a result of a desig'n

Spacecraft systems tests were perfor_ned change. The silver batteries for the auxiliary
primarily to check tile spacecraft systems func- be'tcons were also rephtced. All of this special
tionally and to cheek the remote-control capa- work re.sult,_ in a 4-day delay in testing.
bility from the blockhouse. Figure 5-23 shows
the spacecraft blockhoum consoles. Following Flight Acceptance Composite Test

tiffs test the spacecraft was _ldy to proceed The flight acceptance cmnposite test was de-
with tests which integrate the launch vehicle signed to prove compatilfility of the spacecraft
and the spacecraft. 1)urmg these tests trouble radio-frequency systems with the Atlautic Mis-
was experienced with the coolant quantity indi- sile Range and the launch vehicle and to prove
caring system indicator, the auxiliary beacon, that spacecraft and launch-vehicle systems do
and minor discrepancies in ground-servicing not generate radio-frequency interference.
equipment (GSE) cabling. These items were This test. was also used to verify satisfactory
corrected and those parts of this system tests operation of spacecraft radio frequency with
required were rerun to wtlidate the changes. GSE cables installed. This test was completed

with only a minor discrepancy which required
a change of a freon check valve.

At this point, because of a projected change
_%"1" in launch schedule, the order of testing was

changed and the launch simulation was
scheduled next.

Launch Simulation

= ,t _ g: The launch simulation test was designed to
validate the spacecraft and launch-vehicle sys-
tems in a launch configuration and to evaluate

FmuaE 5-23.--Blockhouse consoles for monitoring

spacecraft operation during the launch complex
operation.

Electrical Interface and Aborts

The electrical interface and aborts test vali-
dated the spacecraft-launch-vehicle interface
compatibility _ well as redundant electrical
and radio-frequency paths. For this test, GSE
cables ;.ere installed. By use of the GSE
cables this test also provides a means of check-
ing the redundant paths used for abort _t
various times during the prelaunch and launch
modes. This test was run with only minor dis-
crepancies which were corrected, and then those
portions of the test which had contained the
discrepancies were rerun to validate the
changes. However, during preparations for
this test faulty automatic roll thrusters were

discovered and these were replaced. At the FIGURE5-24.--Emergency egress tower ramps in place
same time, heat sinks were added to the dmqngemergencyegress tests.
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tlle launch-day procedures. At the same time cuit indicating a need for oxygen. With the
this test provides an opportunity to practice drop in pressure, the regulator would supply
emergency egress procedures (fig. 5-'24). No oxygen to bring the system up to operating
problems were encountered in this test. pressure. With the addition of the constant

bleed orifice it was not expected that the dennmd
Flight Configuration Sequence and Aborts regulator would function often. Troubleshoot-

The flight configuration sequence and aborts lng following the simulated flight indicated
that one of the diaphragms in the demand regu-test provides for compatibility tests of space-

craft systems and launch-vehicle autopilot, lator had developed a small leak. Since it was
The test also further checks the abort modes very difficult to remove the regulator because

with the spacecraft in a flight configuration of its location, extensive testing was made to
be sure that the trouble truly was in the regu-simulating launch and flight. This test was

completed with no difficulties, lator. Finally the decision was made to remove
The launch simulation test was repeated for the regulator and it was found that the problem

was not in the regulator but in the plumbingpractice for the launch crew.
to the regulator. Here, a leaky joint was found.

Flight Safety Review These incidents pointed out two principles
that should be observed in design: First, in-

A flight safety review board was convened accessibility of the demand regulator made it
approximately five days before launch to re- difficult to check the regulator adequately and
view the spacecraft history. This review was caused delays at a crucial time in launch
conducted by the operations directors. The re- preparations (xq days). Secondly, inade-
view board was composed of representatives of quate test points made it impossible to diagnose
the Mercury Project Office, the Flight Safety the problems properly.
Office, the astronauts, and the Preflight Opera- After the regulator ;vas replaced and the
tions Division. This board reviewed the status plumbing repaired, another check was made
of all systems, approving all deviation from with the astronaut in the suit circuit. These

specifications found during spacecraft, check- checks indicated some improvement in the oxy-
out. It was the responsibility of this board to gert consumption rate, but it was still much
commit the spacecraft to launch, higher than it should have been.

After a detailed analysis of the system it was
Simulated Flight concluded that there must be a leak in the

The simulated flight test completely checks astronaut's pressure suit. Prior to any test in-
all spacecraft systems duri_tg a simulated flight volving the suit, it was pressure tested at 5 psi
from lift-off to landing. The test also per- (fig. 5-25). However, the suit, during normal
mits a check of the automatic launch-vehicle

abort, system at lift-off +200 seconds.
During the simulated flight test on Xq days

for the attempted launch on January 28, 1962,
it was noted that the oxygen consumption rate,
with Astronaut Glenn in the system, was high
intermittently. Checks the previous day with
Astronaut Carpenter in the circuit had indi-
cated normal consumption rates.

Friendship 7's environmental control system
was different than any of those previously flown
in that it had an orifice in the oxygen supply
that provided a constant flow of about 1,000
cc/min. This flow was adequate for all normal
astronaut demands. OriginMly, tho environ-

mental system contained a demand regulator FIGURE5-25.--Pressure tests of astronaut's pressure
which sensed a drop in pressure in the suit cir- suit at 5 psi.
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tions as near to all flight conditions as possible.
Upon checking the system after the previ-

ously mentioned faults were corrected, it was
found that the system used oxygen at approxi-
mately the 1,000 cc/min rate provided by the
constant bleed orifice.

Since the constant bleed orifice was added to

an already automatic system, this bleed changed
the pressure levels in a delicately balanced sys-
tem. Without the bleed the small leaks in the

suit circuit would have been inconsequential.
However, with the bleed, the suit leakage was
causing the demand regulator to flow extra

oxygen into the suit, and thus the oxygen con-
FXC,UaE 5-26.--Low pressure tests of suit. sumption was increased. This seemingly small

clmnge, therefore, produced large effects on the
performance of the system. It nmst be pointed
out. that the addition of the constant bleed did

provide additional safety by reducing carbon
dioxide concentration in the suit circuit and

provided positive oxygen flow regardless of the
regulator operation.

