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NATIOMAL AERONAUTICS AND SPACE ADMINISTRATION

TECHNICAL MEHORANDUM X -

MERCURY-ATLAS MISSION & (MA-& SPACECRAFT 13)
REZULTS, DESCRIFTION AMD PERFORMAMCE AMALYSIS
Edited by John H. Boynton

SUMMARY

The Mercury-Atlas Hission 6 was the first United States monned
arbital flight, and all prescribed mission objectives were succassful 1y
accomplished. A complete description of the mission, ineluding a
ITsting of its proflight objectivas and a postlaunch evaluation, is
prasanted,

A comparison of all planned and actual sequence data indicates
that mission paramaters colncide with expacted values. The space-
craft, launch wvehicle, and Hercury Metwork functioned satisfactarily
during the mission. Early In the flight, ﬁawever, the onboard
telemetry transmitted an ocminous signal to the ground that the
heat shield was not firmly attached to the spacccraft, A
subsequant analysis néSu]tgd in & recomnendation to Astronaut Glenn
that the retropackage be retalned Into reentry in order to ensure
corract placement of tha heat shield. A postflight Investigation

revealed a faulty limit switch as the source of an incorrect
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:¢1¢5Etry signal, and the heat shield, in fact, wes not improperly .
deployed during the orbltal flight. During the second orbital pass,
fajlure of the cne-pound vaw thrushars, caused repeated loss of
automatic orbital stahiITiatiﬁh. requiring the astronaut to manually
control the Spacacraft for the remainder of the mission. Daspite
these and other minor malfunctions, the mission was complatead
successfully, and recovary was affacted in the prascribed area by
the destroyer Noa within twenty minutes from landing.

The astronaut's parformance during all mission phases was
highly satisfactary, and no deleterfous effects of weightlessness
were noted. Astronaut Glenn was feund o be in excellent physiclogical

and psycholeglical health during the postflight exanination,
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The first manned orbital flight in conjunction with Project
Marcury was successfully performed on February 20, 1962, from the
Cape Canaveral Missile Test Center. Astronaut John H, Glenn, Jr.,
shown in Figures 1 throvgh 4, was the assigned pllot for this
Hercury-Atlas (MA-6) Mission. This was the third orbital flight of
8 Hercury spaciflcation spacecraft, and 1t marked the sixth of a
serfes utilizing Atlas launch vehicles.

The HA-6 mission was planned for three orbital passes and was
the culmination of a prﬁgram ta develop the Mercury spacecraft for
manned orbital flight, The cbjectives of the flight were to evaluate
the performance of the manned spacecraft system in a three-pass
mission, to evaluate the effects of space flight on the astronaut,
and to obtaln the astromaut's evaluation of the upcrnﬁinna1 5u[tabii1ty
of the spacecraft and supporting systems for manned orbital missions,

All data telemetered snd recorded during the flight has bean
theroughly analyzed by specialists in their fialds, and this repart
presants these results and their analysas. Brief descriptions of the
mission, the spacecraft, and the launch vehicle precede tha performance
analysis and sepporting data. All significant events of the MA=6 . i
migsion, beginning with delivery of the spacecraft to the launch -

slte through racovery and post flight examinations, are decumented.
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Although the graphical infermation presented hereln sufficliently

supports the text, the readar is rafarred to THX - (referance 1)

for a complete presentation, without analysis, of 811 MA-6 time

history data.
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CON 5

HISSTOM DESCRIPTION

Hission Objectives

The mission obJectIves and systems priorities, aslspaciﬂu:.d
in the Project Harcury Mission Directive for MA-6/13, are listed
below for reference.

1. Evaluata the parformance of a man-spacecraft system in a
threg=-pass mission. |

2. Ewvaluate the effects of spaceflight on the astronaut.

3, DObtain the astromaut's opinions of the oparational suitability
of the spacecraft and sepporting systems for manned spaceflights.
Syotams Priorities

{a) Coomunications system Priarity

{1} Command receiver no. | Frimary
(2} Command receiver no. 2 Primary
{3) Lew frequency telemetry

[225.7 me) Primary

(4) High frequency telemstry

{259.7 me) : Pricary
{5} UHF and HF voice Frimary
(6) C-band beaacon Primary

QIO
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(7) S-band beoacen.
{8) GSARAH beacon
{3) SUFERSARAH beacon
(10) SEASAVE beacon
{h) Automatic Stabilization
and Control System
{c) Rate Stabilization Contral
System
{d) Resction Control System
{e) Environmental Control System
(f) Electrical Fower System
{q) E.:-:p'lns.Iw devicas
(h) Cabin equipmant
{13 Havigation instruments
{2) ECS indicators

{3} Electrical system
indicators

4) Sequentiall and warning
lights

(5) ASCS indicators
(6) Satellite clock
(i) Rocket system
{i) Landing and recovery system

t (k) Instrumentation system

Primary
Primary
Frimary

Frimary

Primary

Frimary
Frimary
Primary
Primary

Frimary

Frimary

Primary

Primary

Primary
Frimary
Primary
Primary
Primary

Frimary

b R
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HISS108 EVALUATION

The MA-& missien, with Astronaut John Glenm as the pilat,

axparienced unscheduled prelaunch holds totaling 2 hours and 17 minutes.,

. Thiz was the result of difficulties with the General Electric guidance

rate beacon and a spacecraft=hatch belt, 1n addition to allowances for
topping fuel, loxing the launch wehicle, and verifying the Hanﬁuda
computar after a greund power failure. The wehicle lifted off at
approximataly 0947 a.5.t. on Fabruary 20, 1962; 3 hours and 42 minutes
after thae astromaut entered the spacacraft.

A1l Atlas Flight parameters were mormal during launch. Virbration
amplitudes and frequencies were acceptable and comparable to those
experienced during the MA-5 launch. Spacecraft orbital inserticn
conditlions wara axcellent, Deviations from nominal values of
inertial flightpath angle and welocity were =.05 degrees and =7 ft/fsec,
respectively, with a resultant capabillty of nearly 100 orbital passes.
General Electric=Burroughs and AZUSA guidance data both indicated a
MG condition after sustainer cngine cut ?ff. The perigea and
apogea of the orbit differad from the nominal values of 87.0 and
184 .4 nputical miles by 0.1 pautical miles and 3.5 nautical miles,
raspactively.

Spocecraft scparation, rate damping, and turnaround were
accompl ished satisfactorily. With the axception of steadlly rising

temperatures on both inverters, all spacecraft systems parformad

satisfactorily durlng the first pO%S .
T il
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The astrenaut observed the launch vehicle tankage [n [ts slightly
lower orbit for some time, checked out the spacecraft control systems,
performed planned tasks and made scientific observations, Including a
raport uf_émall luminnus-ippea;ing partieles arpund the spacecraft at
funriso.

At approximately the beginning of the second arbital period, the
astronaut reported that the spacecraft was not malntaining scceptable
attitudes in the orbit mode of contrel in right and latar in loft yow.
This was because of a thrust loss from the low thrustars. The astro-
naut elected to control the spacecraft menually to conserve fuel, and
most of the resainder of the mission was flown in & manual control
moda. Hecassary gttcntiqn to control of the spacecraft precluded
accomplishment of some flight-plan items,

However, the astronaut accomplished the major planned tasks an.;.l
confirmed the major weather phenomena were visibla on the moonlite
dark side of the carth. He controlled the spacecraft attltudes by
visual referense to the horizon and stars on the dark side of the
earth, and spacacraft manauvers ware performed manually, including
1800 vaw mansuvers.

During the second and third passes, an indication from talamatry
that tho spacecraft heat shicld might be unlocked caused some concern. ™
A recommendation was made that the empty rotropack be retained on the
spacecraft during reentry at tha end of the third orbital pass,

The Intent was to hold the heat shield In place until sufficient

b T
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asradynamic ﬁre&suma was built up, in cese it was unlatched. The
retropack had no detactable effect on the reentry. ‘It was later
disclosed that the heat shi;ld had not been prematurcly rc1nascd;

Spacecraft atttudas Huriﬁg the retrofira mapeauver wara controlled
by both the automatic control system and the astronaut using manual ;
contral . Spacecraft oscillations diveraed durlﬁg recntry and were
not satisfactorily controlled until the drogue parachute stabilized
the spacecraft. The drogus parachute deployed at about 27,000 feat,
rather than the planned 21,000 faat. Landing (at O4:55:18) occurrad
approximately 4D nautical milas upranga of the planned landing polnt.
The spacecraft, with the astronaut nside, was recovared some 17
minutes after landing by the destroyer Hoa. The astronaut was found
to be in excellent physiolegical condition.

Hatwork operations, Including telemetry raception, radar tracking,
comunications, command control and computing wara excallent, which

parmitted effective flight control during the missTon.
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SPACE VEHICLE DESCRIPTION

A photograph of the space vehicle lift-off confliguration,
censisting of the spacecraft and the launch wehicle, 15 shown
in figure B. : |
Spacecraft - Spacecraft Mo. 13, shown In figure 6 was utilizaed for the
HA-& manmed orbital mission. 'i'ha spacecraft axis system i5 shown in
figure 7. The primary differsnces between spacecraft no. 13 and
spacecraft no. 9 (HA-5 mission) are listed below:

1. An astronaut's couch was nstalled.

2. A personal-squipment container was installad.

3. Filters were provided for the astranaut's window.

4. Ap indicator was added to the instrument panel which displayed
the temperature of the suit circuit steam vent.

5. The suit circuit incorporated a constant-bleed orifice
(750 cc/min).

6. The suit shutoff valve spring force decreased to approximately
25 1bs,, compared to a.1I:|uut Lo 1bs. for spececraft no. 9.

7. The cabin=fan Inlet duct incorporated improved screens,

8. The latching relay to lock in the number 2 suit fan was
onjtted,

9, The suit=inlat snorkel door was located on the confcal after-
body .

10. Cooling plates of the new design were installed under tha

150 VA apd 2EB0 YA main irverters, and the stalnless steal check

~COHF QENT LA S,
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walves ware Installed in the coolant line In lieuw of aluninum valvas.
11. The Manual Proportionel control system linkage had shear

pins added,

12, Improved heat-condition paths and heat sinks ware installed
near the thrusters for temperature control of tha roll thruster

fuel 1inas,

I13. Indicating 1ights were addad to the [nstrument panel to show

which inverters wara operative.
145, Direct manual switching without fuses to the inverters

was incorporated.
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15.

battery.

16.

7.
12,

SARAH.

9.
20,

R

The maximum slEitude sensor wos provided a scparate

One=chm fuses were Installed in all squib eireuits,

An integrating accelerometer was installed.

A Super SARAH beacon was incorporated in lieu of an Ultra

A reserve chubte was installed.

A switeh was installed to allew manual override of heat-

shield deployment.

21.
22,

The escape tower legs were of heavier constructicn.

Incorporataed.

A manvally actuated blood pressure measuring system was

The weight and balance parameters for spacecraft no. 13 are

shown 1n the following table:

Hisslan Phasa

Parameter
Hesrraal
Launch | Orbit |Reentry
Configu=
ration
Weight, pounds 265,26 2986, 73| 2698.48
Contar of Gravity £ 167.96( 121.18 124,62
station, inches X .31 . 0% -.07
¥ -. 08 .07 .01
Moments of Tnertia, le | 3684.0 | 281.6 271.0
slugs-ft L |7761.1 | 621.6 | 544.6

Normal Re-
entry Can-
figuration | Flotatiaon
Pls  Fetrpeck
{Rodkets Fired )
2815.95 2h21.79
123.02 119.74
- .06 ~.33
.al 1B
275.1 258.1
cE1.8 353.5
5394 359.%

L




Launch Wehicle. = Tha MA-6 launch vehicle, Atlas No. 108-D, was modi-

fied for the mission 25 on previous Hercury-Atlas flights. A sketch
showing the general conflguration is shown in figure B. |t differed
from the MA-5 Mercury-Atlas booster {93-&] in one major respect. The
insulation and its retaining bulkhead botweer the lox and fuel tank
dome was removed prlor to launsh when it was discovered that fual
had leaked into this insulation. The original requirement far this
insulation and retainer had been deleted earlier in the Atlas develop-
ment program as being non-essential, and this Insulation is not re-
tained in tha ﬁpcratiuﬁa] ICEM wearsion,
The fallowing minor modifications were incorporated on MA-6 and are
- planned for future Mercury=-Atlas flights: °

l. The gyro canister was modified to Include specially
sclected transistors of the original design type that had good
thermal characteristies.  This change decreases the possibllity of
thermal run-awdy in the gyro torquar and sigral amplifier.

Z. The bopster lox-tank pressure parameter for the Abort
Sensing and Implemehta:iun System [ASI5) was changed from 21.5 %
1.0 pgi o 19.5 % 1.0 psi to protect against an inadvertent abort

dua to lox - tank-ullage pressure transients which ocecur at ift-off.
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b ‘._ EVENTE, TRAJECTOIRY, AND GUIDANT '
Zoquence of Dronte
The tinmas ot which tho major events eceuroed cre plven in teble I,
rrajactory

The ground traclh-of the flipght iz shewm in flgure 9, and the
altitude-longitude niofile 1 showm in figsno 10,

Tha loavncl frajoctory dota; chewn In fisurs L1, ars baesd en the
roal timo cutput =f tho Donga Safeily Impocht DProdicter Computer (which
usod AZUEA ME II and Coapo FPE=1G raders) ond the G:;:ncr.t]‘.- Tlectric=

Duricashs culdance coemputar. The dato fyen those traching fosilitios

morg weod daring tha timo pericds 1dstod bolow,

Facllity Time, Min:ifsc
Cape Cannveoral FUE-106 O ta 00345
AZEA ME IT 00=45 to 01:03
GE—Suraushe : Ol =02 te 05:02

The parmnetors shoem for the "planned™ launeh frajoetory 1n teble
I werd computed using the 1633 MEC meodel atmesphere to muintaln con=-

aistancy with othor publlisliad preflichs traiectory docupments,. Eha

donslty of tho Cape Conoveral atoospiare ls approxi=mstely 10 soroant

highor than that af 1050 ARDE atmosphers in ths, rogion of moainidn di=

nemic pemssyre (abeut 37,000 foot alifituvdeld. Az & rosult, tho scximm

dynanic pressute eXpectdd would e abeul 10 poroont hlzher $hen that



clhigin ns -‘.I'""".cﬂ" For this fI1ight, w5 merinim dynofic nlossurc oo=-

parlenced was mbout 12 neveant higlor then thot shemn se "plaswmad!,

The orbitel ‘nortlon of tho, trajeetory, abomm dn fipurs 12, o

5

sbtningd By storting with tho cpeecernft noriticn ond wolasis Ly veat
bigired durdng the second pass nopr Woococra, as deteimdned by the

Goddard compputer using Lorcury networl trecking deota.  Intecietion

pooieard olong the f1ight trojectory to orbltal insortion ond ferwood

to tho stort of -"trc-ﬂ“e ot the ond of +ho third riolded tho caleulsf—

| gd oribit. T‘m a integrated wmluss worg in excollent agrocasst with the
f Conoral Blectrie-Turrouzhs suldanco systes mosswved. valucs ot orbitel

i b inzertion, They were alsoc in cccord with the pesition nnd wolooity
vactors catormined by the Geddord eooptitor for passos nesr tha Canasy

Izlende (first poec), Bscpede (socotd ond third pase), ond Husheon

H
=
L
1=

f ciprdng the thind nooald, thus ostablishidng the ve of s inte=
prated orbital portdon of tho f1ipht trajectary.

Tha roomery morvdon of the trajoctory, shown in fipora 13, was
aiitoined by storting with the spacseraif nositicon and veloeity voater
ronr Corpus Christd, Tomns, ne deternined by tho Godedord Cemnuter,
Intomroticn baslmwerd alompe tha £14s1t o the end of ratrefivre and for="
wvard tollonding :.'*r.'-:lq.e:l tha reoniry trojoctory, T ii,- cuarelss assumod
thnt Mhe reire=pochnpo had not bSoon Jotilsoncd and thot tha -".-:;*:-;-,
chrto was daploved =G Odz49:17 GET (given by folometry) at as altiiuvde

T Y




of eosroxinstely 27,000 Faat, inetend of thoe planned alfftude of
21,600 fant, " Tho epacocrall -icc:nim“tﬂ.-:rnﬂ from thae dntarratad ._m-r:ntr:."
'E].'-.'."J'.'.!-:t-ﬂnl'::" arras within reading accurmcy, wlth tho doceleraticns mens=
ol By tho cnbostd focclercnotor,  In addition, tlhe fi=mos af dragtao

.i fid nedn chuta doplaymicnt fI‘E"‘" the Inlofemtod "'-.‘-"I?:-'l""t:l‘:.- trajoctory and
from epacesraii ontonvd fMoasurenonts agres within ong’ sacond. This
agracnent betveon tho spacocroit porves Lo vorliy the wolidity of the

inteprated reantyy poriion of the trsjoctory, Tho dntagrstod velvaes

._g-

£t tho ond of ratroldrs wora pdirsied by sddlng the elfeats of 2

Ty
Ll

il rotrarcchat votel Imrilsa of 28,8500 Mo~gcs ot noeminal) spacooreit

k 1 vatrofica artitudes of =342 piich, with =eomo rell =nd yaw, The resulis,
e e-:..'.pi.uml pih thn prbital dntagratadivaiyes ot the stzeb of rafssa
fira ahors thelvelocityitoibetnbott a7 fogt Snor second lowindicat

el theloctuel ratmorechket perfomancs wvas T fcot ner =sccohd groniar,

The foot that the spacecraft Lodled spnircximately 40 nnatloal milos

shart of tita neminzl landing pednt can e attributed Lo o daviotien

T o T e R T S e

spacecrnft piteh citituds during retrofive and evesssiva ratro—
w FE i

: i

ochat morformance. An error of 1 foot por sSeeond in retro-valocity A

LT =
1

wlliSpivalcors "'}c:-..ﬂa L oIy in londing rango of 3,28 noutlcol milcs

o tha nomlaals Dsnaingensdat Satdfaht oot el 1 0= in plici teitode s

duclins rovrofire will gpive anorror An landing rative of 1000 nautical

milos frcen neminal,  The resntry tyajoctory =ad the Iondiny ssing
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wors cnly elipghtly sifoctod by the ratontion of tho retropaciage. Tie