Of additional interest was the fact that none

WRISTCUFFSEAL--'k of these discrepancies were noted during the
altitude-chamber tests even though the same test
procedures were used. Apparently, the position

_'- of the cuff seals during this test prevented them

from leaking. Also, the plumbing leak in the
FIGURE 5-27.--Pressure-suit gloves showing cuff slip

joint, demand regulator plumbing must have occurred
subsequent to the chamber tests. This indicates

flight? operates at a pressure of only a few the desirability of repeating tests of systems at
inches of water above cabin pressure and would discrete times.

operate at 5 psi differential only if the cabin A simulated flight was repeated to verify the
should become decompre.ssed. No leak checks changes in the environmental control system.
previously had ever been made at these low
pressures. Inspection of the suit cuff 'and zip- Spacecraft Servicing
per seals indicateA that pressure was requi,wd Various items of work were then performed

to effect a good seal at these points. Upon test- to put the spacecraft in a flight-ready condition.
lng of the' suit at low pressure (fig. 5-26) it These items are filling the oxygen bottles, serv-

was found that the cuff seals at the wrists (fig. icing and installing the onboard tape recorders,
5-27) leaked as the cuff was rotated, servicing the landing-bag release system, and

This particular experience leads to some addi- many other items of a purely mechanical ua-
tional conclusions: ture. This work was accomplished in the al-

(l) The necessity for functional testing at lotted time and the precount was scheduled.
the launch site is proven _ain.

('2) The necessity for integrated system test- Preeount and Launch Count

lng is demonstrated. Precount.---The countdown is performed in
(3) The fallacy of assuming that one test two parts. The first part, known as the pre-

condition is equivalent to another is pointed count, is primarily a check of the various space-
out. Testing should be conducted under condi- craft systems. Following completion of this

first part of the countdown, there is an approxi-
mate 15-hour hold for pyrotechnic cheek, elec-
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trical connection, and peroxide system servic-
ing and surveillance. Both the precount and
the 15-bour hold operations were performed
without discrepancies, and the final part, the
launch count, was started. This count pro-
ceeded to T-13 minutes at which time the launch

was canceled for the day because of adverse
weather conditions.

Diffieultles encountered after eaetcellatitm.--
After the cancellation at T-13 minutes on Janu-

ary 27, 1962, it was decided to replace the
carbon dioxide absorber unit because it had ap-
proached the end of its service life. The per-
oxide system also had to be drained and flushed
to prevent corrosion, and the pyrotechnics were
disconnected and shorted as a safety measure.
This work was accomplished in I day. At this
time, some of the launch-vehicle systems were
being revalidated. During the tanking test of
the launch vehicle, a leak was discovered in the
inner bulkhead of the fuel tank and required
4 to 6 days to repair. The repairing of this Fmur_ 5-28.--Lift-off of MA-6 from launch complex

at Cape Canaveral, _la.
leak, the necessary retesting and launch prep-
aration after the repair had been made, and

other operational considerations dictated re- T-90 to T-55 final mechanical work and space-
scheduling of the launch for February 13, 1962. craft checks were made and the service was

The launch date was rescheduled to February evacuated and moved away from the launch ve-
l4 sometime later because all of the aforemen- hicle. At approximately T-35 minutes filling
tioned work had not been completed. During of the liquid-oxygen tanks began and final
this delay, all six flight batteries and the para- spacecraft and launch-vehicle systems checks
chutes were replaced. Portions of the normal were started. At T-10 minutes the spacecraft
complex testing were rerun to verify launch went on internal power, and the launch vehicle
status. The precount ;vas started again on went to internal power at T-3 minutes. At
February 13, 15, and 16, but it was canceled T-35 seconds the spacecraft umbilical was
each time because of adverse weather condi- ejected and at T4) the main engines started.
tions. The launch was then rescheduled for At about T+ 4 seconds lift-off occurred and the

February 20, 1962. flight was underway as sbown in figure 5-28.
Launch count.--During the launch count on

February 20 all systems were energized and Concluding Remarks
final overall checks were made. The count In conclusion, the flight success of Mercury
started at T-390 minutes by installing and con- has in part been achieved by: (1) repeated
netting t.he escape-rocket igniter. The service testing to uncover systems weakness; (2) par-
structure was then cleared and the spacecraft ticular attention to details that might lead to
was powered to verify no inadvertent pyro- mission failure, (3) integrated flight simula-
technic ignition. The personnel then returned tions that assured compatibility among the
to the service structure to prepare for static spacecraft systems and among the spacecraft,
firing of the reaction control system at T-250 haunch vehicle, and range, and (4) a continual
minutes. Following the reaction control static updating of the spacecraft configuration taking
firing the spacecraft was then prepared for full advantage of previous flight experience.
astronaut boarding at T-120 minutes. The This policy has led to lengthy checkout periods
hatch was put in place at T-90 minutes. Dur- at Cape Canaveral; however, a single flight
lng installation a bolt was broken, and the hatch mission failure would have caused even longer
had to be removed to replace the bolt. From delays in the overall Mercury program.
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6. FLIGHT CONTROL AND FLIGHT PLAN

By C_r._STOPHERC. KsarT, Jr., Chic/, Flight Operations Division, NASA Manned Spacecra/t Center;
TECWYN ROBERTS, Flight OperationsDivision, NASA Manned Spacecra/t Center; EU(;;ENEF. KRANZ,

Flight Operations Division, NASA Manned Spacecra/t Center; and C. FREDmUCI¢MA_rI_EWS,Flight
Operations Division, NASA Manned Spacecra/t Center

Summary determined by his ability to perform ill this
environment and, here again, specific tests were

A number of malfunctions occurred during set up to aid in this determination. The astro-
this flight which caused some concern to the mutt was to perform management of onboard
flight control team. These included the mai- systems such as cabin and suit cooling, use of
function of the automatic control system, and a-c and d-c power, and so forth, and he was to
what later proved to be the false indication of report on the performance of all of the space-
heat-shield deployment. However, the presence craft systems. The astronaut was to determine
of the astronaut onboard the spacecraft made his ability to navigate by both earth and star
these malfunctions of a minor nature. The reference. He was to perform visual observa-
astronaut's ability to evaluate the performance tions of astronomical and scientific interests,
of the spacecraft systems and take corrective including weather observations. Finally, he
action, and his excellent method of reporting was to report on any unusual phenolnena within
these results to the ground, resulted in the sue- or outside of the spacecraft. Although the mal-
cessful completion of the MA-S flight, function of some of the spacecraft systems may

have altered the flight plan to some extent, it is
Introduction felt that the flight test results achieved a great

It is the intent of this report to give a brief majority of the objectives laid down and that
outline of the flight plan of the MA-6 flight generally speaking the flight test was extrelnely
and primarily the procedure used to perform successful.
flight control. In addition, some of the perti- The following description of the nfission is

given in chronological order so that apprecia-
nent flight test results will be given, tion of the flight-control problems can be under-

Flight Plan stood, and in this manner the flight tests results
are given.

A detailed outline of the flight plan is given Countdown
as follows:

The astronaut was to evaluate the various The countdown for launching the Mercury-
modes of control available in the spacecraft and Atlas vehicle is conducted in two parts. The
to report on the capabilities of these various first part is conducted on the day before the
systems. He was to determine his visual ref- launch and lasts approximately 4 hours. Dur-
erence capabilities_ that is_ his ability to deter- ing this period detailed tests of all of the space-
mine attitude by observing the horizon and/or craft systems are performed and those interface
the stars by using the window and periscope and connections important to these systems are yeti-
his ability to obtain this reference on both the fled. This part of the countdown was con-
light and dark sides of the earth. Certain ducted with no major problems or holds result-
specific maneuvers were set up to provide infor- ing. Approximately 171_ hours separated the
marion on this capability. The effects of end of this count and the beginning of the final
weightlessness for extended periods were to be countdown, and during this period the space-
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craft pyrotechnics were installed and connected lion. The cutoff conditions obtained were
and certain expendables such as fuel and oxy- excellent.

gen were loaded. Table 6-1 presents tile actual cutoff tend)-
At, T-390 minutes tim countdown was re- tions that. were obtained. A cmnparison of

sumed and progressed without any unusual in- the plammd and actual times at which tile
stance until T 1_0 minutes. During this pc- major events occurred are given in table

riod additional spacecraft systems checkouts (; 1I and the times at which all of the network
were performed and the major portion of sites acquired and lost contact with the space-
the launch-vehicle countdown was begun. At craft are presented in table 6-III.
T-120 minutes a built-in hold of 90 nfimues it. might be noted that ).he flight test ex-

had been scheduled to assure that all systems perience which had been achieved on the pre-

lind bee)l given sufficient time for checkout, be- vious Mercury-Atlas orbital flights, that. is, the
fore astronaut insertion. I)nring this period al MA-i and MA-5, had given the flight control

problem developed with tile guidance system team an excellent opportunity to exercise con-
rate beacon in the launch vehicle causing an ad- trol over the mission. These flights were, of
dit. ional i5 minute bold. and an additional 10 course, much more difficult to control and eom-

minutes were required to repair a broken micro- plete successfully because of the lack of an
phone tu'acket in the astronaut's helmet after astronaut within the spacecraft.. All of the
tbe astronaut insertion procedure lind been analyses and decisions had to be made on the
started. The countdown pcoceeded to T t;0 basis of telemetered information from the
minutes when a 4() minute hold was required to spacecraft.. The presence of an astronaut, made

replace a broken l_lt bex.ause of misalinement the flight, te.s't much more simple to complete.
on the spacecraft's hatch at tachment. At T- 15 primarily on the basis of tt_ronaut observations
minutes, a 15 minute hoht was reqnired to add and Iris capability of systems management. A
fuel to the lamlch vehicle; and at T- 22 rain- manned flight, however; makes the job of men)-
utes an additional u)5mhmtes was required fei' toring spacecraft performance more complex

filling tile liquid-oxygen tanks as a result of a because of the large number of backup and al-
minor malftmction in tile ground support, ternate systems from which)he astronaut could
equil)nmnt used to pmnp lquid oxygen into the choose.
launch vehicle. At T-t'; minutes and 30 sec- Mission Rules

(rods, a 2 mimtte hold was required to make a Previous to all of tile flights, mission rules
quick check of the netwot'k computer at Ber- for all phases of tile operation wepe established

muda. In general, the countdown was very beginning with the eotultdown and ending with
sntooth and extremely well executed. A feel- the recovery. The development of these roles
lng of confidence was noted in all concerned, was started _;considerable length of time before

including tile astronaut, and it is t)robably more any of tile Mercury flight operations, and began
than significant that this 4/eeling has existed on to develop at tim salne time as the flight control
the last three Mercury-Atlas lammhes, concepts. The mission rules were established

in an effort to take )lite account, evel_' conceiva-
Powered Flight ble situalion which could occur onbeard the

The humch occurred at 9:47:39 a.m.e.s.t. (}il spacecraft; )}mt is, consideration was given to
February '20, 196_. Tlle powered portion of both the astronaut and tile sl)acecraft systems_
tlte flight which lasted 5 minutes and 1 second and to all of the conceivable ground equipment
was completely nornml alld tim astronaut was failures wlfich could }lave t[ direct bearing on
able to make all of the planned comumnications the fl)o-bt, operation. In addition, rules were

and observations throughout this period, established il:t all effort to handle a large rolm-
Throughout this portion of the flight, no abner- ber of hlunch velticle malfunctions. These, of

nmlities were noted in el)kef tile spacecraft comse, dealt primarily with tile effects of a
systems m' bt the astronaut's physical condi- sudden cutoff condition and its effect on the

tiou. The launch-vehicle guidance system per- spacecraft flight thereafter. These rules were
fern)ed ahnosl perfectly, and 10 seconds after established for the prelaunch, powered flight,
cutoff the computer gave a "go" recommenda- and orbital flight pltases of the ntission.
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TABLE 6-I.--Planned and Actual Flight Conditions

Cutoff conditions:
Altitude, ft ............................... 528, 381
Velocity, ft/sec ........................................ 25, 730
Flight-path angle, deg ...................................... --0. 047

Orbit parameters:
Perigee altitude, nautical miles ................................. 86. 92
Apogee altitude, nautical miles ..................... 140. 92
Period, min :sec ........................... 88:29
Inclination angle, deg ............................................... 32. 54

Maximum conditions:
Exit acceleration, g units .............................. 7. 7
Exit dynamic pressure, lb/sq ft .......................... 982
Entry acceleration, g units ................................. 7. 7
Entry dynamic pressure, lb/sq ft ................................. 472

TASLE 6--11. Sequence o./Events During _14A-6 Flight

(All times are Eastern Standard)

Event Planned time _, Actual time,
hr: rain: see hr: nlin _sec

Booster-engine cutoff ............................ 00:02:11. 4 00:02:09. 6
Tower release ............................. 00:02:34. 2 00:02:33. 3
Escape rocket firing .................... 00:02:34. 2 00:02:33. 4
Sustainer-engine cutoff (SECO) ................. 00:05:01. 4
Tail-off complete ........................... 00:05:03. 8 00:05:02
Spacecraft separation ..................... 00:05:03. 8 00:05:03. 6
Retrofire initiation ............................... 04: 32: 58 04: 33: 08
Retro (left) No. 1............................. 04:32:58 04:33:08
Retro (bottom) No. 2 ............................ 04:33:03 04:33:13
Retro (right) No. 3 ............................... 04:33:08 04:33:18
Retro assembly jettison .............................. 04: 33: 58 (b)
0.053 relay ...................................... 04:43:53 ¢ 04:43:31
Drogue parachute deployment ......................... 04: 50: 00 04: 49: 17. 2
Main parachute deployment ............................ 04: 50: 36 04: 50: 11
Main parachute jettison (water impact) .................... 04: 55: 22 04: 55: 23

· Preflight calculated, based on nominal Atlas performance.
b Retro assembly kept on during reentry.