-

anvaprotod londing peint wae cheut & noutical milee shart of i

spacacrafe nlelup point,

The scercdynonlc parcmetors for the plamned aud dntegictod resniry

trejosiondas voard compuled uslog the NS0 2edal ciza

e P 4
1, ke a8 L8

sogod o Discovar oRoliital sragvar dotas abeve 60 nmutiosl =ilss
altituds, oo 18580 ARDC =0 pinmosplicro’ Dotwean the 20-amd S0-ra(ti-

col mlla altitudes, and the Puirick AFE atmecpheore bolow 25 anuticnl
rilee alEitnde,

In el trajacyery fiparoo, tho abovs intogiotcd voliog ar

]
1=
53
a g
{3
'_I
1

ed Ve tonll,

A comparisen of tho plannad snd pobual 2 voajectoly paramoters is

L

yistan En tablol 1T, Tha giffarenes botwoon those 1o dus o ths cotuzl

i &4

cutoff walocldly ond f)3phi-coth anglo boing slizltly lower than plann-

=148
Cuddanoc
The Genoral Elootric=Nurrourha, Atlas guldsnos svaten porformed
aztcallonsly iinsthis F1phi. " Tha fuldanco) sysiom locked tho volidcle

m bothh froclh and rate ot 00:68, approccizmatoely of planned, =nd lost
lecl: at 05:32, throsgh 16, (21 secends after sustains: eagine L= i 4

SECCD,

In figure 12 tho walecity and flight=-path anszle ora showm dn the

' A
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=arian af sustniner cutoff. Gouorpl Electric=Sutroushs datln aro shoum
in figura 14, and tha AZUSA dats tUsod An Lhs Dedse Safaly Tonpost o=

dictor Computer (IP 7000) axa shewn dn figmra 15 to dlluvetrats tho

noise level dusipg tho timc of the CO-HO-GO copuintions. Daoth tho
"I.':!-.'_."m:.‘:'._".l Electric=Duriaishs and the AZUSA date :I.J.'E-QE-.'EELL".E:‘I'_"E:. caendlend)
pxoent o o AZUBA pu.ﬂ.nts fmradintely atftor SEIO,

Tho Ganoral Blectrie=Durpaislis syaten pave o ocutoff T.’:.LEEEL A
nhpuk 7 ftfece lew in valseity amd abent 0,50° leow in £1ishit-panth
anplo,. Thoae voluss ave within the onpested accurcoy range for tho
oyote,

In fimuro 156, t]:c::a dote atas shovm o flipht=path fnzle voreom
vc.lc-'c:,tg.r_ ThiG 15 £ho dopa af ddlsplay usod by ho Flicad Drenanios
CEficor dn the Meroury E:m-‘cra-l. Sonter ok the orhital GO=N0=I0 do=

ci=fion, Soth General Electric-Duarraurhes and! AZUSA data ivdleniod o

G0 condition,

e i e = e e - - - - - —— = s mmm s e il S e g b s L R QR et =
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TABLE IT | COMPARISCH OF PLAINED AND ACTUAL TRAJECICRE PARAETERS

Condition "l_l.'i fSuantity St | Flannod .FI.Et-LB'tl :J-i'f.'.['li!c.‘-:lﬂEll
Entry dynasilc prcssure 447 472 25,0
Landinr point: '

Latizude, dog:min | 207 | me2emi® o015
Longitede, dog:=in : 52001y 65 w? |  pofanry

1
Daged of Capé Coannvoral alnosplioro,

)

“Tasod on 1050 ANDT rmeodnl atmoanhnia,

o :

"Actual" landing coordinates shewn above wore thoge rosulting froo
tho trojecuoiy dntepration, The reotricemal point 20 minatos after
londing was ropariod as 217251 opa go@aqeg by the recovory ship

f=aa secticn 9.9).
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. SPACECFAFT FERFORMAKCE

k

The gpocccraft as an entity performed sdeguately. Scme malfunctlions
ware a:merflfnceg, and Mal;.rsaa_nf these are discussed il% the following
paragraphs. Also digeuseed, from an oversll mission ¥iewpolnt, are the
spacecralt systems' geperal performance. Flight deta swd measurements

are generally not shewm, other than to clarify an analysis or present

‘measurersnts of partiovlar inkterent.

Complete time histordes of spacecraft datn, without analwysis, arc

presented in reference 1.

H-paceéra.ft Cantrol Systen

With the single exception of both l-pound yow thrustersfailing,
the spacecraft control system functicned normally throughout the F1ight.
Discrepancies between the attitude indiecoters and the ground reference
reported by the sstronaut are discuseed and a detailed analyszis of the
thruster melfunction is presented in the Hesetion Control sactico.

Syoten description.- The gpacecraft is capable of the rm:::,;
eontrol system mcdas: _

1. Automptic stabilization control system (ASCS), with orbit mode,
orientation moda, and ELTJd-'-liE.‘L‘F denping mods.

2. Fiy-by-wire (FEW) mamusl system. L 5

3. Manual proportional (MF) syotem. :

%. Rate stebilizatien control system (RS0CS).

Modes 1 and 2 employ the autematic remction control system (RCS)

T,
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thrusters, while 5 and 4 use the manual RCS thrusters. Each renction
cantrol system 1s indevendent of the other. Combinaticns of 1 and 3,

2 and 3, or 2 and L may be used simgltoneously. The ﬂ:a_,ulil'."':l.er-m:-;l:.'nmtc-r
{AinpCal) incorporated a new single-pulse, orbit-mode logie, thus elim- -
inating tha double orbit pulses thet have been experienced in the past
with dixty reveater sectors. In odditicn; the horizon scanmer refercpce
levels vare get ot approscimately 25 percent to lessen eold cleud affects,
and scanner slaying was progremed for 8.5 minutes in each I0-mimite
paricd.

Flight description and is.-

Powered Ilight and turparound: Control oystes coperation wos morsal
in this pericd, altbeugh the 5 Eer.tm'iﬂ.a of eepavation rate-dompirz was
delayed 2.5 seconds by the segeence clrculiry associsted with the .20z
gwitch, thus leadirg to & fairly large initial roll error at the start
of tuwrnavound, The souree of thisz error was the recpening of the 20z
rolay when posigrades thrust accelersticn was sensed, and a lockout
fegture will be iu.-:lude-rl cn future fliphts. Twrparound wos managed
adequately, although the tize reguired (28 seconds) to eettle into orbit -
mode was longer than pormal because of the inftisl roll error. Space-
ereft attitudes and rates pear inperticn are listed in the following

table: : =



" Attitude;Rate
Axis 2 .
: Eeparation plus 2.5 sec| Separntion Plus T see
Sepdis on (start of demping) | (start of tursaround)
Foll 0%:-1%/sec : -ﬁn:-ﬁn,-"me . -22%;
Pitch |- -8%:40.4% fzec +2%:45.5% fzec +47
Yaw, [ 180%:-0.3°%/zec 170%:-2.5°%faen 160°:

Crbital phase: Except for the thruster malfuncticn, the comtrol
gystem during this phase functicmed E:ﬂs-l:htisll_'l.;r a8 degipned, Cootrol
system exerclacs and usage Todes are discussed In 8 later section. With
the initiation of the firet yew moncuver, attitude indicators began to
@isagree with true spacecraft attitudes.  Such disagroements are inherent
in the eystem and will ocour whanever the yaw or rell attitudes deviats
from 0° for an extended Dericd of time, as demonetrated mathematically
end with opersticnal hardware. Values will be different, depending upan
the rresence of elther scanner slaying or fixed pitch orbital precession,
but the effects will be similar. Esch di=pgreezent has been examined
and can te explained per system design.

The following hypothetical maneuver is cited to best illustrate
this point: I . .

Aspure that the gpacecraft and gyros are properly erected in

the normal orbit attitude and that the spacecraft ie then

yawed 50° and maintained in this yaw heading fex % of an

erbital period (11.25 mfnutes or 45° crbital travel),
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whlle tha astroneut maiotains & locel vertical using tha

vindow reference. During this %gmsa the flwved piteh pre-

cesgion eignal [about ll-ul.l'm:l.n]l will drdive the vertical gyro

spin Y direction 90° frem the orbital plane, and

et the end of this pericd the pitch attitude indicater

will digogree with the gspacecradt frue attituds Ty hﬁﬂ.

At tha same time,_'t.he astronaswt will haye rolled the space-

eraft il+5-":F to maintain his vertieal positicn with respect to

the local horizon. I the spacecraflt is then restored to

the nermal orbit attitude, the gyro spdn axls will caintaln

its pogition in spacs. This results in permanent attitude

eryore in both axes, unless corrected by slaving.
The 180" yay maneuver, lnitiated at F:14:00 is offered =z the best
pxample of the shove (zee figure 17). Indicated attitude errors, pro-
dused by apaceeraft mancuvering, can be eveldsd by leaving the gyros
cpged during such maneuwvers, HNew gyre references con hest be restored
through contimicous seanner slaving, combired with inesging the gyros
&% epproximately o2 pitch m_m. then permitting the spacecrafit fo remeln
at orbit attituvde (-34°) for approximately five mimutes.

Three gyro cogngs were executed by tho u.atr-::-naul'-h durinz his missicn
rhage. In gach dnstance the spacecraft was pltohed down to -:L_'i'f:"1 rathar
than level. In addition, during the fj:ra.t caging the spacecrafi moll

sttitude was ~1G°.

i
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Horizen ocanner cperatlon was ad expected, with chort Toll geanner
"fgnope" pericds cceurring just prior to sunset. A1l "igneres" yrodused

by the pitch searmer can be ccrrelated with meneuvers. =ight scanner

. Slaving cycles ogocurred, which were controlled by the progremer, and

thic prooptly removed nll marsuver and caging errors.
Retrofive: Retrofire occurwed at 4:33:08 and was completed by

. L4:%3: 3%, The astronaut provided backup to the ASCS system with manual

propertionsl control, maintsining slightly better attitudes than wers
experienced on the MA-5 mission. Pitech and roll was held -ba within J.ﬂ',
with the yaw deviation mot exceeding 2 .
.08z and reentry: At B30 30, reentry pitch-un *I..'u.s initiated by |
the astronewt, with the .05z relay mamually sotuated af %:13:31, The
.05g To0ll rate was initiated at k:b4h: %), utilizing both mamusl and
fly-by-wire thrusters, and reached -u“'fsau within 2 seconds. By b:46:30, '
piteh and yew ::M:Lun.f:imnl, with o peried of 1.5 see, were in evidsnce,
with rates changing 2%feac. The sstroneut attempted to provide dempdng
utilizing both manual and fly-by-wire thrusters. By 4:47:17 the pitech
ceclllatory rates had ineressed to greater than lﬂn,n"s::c., with a pericd
of 1.1 sac, while yaw Tates were kept within 6°/sec at the seme freauency
wntdl b:47:20, when they also exceeded +10°fsec. It ia estimated that
manal fuel depleticn ceeurred at 4:4T:0%. Anslysis of stick moticns -
and rates shows that at lesst 50 parcent of the thrust pulses oppoesd
the ddvecticn of motion, 25 percent were approximately E-Dﬂ cut of phase;
thus decreasing then aiding; and preducing no net effect. The remaining

Akl
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25 percent aetually sseisted in increasing the oseillotioms. Extrapo-
dntlon af the rate tra{:eh provides a apacesratt ewing of +‘}° in the
center of thi= time period.

At L:47:39, the astreopsut”switched on the swdlisry demping system.
Pitch and yaw csclllatlon rates deereased to within Eﬂfsa:: in a L-gecond
pericd, whils the roll rate decreased Tram -20%/sec to a nemina) -11%/sec.
At b:L4B:%3, the oscillaticons again begen o bulld wp in pitch and yaw.
By 4:48:10, rates were changing #10°/sec, with e period of 3.5 seconds
per cycle, while the roll rate showed an irregular deereage. Automatic
syetem fuel deﬁetim iz astimated to hawve opeurred at approcieately
4:48:30. For future mission, flight plan ground rules will ensure that
.nulrrlnj.n:nt. el will be ayailable to control adverse oscillaticns dn
the auedllisry dampdng mods, with R30S az a baclup. AL approxdmately
Likgz 17, the drogus ch{:‘cp weg deployed, with antenna fairing release
and main chute dapley amu&iug at L:B0:11.

Bahavior dvrding the second pericd of cscillaticn compares with

estimates for reentry without contrel, although the direct causze of the

‘divergent cocillaticns eommot be conclusively determined. Gross extrapo-

lations of flight data provide a spacecraft sving of about +25% in pitch
and at least 2h0” 1in yaw (Astronsut Glenn estimated emplitudes of up to
90%). It was not possible at this point in the flight to determine .
attitules with respect o the vertical, aince the spacecraft gyros hed

been de-energized.
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Resction Control System. -

: Configuration: Tree P-ear:ti.ﬁn Contral Synten {JEEE} wvag of the stand-
ard configuration in both the .autu:e.tie and manual subsystems. Heat
sink medificaticns to reduce témperntures in the hydrogen peroxide feed-
line to the autcmatic and mm.l roll thrust assemblies were incorperated
cn the laumch pad.

Frelsunch Activities: FPrelaunch servicing of the manual and sarko-
matic subsystems was nomal, with all camponente funetioning proparly
during system servicing operaticns and thrust chember static firings.

One abnormality waeg a high decomposition roate from the automatic sub-
system during surveillance. The actunl surveillance rate evolwved was

53 percent of the system allowable maydimumy however, because of the
decomposition rate linearlty with time, the system was considered f1ight-
worthy.

Flight Parformance; Price to 00:23:2L, both the sutanatic and

maruel RCS subsystems Functicned preperly ond dslivered the expeoted

thrust levels along all axes. At OL:20: 2L (Auring the first orbital pasa), 3

the ASCS called for 1 pound yew-left autcmatic thrust chember cperation
from whieh no rate rosponse was receilved for 5 orbit-moda pulse signals,
Immedistely after this melfunetion, the astromsut sslected the mu.nuu.]_
mroporticonal eontrol mode ‘and retwrped the spacecraft to proper yaw .-
attitpde., Repeated signals to the thrusters in both ASCS and £ly-hy-
wire control modeg substantiated that the 1-1b yew=left chember was aos

funetioning proparly. This conditicn persisted until O01:48:22 when in

ST
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the fly-by-wire mode, thiz thruster began to fmlﬁ;tiﬂﬂ and deliver the
proper rate response. Except for & few isolated yaulses of possible low
thrust values, the 1 pound yaw-left np:mt:&d. properly for the remainder
ol the flight.

Within coe minute and elghtecn scccopds of return o prover cperaticn
by the 1 pound yow-left chambar, the 1 pound yaw-right chember ceacsed
to respond (01:40:4%0) in both ASCS and fly-by-wire control modsas., The
1 pound yaw=right cheamber regained inoperative for the duration of the
flight, except for apperent intermittent operation in the pericd betweem
04:30:00 and O4: 34: 00,

With tha exeeption of the 1 vound yaw thrust chembers, all remain-
ing chembers in both the subtcmatic and menuel subeystene Dunctlomed

properly throoghout the flight with no noteble axneﬁinﬂa. AL aos time

the dotronsut volced fthe opinicn that a posaible piteh-thrust-chomber

melduncation was evident, bub thia report wos not subetantiatad By the
data. The manusl proportional comirol syestem exhibited rroper operation
gt all timesg, with the possible exception of an instance where it appeared .
that the control bandle may have retained a slight deflecticn frdm
neutral following o control mansuver. This conditicn appeared to hove
becn correstad by the spetronawt with no difficulty.

Feed-Line Temperatures in Flight: Feed-line temperatures of both -
autcmetic l-pound roll and mamial-roll thrust chombers were measured
durdng flight. The manusl roll feed-lins femperature incresced approx-

Imately Eﬂﬂ F from prelsunch szblent conditiecns due o marodynsmic heating

i -
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during powered flight. . At the ceopletion of spacecraft turnarcund,
mamual roll feed-lire temporaturss were steble at approximately 106° F.

tamatic 1-povnd robl feed lines wers only slightly affected Ty
th= boost phaee and .‘Ludjl.-lzateﬂ. El--tﬂ't-ﬂ.l t:n@tm‘bu.lrt insresse of less than
10° F frem prelaunch ambdent to campleticn of opacceraft twrnoround.
_:Haxlmm temperature in orbit of £he mameel roll feed lines was appro-
\imately 106° F. Maxfmum temperature in orbit of the autamatic roll feed
.11_11:-_ wad approximately 150% F.  The e!_‘i'eut cf aulzar redintion on feed
line temperstures was evident from data taken during the second and
third passes. During sunlight pericds, slightly increasing temperaturs
trends were noted, and in perieds of der¥mess temperatures did not shew
an inereasing trend.

Rzentry heating effect oo 811 Instmmented feed lines wes Yery pro-
nownced, with mamisl roll Teaching o masiswm of eprrexizately 145° F
and mubomatic roll o mexieum of epprecdmately 200° F.

Postflight Inspestisn: ALl thyuat chember assemblies in Szace-
eraft 13 were disassembled cn February 26, 1962, for the purpose of
visual exsminstion. Fhoiography of n.ntc& observaticns was conducted
concurrently with disassenbly. Ioose forelgn particles found uwpetreem
of the fuel-metering orifices of both l-pound yow thrusters are believed
to be the most probabls covse of the Intermitten malfunction of thess 5
thrustors. These foreign particles haye been yisually identified as
porticne of fuel distrituticn (Duteh weave) sereens located downstresm

of the fuel metering orifices. The time and method by which theass
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particles went wpetresm .of the fusl crifice iz wnknevn, but it 1s hypoth-
egizad that pressure transiente in the thrust chembers provided the
transport mechanlien. ]éb:amiuat:l‘.un results are listed in table IIT, and
typlcal phnt-:;pai:-ha are shown o figure 18. For the MA-T missicn, what
ig coemenly referved to as the "interim £ix" has been inccrporated into
I'I:.J':E reaction control syatem fu1; gpacecraft 18. This essentially imrolyas
replacing the stainless steel Dutch weave screens with platimzm screens
end a fusl distrituticn plate, Ireduc:l.p.g the volume of the beat barrlers
grd gclencids, and moying the orifice to the splencdd inlet.