The 0.053 relay was actuated manually by astronaut when he was in a "small g field."

Because of the complexity of the entire oper- Flight Test Results
ation and the critical time element of powered
flight, it ;vas felt and borne out by flight ex- The rest of this paper deals primarily with
perience that such a set of rules were an absolute the flight test xv_tlts and flight control prob-
necessity. Of course, it is impossible to think lems which developed throughout the tin'ce-
of everything that can happen but if most of orbit, mission. The obsmwations made by the
the contingencies have been anticipated along astronaut and his evaluation of the mission are
with the procedures to handle these situations, presented in paper 1'2 by Astronaut John H.
the time available can be used to concentrate on Glenn, Jr.

the unexpected. The occurrence of the heat After separation of the spacecraft from the
shield deploy signal in this flight is an example launch vehicle, the astronaut was given all the
of one of these unforeseen circumstances, pertinent data involved with orbit parameters
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T._BLE 6-III.--Network Acquisition Times fi_r l]4A_ Flight

I

! Telemetry signal duration, Voice reception
hr: min: sec

Station

Acquisition Loss Frequency Duration, hr:rain :sec

Canaveral ................ 00:00:00 00:06:20 UHF 00:00:00 to 00:05:30

Bermuda ...... 00:03:02 00:10:26 UHF 00:03:30 to 00:09:30

HF 00:11:00 to few sec

Canary Islands ....... 00:14:15 00:21:23 UHF 00:15:00 to 00:23:00
HF 00:13:00 to 00:14:00

Atlantic Ship ............. Not in

range
Kano ....................... 00:21:13 00:28:21 UHF 00:22:00 to 00:29:00

Zanzibar ..................... 00:29:51 00:37:51 UHF 00:30:00 to 00:38:00

Indian ()cean Strip ........... 00:40:02 00:48:31 UHF 00:41:00 to 00:48:00
Muchea ............. 00:49:21 00:57:55 UHF 00:50:00 to 00:58:30

Woomera ......... 00:54:00 03:02:41 UHF 00:56:00 to 01:03:00

Canton ....................... 01:09:19 01:17:42 UHF 01:09:00 to 01: 15:30

Hawaii ......................... Not in

range
California ........... 01:26:41 01:31:23 UHF 01:27:30 to 01:30:00

HF 01:19:00 to 01:25:30

Guaymas ..... 01:26:47 01:33:25 UHF 01:26:00 to 01:33:30
HF 01:20:30 to 01:26:00

Texas ....... 01:29:24 01:36:18 UHF 01:33:30 to 01:39:00

HF 01:28:30 to 01 :;56:30

Eglin ........ 01:32:00 01:37:05
Canaveral ......... 01:33:20 01:40:03 UHF 01:33:30 to 01:40:00

HF 01:28:00 to 01:43:00

Bermuda ..................... 01:36:38 01:43:53 UHF 01:33:30 to 01:42:00

HF 01:43:00 to 01:49:30

Canary Islands ................. 0t:47:55 01:53:58 UHF 01:49:00 to 01:55:00

Atlantic Ship ...... 01:51:54 01:58:31 UHF 01:54:00 to 01:5g:00
Kano ..................... 01:54:47 02:01:21 UHF 01:58:00 to 02:02:00

Zanzibar ............ 02:04:05 02:10:51 UHF 02:04:00 to 02:11:00

Indian Ocean Ship_ _ _ 02:12:17 02:22:09 UHF 02:14:00 to 02:23:00
Muchea .................... 02:22:51 02:31:23 UHF 02:25:00 to 02:32:30

Woomera ........ 02:27:36 02:35:45 UHF 02:28:00 to 02:37:00

Canton _ __ 02:42:51 02:49:45 UHF 02:41:30 to 02:49:00

Hawaii ....................... 02:49:01 02:55:19 UHF 02:49:00 to 02:55:30
California ...................... 02:58:11 03:04:48 UHF 02:58:30 to 03:04:30

Guaymas ....... 02:59:59 03:06:44 UHF 03:00:30 to 03:04:30
Texas ...................... 03:03:14 03:09:39 UHF 03:03:30 to 03:10:30

HF 03:03:30 to 03:10:30

Eglin ........................ 03:05:35 03:12:07 UHF 03:07:30 to 03:12:30
Canaveral ........................ 03:06:5I 03:13:46 UHF 03:07:00 to 03:14:00

HF 03:05:00 to 03:13:30

Bermuda ......... 03:09:56 03:17:03 UHF 03:00:30 to 03:16:30

Bermuda ........................ HF 03:17:00 to 03:18:00

Canary Islands ..... Not in _ _ HF 03:21:00 to 03:25:00

range

Atlantic Ship ..................... 03:24:44 03:32:25 UHF 03:26:00 to 03:34:00
HF 03:26:00 to 03:27:30

Kano ............. Not in

range
Zanzibar .... Not in _ __ HF 03:41:00 to 03:42:00

range

Indian Ocean Ship ........... 03:46:55 03:56:49 HF 03:48:00 to 03:56:00
Muchea ......................... 03:56:31 04:04:12 UHF 03:58:30 to 04:04:00

HF 03:57:00 to 03:58:00
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TABLE 6-III.--Network Acquisition Times for klA-6' Flight--Continued

Telemetry signal duration, Voice reception
hr: min: see

Station

Acquisition Loss Frequency Duration, hr:min:sec

Woomera ........................... 04:03:16 04:06:19 UHF 04:04:00 to 04:07:00
Canton ................... Notin ........... HF 04:15:30 to 04:21:00

range
Hawaii .......................... 04:21:49 04:28:49 UHF 04:19:00 to 04:40:30

HF 04:20:00 to 04:20: 15
California ..................... 04:31:17 04:37:57 UHF 04:31:30 to 04:38:30

HF 04:19:00 to 04:19:15
Guaymas ........................ 04:33:44 04:39:49 UHF 04:34:30 to 04:40:30
Texas ........................... 04:36:53 04:42:32 UHF 04:38:00 to 04:39:00

UHF 04:41:00 to 04:43:00
HF 04:36:00 to 04:45:00

Eglin ......................... 04:39:00 04:42:52 UItF 04:39:00 to 04:43:30
Canaveral ..................... 04:40:52 04:42:55 UHF 04:40:30 to 04:44:30

HF 04:33:30 to 04:42:30
Canton ......................... '- .......................... HF 04:35:15 to 04:35:30

and the retrofire times necessary had immediate tie fly-by-wire system which utilizes the auto-
reentry been required. Following these trans- marie control jets. This procedure was as
missions, which were primarily from the Ber- planned so that a fixed attitude would be pro-
muda site, the astronaut made the plaamed vided for radar tracking and so that the astro-
checks of all of the spacecraft control modes naut could make the necessary reports amd

using both the automatic and manual proper- observa_.ions duri_g the first orbit. Durhzg the
tional systems. All of these checks indicated first orbit, it was obvious from the astronaut's
that all of the control systems were operating reports that he could establish tl_e pitch and
satisfactorily. Also, the astronaut reported yaw attitude of the spacecraft with precision
that he felt no ill effects as a result of going by using the holqzon on both the light and

from high accelerations to weightlessness, that dark sides of the earth, and that he could also
he felt he ;vas in excellent condition and, as the achieve a reasonable yaw reference. Aside

two previous astronauts had commented, that from the xylose tablet taken over Kano, he
he was greatly impressed with the view from had his first and only food (tube of applesauce)
this _ltitude. over Canton Island during this orbit and re-

The first orbit went exactly as planned and ported no problems with eating nor any notice-
both the astronaut and the spacecraft per- able discomforts following the intake of this

formed perfectly. Over the Canary Islands' food.
site, the astronaut's air-to-ground transmissions During the first orbit, the network radar sys-
were patched to the voice network and in turn terns were able to obtain excellent tracking data
to the Mercury Control Center and provided and this data, together with the data obtained
the control center and all other voice sites the at cutoff, provided very accurate information

capability of monitoring the transmissions to ou the spacecraft, position and orbit. As an ex-
and from the spacecraft in real time. This con- ample, between the time the spacecraft was in-
dkt.ion existed throughout all three orbits from serted into orbit and the data were received

all sites having voice to the control center and from the Australian sites, the retrosequence
provided the best tool for maintaining surveil- times changed a total of only 7 seconds for
lance of the flight. (See appendix A.) retrofire at the end of 3 orbits. This indicated

Except for the control systenm checks which the accuracy of the orbit parameters. From
were made periodically, the astronaut remained this point to the end of the 3-orbit flight, using
on the automatic system with brief periods on all of the available radar data, these times
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changed only 2 seconds, The final retrose- observe the earth and horizon while traveling

quence time was 04: 32: 38 as compared with the in this direction and to determine his ability
time initially computed at cutoff of 04:32:47 to control. Following this maneuver, the as-
and tile time initially set into the clock on the tronaut began to have what appeared to be
ground before liftoff of 04: 32: 28. All of tlie trouble with the gyro reference system, that is,
network sites received data from the spacecraft the attitudes as indicated by the spacecraft's
and maintained communications with tlle ast,'o- instruments did not agree with the visual ref-

haut from horizon to hmqzon, and everything erence of the astronaut. However, the astro-
progressed in a completely normat fashion. Be- naut. reported he had no trouble in maintaining
cause of the excellent condition of the astronaitt the proper attitude of the spacecraft when he

and tile spacecraft, there was no question about desired to do so by using the visual reference.
continuing into the second orbit, :md a "go" de- Because of the problems with the automatic
cision was made among personnel at Guaymas, control system , previously mentioned, and the
Mexico and the Mercury Control Center and app_rrent _,ro reference problem, the astronaut
"fm'mnost" tile astronaut himself, was forced to deviate from the flight plan to

Shortly after the time that the "go" decision stone extent, but he was able to continue all of
was made at Guaymas, the space.'raft began to the necessary control systems tasks and checks

drift in right yaw. After allowing the space- and to make a number of other prescribed tests
craft to go through several cycles of drifting in which allowed bofil the astronaut and the
yaw attitude and then being l_':urned by the ground to evaluate his performance and the
high thrust jets, the astronaut reDorted that he 1)erfolanance of the spacecraft systems. As ob-
had ilo 1-pound jet action in letS. yaw. With served by the _'ound and the astronaut, the
}tn astronaut aboard tile spacecraft, this mai- horizon scannet_ appeared to deteriorate when
function was considered a minor problem, e_pe- oil the dark: side of the eal_h; but when the
cially since he still had control over the space- spacecraft again came into daylight, the refer-
craft, with a number of other available con_.rol ence system appeared to improve. However,

systems. It should be pointed out, however, analyses of the data subsequent to the flight
that without an _m'tronaut aboard the space- proved }.hat the horizon scanner system was

craft, this t)roblmn would have becn very serious functioning properly but the changes in space-
in that excessive amounts of fuel would have craft attitudes that resulted from the maneuvers

been used; and it may have been necessary to performed by the astronaut caused the errone-
reenter the spacecraft in some contingency re- ous outputs which he noticed on the attitude
covery area because of this high f lei-usage rate. instruments. It has been known that spurious

During the pass over _he control center on attitude outputs wotfid result if the g3,ro refer-
the second orbit, it. was noticed that the telem- ence system were allowed to remMn in effect

etry channel used to indicate that the land- during large deviations from the normal orbit
ing bag was deployed was showing a readout attitude of 0 ° yaw, 0 ° roll and 34 ° pitch, and
which, if true, indicated that the landing-b'/g this was apparently the case during the 180 °
deployment mechanism had been actuated, yaw maneuver which was conducted over
However, because them was no indication to Africa. This condkion will be alleviated in
the astronaut and he had not reI,orted hearing future flights by allowing tile astronaut to dis-
any unusual noises or noticing any motions of connect the horizon scanner slaving system and
the heat shield_ it was fe]t that. this signal, al- the programmed precession of the tyros which
though a proper telemetry output, was false preserves the local horizon to be discommcted

and probably had resulted from tile failure of while he is nmintaining attitudes other than the
the sensing switch. Of course, this event caused normal spacecraft orbit, attitude.
a great deal of analysis _o resul,: and later re- As the go-no-go point at the end of tlmsecond
quired tile most important decision of the ntis- aud beginning of the third orbit approached,
sion to be made. it was determined that although some spacecraft

Tlm flight continued with no further serious malfunctioim had occurred, the astronaut eon-

problems and the astronaut performed the tinued to be in excellent condition and had corn-
planned 180 ° yaw maneuver over Africa to plete control of the spacecraft. He was told
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by the Hawaiian site that the Mercury Control aerodynamic force was exerted to keep the
Center had made the decision to continue into shield on the spacecraft. In addition, based on
the third orbit. The astronaut concurred, and studies made in the past, it ;vas felt that the re-
tim decision was made to complete the three- tent:ion of the package would not cause any serf-
orbit mission, ous damage to the heat shield or the sp,'mecraft