Fuel Congumptlon: The fuel consumption dis shown in table IV, and

the reentry portion is shown in 'f:ia.'ure 4.
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TABLE TIT.- RESULTE OF POSTFLIGHT EXAMINATION OF TERUST CHAMRER
Thruat Eept 1
Orifice Duteh woave
Chamber Barrier Hemarks
Amgenbly” e Ceondition Condition
1 pound Clear 5 particles Top soreen | Pordiele diometer
Yow Right, on upetresm burred and | approx. saze as
8/ 101 Tace heavily 016 orifice and
' erodad in length somewhst
cantar larger than .06
1 pound Cleoar Huorcus dust | Tep seresen | Fartiele size of
Yaw Laft, glze yorti- | | turned and | the crder 100 to
5/F 55 cles cn zodexately | 200 microns
upatress fage | aroded
1 peund Clepr [ 1 particle Emall hole | Particle sige
Fitch Dosm, on upstream in top of the order
s/0 114 Tace sereen. 100 to 200
Slightly Elerous
urned ]
1 pourd Clear g particles Tep screen | Particle pime
Pitch Up, on vpstresm orned and | seme sz 1 wound
8/ 108 face proctially | Yaw Right, above
ercded in
center
L pound Clear Clean Hormal =
HRoll COW, \ only
afN 12 elightly
discolored
1 pound Qlear Clean Hormal =
Roll CW, chnly
3fH 211 slightly
diescolored
Auta - & pound| (lear | Cleon Normal
Roll CW,
8/ 211
duto = 6 pownd| Clear | Clean Slight
Roll CCW, -eroeicn
sfn 1z

el
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TARTE TTY. - CONTINUED

¥
Thruat Hent
Orifice Tatech weave 3
Chepker Barrier Condition Condition Reoarks
Aszembly ooresn
Aato - Clear Clean HA
al pound
Fiteh Up
Sl.n"ﬂ 2l
Manual - Clesr  |Clemn HA
24 pound
Pitch Up,
ﬂ;"H 215
fats - Clear Claan MA
24 pound
Plteh Down,
8/ 12
Moannal = Clear Clesn & Wet HA
2} Found
FPitch Down,
&/ 205
fute - 2% pound| Clear - |Clean HA
Yaw lafi, ARDaArE
8/M 107 as cnly
1 gereen
{Marnial = Clear Clean HA
&% Pound, Yaw
left, 8/ 85
Auto = 24 pound | Clear Clean HA
Yoy Right,
5/ 54
Manual - (lear |Clean & wet | HA
2k pound & wet
Taw RBight, :
S/ 23
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TARLE ITT,- CORCLUDED

Thyuat Haat - ;
Chamrap Barrier m:n I’gt“h :?ﬂ:‘a Temarka
Aasezbly Screen T omdt
Momig]l = (lear Clean Normal
5 pound Roll | & wet
oW, 8/ 2
Mamial - lear (lean Weoxzmal
£ Pound Rell & wet
CW, /0 T
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TARLE TV.- FUEL CONSTMETION™

Auto System Mamuinl S;rst:én
* Maneuver Fuel Used | Fusl Remain | Fuel Used | Fuel Femain
cr Mods i 1lbs 1bs Tos
00:00: 00 Lauwneh 1] 6.0 0 2.k
00:05:00 Turparound 5.8 0.2 (v} 2Ll
and dempldng
01:37:00  Orbdtal h.2 25.0 0.6 23.8
Pags 1
03:10:10 Orbitel §.0 0.0 11.8 12,0
Fopos 2
04:3%:00 Orhital ‘B.E 114 - 5.2 6.8
Fags 3
(to retra)
Oh:43: 27 Retro to L.o Tk 5.6 1.2
=00
Ob:46: 20 .05 to 7.4° 0 1.2° 0
drosue
parachite
depley
Ob:50:11  Drogue 0 0 0 0
parachute
tn main
rarachute

Mata aecuracy o 0.5 pound fuel,

b1’-"1:-::1. depletion cocurred during thic period

C DT .,




ekl

Pogtflight exomdnation of dota reccrded onboard revealted that the
eutcmatic fuel depleted near Ob:48:30 and manual st approximately
ob:B5T:20. The menual fusl qu.ﬂ_l.Ttii:'_.r Indicator sversaged an error Df'
epprodmately B percent more fuel than actual for fuel quantities below
TO percent. The aubcmatic Iw:l auentity indicetor aversged an error of
armrodimately % percent more fvel then actusl for all fusl dvdicaticns,
Heither of the shove percentege eryore reflects a visual readlng errmor

of the FQL geuges.

Envircmeental Contrcl Byatem

The Eh:nrirnnmq;ltal Control Systez (ECS) provided adequate environ-
mantal conditions for the astronaut throughout the flight, The uncom-
Tortably warm conditons reported by the sstronaat after landing are
discusged inm s lster sectlon.

System Descrivtion.- The primery change in the ECS from apacecraft
n0. 9 (MA-5) was the addition of a constant-bleed orifice to the suit
elreudit. Thie ocrdfics provided a contdinuoie mq,l;gen flow greater then . .
the setroneut's anticdpated metabolic requirement. The excess gae was
exhausted into the cabin.

Countdown, - The femperature of the main inverters Inereased to
higher than expested levels during the countdesm. This indicated that
the frecn flow to the :I.n'.'erte:r. eold plat.pa, though adegquate during p:['e-
count ehecks, was lnadequate durlng the finsl eount., Teoperatures of
the 150-v amp and 250-v smp inverters st 1ift-off were 162° F and 120° T,
regpactlvaly. -

ComrET I
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Iaunph Phaee.- The - launch phase was nosr=al. The -:-.nhiu and sult
pressures malntained a 5.5 pal d‘ri‘ere::'tial ahave embimf during sscent
and held at 5.7 and 5.8 psis, respectively. i3

Orbitsl FPhase.- Cabin' and ‘sult presspres maintained 5.7 and 5.8 pedia,

ragpactiyely, throughaut the orbital f1ight. The decay in these pressures
thet had been observed in previcus flights was agbzept for three primary
Te8s0n8;

1. The low cabin leakape (loss than 500 v.‘:uf::m.]. _

8. Excess oxygen, exhausted into the sabin from the suit cireult
congtant-blead orifice.

3. Minor leakspge from the gecondery cogmen supply.

The oxyeen paxtlsl pressure agreed with sult pressure to within

0.5 peis althooght 1t was coasistently lower. The cause of port of this

difference is contributed by woter vepor in the suilt civenlt, which

added a partial pregsure of approximately 0.% pail that is nof ineluwded

in the coymen partisl pressure reasurement. A mere careful calibration
than those made for previous .fJ_'Lghta ]:I:BE resulied in 4 mors satisfactory |
perforzance of this instrmment,

The ca‘bin air tempperature, after the Initial heating pericd,
Ffluctusted as expected when the spacecraft passed through the alternate
periods of darknegs and sundlight. The astropaut reported that at least:
five attempks to reduce cobin alr tmpa.mtm'u, tr incrensing vater flow
to the cabln heat axchanger resulted in Ldlvmination of the e:-r.nen.s woater

light. This indicated that the cablin heat exchanger waes operating near

i
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its maximum capacity for the existing conditiome, Hovartheless, the
mean cabln ady temperature was steadily Teduced after the first howr in
arblit.

The guit inlet tempermturé (figure 20) vericd between 65° snd 750 F
during the orbital phese. The astronsut raported & coolant flow of
1.7 pounda/hour to the suit heat exchanger, and o streem exhaust tesyer-
ature of 65° F. These valuca are both higher than amticipated and con.
trediet each other, since freszing of the exchanger would be expected
at this flow rat:ei Ho explanstion of this ancmaly cam be offered at
this time,

The 150- and 230-v sap inverter temperatures (figure 20) increased
steadily from the launch velues of 162° and 120° F, to 204° and 197° 7,
st lending, respectively. Postflight testing revealed that the chack
valve between the coolant supply and the cold blates was gituck im the
closed position and would not permit the coolant to flow ta the pold
plates in orbdt. The coolant tank was charged with 25 pounds of watep
before the flight. The ccolent quantity indicating system showed & uzage
of T.2 pounds. Fostflight welghing indieated n usage of 11.8 pounds.
The difference in calibration and final syetem tesmporatures con account
for sbout 3.8 pounds of the 4.6 pounds digerepancy, while the rempining
0.8 pounds is coneldered to be instmzent error. . =

heentry and Postlanding. - The maxime eabin terperatures during this
period was 103° F, which is undesireable hut eatisfactory. The suit

inlet temperatwre increased to B5°C F during the postlaeding phase, This
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value is reascnable sinee the alr temperafure in the landing area was
Tﬁn, and the suit compressor raises the temperature in the suit circult
by approximately 10° . The seguence of cperation regarding cocling
technigques during thic ﬁ:‘iaﬂ. will be medified to reduce the suilt inlet
i| temperature to o more tolerable level.
k, U e Exemination of the flight dats and posiflight checks
j of the enviromentsl control system heve revesled several anomalies.
As shown 1n Figure 21, the sscondery oxygen supply exhibited an unex-
pected decay in pressure, which wadg first noted after ayproximately
01t 50: 00, However, 1t iz not lmown when this deeay began, since the
gacondary oxygen bottle was saryiced to about 8,000 peig before flight,
and the pressure transducer had a maximm indicating wvalue of oaly
7,500 paig. The indicating range of future transducors will be inercased
te 10,000 pelg. Postflight tests indieated that the secondary system
was free of leaks. Also, the postflight echecks indicated a usage rate
of only 0.13 pounds per hour through the swlt clirewlt, compsred with
gbout 0,18 pounds per hour obtained during prelaunch tests. Finally,
the pressure decay rate of the pri:.ar:r =.1u§1:-1:r decreassd to much losrer
thay expested values during the final porticn of the missgion, and,
during the last three quorters of an hour in cxrblt, the decay rate of
the secondary supply wes egeentislly zero. No explanaticn for thess -
ancmalies can be'offered at thils time, tut imestigaticns are beding

conducted to lsolate and reveal the sowrpe of this ancealy.

o VAR



Mechanical and Hocket Systems

ALl aystems functiomed t'.m:"._{-.ll:,',_ﬂth the exceptlon of early drogue
chute deployment and an dndication of heat shield deployment dueing
orbital flight. These ancmalies, along with general systems parformance,
are discussed 1o the following persgraphs.

Parachutes. ~ The performance of the drogue end main parachutes upon
aepleyment were satisfactory. Bince neither parachute was recovered,
& detailed postlauneh visunl inspection could not be mede. Hewavar,
opservation by the astromaut wverified that both paraehutes were deployed
cleanly and were undameged during descent. The main chute deployed at
a preseure altitude of 10,000 feet, sz determined from pressures messyred
eoboard. Thiz iz within the specificetion Yi=mits of 13,000 = 750 fest.

The drogue parschute deploysd at a higher-than-mormal altituda,
probebly aboxt 27,000 feet pressure altitude. Dn‘b-:ard- TresEre ueasun:;—;
menta {comutated) indicate a pressure sltitude of approcimately
25,000 feet at the time of drogue chute daployment, and the integrated
trajectory is consistent with & drogue deployment st about 27,000 feot.
The astronaut reported an altitude of 20,000 te 35,000 feet indicated
at the time of drogue deployment. The astronaut stated that he had
raiged his o approximately halfway to the drogue deploy switch to
ramually initiste drogue deployment when it oceewrred nutomatically. The
drogue chute barostats metusted properly within specification yressure
altitudea of 21,000 * 1,500 feet in postflight tests.

The possible causes of an early deployment of the drogue parachute

_TEEFETY . mmmara o, e e e e O i e e e e e
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were isolated to those listed below and ipvestigated separately,

X, Imertisl barostet cetunticn e o result of high spacecraft
agnillation. ;

2. Inmamic pressure (g) e'fﬁn:ﬂ ceused from twmbling of the
spacecralt. |

Z.  Actusl satronout sctustdion of the momesl dregue parachube
switch. |

Lk, Strvetural failure within the parachute compartwert, partioularly
the drogue mertar cover.

N Statlc pressure btulldup in the parachute coompartment.

6. Epurlous or randem oignals in the drogus meortar-firine cireult.
Tae first soveres wns roled out after compavisgn of the estimeted 2p
asceloration impaged by the spaccorafi cecillatione with the rigid
queelification specificatione governing on the flight hardware. Strong
evidence exists that a dynemic pressure tnulﬂﬂl:;:;mt atlt up without
being sensed by the static presoure ftransduser in the porachute compoart- -
ment, Item % wos elimingted as a cawse through postflight interviesra
with the astrcnaut and exemipsticn of photographs takeh In the space-
craft during the period in question. Fostflight exemination of the
merachute coopariment reyvealed mo structural fallure, and recorded
pequence dats dndicatas that the mertar was fired by o noxinnd electrical
aignol, disproving item k. Tegts at MeDemmell Adroraft have shown that
any oscillatory pressure bulldup in the perachute coapartment is sepsed

by the pressure transducer, and, therefors, this would have been evident

..
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on the $1ight record. The last itcm represent the most plausible
CHUEA. Fﬁ&tﬂiﬂ""t tests hove shoyn the entire clrcuitry/to be sound,
herrever, thess tests were conducted under statie cnnd.:l.tr.;::-na and are
therafore Inconclusive.

Rockets and Pyrotechnics.- A postflight cimzipation of the scpace-

\oraft and an analysis of the pertinent data dindicates that all rockets
and ryrotechnics functioned as intended. Tt cannot be determined whether
certain pyrotechniecs actually fired (such as redvndant clemp-ring bolts
and tower jettiscn rocket dgnitiom), since the aveilable eyidencs shows
coly that the resuliing function was mti;fnetwr.

E_x'Emai-.rc-Aet.tLu__ted. Hateh, = After the spececraft was secured dabdard

the recovery ship, the astronaut initiated the hateh explosive-mechaniem

through the use of the internal sctuator on the hatch, The batch appesared

to have fired satisfactorily.

Ablation Shield. - Reontyry heating for spacecraft 13 (MA-6) is

considared to be pearly identical to that experienced oo spacecraft 9
(MA-5). Since heating data recorded durding the MA-65 reentry is wnayail-
able at this tims, the resulbs of the MA-5 reentry temperature survay
are presented in figura 22, Temperature roadings en the conienl and
cylindrical porticns of the spaceeraft employed thermococuples spot
welded to the inboerd side of the exterior shingles. It shovdd be noted
that this is the first formel piblication of the MA-5 reentry beatlng
dote. These data are currently being agalyzed, with a detalled report

of the study fortheooing.
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Landing Bag. - The lending-attem:nticn system performed normally,
a5 evidenced hy the astronaut's statements and from postflight examins-
tions, The landing beg wes found to be torn in seversl places from
unknown causes, tut noe restraining cebles or strapa were traken. The
wswal miner dazmage to ablaticn shileld retalning studs and to the Wwlkhepd-
mrotestive ghield swwn E:];&rienced, The moin pressurs bulkhead was
undsmaged except Tor & emell dent nesr the centar.

Heet Shield-Beploy: Mechanien, - A coopreheneive postflight inspection

ef the limit switch circuibry and herdusres revealed that both latersl
and axisl translaticon would generata a. signal, although the switeh is
desigred to sctuate only efter a rotational deflection. The cause of
this Impropar cperation was traced, sfter diesseembly, to & poorly
machined shaft (see fig. 25). The shaft was dented in seyeral places
and bernt escme five or ten dsgrecs. Suality control end production
techoiques of foture limit syltehes will be impecyed. The pilot reported
nolsges and other indications of heat shield depleyment when be matually
initisted the heat shield deployment at a%mmutcs after maln chute
deployzent, thus lesding to the conclusicn that the shield mechanism

was not unlatohad in opbit.

Electrical and Sequential Systems
Electrical System.~ The spacecraft electrical eystem was of &
specification :aﬁéig‘u:a.‘hinu. Ong-ol= fwse resistors were installed im
all eguib firing circuite. Inverter mondtor lights werc installed to
toll the astronawt when the 150 v-amp and 250 v-gmp inverters were
Cm T
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operating, Main tus voltege and d-c current were oS expected throughout
th= misslcn.  Fans and ASCS a-c bus yolinges wers also normal.

The inverter temperoturss were sboub 162° ¥ on the 150 y=oop dinverter
and 120° F'on the 200 w-psmp Inyerter at lift-off and incressed gradually
throughout the mission to 212° and 203°, respectively. This indicated
that the inverters received little .or no inflight cooling. Imvertsr
cocling s discussed in a previoue eection.

Saquantial System.- Tha sequential a;.rat-em parformed ae was expactad
dupding the flight, with the folleowing excerntions:

1. Spacecraft separation (T/M segzent 4T), cap-sep telelight,
pariacope extend, ani demping command to the ASCS were recelved
three seconds afier the specccraft separaticn ipdication fram boostor

telemetry., The time diserepancy is attrituted to MA-6 not having

electrically latched cpacecraft edapter bolt fire relays to keep the

spacecralt seperstion clrouiiry somed doring posigrade firing., Earlier
spacecralt had this latching featwure, sz will subsequent spececralt.
2. The heat-shleld-deployed indicaticn (sepuent 51) on telemetry
s realized p:c-;:mtumly, and 1t then oyeled ON-OFF sevaral times durding
the flight., This was caused by & defective left-hand limit switeh. In
additilen to the mechenical fallure of The 1imls swltch, the clrcuit
design did not provide for optimwm relisbility with the two redundant .-
_swit-::haz ingtalled. Therefore, futuwre 1imit syltch elroundits will be
podified such that both switches pust sctuste to generats a shield-
unlocked glgnal. The laoding bteg wes deployed pamially by the astronaut —
at about E%niuutea after main-chute depleoy and functionsd pru-p;:rlz.r.
e



—

=F Recntry.'.'s.-as performed with the retropack attached. This pre-
vented the .05 ! eyvent from cccurring sutcmatically, which wms lnitiated
manually by the astronaut. HRetropsckege separastico indicaticns did pnob
ceour, sinee the electrical sigmal to fire the retropack sepoarstion bolt
was never given, This caused the cemsras o remein on h:Lu:h gpeed from
retroattitude comrand until power wes removed aifter impact.

4. The drogue chute was deployed prenaturely at about 27,000 feat.
The 21,000 foot barostats wore romoved aftor the flight, subjected to o
PIEninEtﬂJlﬂtiﬂl:l acceptance test, and found to be functloning proparly.
Furthar tests of the static system wers performed and are discusged in

the Mechanical Systems gectlon of this repirt.