One other problem which caused some minor during the reentry and would burn off during
concern was the increase in inverter tempera- the reentry heat pulse.
tures to values somewhat above those desired. Also during the pass over the Hawaiian site,
It appeared, and the flight test results con- the astronaut went over his retrosequencecheck-
firmed, that the cooling system for these in- list and prepared for the retrofire maneuver.
verters was not functioning. However, recent It was agreed that the flight plan would be
tests made previous to the flight had shown that followed and that the retrofire maneuver would
the inverters could withstand these and higher take place using the automatic control system,
operating temperatures. The results of these with the astronaut prepared to take over man-
tests caused the flight control people to mini- ually should a malhmction occur. Additional
mize this problem, and it was decided that this time checks were also nmde over Hawaii to make
minor malfunction was not of sufficient magni- sure that the retrofire clock was properly set
tude to terminate the flight after the second or- and synchronized to provide retrofire at the
bit. Furthermore, a backup inverter was still proper moment. The astronaut himself con-
available for use had one of the main inverters tinued to be in excellent condition and showed

failed during the third orbit, complete confidence in his ability to control any
During the third orbit, the apparent prom situation which might develop.

lems with the gyro reference system continued The retrofire manuever took place at pre-
and the automatic stabilization and control sys- eisely the right time over the California site
tern (ASCS) mMfnnetions in the yaw axis were and, as a precautionary measure, the astronaut
still evident. However, these problems ;;-ere performed manual control along with the auto-
not major and both the ground and the astro- matic control during this maneuver. The atti-
haut considered that the entire situation was tudes during retrofire were held within about

well under control. This was primarily be- 8° of the nominal attitudes as a result of this
cause of the excellent condition of the astronaut procedure, but. large amounts of fuel were ex-

and his ability to use visual references on both pended. Following this maneuver, the astro-
the dark and light sides of the earth, and the haut was instructed to retain the retropackage
fact that most of the control systems were still during reentry and was notified that he would
performing perfectly. The one problem which have to retract the periscope manually and ini-
remained outstanding and unresolved was the tiate the return to reentry attitude and the plan-
determination of whether the heat-shield de- ned roll rate because of this interruption to the

ployment mechanism had been actuated or normM spacecraft sequence of events.
whether the telemetry signal ;vas false due to a Following the firing of the retrorockets and
sensing switch failure. During the pass over with subsequent, radar track, the reM-time corn-
Hawaii on the third orbit, the astronaut was puters gave a predicted landing point.. The
asked to perfm-m some additional checks on the predictions were within a small distance of
landing-bag deployment system. Although the where the spacecraft and astronaut were finally
test results were negative and further indicated retrieved. As far as the ground was concerned,
that the signal was false, they were not conclu- the reentry into the earth's atmosphere was eh-
sire. There were still other possible malfunc- tirely normal. The ionization blackout oc-
tions and the decision was made at the control eurred within a few seconds of the expected
center that the safest path to take was to leave ti.me and although voice communications with
the retropackage on following retrofire. Th:is the astronaut were lost for approximately 4
decision was made on the basis that. the retro- minutes and '20 seconds, the C-band radar units

package straps attached to the spacecraft and continued to track throughout this period and
the spacecraft heat shield would maintain the provided some confidence that all was ;veil
heat shield in the closed position until sufficient throughout the high heating period. As it



migh[ be expected, voice communications re- previous to tlm time that the drogue chute was
ceived from the astronaut following the ioniza- deployed. 'File results of t_hese flight tests have

t ion blackout period resulted ill a great sigh of indicated tht;t somewhat different control pro-
relief within the MepcuI3- Control Center. The eedures be used during this period for the next
astronaut continued to report that he was in flight.
excellent condition after this time_ and the re- The communications with the astronaut

entry sequence from this point on was entirely during the latter stages of descent on both the
normal, drogue and main parachutes were excellent and

A number of spacecraft control problems allowed communications with either the astro-

were experienced following peak reentry ac- naut or the recovery forces throughout this en-
celeration primarily because of the method of tire descent phase and the recovery operations

control used dm'ing this period. In addition, which took place following the landing. Tho
large amounts of fuel from both the mamtal landing occurred at 2:43 p.m.e.s.t, after 4
trod automat ie systems has been used and finally hours, 55 minutes, and 23 seconds of flight. The
resulted in fuel depletion of both systems just recovery operations are described in paper 7.
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7. RECOVERY OPERATIONS

By ROEZRTF. THOMPSON,Flight OperationsDivision, NASA Manned Spacecra]t Center; and
ENOCHM. JONES, Flight Operations Division, NASA Manned Spacecra/t Center

Summary ciM vehicles--are provided by the Department

Astronaut Glenn and his spacecraft were re- of Defense, and for the most part represent op-
covered by the destroyer USS Noa in the North erational units that devote only a relatively
Atlantic planned recovery area after a flight small part of their total workload to Mercury
of three orbits around the earth. A description recove%,. Recovery techniques and equipment
of the events occurring in this recovery opera- have been developed which permit the Depart-
tion and a general description of the scope of merit of Defense to support this program with
recovery support required for tile MA-6 flight an acceptable diversion from their normal
are presented. Also, the composition and de- functions.

ployment of the recovery forces provided for Deployment of Support Forces
various landing situations are outlined and the
location and retrieval techniques available to in order to describe the recovery support pro-
these forces are discussed, vided for the MA-6 flight, recovery areas are

considered in two broad categories: Planned
Introduction

l_ecovery areas in which the probability of land-

This paper presents a general description of ing was considered sufficiently high to require
the total scope of recovery support provided for the positioning of location and retrieval units
the MA-6 flight, briefly describes the location assuring recovery within a specific time; and
and retrieval techniques available in various contingency recovery areas in which the prob-
landing situations, and describes the MA 6 re- ability of landing was considered sufficiently
covery operation in the actual landing area. low to require only the .utilization of specialized

Recovery operations are defined as the sup- search and rescue procedures.
port required for location and retrieval of the The planned recovery areas were all located
astronaut and spacecraft subsequent to landing, in the North Atlantic Ocean as shown in figure
Before the MA-6 recovery is discussed speeifi- 7-1, and table 7-I is a summary of the support
cally, two general points are noted. The sup- positioned in these areas at launch time for the
15ort provided for all Mercury flights reflects · MA_-6fight.
consideration of both normal flights and various

possible abort situations; and it is the latter so* 6o* 40' zoo
case, that is, supporting possible abort situa- I { I I [
tions having a reasmmble probability of occur- . CAPECANAVERAmAZORES _'_

40 _ A ' _,_sq_,.vring, that imposes by far the gre_te_ support _-BERMUD *': ;
\ A R

requirements on recovery forces. Consequently, 3oo_-'_._.._A._..._J _:_ _ CA'NARi_-_,
while a relatively large number of recovery ye- F ._ _-:

hicles and personnel are required to provide the

desired support capability, only a few actually 2o* . [ [

become directly involved in the recovery for lo*

any given operation, lo*
Secondly, the recovery forces which have

supported Project Mercury flight, operations-- so' 60' 4o* zo*
the airplanes, ships, helicopters, and other spe- l_Graz 7-1.--MA-6 planned recovery areas.
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Special recovery teams utilizing helicopters, port was planned for contingency recovery;
alnphibious vehicles, and salvage ships were however, a large force is required because of
located at the launch site to provide rapid ac- the extensive areas covered ill three orbits

tess to tile stlacecraft for landings resulting around tim earth. Tile location of contingency
h'om possibile aborts daring the late count- recovery units for the MA-6 flight is shown ill
down and the early phase of powered flight, figure 7-2. A typical unit consists basically of
Winds at tile launcll sire were measured and two search aircraft specially equipped for

tile locus of probable landing positions for UIIF/DF homing on spacecraft beacons, point-
various abort rimes were computed to facililate to point arid ground-to-air communications,

positioning of these recovery forces, and parareseue personnel equipped to provide
Areas X to E supported all probable landings on-scene assistance on both land and water..No

in the event an abrupt, was necessitated at any retrieval forces were deployed in support of

time during powered fight. Area A would contingency hndings; procedures were ava,la-
contain landings forabort velocities up ro abou[ ble for retrieval support for after the fact.
24,000 feet per second, and Areas B, C, D, and These search and rescue units were stationed at
E would supper[ higher abort velocities where the 16 locations shown in figure 7-2 and were
programed use of the retrorockets become el- all linked by connnunications with the recovery
fective in lo<'alizing tile landing area. Forces control center at Cape Canaveral. Throughout
as shown in table 7-1 were positioned in these the MA-6 flight, the astronaut was continually
areas to provide for hication and retrieval provided w_th retrofiring times for landing in
widfin a n/tlxJlnuln of 3 hours ill the areas of favorable contingency recovery areas. How-

lligller landing probability and 6 hours in the eve,', tile contingency forces deployed had the
areas where the probability of landing was capability of flying to any point along the
somewhat lower, orbital track if required.

Once rile spacecraft was in orbital flight,

Areas F, G, and H were available for landing Recovery Techniques
at the end of the first, second, or third orbits,

respectively. Forces as shown in table 7-1 hl order to complete the description of the
were available to assure location and retrieval recover, forces that were deployed for the

MA-0 flight, it is important to have a general
within a maxinnun of 3 hours for most probable understanding of the techniques that were
landing situations, available for location and retrieval in various

Thus, to assure short-rime recovery for all situations.
probable aborts tlmt could occur dm'ing pow- Location
ered flight and for landil_gs at the end of each
of the three orbits, a total of 21 ships. 12 lleli- Launch-site forces ale expected to have vis-

eOl>ters, and Ii5 search aircraft were on station ual contact with tile spacecraft should an abort
in tile deep water landing areas at the time of occur in their area. Launches are scheduled
the MA--(; hmnch. Backup _arch aircraft were after daylight in the launch area and sat,sfac-
available at several staging locatious to assure tot' 3, weather is assured before launching. The

ntaintaini[lg the airborne aircraft listed in table

7-I. Ti,ese forces in tile phumed recovery areas . :;_,;::2 - J fj_ _ '_
were all linked by comnmnicatious with tile I :;_ ....¥_IP'_--__>_'- -=_llla

recovery control center located within tile _SANDIEGO_ w.AAZORCS_ __ '
Mercury Control Center at Cape Canaveral. H_.W/I31___ ._BEN_=_RIR_/_ ET'"" 530

.... .....-'7/._/m_-]%_. _..,...i_ll_'_NO"=_'_JjjilIqlJ <WAJALEINT---
_lnce ,t was recognized that certain low prob- // PUERTORiGO _ _I_mmlqlAIR(SBI , '_(; _ 0

ability situations could :lead to a spacecraft _T0, _ _ _7_

landing Itt, essentially any point along tile _- qALISBURY_ _-_i_ffj_J_°
._,, _ NANDi__ground track over which the spacecraft flies, _ , .......... I .... NAND

suitable recox'el? plans alll][ support forces were , , ,. , , ,
_ 80 40 0 ' 120 1601)rovidedtocoverthisunlikelvcontingencv. hi _"lzO ........ 4b' 'Bo'

keeping with the low probabilities associated PIGIrllE7-2. MA_0 staging lee'aliens for contingency
with remote landin_ a minimum type of sup- recovery.
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launch-site recovery commander is airborne itl niques or ntodes of operation available for
a helicopter behind the launeh pad at the time adapting to different possible situat, ions. It is
of launch, and other hnmch-type support forces beyond the scope of this discussion of M-A-6
tire prebriefed 'md deployed where po_ible recovery operations to describe all of the vari-
aborts could be effectively observed and re- ous capabilities involved, and only limited com-

trieval assignments executed, ments are made in order to provide a general
In the deep-water areas of the North Atlan- feeling of what retrieval support ;;'as avMlable

tic, search aircraft are airborne in the recovem,- at the time of the MA-6 la.unch.

areas prim' to spacecraft fly-over or landing. If All recovery ships have the basic capability
required, tile aircraft would be, directed toward of hoisting the Mercury spacecraft clear of the

a search datmn established from landing-pre- water and securing it on deck. Basic plans eM1
diction information provided by the Mercury for tim astronaut to remain in the spacecraft
tracking-computing network and other si)ace- mttil it is aboard ship and egress at this time;
craft location systems; such as, SOFAR, the however, he could egress from the spa.cem_ft

sound fixing and ranging system which utilizes prior to pickup if this procedure became
an underwater detonation technique, and HF/ desirable.
DF (high frequency/direction finding), the The helicoptem wltieh were in the launch

fixing of si)acecraft position by land-based sta- site and. in each of the end-of-orbit landing
tions utilizing HF radio sigwlls radiated from are'is have three techniques available for re-
the spacecraft subsequent to binding. Aceu- trieval. They are: deployment of _ flotation

racy of the datum is expected to be snflicient to collar and retrieval of tile astronaut only_ simul-
bring these airborne search aircraft equipped t aneous retrieval of the a_ronaut and the space-
with special electronic receivers within range of craft with transfer of the astronaut to the hoE-

sp'lcecraft electronic beacons operating in the copter, and simultaneous retrieval of the
U}IF (ultra high frequency) range. When astronaut and tile spacecraf_ witht.hea_ronaut

within UHF/I)F range, the search aircraft can remaining in the spacecraft. Only the first
commence "homing" Oll the spacecraft elec- case is discussed since this method of mtrievM

tronic beacons until visual contact is estab- was plamted as the primary teclmique for use
lished. Fluorescein sea marker and a flashing by helicopters had they become involved in

light are provided as visual location aids. MA 6. Two swinnners are deployed into the