Telezetry and Recording Systems

The instrmentetion system flown on the MA-6 missicn was essentially
the gome as in the MA-S, smu chonges botween the two spacecrafis were
regquived to acoomodste those parareters asspcisted with a manned missicn.
Other changes are as followe:

1. BHeat ghield temperature for MA-G was measured by mesns of a
chromel-alimel tharmeccuple,

2. Tae MA-G npa.mn;:mft contained only two comeras, the pdlot-
cbeerver and instmment-chaerver, deleting the earth-sky and periscape
cameras. : &

e A ﬂlffn:r;:.nt. type of color £ilm was wsed in the pilot-cbserver

Cateia.
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4., Far Hﬂ—l:';“‘. the mixed sequence of events were .-:uperinﬁnseﬂ. an
tha mmier—nlncl‘..:aigml.
A complete lﬂ,ﬂ: of the instrcented poarnseters ig included in
table V. |
Tolemetry. - Both telemetry tranemittera exhibited a center-frequency
| ShiTt and signal strength rise when the escape tower was Jettisoned,
E'ﬂﬂﬂ effect, resulting from & change in antenna VoWR, was anticipated
Send will be taken into account when setting the center freguencles for
the transmitters on fature aracecrafte. The change in VSWR is generally
pot pignificant encugh to prevent the trancmitters n'-:m belng adjuated
to tring the center freguencies within specificaticnm for both Gower-on
and tower-off conditions. The signal strengths and deviatlen from center
froquency, os read by JME when the spacecraft passed over Cape Canaveral,
are showa in fable VI
Data guality.- The gquality of the date reduced from the onboard
tape was very good. E:E‘tt-l::.[' and noise cpused by tape speed yariations
vas inslgnificant and easfily ccmpensable on the contlimweus chamnela.,
The only problem ares csourred durjng.the time of exit maximm dynemic
presgure, of which point the vibraticnal affects om the recorder cauesed
© almest ecmplete leeg of data. However, the regl-time dets dvring the
geme period covers the lapse. -
A comperizon of the hand cemtroller (stick positicn) data, as
, imestrmented on continucus and ecmsmitated channels, showa the definite

advantoage of inatmmenting this parsmeter by means of a contlimuous

O
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shannel. Abcut 50 percent of the stick position data are lost on the
commutated channel, and that whith .rminﬂ is difficult to interpret.

PRoRograpr SO The 1 et mart Sohae e feamsta thal rane L1o0R AN 1 g
the 60-zecond test at T-55 mimites in the countdown, The £ilm slipped
out of the £film gate while -l:hel comerd continued to rum, which indieated
it was operating propexly. This camern, whlech does not yield sipgnifi-
cantly useoble data, will te re=oved in future flights. The results
obtained from the pilet-cbforver camera wers satisfactory. The use of
the Ecktachrome ER, coler film 15 an dmprovement over proviously wsed
types,

Ouboard timing, - The vernier-clock channel malfuncticoed throughe
out the entire flight. Bach &ime the pilot-chserver cemers cperated,
a gpurlons yulse was produced in the wermier elock signal. AL times
when'the coamera cperated at high speed, the signal was rendered nearly
uselegs. The satellite clock 1s precently being redesigned to ineclude
& 1-FPE cutput, 1.;]:|:Lr:h can be uzed to directly modulaste the yoltage=
controlled oscillator. The new design will utflize, as a trigser, the
same 20-w d-g algnal whiech staps the clock digital eounters. This will
result In s great Improvement in sigmal-to-nofse ratic and should &lim-
itats the problem.

Frem the instrumentation standpodmt, the most seriocus problem -
resulting from the ';.r_a..s migsicn was in the respiration rate and depth
channel. The prineiple of cperation of the circudt iz & thermistor

sensor which 1e heated by a d-c voltsge. When the subject broathes am

e
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the semsgor, it 1:":':::13 and changes resistance, producing a voltage change

on the output of .'u. dircct-coupled tronsistor smplifier. The basic
probles 43 that the theymistor temperature is subject to changes in
ambient temperature and flew. = Because of changes in‘these cuantitles, |

the baseline of the respiratory signal varied from s velue of 10 percent,

. which was sat during the suiting procedurc, up to a caximem of 85 percent
ot 1ift-off. After 1ift-off, the baselinme fell steadily until it reached

& lowr of 10 pereent ot 02:08:00. It then began to riee again and had
attained a 40 percenmt 1-E"i:'El at -lﬂ-\.'EE- of signal. The seasitivity of the
signal degraded. in direct proporticn to the baseline shift, since the
sonoitivity decrenses as the bagselips iucreoses, The gencitiviiy prob-
lem ig further eomplicated by the fact that the position of the gensor
iz not fixed to the poeition of the pllot's head. In the HA-6 mission,
ouch of the data were lost becauvee the pllot wma not breathing directly
on the sensor. Both the subcarrier oscillators which encoded the
rospiration date performed within srecificoticn cnd 4id not centribute
to the above effects. '

Yibvration
YVibtrations pessured dering the powered flight phase of the MA-&
aission vere almost identical with those experlenced during the IEA-;';': :
nisgion. These _'l.ri‘hratiuna oan be seen 83 oscillaticns on the EIPE.EEE-IE..H
pitch-rate gyro output, &5 shoun in fogure 2b,.  The informaticon avallasble
indicates that the astronsut's performance was not impeired by theszs
vitratlons.
ANl
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§ - Postflight Inepectlon
The general ccndition of the spacecrsdt was excellent as indicated
in figurs 25. The 'sxterior of the spacecraft chowed the wsual slight

diseoloration caused by sercdynsmic heating. Also, there were deposits

. of 2024 elumimz alloy which had evidently teen deposited in a melien

: k state and adhered to the surface of seyeral widely separated shingles.

'The alumimm retropack eover is vmdnubtedly the seurce of these deposits.
A brownish deposit was found on & portion of the spacecraft window
exterior surfece. The nature of this deposit hes not been determinod.
As on previcus flights, the window was fa*fauﬁ. to be foggod with water
condensate between the two outer panes.

Structure. - The ppacecraft did net experdence any etructural desage
which would have compromiszed the safety of the misslcn 1o any way.

Ablation shield.~ The external surface of the shield (see figure 26)
had charred in the porma) pattern. The center plug of the ghield had
geparatcd and extended nmm:d. approadmately 0.5 insh, as in previcus
miesicns. A ple-sheped se;e-nt of the. shield is of a darker background
calor than the adjacent area. The some ares contains several radial
marks approximately b inches in length. It is likely that a large plece
of the retropack slipped off in this directlon. Thore are two mmall
depooits, metel-like but of wndetermined eccmpositicn, on the shield. =

Eeat-shisld deployment instrumentation. - The heat-ghield deploy

teh botween stringers 2 and 3 hed & very loose rotary stem. The

switch would make and bresk slectrical contact when the rotary atez wma

T i
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moved up and down along 1ts longitudinel exis, This malfunction could
aecount for the fmpact-bag-deployed signal that was received Qurin.g the
flight, as discusged in an carlier secticn.

Londing bag.- The lapding beg had several tears, and it was impossi-
ble to defemin& whether thess oceurred during landing ox in postflight
bandling. Experts belieye the most probable time of demsge oocurred
during the landing-beg stovmge operation aboard ship. No landing g
st¥aps or cablea were bxoken, btut oome straps were kinked. There was
piner desage to the heat shield retsining studs and the bulkhead pro-
tective shield, probably from landing as in previops flights. Hewever,
no damage oceurred to the spacecreft equimment in this ares.

The large _'p:‘rtﬂr-urc bulkhesd hed & dent from an wndertermined cause
reay the conter approodeately 1.5 inches long, The center area is not

covered By the bulkhesd shield.



limLme ——

e

. i S
]
TABIE V.- COMUTATOR BOINT ASSICIMENT FOR MA-6
[Foent. JCoear. ; _
H | IF FARAMETER RANGE
1 1 3=volt referonce 3w
= L2 Zero ground reference 0.
3 3 AC asplifer pawer supply monitor Tv ao
b Lk | Body termperature 559 = 107% F
5 5 Comrand receiver, all channels signal m-0ff
[ & Cnoygen partial pressure 0 = 800 m Hg
T, “A" cosmand receiver signal strength 0 - 80 4 volts
T | "B" ¢ommand receiver signel strongth 0 - 80 avolts
g 8 | S8uit pressure 0 - 15 paia
g 9 | Ceygen supply pressire prinary 0 - 7500 paig
10 10 Oabin air temperature 4P o 2000 F
11 11 Suit inlet air temperature o™ - 1000 F
12 iz Ceoygett sUpply pressure secondary 0 - TS00 paig
13 13 T-nxis accelercmeter (13, 43 =nd T3) + 0.5g, * bg
k- | 1% | X-eds sccelerometer (1, Lk end T4) _* 0.5g, t &
15 15 Z-pxis scceleromater (1%, 45 and T5) + 30g
16 16 | Pitch atbitude ASCS calibrator -140% to:+ 180% F
17 17 RHoll attitude ASCE eplibrateor -130% to = 2000 F
A ek 18 ¥You attitude ASCS emlibrator =0 4o + 2509 F
19 Roll CW manual - Fusl line temparoture 0 - 2500 F
19 | Holl CCW momual - fuel line temperature 0 - 250% F
=0 Lo roll COW muts - fuel line temperature 0= 250° F
20 Lo roll CW auto = fu=l line temperature 0 - 2500 F
21 21 |[250 va inverter temperature o - 30 B
22 22 | Etatic yressure 0 - 15 psie
23 23 Etick position roll + 1340
al 2k | Stick poeition pitch + 13°
25 25 Stick position yaw + 130
26 26 |Elapsed tire (10 seconds)
27 "A" commend receiver signal strength 0 - 80 u wolts
2T "B" commend receiver signal strength 0 - B0 u volts
28 28 |Elepsed time (1 minuta)
29 29" | Elapsed time (10 minutes)
30 30 | EBlapsed tize (1 hour)
gul L | Elspsed time {10 hours)
32 32 | 150 va inverter tepperature ko - 300° B
33 33 | Time of retrogrede (10 seccnds)
3l 3k | Time of retrograde (1 minute)
=5 35 Time of retrogrede (10 minutes)
36 36 | Time.of retregrade (1 howr) 3
3T 37 | Time of retrograde (10 hours)
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TABLE V.- COMMUIATOR POINT ASSIGIMENT FOR MA-G {eontinued)

Coad. [ Coandt
BF ir
38 38
39 39
Lo Lo
L1 F Ly
Lz =]
k3 L3
5|5
L& hg
kT Lt
[ “ LB
L :

Lg
50 50
51 g1
52 52
53 .53
5N Sk
55 55
56 56
5T ST
55 58
59 59
&0 ()
6L &1
g2 s
&3 &3
Bl £
65 65
66 (3
&T

&7
&3 &8
(%] B
70 0

roll)

PARAMETER s RANGE
Eesrizon scanrer piteh ignore On=0171
Fenctisn control supply Tressure a.u‘m:l E00 - 2000 peig
Feaction control s tressure (manuel)| 600 - 2200 peig
AC voltege monitor (fans bus) S5 = 120w ac
.DC eurrent monitor . T 0 - 50 oxpe
T-pds accoleromster .
A-zxdie accelercmatiar
Z-pin secelerometer
Trrar releoss Cn=-0ff
Cepeple separatiom On-05f
Retrs attitude command Cn-0ff
"A" eormand receiver signsl strength
"B" Command receiver signal strepgth
Retrofire timing signal Cn-0ff
Impact bag deploy On-0ff
Integrating necelercmeter signal O - E00 ftfsa::
Fetro assembly jetiison On =01
Drogue chute deploy On=0ff
Antenne fairing release On-0ff
Main chute depley Cn=0LE
Main Chute Jetilscn on=0EEf
Feserve chute deploy On-CEE
Fllot =sbort &-%

o -ﬁ 1 -
I".T.'{;Erc?m-c@e: rockets Cn-0Of £
Btandby, inverter "On" On-Of £
ASCS glawv eignal Cn=0ff
Calibrate Z/Cal, E/Callalso 25%,50%,75%

Ref. ) {n=00~
High pressure reactinn Jet snlemlﬁ.s

+ piteh) Op=-0PF
pressure reaction Jet sclencids
- pitch) n-0ff
18-vglt ISOL woltage 16 - 23v de
18-volt standby veltage 16 - 22v de
Dhygen emergency rats mode Cn=0ff
High pressure resction 3E:t- solenoids
+ roll) - On-0f
Ei%h pressura resctlon .jet. solenoids -
- Cn-0=ff =
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TABLE V.- CORUTTATCR BOINT ASSIGRMENT FOR MA-5 (continued)

e R N '
i LF
TL :

T1
T2 T2
T3 T3
Th Tl
T5 TS
16 | 16
TT il
8 T3
'19 T2

20
S

‘ 81
&p fz
83 83

g |2
2 | o
&7 8T
&R 823
&g 89
9 | %0

Synechroniza pulse

‘Synchronize pulse

PARANMETEH EFLHI}E_

"A" eommond receiver signal strength
"B" gemmend receiver signal strength
Periecope retract signsl On-0ff
T-axiz pocelercoeter
T-axis accelercmeter
Z-ayisz accelercmeter
Heat shield temperature (thermocouple) o - 2500° B
ASCS bus Boltage o5 = 128y ac
High pressure rencticon Jet solencids

- ¥yaWw Co=-0ff
High pressure meaction Jet soloncids

(+ yaw) . On-OFF
Retrorocket temperature . 09 - 1500 F
HF telemetry transmitéer tesperature Lo - 3000 F
IF telemetry transmitter temperature Lo - 3007 F
Cebin pressure 0 = 15 psin
IC voltege monitor 18 - 28v dc :
Coolant pressure © 233 - 485 peig
Horizeon scannsr roll igneore Cn=0ff
Horizen seonner putput menltor rell + 35¢
* .05z relsy sctuation Cren = O
Horizon scanner cutpub menitor piteh + 33¢
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MKEL. V.- COMMUTATOR POINT ASSIGRMENT FOR MA-6 {cooncluded)

HIGH FREQ. :
SySTE CONTINUQUE CEANNELS R e
- = —L T =SS —_— e T————————— g
o.ho Foll rete and low roll thruster (mixed) + 10°%/sec.
0.56 Vernier eleck and sequence of everts (mixed) 1-FF5
0.73 TC volts 18 = 28v dc
1.3 R.R. mméd D
Ly EXG (left side, right side} :
2.3 FG end blood pressure (Upper chest, lower
: chest d -
- 3.0 Reference :
2.0 Stick position, rell : +.13°
10.5 High frequency commutator (PAM) .
L0 FEEQ.
S TS TEM COMTTUCTS CHASNELS RANGE
= R e o
0.4 Pitch rate ard low pitch thrusters (mixed) + 10%/sec.
0.56 Yrer vate and low rate thrusters (mixed) + 10%/eec.
0.73 D.C. Current / 0 = 50 g
1.37 R.R. and D
1.7 B3 (1eft side, right side) :
2.3 EKG and bleed pressure [upper chest, lewer
chaat) :
3.9 Sticlk poeition piteh + 13°
5.k ‘Stick posizion yew *13°
10.5 Low frequency cernrtator (FAM) :

ON-BOARD TATE RECORDER TRACK ACSIGIRENTS

RO l ' INFD FMATT GV - .
P -
1 Cpen
2 Figh fregusney telezsiry multiplex
2 Volce
s FIM high frejuency
g FIM low freousnoy
& Lew fresusncy telemetyry miltiplex
T tpen
1 il



TARLE VI.- TELEMETHY SIGHAL STRERGTH

Deyiation”
Misslon Fhaes EJJ'E, DEM from center
frequancy,
ke
Law High Low - High
Lift-off =30 =30 | #13.9 -bs.2
Tower releass | -52 =g =10 =23.0
Firet pase =-S5 =52 =50 =21.5
Second pass =Z0 =15 P AL i R A
Third pass ~60.5 -55.5 0 ~18.0 |
aElan':-:fl_."':l.|:~.t:|.1:-fl.\'.:-|:'. deviaticn: High link,
26 ke; low link, £28 ke




ey
LANCH VEHICLE PERFORMANCE

ALl booster systems periormed satisfactorily. The following

items are noted for information.

Abert Sensing and Immlementation Systesm (ASIS)
The ASTS performed soatisfoectorily. None of the abort parvameters
was near 1ts sbort threshold. As expected in normal sequence, an ASIS.
abert signal was generated following SBCO (sustainer engine eutoff).

Engine Cutoff
SECO and ASCO (puriliery sustainer cuteff) signals were tronsmitted,
ard at least one was recelved gnd properly scted upon by the booster.
Instmmentation does not permit determination of whether or not both

sigeales were acted wpon by the boostor.

Booster Lifetine in Orbit

Camputed dats based vpon probable threst having been imparted to the
booster tankage by the spacecraft posigrede rockets (-I feet per second)
indicated at least 10 orbitol pesoes o be cxpected from the hooster.
The Tinal stage tankage, however, was loter found to have roentered
scme & paszes following launch. Tracking during the third orbital pass
indicated a perigee of gbout 95 neutlical miles, an apogee of sbout :
13L.0 panbiecol miles, and a pericd of epprowimately 87 minutes. Ho

' useful tracking data were obipined after the fourth crbitel pass.
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Aeredynanic loads.- The angle of etteck times dynamic pressure {ag) Tor

the flight is showm in figore 27 and is based on the measured wind

profile at launch.
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AEROMEDICAL AMALYSIS AND FLIGET hﬂﬂmﬂlﬁ
Introdustion

Thiz chepber raperis in three sectisns the reacticns of the
petronaut during this first orbital missien. The Tirst secticn
contains a medical report cowvering the detailed medical exeminations
‘and an evaluntion of inflight physicloglenl data. These medical
Tindinzs indicate that the pilet's reacticns beoth during and after
the flight were porpmel. The firat secticn ia followed by a report on
the many ﬂi".nzrs-a getivities of the astroneut and his performonca
during ti:e:lflight- in controlling the spacecraft and Iﬁ.-ﬂ-:ing sciantific
cheervations. The chaopter lo comcluded with o norrative cocount of
the mission cbiained from Astrengut Olenn within twe hours alter
landing. The pilet diseusses with elsrity snd good understacding
the major events of the flight, exyressing satisfaction with his

ebility to manually contreol the spacecralt,

C——
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Aorermedicel Iovestigations
. The aeronadical imre#tigx:ti.ms cendocted with 'the MA-E miesicm
cen be legieally greuped into two distinet areas: (1) the preflight
and postflight olinical sxaminations (stabic exemdnations) and (2)
the preflight and inflight vhysiclogicel studics (&ymemic studies).
These investigaticns ore designed to ascertain the state of the
agtrensut’s heglth and to provide informetion reflecting nrcan
responses to space Tlight., The MA-8 rdssicn provided a sufficient
pericd of Helghtleaﬂ:}a;s:a such that the pilet's physiclogical rosponsces
attained a relatively stesly state. In the mich shorter Maveury-
Redstone Flights, 1ittle tima was available in welghtleseness far

the astrensut's physiological adjustment mechanisms to stabilize.

The sstrosaut's activities.during .the time irmedistely pricr to
his inmserticn into the gpacecraft have a moderate effect on his
countdowm and £light responees. For this reagen his sctivities for
the approsimate pine<hour pericd yrior to hizs arrival st the space-

eraft are listed in toble VIL.

Astronsuot Glens began his T2-hour, prolsmaneh low-residue diet
on February 15, 1962. On the night pricr to flight, the pilot -
ettained 4 hours and 50 minutes of dozipg, light sleep. No oedication”

was sdministered.



Clinienl studies.- Dotailsd medical exeminations were performed
nrior to the MA-6 fﬁght, end gimdler investigations were conducted as
soon after the Tlight as re-au-ver-:,r rractices permitted. Initisi
exeminations were m:m::gll.-ahe& ‘:.c- deternine the astropeut’s state of
health and his medical fitness fer £light. In addition, such clinical
evaluntions serve os baseline medicol data which moy be lster

correlated with inflisht vhysiclopical informaticon.

The schedule and scurces of medical data regarding Astronaut Glenn

ara Msted below: I

1. Pricr physical examinations begicning with astronaut
gelection in 1959,

2, Datpiled praflight clinica) emmmdinstions conducted an
Jampery 22, 1962 and February 12, 1962. |

F« Preflight examinstion conducted on lsunch morning.

L.  Postflight medicel evalustions cn the rocovery ahipalanﬂ

at Grand Turk TIsland Madienl Foeility.

The mumercus preflight exeminaticns of Astromaut Glenn discloged
ne gipnificant medical gbnermalities: his physical and mental health
ropained exesllent throughout.

The postflight exsmination of the sstrenaut bogan with hiz emevasnes
from the spacecralt onboard the Destrover Nog some 38 pinutes ofter:

lording. The pllot was described as appearing hot, sweating

i
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profusely and fatimied.: He was Ineid, although not talkative ond
volced no medical complaints other than being hot.

After removel of bls pressure sult and o shower, he becaxe more
oormntoative and desoribed o mild sensotion of “stomoch uneasinese”
or "stcmach swpreness" as haﬁng ceaurred during the 1T mimites vwhile
avaiting recovery. This sensation did not commence wntil after space-
craft lendins and elesred spontanzcusly within J.% hours. Heither
noases oo vemiting wos experdenced. This stomach ﬁ:amiman can ba
atiributed to several Tocters. One iz the coxbination of temperature
and humidity irmedistely after londing. The srhdent air woo ot
TE°F and GO-55 percent relstive humidity, ard the water temperature
woe B1°F. The suit inlet temperature was S5°F, and the cebin air
terperatura was 103°F. A cecond rajor factor is the moderate
dehydraticn of the astronmit. Thiz is evidenced by his weight loss
(5-5/16 pounda vs. a pound loss during a three-crbit eentrifuge
simalation), diminshed urine cutput with increassed specific grevity
for the Zh-hour, post-recovery perdcd, inerensed blood concentration,

and tha recovery physicign's clinicpl i=rrezzicn.

Tha astronsut hed a minime] fIuid intoke during the 13 hours frem
bregkfest at 0250 to shipboard =t 1545 e. 5. t., since the egquivelent -
of _anlylgl} cc of water waad Ilngosted as applesauce pures. The coly :
other Iintale dyring the £1light wes one 5.0 grom suger [xgrlosa)

tablet Tor a test of intestinsl sheerption, the results of which

Sy
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Yers normal.  His uriul:.ﬂutput. during this period was BOD co which he

reported oo volding Just peicr to reentry,. Tae fluid inteke and

output 18 shown in the followring table:

FIITID IHTAKE AND JUTETT

Urine out T ecrrtdowm Q eco
inflisht 800 ec 'I:E-p* Gr. 1.016)
poetfiipht (shirboard) 0 es
Totnl H00 oo
Fuld intaka ::c.un.tﬂm 0 ep
inf]ighth ol oo
postflignt (shipboard )
15hE hewrs® 265 cc iced tes
1820 howrs 2hid ec water
1850 houre & e eoffoe
Bl T2 ae
B Zaa slsc Toble V
Y 1198 meams of gpplesauee puree (78 percont 'uatur}
© M1 times sre e. 3. b ., Ffebruary £0, 1942,
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A compordson of the positive physicel paremeters and vital sigms
for Astronaut Gleon after the flight sre listed in table VIIT.

Tha witpl signe noted in teble VIIT wepre recorded during the
rostilight physical u}:amina':iun.mniu-ateﬂ cnboaxd the destroyer. Thers
Tere two emall, superficial skin gbrasions of the Iompekles of the
second end third fingers of the right hond, bub these ocourred without
deformation or fracture. ‘J?::;::.' were recelved when the explesive hatch
actuator recolled agoinst the pllot's gloved homd. The skin alse
exhibited an area of moderate erythems (reddening) end o skin depression
&t the point where the lsft arm bleod prossure =lcrophone hed been
atizched. Thers was :-.llsn a mild resction to the moleskln adhesive
I;lnﬁ-c:r %hich attached the fowr ECY electredes, Results of the head,
ey, enx, nose and throst exeminations were normal. The heart rhythm,
gize, and sounds wers normal, and the Jungs were olear without physieal

evidence of atelsctasis (local lung collspse). Results of the exemin-

ation of the gbdomen were normal, snd the lower extremitios showed no

evidence of cdema {mmlling) nor vencus threchosis {clotting). The

resulte of the general newrclogic cxemination were ales normal.

Elocd and urine sampiss were obtained and processed Lo later
gnalysis. Results availoble to date sre 1isted in tebles I through
¥IT. :



G

vange ototiens and the contimuous crbosrd reccrding. I edditdon,
voricus inflight tests end the pilot-cbserver camera film were utilized
for further cbjective anslysis. Scebhjective evolustion Iin-:luﬂe& vilot
TEDOTES from enboard 'lm:f.:.e u.:ui the total postflight dsbriefing. The
. eountdovn periced provided baseline preflight inmformation. Useful
.-:ungamtiw mapsurements were availsble from the Mercury-AGlas
thres=orbital centrifuge similation; opd from the pad similated lmunch,
similsted flights, and the Jemwsry 2] leunch stéenpt. Envirommental
control system data were correlated with physielogical responses

were appropriate.

Bioinstrurentation: In sddition to the sensors used for the manned
Meroury=Redstone flights [1;-:-ru ECG 1loeds, respiratory rate ssnsor, and
body tempersture semscr], a bleod prescure measuring device Was
utilized in flight. The blocd pressure gppargtus consisted of a
prsumatic nylon enff placed on the Isaft upper orm and a microphone
located under the cuff over thes brachial artery. To obtain the blcod
presgura, the cuff was infleted mepunlly. The record consisted of the
sound pulsas superisvoced on o culf pressure decsy curva. Thic record
was digplayed on the sacopd ECH chemnel. Froflight and postflight
enlibrations of the bloed pressure system showed no signdficent

change.

The total blosencor momiteoring tima, froo astronaut inserticn

untdl just pricr to lending, was eipght hovrs and thirty-three miputes.

e
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Aprrowimately three hours after landing, the astromsut was trans-
ferred to the Alrcraft Carxrier U, 5, 5, Randolph wera posterior-
antesior ond laotersl chest X-rays, a standard 12-lezd ele-:tr:-c&rﬂiagren

ropding, and body woight tare obtained.

Later the astronaut flew to Grand Turk Ielend were a gemcrel
physical exemination was begun at 2130 heurs e.s.t., approximately
£~5/L heurs afier s'l_mﬂﬁm.:uft landing. The vitel signs at that time are
ineinded with the postflight wvalues sbove. Execept for the previcusly
degeribed superficlal skin sbrasions; the results of the entir;e
exemingbion were normal. During the subsequent 48 hours, ccmprchensive
examinaticns were conducted by the medical spacialiets vho exemined
the astroment prior to flight. Specdisl tests were performad in an
effert to delipeate pny effect of gpace Tlight weon the ssircpout's
balence (inner ear) and no effect was detected. Both the general
and the specialists' examinaticns revealed no alpgnificant changen.

The medical studies were completed st 1400 e.s.t., Pebruawy 22, 19602.

In surmary, the preflight and postflight clindeal stodies revealed
no gipgaificant differences end ; except for the icmediste postflight

dehydration, were completely within nerpmal limdita.

Fhysiological studies.-
Dnta spurces: Data refischting plnfsiﬁln;ical regponees to T11ght

were obbained by evaluating the biogepsor resl tire recordings fram
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The bicsensor readeut guaolity was ewesllent throughout the countdewn
eid Flight, with tha exeeption of the raspiratery trace. As In prier
flipghts, variation with hend positicn end alr density cczbined to
reduce the guality of the 'resp:*nmtim trace. Thers were brief
poricds of noise on the ECG chamnels during countdowm end £1ight,

wsuslly occurring during vigorous pilot activity.

Fraflipht: Figue 28 depicts the polse rate, respirstion rato,
body temperature, sufit inlet temperatura, =nd bloed prassure values
recorded during the Mi-6 coumtdetmn. Values for the physiologlesl
functicons cbiained frem the simulated lounch of Jamuary 19 and ths
lounch gtteampt of Jomupry 27, 1962, are alse chown. Taoze are

plotted eoinsident with signifiecant avents.

Minute pulse pud respiration rates were determined by counting
the roates for 30 zeconds m::.r 5 opdrubes until fen minutes prior to
Lift-off, and, therepfter, 30 sacond duration counts were made each
mimrke. During sperocimately 45 oimites in the transfer van, the
astronaut’s puls:; varied from 58-02 beats per minute, with & pesn
T2, end blood pressure wes 122/77 mfig. The pulse rates during
the scrubbed flight coumtdewn of January 27 varied frem £50-88 bests/
mimyte, with a mean of TO, © Theze were essentially the same as

thasa observed ﬂm.":l.ng the MA-6 countdown when the mean pulse was
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68 beats/minute. Bespiration rotes wers similar, varying frem 12-20
breaths/minate. Bloed yressure values from the simulsbed launch

elso spyroximated those chserved during the MA-6 countdewn. A pulse

| rate of 110 beats/mimite &nd e blood pressure of 179/85 was cbserved

at lift-off. The low sult Inlet temperature eninteined during

countdown resulted in the pilot feeling cold, vhich was accospanicd
by a £all in bedy tempersture frem 98.6% ot insexticn to 97.6°F at
Lift-off,

An exemination of tha-alcct-race_rﬂingrns-hic wavelorn obtained
during the MA-& countdesm revealed a number of var:l::t!.lbna in the
paccmaker ackivity, which ie the polnt whare the stimilus of the hemrt
beat originates. Thesa Ineleded sinus pauses, sinus bhradyencdia
(2lmring), premsture strial and nedsl beats, and premsture ventri-
culsr begbs. On several instences, some of these répnrtcﬂ findings
occurred with deep respiration. Sindlar findings were recorded from
the simalated lmunch éfJﬁmmlamﬁm serubbed flight of
Jenuary 27. In addition, a brief run (15 Beats) of atrial rhytho
with a rate of 100 beats/mimrts ocourred during countdown, and
an isolated xun (19 beats) of a rhytim originating sdjacent to the
ptric-ventriculasr node with aberrant conduetion ccoprzed during the
attespted launeh of Jameeay 2f. However, these .wer-:-: Aot chasryad
ot ony other time. All of the shove are not umexpected physiclogic

varinticns. Sorples of MA-6 records teken at the time of inserticn

and ot T-850 ceconde are shovn in figures 29 and 20 respectively.
T
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Flight: Figure 351 d.::;:im the inflight physiological data, end
inelvded values from the Morewmry-fAtlas, throc-orbit centrifuge
sirulotion are for comparison. Mimte puiles rates wara cmmte& evary
%0 seccnds during the MA-6 launch and resntry pﬁasen and for 30 seconds -
gt three minute intervals throvghout the orbitel flipght. EBacause of
the varisnticon in respiratory recording quality, rates were counted for
20 seconds whenever quality permitted, and these varied firem 8 tc 19
bresths/mimte throughout £1ight.

The pulse rate from MLt-off to spacecralt separation (powersd
flight phase) reeched n maimm of 110 h:&tsfmj_.nntn. The pulse
rote varied from 88 to 114 beats/minute during the First 10 minutes
of weipghtlezepees. Tt then remained rolatively stable, with a meen
rate of 85 beatsfmimite during the pext 3 hours and 45 minutes of
flight., At the time of retrorocket firing, the rate was 96 beats/
minute, Duaring reentry acecleration and parachute descont, the ;
Righest ratelwas 13l benta/mioute) just parier to drogia parachta
ﬂnpla:.rruhich was the pericd of macimm spacecraft oscillation. This
rate was the bhighest noted during the missicn. These rates suggest
that scceleration, weightlessness, and return to grevity wers within

physiclogloally tolerabls limdte.

The ECE vm'iutimiﬂ noted during the preflight observation pericd
were pob obzarved An fipht, cnd onalysis of the inflight record

revepled only normal ainus chythnm with short perdeds of sinus btredycardin

T T
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ard gimpg arrhythalin (veriztien), There wora rara pericds when tru.n:r,:-.-
quality deteriorated to a point whers only polse rate ﬂeteminn‘_tinnn
were possible. ECO verdetions noted during Astronout Glenn's Mercury-
Ktlas, three-orbit contrifuge similstion included simus errhythoia,
simig bradycardia, atrdal and nodal premature beats, and rare pro-
mature ventriculsr contractions. Thase are interpreted as being mormal
Thysiological variations.

Ten blood pressure determinaticns were pede in flight, the first
ot 00:18:30 ond the Ingt of 0%:14:00. Values as shown in feguse 27
ranga from 119 te 145 mfp systolic and frem S0-Bl mflx diastolia.
The m=zn blecd-Tressure values from varicas majer blesd pressure data

scawess e proesonted in the following table.

e
¥

Data Sources Mo.'of | Mesn Blocd| Meen  Systelie I::;L:mm:,
deterni-{ Preasura Palge  Pulse Range
nation rTip Erriss- Pressure, g
‘ g =g
Frysical exame ° ikt 110/66 1 83 %o 128 | £0 4o 80
Procedure trainer 15 121 /76 5 to 132 | 65 to BT
I=croit Meroury-
Atlas centrifogs .
simlation 56 12k/80 zh 92 to 136 | 68 to 92
Lounch-ped tests 26 10L/75 =8 91 to 125 | & to 91
MA-6 countdovm 2k 12387 =5 101 to 59 83 to 97
MA-6 Flight 10 =970 89 115 to 143 ] 60 to 81




The MAi-5 inflight Desn pulse prassure valus shows com== wWidening
when ccopared with the centrifuge preflight velwes. The mean blood
rressure values frem static Frocsdures Traimer simulstions was 120/73.
The widened palse praseure, which appesred after one heur of £1ight,
is of uncertain vhysiologicel significence and more information is
needed before conclusions can be reached. Somples of physiologic

dats from the onboard record sre shovm in figures 22 threugh 3.

The inflight exercise davies 1s 11lustrated inm fipure 35, Exeprsige
was accomplished by ¢ series of pills on the elastic ungee cords.
fn exerclse pericd over Zenziber duwring the first crbitnl pess raised
the piln't'-':*.t pulse rate frem B0 to 1% bests/minute after %0 peconds.
The mulsze rate veturced to 84 beats/mimute within twe mimites.
The blood pressure before exercise was 12976 m=Hg =nd 129/7h

after exercisze, which is sizdlsr to proceduras trainer values.

The spwivenmsntsl eontrol system effactively supported the ?11:.#
thrcughout the misslen. It ghould be noted, however, that body
terperature grofuelly rose from a 1ift-off valua of 97.6°F to 99.5°F
at blosensor disconnect. Ths suit inlet tempersture increased
Blowly during most of 'l:-l‘l.-e:l flignt, with a pore rapld rise after reentry
and during parechute descent. Daring end irmediately following -
descent, the suit inlet temperature incressed spprorimately 1°Ff

pingte for a 15 mimite ;pm*i-ﬂ and probebly contributed to the pllot's

T,
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- overheated status cbserved ot egress. Sinca biosonsor digeomnect
1 |
occurred 135 miputes before loss of signal, the meocioum hody
|

temerature may not heve becn choerved.

Filoh inflight obseriatlons: Th-e agtronnut's wolce reports were
coneiotently scourate, comfident, and coberent through all phases of
tha flight. -His yolce quality cooveyed & sense of continued well
being. His mental state sppoared entirely oppeopricte for tha
situaticn. Tha pilot's moed and lewel of performance was effectively
conveyod by his voiee reports. His proopt ragponses to ground
transstssions and to soonds from the spacecraft sugeest no decrement
in heegring ability. Visusl sculty was maintained, and his report of
vimual porcopticons, espeeinlly with regoerd to colors, was confirmed
as being acsurate by the inflight photograrhs.

The pilotts voice reﬁc-rt combained observations of physicloglcal
significonce. During his postflight detriefing these reporis wora
grplified. Those considersd most slpnificont pre discussed below.

o disterbpnees in spatial orientation were reported, Dor webe any
syrptoss sagpestive of vestibular (inner esr) disturbsnces described
during the flight. Voluntery rapid heed turning movements produced
no wmleasant sensptlons. Fo sencory deprivation of "b:’t‘:frl:-nff

phenomann" was noted. |
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A brief sensaticon of tumbling forwerd occurred just after SECO,
viich was similar 4o thet described by the astrensuts in the ME-3
and MR-N missions. This sensation ended promptly and was not associmted
with neusea. Coincident w:t.th. :;et.rammt firing, a feelinz of movemsot
opposite from flight direction was noted. This could be expected with
the sudden change in Spacecraft velcclty. The pilet noted no
difference in the senpoticng assoclated with reentry accelerations

frem those experienced during lawnch.

Fooll chewing snd swallowing ¥as accomplished without difficulty.
Yo water as such was Ingested during flight.

The pilet winated witheut difficulty shortly before reentry. He
degeribed “normal"” sensatiens of blsdder fullmecs yith the assccisted

rge o winate.

The astronsut described weightlessness ns & "pleagent” sensstion.
Control manivulation was not o problem, and there was no gbaerveble
performance decremant. The restraint harmess end ecuch combinagtion

¥og reéported to be comfortable.

In suzs=ary, tha MA-5 nissicn provided & pericd of extended
waightlessness durinz which the asi:r-::r.-:mt'n physiclocigal responsas
fmporently stabilized. The walues attained were within ranges
compatible with normal function. Ip subjective shncrmalities wers

reported by the pilot.