Lookouts aboard the recovery ships are also on water from the retrieval helicopter and they
alert during the reentry and landing phase in affix tt flotation collar to the spacecraft as shown
an attempt to sight the spacecraft, in figure 7-3. This collar is positioned about

In contingem'y _zreas, procedures utilized for
MA 6 called for the scat'ch aircraft to remain

on the ground in an "alert" sta.tus. In the
event, of a contingency landing, a search area
would be established by the recovery control
center from infornmtion similar to that u_xt

in t.he phmned areas for establishing the search
datum. Contingency aircraft were Mso

equipped with UIIF/DF equipment compatible
with spacecraft t)eacons and would utilize this
equipment to locate the spacecraft. This
"ground ,tlert '? procedure assured maximum

utilization of all aircraft and still permitted
reaching all possil)le landing sites well within
the lifetime of spacecraft location aids.

Retrieval

Rek.overy units deployed to provide a re-

lrieval capability generally have several t,ech- rmvuz 7-3.--Helicopter retrieval technique.
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FlOmm T-5.--MA-6 landing area.

located :,bout 40 nautical miles downrange, a]_d

a second destroyer was located about 40 nauti-
cal miles uprange. Telemetry and search air-
craft were airborne in the areas as shown.

After the retrorocket, maneuver and about 15

FIGURE74._n-scono assistance to contingency minutes prior to the estimated time of landing,
landing on water, the recovery control center notified the recow

cry forces that accordin,._ to calculations, lbe
the spacecraft before inflation; and when the landing was predicted to occur near the up-
dual rings are inflated, the spacecraft, is p_[r- range destroyer as shown il/ figure 7 5. The
tially supported and, relavive to thesptmeentft_ astronant, wits also provided with this iH-
becomes a very stable working platform. After formation 1)y the Mercury Control Center as
collar installation, the ttstronaut can _gre,ss soon }ts com]nunicalions were reestablished

either through the tower as shown in figure 7-3 after the spacecraft emerged from the ioniza-
or through the side lmtch for mmsfer to the lion blackout. Lookouts aboard the [-SS g'o,t.

helicopter by personnel hoist, the destroyer in the uprange position, sighted
The flotation collar is also utilized in pro- the main parachute of the spacecraft as it de-

riding contingency recovel? forces with an on- scended below a broken cloud layer at ;,_ alti-
scene .tssistanee capability for remote water tude of about 5,000 feet front a range of ap-

landin_zs. This mode of operation is depicted proximately 5 mmtical miles. Con:'mmications
in figure 7_ which shows pararescue personnel were established between the spa:'ucraft and the
at the spacecraft following their deployment by destroyer, and a continuous flow of information
ptu'achute from t_contingency search aircraft, was passed throughout dm remainder of the

This discussion of the recovery forces that recovery operation.
were deployed and the brief r6sum6 of the pro- In this ca4e, h)catiou was very straightfof
ordures to be utilized fox' location and retrieval ward in that a retrieval ship gained visual con-
itt various situations provide a background for tact during spacecraft hmding. However, as
describing the actual MA-6 location and a matter of interest for futm'e et)orations since

l'etrieval, visual sightings are probal)ly the exception
rather than the rule, other spacecraft, location

Description of MA-6 Recovery information available soon after landing is

Recovery forces in all areas were notified of also plotted in figure 7-5. The SOFAR fix was
alq)roximately 4 mtutical miles from the htnd-

nlission progress by the recovery control center, lng point, ttnd the first two HF/DF fixes were

Consequently, units located at the end of the within approximately 25 miles of the acttlal
third orbit, knew they were to become involved, spacecraft position. This landing information,
attd figm'e 7-5 presents recovery details in the along with the calculated landing position pro-
MA-B landin_ area. An aircraft carrier with vided by the Mercury network, would have as-
retrieval helicopters was located in the cemer sured bringing search aircraft within UHF/

of the l)hmned landing are% one destroyer was I)F range. In fact, the airborne search air-
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Fmus_ 7_.--MA_ retrieval by destroyer USS Noa.

craft ill the MA-6 landing area obtained as shown in figure 7-6. A deck winch is used
UHF/DF contact with the spacecraft shortly for inhauling the lifting line, and when the
after beacon activation at main parachute spacecraft is properlypositionedvertically, the

opening: however, it was the Noa'._. day and site davit is rotated inboard to position tile space-
was on her way to retrieve, craft on deck. A brace attached to the davit

The Noa had the spacecraft aboard 2{) rain- is lowered over the top of tile spacecraft to pre-
utes after landing. Figure 7-6 shows the vent swinging oncethe spacecraft is clear of the

spacecraft tls it is being lowered to the deck. water.
Astronaut Glenn remained in the spacecraft Each ship itt the recovery force had em-
during pickup; and after it was positioned on barked a special medical team consisting of two

the ship's deck, he egressed from the spacecraft doctors and one teelmician to provide medical

through the side batch. Original plans had care and/or initial postflight medical debrief-

called for egress through the top at this time; lng. For the MA-6 mission, postflight medical
however, tile astronaut was becoming uncom- debriefing was the only requirement and was

fortably warm attd decided to leave by the completed onboard the Noa in about. 2 hours
easier egress path.

In making the pickup_ the Noa maneuvered after pickup. The astronaut was then trans-

alonkmide the spacecraft and engaged a hook ferred to the aircraft carrier for further trans-
into the spacecraft's lifting loop. The hook is fer to Grand Turk Island, and tie arrived there
rigged on the end of a detachable pole to facili- approximately 5 hours after landing. Addi-
tale this engagenmnt and the lifting line is tional engineering and medical debriefingswem

rigged over one of the ship's regular boat davits conducted at Grand Turk.
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TXBLr: 7-I.--3[A 6 RecoveryForces for the Planned RecoveryAreas

Number ,,f Number of Maxinnml
Area search helicopters Number of ships recovery

aircraft time, hr

Launch site ................. 3 ........ ............. Short

A ................. 6 ..... ....... 8 destroyers ..... 3 to 6

B, C, D, E ............ 1 each .............. 1 destroyer each__ _ 3 to 6

'l carrier each__ _[F, G, H ............ 2 each .... 3 each ..... 3

2 destroyers each .... __
Total ............ 16 ....... 12 ....... 21 .............. , ......

I
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