ST,




Conclusions.—~
1. The physiological responsas chzerved ‘during the MA-6
I;JiESE.un are all consistent with intact, normsl functicon.

2. Compariscn of tho preflight and postflight medical
evelusticns rovealsd no sigalficent differences, and each was ecopletely
within normal 1imits with the exception of moderate dehydration.

3. The MA-6 mission yrovided sn exposure to weightlesscness
of sufficient duration to permit physiclogical responsas to reach
a relatively steady r:t;ﬁ-m

L. No pymptems reflscting disturbed westibular function were
reported. This lack of findings occurred even though specific abterpts
wers made to stimilate the 'mﬁi:-ihu_’l.ar crgen in fiight.

5. PFour hours and thirby-eight minutes of weightlessness
were tolerated without c-hae-rwe.'t;le per;'p.“::on-:c deeremant.

6. The pilst's subjective evelustien of his bedy processes
and sensations during the flight all comveyed normal funetien.

T: Acceleratlon-weightlessness transiticn periods did not
produce eny recospized vhysiological deterioratisan. Specifically,
reentry acceloraticn after I hours and 38 minutes of weightleseness
did mot produce any unexpected symptoms, snd physiologienl ﬂz-:ta
repained within functional limdta,

8. The enviremmental ecutrol system effectively supported the

pilot througheut the nission.




9. The astrenaut's spperent fatigus noted in the irrediste
post-flight evaluation conbe attribubed to o nunber of facters. Ths
most logieal explongtion is the dehydrotion follswing mrtrhea,tin;g
plus the cumilative effects of the vericus siresses experionsed in
the pre- and inflight pericds.

10. His mild gastrointestinml discomfort which ococurred sfter
lending moy likewize bo ottributed to the incressed ehviroamsntal
teopergture and moderate dehydration of the astrenaut. The motion of
the spacscraft on the sea may be a contributory factor. This

coanzotion eleared after a brief mericd of rest and relydration.

e
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TARIE VIL,- SIGWITICANT EVERTS FRIOR TO LAINCH
Date Ti.:&'l Event
February 19, 1962 | 2130 Retired
February 20; 1962 | 0220 friniened gn& showered
Q250 Brogicfast
0305 Puysieal exemingtion
chzg Suiting started
0505 Entered transfer van
[rsts) Frrived ot Ped 14 ond remained
in trounsfer van
0558 Ascended gentyy
0506 Ingzartion
0625 Countdovm resmad
09T Launch

1AJ_'I. tizes 2.8.t.




TABIE VIII,- FRE- AND FOSTFLIGHT FHYSICAL PARAMSTERS OF THE ASTRONAUT

Verisblas Proflipht Poctflight
Geperal status Baper fox flight| Alext, but mot talkabive;

Height
Teoperature

Eespivaticn
Pnlce

Blood Tressure

Heart and luneo

Extremity
Deaswrements,
inches

Teict
Loft
Right

Calf (zox)
Ielt
Right

Arkla {min)
Lait
Right

71 T/16 pourds
gt 0315 heour

g's H-EDF {ﬂrﬂl}

ik
&3

118/80 (sitting)

Hezpal

Ho erythers or
abrasions

6 /6"

38 {72

938"
§

swaating profusely; sppeared
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120/60 Ezup’.h‘.a} at 1545 hours
128/88 (sitting) ab 2130 hours

Hormal - no chonge
Erythosn or blosonscr sitas;
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and third fingers of right
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TABLE IX.- FERIFHERAL BIOOD

Preflight Fostflight
; 1 1
Hﬂrl J-'J.:I.Ei- Fﬂﬂ-ﬁ -E‘B‘ "B +E h1|‘ '}ll'E E:ﬂ;‘
1959 960 [1961 |days® [deys’
Hematoorit, percant ks b Ko | mmmem 2.5 Lo bz
Hemoglobin (Cyanmethemns- :
globin methed), Er?hm mi- | 15.T 15.% | 13.6 | k.5 | k1 | 16.1 | . dk.T
Red bleod eells X 108/mnd - | - -- Los | haé| hiz| 5.0%
Widte blocd celln/ - omacamae 5, 000 |5, 000 |6, 310 |5, 100 |k, 50| 8, 200 |5, k50
Differential white-blood coamb: .
Lymphocytes, porcent--m-—=-- ho 1 N5 3 Wt 36 b
Heutrophiles, pereent--————— 58 hg La 57 by 58 =1
Monooytes, percentssssssmsess 1 6 T 3 & 3 3
Eosinophiles, percentececeme- 1 L 5 1 2 2 2
Bagophiles, porconbesecssmmee 1 0 1 2 1 1 2

‘Patarmingtions by sams technician,




TARLE X.- BLOCD Slﬂ-ﬂﬁlﬁﬂ'fl

Cantrifuge MA-6 £light
Fostrun Praflight PostTlight
Frerun e -2 -8B 1 48 +hE
o days deys hr hr i
Glucese (whole blood) mgmfi100 ml g7 {112 121 | o5 106 =G o
Bediun (zemm), o/ leemmeeaeeee 45 | o ash | ass 160 i T T 1h?
Pﬂtﬂﬂ-ﬂiﬂﬂ {ﬂmi; IﬁEfﬂrL“-“"‘ hiﬂ IF'!ﬂ 516 i".l' 'hlﬁ 31-9 thi- h- ]
Coledvm (perum), sBg/lmeemmeme—— 5.2 | 6.0 5.2 |k h.3 I{OE k.2 L4
Chleride (serun), cemmmme-| T80 | 83 3 | % g wh a0k
Protein (total permm), g/100 ml-| 7.9 | 7.7 B.0 | 6.0 6.6 6.9 6.6 6.7
Altumin {serum), g/100 mlevam--- b L haa ko olka 3.8 3.8 38 3.8
Abusin/Globulin ratio (semm)==| 2.2 | 2.1 1.2 | 1.k 1.4 Trat Ak as
Ures Witregen {serum) mg/100 mi-| 15.% |16.0 14.3 [%.1 315.5 [10.5 10.5 11.6
Ephinephring, plasmy pgfleeemee L |0 0.1 | 0.l 0.1 0.1 0.1 0.1
Horcpinephrine, plasma pgfl-ee==| 0,1 [ 0,1 0.1 |5.1 18.1 - 6.0 3.8

Loperational prioritics precluded making a biochemical roguirement for fasting specimens.




TABIE XT,- PLASMA ENFYHES SIDESHY

Centrifupge MA-6 f£1ight
Hormnl MR-Z | MR-D
voluas Prorun | Postrun| Prerun| Pastrun| Packup) backup | Pra-
+5 he +2 hr f1ipht Postflight
+1 hr| 48 hr +46 hr
Trenssminaces :
SGOT == | Ot | 19 E=f | (4] [ 5% L8 a5 A% =7 2%
EO0PTemmeemmmane=== |\ O $o 20 6 10 50 50 10 L — === R BT
Esternse :
Acetylcholine-----~ (170 to 260| 165 185 ——— —— =50 220 240 55 245 (]
Peptidooe: .
Loueylomitine—men === 100 to 310 220 =0 750 =0 %80 =70 200 250 200 255
Lecueyleming, heat- |eeea-ecaa-- ——— - 250 150 —— - — —_— —_— —-———
gtable !
Aldolatasemmoreme=-m=n | 50 to 150| 25 —— 50 a} 5] 13 112, a0 £09 120
Aldolase, heat treated O] === -— - - mew | = 22 L0y 5 5
IncoeTen :
Fhosphohexaseses m=- 0 to 20 10 g 30 51 15 as o a% 2a 2]
Behydrogenanes
Lactic=e-= e 150 to 250 190 15 SE0 860 250 235 265 220 390 250
Loctle, heat stoble-|-m=—rme—o-- —— — 2T 505 —— = | G5 &0 o5 a5
Porcent residupl----| 14 to 15 | --- -—— —— o —— 20 39.6 2.7 M.7| 0.9
Br e e e e | 150 t0 250 | 250 = 530 905 P25 280 == mus e || =
Malie hoat otobloe |cecccemea- — = 350 L0 - - === = = =
Snoeinis secscs—an=m 0 4] 4] 0 .0 0 (s —— i o v
Inosinoere e - 4] 1] 1] pa 15 5 3 e —r —— o
Arhs=Xotoglutaric:= u} 0 0 T — = — e e = o
Beta=plutomiceeeem. 0 0 4} -——— - 10 —— = e e e
Fhosphatasa : ;
Akalinge—eeceeemeees | 10 to 20 | -== - 11 Q 5] 5 ——— — — —_—
Lactic Acid-----mcec-mn| mmmeene-- ——- ——— -— --- -—— -—- %6 185 B3 55
Chelesterol-———- -——— e - —_— - e e 197 F— - 185
Cholestercl eaters,
PPl m e e | amme——e—— - PR e === —-——— - T — —c T1
DENH Ooeddation (non-;
epecific ensyms ;
ACtAVItY) e mr e a e ol --- -—- -— - —— e 26 65 92 L3}
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TanLe XIT. —Urine Summary

Centrdugs AMA-& flight
Peatron Prefiight 0330 : Postlight :
0330 | s.m, L L8
i AT, ] | i
Prerum ent. | 0310 | ; ]
+3 | -z | =8 —32 | fight Lp.r.u- 45 | 410 | H1E | k24 [ £27 | +34 ! 4L — W
hr daya | dayn | dayvs dny  padi o he hr hr br hr Be | hr 7 lar
. =i | i
L i [ L
Volume, ¢6.orooa 180|128 | ... | 20| ss| 38| seo) z20s| 96| 1:m | 210§ I50| Ti0 4 26h T
Bpecifie gravity_ ) 1,024 [ L 025 | 1021 1. 00% Lozz | nota § noio | 024 ] L 031 fl. 030 | G241 000 gl i ST el B L
Afbomin . .. .. vee| Hep | ez | Beg | Heg Mer | Meg | Heg. | Neg | Beg. f Meg. | Neg weE e | Boek i X
ClaEe s cnnrcanoa| Heg | Mep. || Mem | Hes. Meg., | Meg. | MNeg | Weg | Neg | Nez | Neg. | Nemo § Sem | Neps L Xeg. i i
Mefomea. ... ... .| Meg. | ez | Meg. | Hez Meg | Meg, | Heg | Heg. | Heg. | Neg. | Beg Mep | Nem. D Nep, ; Nee |
P ceiiieian.s| B3] 421 80) A1 ol ez eo| ceol e | s pen Broool i
Ma, mEqL____.. ) O~ T oo | e | [ Farthy ) 157 103 i) 3 EB Gl I pH! T P
K, mBall.. ... 25 ¥ - sozee || ceeees 04 =y 5% [ am| =5 i R ]
Gl mEq/L. ... PRI | SRR | S | eemeee | T3] 152|100 sof 2l 770 45! sz wml o
POATT T P (SR (NEIRE (RSB SRR (SRR NN E- ) LT R B R RN R | g3!l su: 7.7
Crmalarity | ;
[{E TR T [ Evomy | B | P | e 1410 a1z 559 u:m1 LELT E oo | 432 460 |4 BID G RN
Mizruseopie H i : ]
exnenlnAti0e . w . . Mo lorened elementa, Chea. No formed #lgnsents.
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Astrennut Antivitics

This soction presents a trief raview of the astronmut's

gotivities in mreparstion for apd during the Mi-6 mission.

Freflipght trainine summery.-

Spececraft checkout activities: Astronsut Glemm's dnvelvemart
in the preflight checkoubs provided him with the opportunity to
bocome thoreughly foedlier with the ::-L!I.-'E spacecraft and lsunch
voehiele systems. Table XITT mupmardzes his checkout sctivities.

He spent 25 howurs and 55 minvbes in the gpacseraft itself, and many
powe hours Wero consumed befors and aftor each pad checkeouwt operaticn

in preparetion, troubls-chooting, observaticn, and discussion.

Tr-uﬁi::g aotivities: Tobla XIV iz o btedlef surmary of tha
troeining activities using the yrocedures trainer from Decesher 17, 1061,
to February 17, 1962. Iuring this pericd, the astropsut epent 59
hours end %5 mimutes accemplishing TO simuloted missions snd ex-
Deriencing 182 similated systems failures. The main erzhasis during
thiz pericd wasn n:ur. Yrocedural training, particulerly Jsunch and eu.'r.'lz.r_
misgion fallures uspelly calling for en sborted missicon. Glenn alag ;
coeoeplished gseveral three-pass missicns oa the trainer, as well as
several similaticns invelwing the MOC, the blockhouse, ond the entire
Forcury Metwerk. The astronant alco gspent g great deal of tire in
triefings on the verlous subsystems and £1ight plonning and in

icdividual study.
e,



Fligat propavedness: Astronmst Glonn sohdieved a hi%,h lewvel of
slkill and knowledge several weeks prieor to the astual I.uImuh dote.
There wes a gradual reduchion in the intensity of the :;freﬂia:ht-
training Pi-r:ynn, zminuiarl;,'-ﬂn the procedurss trainer. Heverthe-
degs, thers was no deeline in kis lasvel of preporedness, as demomstrated
in part by figure 56, which shows his sustained effectivencss 4n
retrofire practice, Ast:rnnaut Glenn's commonts during postflight
deleiefing seoslons recognizes the valus of his preflight treining.
His mj-:n:" commants wore (1) thet his porticipation in the spacecraft
checkouts was wery useful, (2) that personcl briefings frem systems
experts were helpful, and (3) thot the AIFA trainer was less valngble

than the procedures trainer as gn sititude control trainer.

Chronology of pilet’s activities during £light.- Figure 37 1s
a sirplificd chrenolegy of the pilot's activities during the MA-G

flight from lift-off te landing. Identifieation of continental

45, cortein ealdastlisl chsermvablons, phctopraphys, and nnm:rﬁcu.tiﬂns
modes are pot included im the teble, since the coomnicaticns tapss
do not provide sufficient tima correlotion. Spocecraft systems
nrobless dering the flisht prevented the pilet from completing all
ths tasks in the MA-6 flight plen. These problems also interfered
with his prmiﬂ_:!.pg a complate running comssntery on thoss be did

complete.
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Ablitnde comtrol.- The pilet’s atbitude comtrol nctivities are

suzmarized in table ZV. The pilot was able to control the vehisls
edequately throughput the f11ght with the exception of the last

ion nf':he:cnh-zr- The éenm.‘n.l ability of the pilot to coatrol

| the vehicle is illustrated by tho brief review of the mejor memual

perewnners discussed below.

Comtrol systems check: The centrol systems check is designed t-.:n
check all of the rrimary conmtrol modes in a minimum amcunt of time
énd with mininal fuel nsage. This series of maneuvers was ae-
complished smoothly and efficiently, end was almost identieal to the
performonce on the vrocedures trainer pricr to the flight. The
abtitudes mchioved varied less thon 10 deprees apd the rates did not
voary over 1/2 degrea par scocond frem the proccdures trainer simalation
at any tire.

60° right-yaw manemver: The astronsut parformed this smoothly,
overshooting only three or four degrees, which is within the sccuracy

of his visual ebilities to determine the exact 60% positicn cn his

indicator (see figure 38).

Tﬁ:-ea 160° right-yaw mancuvers: The first 180° pmarewver, using the
vindew ns the primary attitude reference, was intended as a precize
180 EansneT , keépiug the piteh and roll errors pindimized. The
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gecond ond third yvew moncwvers wWoro dens only for the purpose of
cbzerving and toking pletures of the sunrize and the particles sur-
rounding his spacacraft. These momewers were accomplished satise

Tectorily s can be seen in Tigure 9.

Holding cn ecmotellaticon: The estropaut hald on the constellation
Orion on two different occasiens durdng the Plight. Figure L0
illustrates the attitude varistlons during the second pericd on
Orion. These varistions are within the 1imits normally held on

instrumentz cn the ALFA and Procedures Trainers.

Creo cazinzg: The asbronoat cased and uncaged the E;,rn;rs irmedigtely
sfier corpletion of each of the three 180° yav Banouvers basause of
dlgaprecpent between indicated and true attitude. The third
ceging ocourred shortly before the second sunrise while sti1l on the
dark side of the esrth; the other two cagings were performad during the
daylight paricds. The racords indiocmte that he unceged of epprowi-
matoely zoro yaw and rell and a minue 14 degreas in pitech for both
dey cperations, but that he caged and uvneaged at fero yow, minus
1k degrees pitch, snd & minus 20 degrees in roll during the night-
gide operaticn. It is unlikely thob the pilot would hove been able
to aline the gpaceeraft o well in yaw and yot make sn error in roll
whiich shoiild be aasier to determdne uslng the window. It therafore

pecms Yikely that the astronact's attention was diverted by obher

dutdes. The pilot ceged and uncaged the myros ot & -14° 4n piteh,



even though he reportad to the ground that he was golng to zero, zero,
zere obtitede during the first cesing operaticn. Coglng &t o -15°

in pitch, using the window referencs, is naéessary to 266 the

horizeon. The astronmt's .re,m:;'t to the grovwnd was o cemmmndeation

BITor.

Potrofire control: The astroagut becked up the JECE during
the retroseguspee and retrofire eventz using the paminl properticnsl
eontrol mode. It is impossible to assees individually the aperaticns
of the ASCS or of the astrenaut at this time. The attitudes Aid not

doviate more then +3 degrees durdng this cvent.

Eeantry piteh manewrer:  Astronaut Glenn used the oarmial pro-
portional control gysten and the rate and attitude i::ﬂii:a;.tars to pitch
o tha :r-n::ntr;r gttitinde. As can be seen from figure 41 ha performed
this pansuver with precision ond was well within hizs copability

demonetrated on prourd trafiners.

Reentry demping: The early part of the reentry through pesk de-
celeration (max. g) was controlled Ty employing fly-by-wire and
manuel veerortional cyoctems. The gecillotions were gmpll doring the
early port of resntry prior to mex. go(ses figure L2).  After
04 :57:00, the piteh end yaw oscillations tuilt up repidly and tha
pilotts stick dnputs did net result in satizfactory contreol. TFrom

gnalysis of the fuel usspge, bis monuasl fuel wae deplated at h:h’i’ 0l

e — e
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Tha fly-by-wire ecntrol mode apparently still had fuel aveflshle ) BB
indieated by the effactivensss of the Audilisry Dawnding Systen ob
Ol 57 :52. The lack of gatisfactory control was due to the change in

control effectivencss because of depletion of pormusl fual.

Pilgt's uce of externsl referenca: The pilet reported that, in
goeneral, ks was able to crdent the wvehiels, using extarnal reference
without difficulty, pertionlorly in the roll and pitch axes. The
pilot stoted thet there wns o perdod of learning to use the pariscops
and the window as 8 yew reference; however, he felt that by the end
of the flight he waz able, ca the deylight side, to sdjust yew within
a fow degrape. During the £1light ke developed the procedure of
pitehing dawn to -60° in piteh in exder to be better able to pick

ﬁu,p"tcrrni'u drift due o the orbital velosity., At o pitch attitude
of -}‘F, spparent velcclity of terrain movement is 607 per second,
wherees ot —£0° piteh atbitude tho spparent velocity du= o orbital
movemant iz 1.51° per geccnd. - The greater spparent drift as the
vehicle pitches towerd the nodir pednt aids yow determination by
increasing the ratic of the terrain movement due to orbital rate
in cooparison o apparent terraln movemsnt due to spacecraft
attitude rate. The pllot did not like the perdscope as well es the
Window for yow ql‘h‘.&mnh Ha did nmot like the periscome high-
magnifieatlen view because of the unclear area at the barder between

the high- ond low-mapnification wiews. The sstronsut reported that

Y TR T T T i e s o e
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ha folt that going forwerd was the "best way to travel', "just like
sitting up in Ifront of & Greyaound bus wetehing the world come at

E-D'l.l-“

On tha nightside, the pilst reported that tho horizon was
alvayes visible through the windaw. ﬁ:‘.th full mesn dllwminaticon
ha Telf that he could slfns the spacecraft in vaw almest as well as
on the daylight zide. Glenn was oot gbla to wse the eye pateh to
“dork-sdapt; therefore, hs was able 4o sco little, if =nything, of the
ground or clouds bafore moomarice. With gocd derk-sdsptation smd lower
eabin illvmination, it well may be possible 4o see clouds evan
without the maoa, sinece s foir spount of 11lominatfen will be
Trovided frem otter night 1ight phencmepn. In general, the
¥ilot reported thet the periscope wes nob very useful for determining
drift on the nightside. Even with o full moon, the elouds were
too dim in the periscope to pick up a specific point and follow it

for yaw hesding information.

The pilot reported that ke conld use ster drift as a reference
at yaw angle closa to 909, btui thot within ten degrees of zere yow,
it waz suite diffienlt. The pilot ;n.rcs alzo able to use cohstellations”
a5 a heeding reference. He reported that the mmber of stars that -
he could see were spproximately the snme as rormally can be seen
frem the ground en a dark night. Ho had no trouble recognizing
ecnstellstions and therefore could use the stors to ﬂ;eter:.me hepding
by referring to his Star Havigation Device.



o

Cormundicstion Activities,= Table XVI suemardzes the flight
cczzmnicoticns. The pllot reported that he folt mors time was
devoted to formal eperaticnel reports during the MA-5 mission than
wenld be degirghle for futvre Tlignts. Eedueticon of the high
nroportico of communicaticns involved In meking radic centact,
reporting switeh positions, end relaying inctrument readings
would permit more detailed meperts Ty the pilot of his activities

pnd obgervations.




Seipntifie Thopreationg .=

Celestinl Cbservations: Numercus cmall pavticles of 1/16" to
38" in size were chscrved during each owarise yericd as roving
rearvard post the spacecraft at a relative welocity cstimated at
1.5 to 2.2 moters por second. Sdnce soms of the particlss were
geen to drift imto the spacecraft's shedow, the estimated sizes and
the velocities can be relied uypon. The small difference in the
relative velocity betweoen the spococrafh and the particlss indicates
nearly the same erbit, which =akes it eoptain thet the particles
comy from the spacecraft. They undoubiesdly drifted due o soms
serodynamic drag. The most nlmasible material for ths partlcles
is frozen water, oince other subsisncos are oither not precent in
mafficient quontities, or sre limited in .nnﬂrn&; vaich ocught to be
exhausted by the third orbital pass. Water from the spacecreft
amirctmantal eontrol syotem iz nove slightly probeble Than from
the thrusters, because of the low observed weloclities. This supply
iz sufficlent and frozen water is consistent with the choorved colors

£nd movements.

A Dminous band cbéerved sroimd the horizon may be the result
of internsl reflections of the moonlit earth between two inclined

windows in the spacccreft. This cxplenction has been strenghensd

' by cbservation of ths band in earth photos frem the spacecraft, by
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ealenlation frem the bloeprints, and by direct gbservaticn in the
trainer and in spacecraft 3. The ten to Tuff color is found in one
ol ten chaerved reflections. If not e reflecticn; the pilot may have
soon the 6300 and E4EL A2 red leyer which is kmewn to exist st gbout
the altitude reported.

The sun was observed to be highly flsttoned on scms sunseh
vhetaprephs, although the phencmsnon was not reported wisoeallyr.
dpectra of half a dezen gtars in Orien were cbtpiped with g hand-

held, cbjective-trisn spectrograph.

Metecrological chservations: U. 8. Wepther Durenu Sciecntists
susgested g progrom of cbosrvations for the eotronsut which was
desipnod to provide in:t‘cam::tim Tor ‘L'he dovelommant of improved
u:ptiﬂal-senging errlp.:iicne_nt for sstellite L’Eﬁther-n‘hsemtiﬂ-:‘: EVrSTems .
Three of the requested cbservatlons reportod by Glenn ere listed

balow.

1. Dotermirs whether elend heipnts can be evaluated frem
erbital altitude. Eevort: The astronewt reported he conld ldentify
olged types and determine cloud helghts.

2. Dotermine whethor clowds cenm be soen on the dark olde B
of the earth. Report: The pilot reported that with the full moon
up he Wes soble to seo clouds on the derk side snd soms vertical

develonment.



Fs Determine vwhather 1lightnine can b= 2cen on the dark side
of the earth, Beport: Astronsut Glemm reported thobt he could claarly
gze Uipnining In two storms in the Tndien Oeenn, wodeh wore flowm

cver In the night tima.

The Weather EBuromn also sugmested that rdetuwres, using infro-
rad film nnﬂ. & speelal set of filters, be token of cloud cover in
orier to evaluate the relative effectivenses of vardous weve langth
intervals for clowd observetion. The required filter and fiin
was shoard the HA-5 flight szpacecraft. However, this was scheduled
for the third pass snd becmupe of the RGS malfunction the pilot

was wot able to carry cut this exereize.

Terrestrial Obsorvations: It iz fmpertant to lesrn what the
: eﬁecth;a visual horizeon for the pilot In orbital space may be and
&t what diztence he coan recognize landmarks for use in oavigation
ard asttitude eontrol. The pllotfs observations for the MA-6

Tlight are mummrized in the follewing neorasrarhs.

Astronent Olepn confivmed what earlier earth-sky pletures
and Tyroa vhotographs hevo indicoted, nomely that a large percentege
of the earth's swrface 10 eovered by clouds. Only founr lond arass,
the western Africen desert, western fustralia, the western United
States, and the eﬁst-trn ccast of the Unites States, wers relatively

free of clouds durding the four and a half hours of the MA-& flight.



Glann reported thet 'he cculd sce the following lendmorks during
the doylipht perinds serogs the United Stetes: the aitisn of
El Paso, Naw Orlesns, Cherleston, arnd Savarmeh; the Salton Sea in
Califcrnin, the Mississippt Delta, and Cepe Canaversl. He alsp
reported a V-ghaped figure in the water in the Atlontie, which he
interpreted o be g walke from s ship. This iz pecbobly the cmalloct
cbject reported by the pilet. IF 4t was the wake of a destroyer,
the wake wopld be approxiczstely 123 feet in wildth snd parheps
SC0 yerds long.

The only mom-illuminated feature ccen ab night, other then
clond=s, was 4 foint indicatisn of the westert coastline of fSistralis.
Iwo types of flluminated features were reported, lightning produced
by two storms in the Indian Ocean and the lights of the City of
‘Perth. The Indien Ocesn Ship flere was nob seen, undoubtedly

bacmzga of cloud covrer.

Coler Fhotogrepha: The plilet was oble to take a total of
sevenby photogrephs, thirty=-elgnt of which were on oae roll and the
balanes on A second. Toble XVII contsins a comolete Yisting of the
subjects gnd the gpeoeoxicate timss of cxpomurs. Tho pilot sttempted
to take picturas of the particles seen dueing sunrise using tha
color Cilm. While there are several photographs containing specks,
it cammot bea deﬁnit;:::lar determined that thess specks are actumlly the
particles oboerved.

A Sty
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Crisntabion ond Sensotdicons Durins Welchilessness.- :

Genergl Sengsticns: The pllot reported thet wei_ghﬂ..:"l_ﬂss:uese was
not vnpleasant, no problem ot all, and that in several r::mct.s it
was casier or .'_'r:nre enjeyable than the lr conditicn. For exs=mple,
thara wore oo pressuce points from the seat, and certain tasks were
epgier such 23 using the comera and cther perscnal equinment. This
aquipment cciild bhe 1sft henging in mideir whils snother task was

performad.

Of gperaticnal significanse was his roport thet; under weight=
lesaness, the hepd assumes g pew position due to the holmat tis-
dawn straps. Thnls suggasts thet the viswel engles through the window

end the rerizscope would be slightly Jdifferent.

The pilot reported no peoblom in reaching foo and astivating
controls. Thare was no tendoncy to overreeeh. This was not wmeypected,
pince ex;eriance has shown that the eyes will quickly correct for
musculer roaciden incccurscins. A more positive demcnatration of
peychemotor adjustment to weightless conditions would be by
denonstrabting capebdlity to laeabe ereas in the spocecraft with the

evas cloged,

1 :
Taszeien Aﬁ#rnnnut Titowr reported  wveritise and noweca by the

eiwth orbital pass vnder three conditions, when the heat was

rotgted, when he tracked repidly moving objects, ord when he

AR —
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* tapering very slowly toward the borizen. I could not pdek up mny

egoprecisble Zodimenl ligak. T looked for it closely; I think
porhapa I was not encugh night adapted to sea it. Sumrdse, I pleked
up in the Eperismpe. Ak éwer:r sunrise, I 5w 1ittle Bpacks,

" brilliant Iape:‘:.kﬂ, flogting sround outside the 'cnpml'e. I had no idea

what they were. Oo the third crbit, I turped ground st sunrise &o
that T eould face into the sun and gee If they were still hesding
in the some direction and they were. But I noticed them every sun=-
ries snd tried to get plctures of them.

Just as I cams over Mexdeo at the end of the first ﬁrbit,i
hed my first indiestien of the ASCS preblem that was to sblek with

ma for the rest of the flight. Tt started out with the yaw rate

going off at sbout cns m::l cne=half degrees per second to the right.
The cepsule would not stay in crbit mede, tut would go ocut of

1.:'._:u.i-ﬁa. When 4t reached ghout 20° insteed of the }Dﬂ I expocted,

1t would ek back into orientation mode and swing bask with the rate
going over inte the Iaft yew to correct back to ite normal orbit
gttitude. Scmetimes, it would cross-couple Into pltch and rell and
we'd go through a generel dlsrupticn or orbit mede wnddil it settled
down into orbit attitude. The yew woild sgain start a slow drift ;
to the right and the ASCS would kick owt again into crientation mode.
I teok over mamially at that point and from then on, through the rest



pttemoted to rench owiteches which réquired head and bnd:.rlm?ements.
Glenn raported that he repestsd these ssme activities st spprocimately
half-homr intervals throwghout the £light, beginning cowtfously with
very slow heed movemsnis and p;-nnccﬁiug to pere rgpid.and vigorcas
moticns =g time progressed. He revorted there wWas ho difference in
censation between zero g ond lg. The differencs between Glenn's and
Titow!a experiencas can be logicolly exploined by either or both

of two factors. First, Titov's sympitoms appeared after epprocimately
twice the weightless poricd that Glenn exyerienced, and, secondly,
Pitov may be physiolegically mere sensitive to certain effecte of

waishtleseness tho Glenn.

Crientation: John Glenn reported that he experietced two
1llusicns of moticnm, bot both of these were ascocinted with chenging
peceleration fielde and not selth =ers g per se. The first cccurrad
at SECO, when he folt as if he were slightly pitehing forward hoad
oeT ﬁeel:;. e gecond $llnsion of motlon occurred during retro=
rochet firing, at which time ho roported that he felt like he was
going back towards Howmil. He stated that following retrofire,
when he wns oble to lock cut the wirdow ond see the terrain moving
vy frem him, this 11lusicn disgppesred.

l8ome results of rhysiclogical reacticas to space flight conditicons,

by 0. G. Cazenlo, USSR, fAcpdemy of Sciences, Mozoow.
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Bo illusicng of pesiticn ceowrred during zero g. Glenn did not
Peel st any tipe thst he was standing still end the eorth was moving,
or that he was 1nl!an:r positicn cther then the trus B:Eacé:::' £
position during the flipht.

The pilot reported that be could feel geecelerations which
nroduced rates gbove 5 degress per socond. This is erproxinately
in agreement with ths 'b&éta cn the pilot econducted at Fonsaeola cn
the Timen Ploorientaticon Device (a fwe dimencionsl rotational
opparatus). There is no indication of grester sensitivity to

retational forces under zero g them lg, however, the obeervations

are ton limited to warrant firm conclusion.

A fingl srea of interest wos his judgement of weriticpl and
horizontal durdng weightlesspess. Nermally, this perception is
stromgly affected by the otolith organs of the dmner ear. Varlatlons
in the sbility to determine the borizontal have been demonstrated
when the individusl iz asked to sdjust a vizible line in o coampletely
derk room while lyinz en his side. Errers in this adjustmont usuelly
secur after spproxizately two mimutes with the lfights cut. Frovisions

for conducting this test have been built inmto the miniaturized

photemeter carried sbomrd the spacecreft. The pllet’o odjustmont to

the horizental Wes sccourgte. Hewewsy, interprotation of the results
is difficult since, beeauge of the control problem, the pllct was
ushed ard made the line sdjustment wery shortly after locking inte.

helfericss e ————
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Porscnal dqwl'r._.,ht.;- The equipmont that the pdlet 113&#1 and hisg

relavent mnt-‘ are wesented in this ssction.

Tha dﬂ;',r]_ilght color comera: (See fimwre 43). A 35z Ansco
fatoset with a photoelectric cell to eutomatically sdjust the F stop

I wog provided. It has a 50mm, F2.8 Jons snd has been o ovided with

controls permitting ropdd one=hand operation. Toe ooly cooment
regarding ;':.amr::ra cperation concerned changing film. He released
the cnsette, and, in reachdng for it, it got away ond fleated
bohind the instrument panel. The results of the efforts with this
cemara gre In the secticn labeled Fhetopeophic Efforis.

Ultra-wlolet spectrogreph: (See fimre ). A Leica 3Fm
comera With n special lens system sdapted for ultra-violet spectral
photogrophy was included. The resulis of this experiment ove

pontained In tha ssetion on Astronomienl Ohsewryraticns.

Fhotometer: (See figure 45). This is a miniature device used
by the pllct to 1-1-:11' the sun at sumeet and to evaluato his capability

o cofent to the herizental.

Adr glow filter: (See figure k5). This devies filtersd all
light except the 5577 1ina. The only atterpt to use this filter
produced no resalts. This iz pripsrily beczuse of & low lovel nlght
odoptation ab the tize. '



Might adaptation eye patch: (Sce Mpgore 7). The f';:r::ﬂfi'l:-'l::bd
meld which is attached with taze prior to svnset, worked well Trior
to 1ift-off but failed to remain positioned dwring the flight. Tha
cozbined effects of m:l.mz::-c. r.'i-.mt in the spacecrath, low himidity,
end perspiretion of the astronmxt undewbtedly Teduced the effectivencss

of ‘tha adbasiva.

Map booklet and ster navigetion devica: The loestion of those

devices was reported as having been awloward.

Flight plen cards: Those ere simdller In stylc to figere 37
and three cards were provided to gid in maintaining schedulss and to

cerve as a reminder of upcoming events.

Food Tube: (See figure 48).. Two tubss were yrovided, one
containing beef and vegstableas ond the othsr applesauce. He consumed
the applesguce witbout difficulty, but did not heve on opportomity

to opan tha other ftube.

Food Tablats: (Sce Tigwre 19). A food tablet dispenser was
mrovided containing one xylose teblet ond several malt tablets.



TARIE XI1T.- TIME EXFENDED IN ASTRONAUT PRELAURCH ACTTIVITIES

DE ACTIVITY DURATION™, HES MIN
Jamsry 15 Flight Acceptance T:55
Cozpoeite Test

Jamary 17 Launch simalaticn 5110
January 19 Lownch eimlotion A
Jarraary 20 Mtﬂ flight 1:30
Januery 25 Sirnleted flight 2:00
Famiary 27 Covntdown 00
Jamary 29 | Simlated £flight - d1:15 .

TOTAL TIME - 25 155

Tos doas not Inelude nllowance for preperstlon, mondtoring,

detriefing, trouble shooting, confercnces, and the like.
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HRIEF SIN20EY OF MA-S CHBITAL FLIGHT BY AE'IWHMIT GLEM

Thera Ars Domy things that are so irpressive, it's almost
I=poezible to try and describe the sensaticne that I hed during the
£light. I think the thing that stende out more perticularly than |
poything else right at the moment is the reemtry durding the fireball.
I left tha shutters apon spacifically so I cculd wabteh 1t. It got &
brilliant orange color: it was mever too blimding. The retropack
waa gtill gbosrd and shortly afbor rf:nnt-r;.:' begen, 1t ﬂartcd to :
bresk up dn bip clumbks, One of the strays cams off apd came around
across the windew. There were large flaming plieces of the retropack -
I psaume that's what they were = that broke off and came tumbling
arcund the sides of the cepgsule. I gould gee them golng on back
behind e then snd meking 14ttle swoke trails. I could also oo
a long trail of what Toobably was ableticn materisl ending in g
small bright spot similar to thet in the pictures out of the window
teken durdng the MA-5 flight. I sew the seme spot back thare and! I
ecoald gee it move back and forth as the copsule cselllnted slightly.
Yos, I think the resntry was _Ilru‘i:uﬂlll;-" .tha most dmpressive part of

the flight.

1I'hin: extesporanscus report by Astronsut Jobhn H., Glean, Jr.; was
recorded gnboard’the Destroyor Noa shortly sfter the MA-6 mi=zsion on
February 20, 1962 and ig pregentad with cuperficinl editing only.
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Starting back with highlights of the flight: Insertiocn was
norzal this morning except for the delays that were cccasioned by
hatch-bolt trouble and by the microphone fitting breaking off in
oy hcl‘mt,l The weathar cleamﬂ up nisely and ofter only mederate
delays, we got off.

Lift-off was Just sbowt as T hed expected. There was some

vibration. Coming up off the pad, the roll programing was very

notilceable s.n the ppocecraft swung around to the proper azimuth.
Thave ales was no doubt abeut when the pitch progrooing started.
There was seme vibration at 1ift-off from the pad. It szcothed
out Just moderately; never did got to very smooth £light until
wmthﬁugh‘hh:highq,e.‘ma- At thiz time - I would pguess &
pinute and fifteen to twenty ceconds - it was very noticeable.
After this, 1t really smoothed cut and by a minute and 2 half,
or shout the tims cebin pressure sealed off, 1t was smooth as
could be.

The staging Was normal, though I had expected a more sharp

- cutaff. Tt felt a= though the g ramped down for maybe half a

second. For sgme resson, it was not as ghrupt as I bad suticipated
it might be. The accelercmeters road onc and a quorter g's when I

recedived a t,tl:m.f'.i_nr.utiun on staging from the Capsule Cormsanicator.



I hed been welting for this message at that point becmuse I was o=t
to go to tower Jettdscn as we had planned, In case the booster had
mot etaged. At this time, T also gaw o wizp of cmoke and I

" thought perhsps the tover hod jettisosed early.

Te= tower really had not jettisonsd gt that time snd did
Jettlson on schedule ab 2+3fl_-- Az the booster and copoule pliched over
aitd the tower Jottisened, I had = first glimpse of the horizeon; 1t

was a bemutiful sight, locking eastward poross the Atlentie.

" Toward the last part of the imsertion, the vitraticon begaen
tuilding wp agein. This I hedn't quite expected; it wasa't too
rough but it was poticesble, Cutoff was very good; the copsule acted
Just as it weos supposed to. The ASCS domped ond turned the space-
eraftt eround. As we were campdating the turnsround, I glsnced out
of the window and the booster was right there in front of ma. It
lcoked as theugh it wasn't pore than a husdred yards away. The
small end of the booster wes pointing towsrd the northeast end I saw
it o number of times from then on for about the next seven or aight
mimites as 1t slowly went below my altitude and moved facther away.
- That was wery impressive,

I think I was really surprised at the ease with which the controls
check went. It was almost just like making the controls check oa the

Procedurcs Trainer that wo'we done so many times. The control check

SeE————
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vent off like elockwork; there was no problem at all. Everything
:tn.n;-:a when it should demped control was easy. Zero-g was notlce-
able at SECO. I hed a very slight sensagtion of tuchling fumu}a
h::ada-m'cr-ﬁech. It was wery ;llig:ht.; not ag proacunced an effect
LE e exparienms on the mn‘tri_ruge. Thiring torneround, I hed no
senogtion of sngalsr socelergtion. I scclimated to weightlessness
in just n matter of cecondo; i‘ll:. wae very surprieing. T was reaching
for switches and ﬂc-in-g: thinge and having no problen. I didn'™t st
any tize notice any tendency to overshoot a ewiteh., Tt seemed it's
Jost natural to acelimate to this new condition. It wes very comfort-
able. Under the weightless condition; the haad seepsd to be a little
forther ocut of the coush which mede it a little easler to pes ths
windgw, though I eonld not get up quite as nesr to the window as

I thought I might.

The rest of the first orbit went pretéy mich as planned, with
reaports to the staticns ecsdvg up on schedule. I was a 1ittls bohind
at s couple of points but most of the things were poing »ight accord-
ing to achedule, ':Luch.:ﬂinﬁ remeining on the sutczatic ;Dntr-u‘_'. gysten
for opbimm rader and commnicaticns trecking, Sunset from thia
altitude ie tremendous. I hed pever geen anything 1ike this and it
was & truly besgutiful, besutiful sight. The speed at which the sun
goez down iz very remarkeble, of COUTEE . The btrillisnt orsoge and
blue laoyers spread out :pm‘hahll_.:r 452 £5 £0° emch side of the sun



. of the flight, this was oy main concern. I tried to pick up the
flight plan sgein at a fow points and I accceplished o fow mora
things en i%t, tut I'm afraid most of the £light times beyond thet
point wasg :t.s-_‘r:an up with ehccmng the various moles of the ASCE. I
414 have full control in fly-by-wire and loter on during the flight,
the yaw problen switched from left fo right. It ected exactly the
ooma, exceph it would drift off to the left instesd of the right.

It appesred alfo that sny tims T was on maral control and wonld be
dreifting gvwey from regmilar n:-ﬁ-it attitude for eny apprecisble pericd
of time that the sttitude indications would thenm be off when I :
ceme back to orbit attdtude. T called out some of thess end I
remenber thot ot ome time, roll was off 30°, yow was off FH°, and
piteh was off TE-';. These wers considersble errors and I have no
explanption for them gt this tima. I eould control on fly-by-wire
.'mﬂ momual very edequately. It 1:3,3 not difficult at all, Fly-by=
wire was by far the most sccurads =sane of =n:n‘brnl,.f.ven though I

didn't have acevrate comtrol in yaw at all times.

Retrorockets were fired right on schedule just off Californis ard
it wes suwrprising cordng oub of the Zero-g Tield that the retro-
rockets firing as though T wers accelerating din the other directiem
back towerd Howali. However, after retrofire was cofpleted when I
could glanss out of the windeow again, it was easy to tell, of

couree, which way I was going, even though my sensations during
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rvetrofive boad been thot I wae going In the other EL“ectién. I
neda retrofire on sutcmatic control. Apparently, the solid-en

pericd for slaving just, pricmtnretrnﬂre'hrwsht the gyros |
back up 'I:-n orblt a.'bt:l.tuﬂu_, beceasa they corrected wery nleely
'.t_iuri.ne: that pericd. The s_'nu-un:rqi't- was just gbout in orbit attitude
&a I could sea it from the window and through the perisecpe Just
prior to retrofire. BSo, I feel that we were right in attitude. I
left 1t cn ASCS end becked up memually end werked right along with the
JECS during retrofire. I think the retreattitude held almost exactly
on gnd I would guess that = were never more thon 3° off in any sxie

at ooy time Suring retrofire.

Following retrofire, a decision was made to have me reenter
with the retropackape sbill on becsuse of the uncsrtainty as to
whether the landing 'bag-hn.& been extended, I dom't lmow all the
rensons yat for that particnlsr ﬂﬂciainn,l but I posume that it hed been
pretty well thoueght cut snd 4t obvicusly wes. I punched up JO5g
namially at a little after the time it was given to p=. T was
aetually in o smell g-fleld at the times I pushed up .05z and it
went green and I began to get nodse, cr what sounded like small
things brushing against the cepsuls. I bagen to get this very 4
shortly after .05z and this nolsze kept incressing. Well before we
got dmts the resly heavy fireball svea, one strap swung avound and bung

devm ever tha window. Thara wWas Some smoke. I den't Enow whether
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the bolt fired at the cemter of the pack or vhat happened. The
coprale kept on dite cowrge, I didn't get too far off of reentry
attitnde. I went to momigl control for I'-EEﬂ.tI",:p" aftar the mt.‘.mi:
Tived and hedno trouble! ccmtrolling reentry abtitude) through the
high-gz area. Communicaticnos blackout sterted s Little blt befode
tha firaball. The Fireball was very intense, I left the shutters
onen the whole time and obeerved 1t and It got to be a wary, vary
bright orange color. There were lerge fleming pleces of what T
assums was the retropackage brenking off and goipng back behind
the copeule. This wps of soma coacern, becsuse I wasn®d sure of
what it was. I had visicns of them pessibly being chunks of hent
shield treaking off, but it fiwrned out it Was nob that.

The gecillaticons that toilt up after peek-g were more than T
could eomtrol with the mamial system. I woe dsmming ckey and it just
plain overpovered me gnd I ceuld net de anymore sbout it. I switehed
to Ax. Demp o5 soon as I eould ralse oy erm up afrr.er.'the E=Tulse
to halp dazo and this did kelp scze. However, even cn fax. Demp,
tha copoule was swinging back snd forth very rapidly aod the
oseillations were divergent ag we descended to about 35,000 feet.

At thiz point, I elected to try to pot the dropue cub mormielly,
even though it was high, becmes I waz afrald we were golng to geb
over to such sn attitude thet the espouls might actually be going



small end down during pert of the f1ight 1 the oscillationa kept
going the way they were. And just as I was reaching up to pull
aut the dropee on pamial, it ez oot by itgelf.. The drogua .
a4 straigﬁt::n the cepsule cut in good ghepe. I believe

tha pltitude was pomewhers 'l_:et'r-rm:n 20,000 and 75,000 gt that

point.

I cape cn down; the smorkels, I believe, ceme out st sbout 16,000
or 17,000, The periscops ceme out. Thers was so much emcke and
dfrt om the windshicld that it was somewhat difficult to s=e. Every
tima I egme sround o the sum - for T hed establichad my roll rate
of momial = it was virtually ippoesible to see anything oub thrcoph

tha WEndow.

The capsule was very stebls when the antenne sectiom jettiscned.
I ecould geo the whole rac;mrary eystem just lined up din ome big line
g8 it opmo out. Tf urresled and h:l.c;ssc-mrzﬂ oormally; ol) the panels
gnd visgrs leoked good. I was going through my landing checkoff
izt when the Copsule Cotminicator celled to remind me to deploy
the lgnding baz. I £1lipped the ewiteh to nubto Impedistely snd the
green light come on and I felt the bag relsagse. I was eble to Wwateh
the water coming towards me 4in the, periscope. . I:was al;lu to agtingte 2
very closely when I Would hit ths water. The iwpzct bag wes a

heavier shock than T had expected, but it d4id not bother me.



L,

Ceemnieatiors with the recovery ship Koa ';-m:ﬂ 'l.rtrr}.r' gocd. The
fioa hed me In aight before impact and estimated 20 mioutes to recowery
which twnsd cut to ba about right. When the destroyer came along-
sida, they hooked on with the shepherd's hock and cut the HF antenna.
During copoule p‘lich:up_, I recedved ocne good £olid bump oo the elde
of the ship as it rolled. Once on deck I tock tha left hend pgnel
imse arl started to discennect the suit hece in order to hook up
the hose extension prior to egressing through the upper hateh. By
this tima I was really hot . pouring sweat. Toe capsule WaE eIy
hot after reentry and I really moticed the increase In umldity after
the snorkels opened. I decided that the -h-B.:ﬂ:- thing at that polok
wasg to coma cut the sida rpther thet through the tep. I am sure
I could have came out the tep if I hed had to, but I did not see
gny rescon to Xeep working to come out the top. So I called ship
and nsked them to clem; the sres cutsida ﬂ.:rl:r hatch. When I received
word that the sres wes clear, I removed the copsule pin and hit the
plunger with the back of my hand. It sprung back and cut my kunckles
elightly through the glows. Thn:m;.isc of tht hateh report was good
gnd leoud but not uwncomfeortable.

In pumueey, oy condition is excellent. I om in good shaps; no
problems gt all, The ASCS probleps were the biggest I encountered

on the flight. Welghtlessmess wes no problem. I think the fact

s
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that I could take over and show that a pilot can control the capsule
eamanlly, using the different control poles, gatlsficd me mn.-

Tha greatest diosotisfoction I think I feel was the fact that I

did not get to accomplish sll the other things that I wanted to

do. The ASCS problem overrole everything else.
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FLIGHT OONTROL AND HETWOFK PERPORMANCE

The Mercury Ketwork comsists of the Mercury Comtrol Center. (MCC) at
Cape Canaveral (CHV); stations st the Atlamtic Missile Rangs (AMR), Bor-
mede (BDA), and st fourtcen other locations nlong the oxbitel ground
track;: and commmndeaticns and computing centers at the Goddard Space

Flight Center., The HNetwork affords a data asogudsition eapsbility fop

- real-time mondtoring, missian control, end postflight aoalysis. This

section describes the fiipht conitoring end comtyol and presents infor-
eaticn on the performance of the coomundeaticns, talematry, tm‘i:iug,
computing, and command systems. :

: ... .Fiignt Control Sumsry

The orbital launch and ingertion parameters very closely n.;up:rmjmutcﬁ
nominel conditicns. The pllot's performance throughout the £flight wos
excellent, and he sme oble to cope u:i.tfg the wmsusl sitvetions vhich
arasa, Socweral problens devaloped in the spacacraft autcoatic comtrol
system. The ASCS systen was unsble fo maintodn the spacecralt within
the preset attifude lindts dbhout the vaw ads affer aporoodmately ona
orbital pass besause of t]:m lack of thrust from tha l-pound yaw thrusters.
This saze palfuncticn was reflected in the systen's operaticn when the
astronaut’ selected the 1y-by-wire mode however, he was able to natnteln
sﬁtiarmtnry attitude contral n‘bmﬁ the yvaw ads by using the larger
thrusters. The horizon conmmer and gyro reference system appeared to be
in error mainly in the roll asds while the speceeraft wae on the daxk

side of the earth.
RN
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The memual-proporticnal coatrol systen worked well throughout the flight.
Tha ccoling system for both main drverters apreared to be inoperative
throughout the entire flipht a.n-!. the inverter terperatures machéd yalias
as high as 210 to 220°F however, no imverter mlfunctions eceurred. :
On the first ess over Conaveral, segment 01 of the commitator
chowed a pigoal indicatdon which, if correct, indigated that the syace-
eraft heat shield had ﬁnn i&p.lﬂ:.rlna. Consideredle anolysis and discus-
sion followed, &nd & conelusion was first made that the signsl, although
P e T e IRy 1 T ST D O PR (R r
the noxrel sequence of events showld be followed. Turther discussion,
howmver, indicated that the safest u.m‘x_’:mch wld be to allow the retro-
packege to remain attached. The retropackeme siraps would then haold the
heet shield in place untll sufficlent dynacde force was exerted to main-
tain its position thrvughout reentry heoting, The cpdodon wme thati the
heat effects of the reiropackages on the eapsale heat shield and efterbody
would not be damsping, Therefore; the pilot was ddrected dwring the
retrofire marewrer over CAL {o keep the retrojetilison switch in the disarm
vasition, The remeinder of the fiight it norgal, and no other pajor
gsystem malfunctions ccourred. It must be strongly emphasized thet with
& pilet in the spacecraft o make decisions and teke corrective action,
the meltuncticns vhich coeired would)heve made an umpamed) flight '«

cxtromely difficult, end thess quite possibly coudd bove resulied in

| failuwe to veenter the spaceorat™t and effect mcceesaful racowrery.

fraew ==Y



Marcuryr lNatworle Pearformence
Mexoury Hetwork perforaance was excellent, all systems woere Tuily

coerational ot 1ift-of ', and the few mi::ﬁ:r ralivnctiong wilch occurred
did not affect the flight monitoring and controel of the mission. JAcqud-

sition of date from tracling, telemotry, and alir-greund wvolce systems was

satisTactory in both quantity and ouelity for resl-time monitoring and
rastilipght anelysis. The relaying of air-ground voice beck to the Mercury
Control Center (MOC) from all sites with a point-to-point volce capability
contributed substantiadly +o +he meal-tios mondtoring of the mission.
Tracking.-~ Fadar t:r.-'at:l-:lng ot thic fiight was satisfactory and
superior to that of MA-4 or MA-5 Missions, A1l stations provided data
Tor all rasses whenever the spacecraft was gbove their borizon. The
quantityr and quolity of these dete were more then adequats. Miner '_nra‘:.rlé:ma
axisted in S-band phasing and handover, bubt this ¢nu.amla a neglisible 1:.-;;- i
of data. The commmnications used for this were sptisfactory.
Interference of an unknown source caused some concern on C-band st
Cape Conaveral and Dermude, but this did not cause any axtensive loss of :
data. It ig .ap_'pn:mnt that the extensive eafntenonee, troining, and refine-
ment of trasking procaduras for the network has yielded dividends,
Eatisfal:tn.n' C=pend tracking wos aocomplishod during most of the "blackout”™
pericd. Two Cape Cenaveral radars hed satisfactory S-band tracking for-
ithe first two minutes of blackeut; and they woere then turned off boacausa

the end of their range interval had been reached,
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S- and C-bond Fador-tracldng covernge is chewn in figures 50 and 51 respoc-
tively. The performance of scquisition-pid was satisfactory, and, in oll
cazes gomiisition wos sccomplished withowt difficultar.

Data trTanemission.- The trensmission of both high-speed and low-speed

date wos satlsfactory throughbout the rdasion,

Trajectory Computation.- At lifi-off, the solected source for dleploy

at the MOC wes the owtput of the IF T050. FPS-16 tracking at Capo
Canaveral was wiilized unf:f:l..':. approsdmateldy 00:00:50, st which time the

IF TO50 switched to APUEA tracking wes displsyed for approicimately the
poxt 20 seconds, ot whleh tdimes General Electric-Burroughs data thyough
Coddard Space Flight Conter wps solected and was displayed throughout
powered flight. The Ceparal Electric radar scguired beth rate and track
at 00:0L:08 and pever lost lock throughout the remsinder of the boost
Fhaza. The quelity of the General DElectric data was excellent up to SECO
and during tha GO-HO-CO computation,

The prograxed phace of the flipht showed minor deviations of +ﬂ."|"5°'
in fiight-path anple and +1.0 n.m. in eltitude at BECO, After lsunch
vehiels staging guddonce corrected these deviaticns. A madrim devistion
of +2.8 n.m. in crossrange and a residuel of 504+ fps in yaw velocity
oxisted ot cubedff. The yaw velosity locked very good up to epprordmately
53 seconds before cutofT; tut it then oyveared £o lack respones to stearing
with the finel results as steted shove, There appears to be conflicting
eviderce on this rarticular moint, since tha celeulsted fmpact point et

the Canary Ielands Station wns right on the cxpested ground %rack, which
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A5 difficult to resclve with o residusl velocity of S50 fps in yaw. It was
later diselosed, hoewewvor, that an error in the seals of the plotboexd st
the MOC exdsted, waleh secounts for this mieveprecentation in your volecity.
The cutoff conditicns displayed in MCC are listed in table XVIII.

Low-speed trackirg data from the remote sites wora excellent, that
tha crbif was well-defined by the end of the first orbital pass. Subse-
quant tracking ducing the second and third pagses showed neglipgable

L-ﬁpz-:.mmwt in the orbpit parmsters. The mrber of rodar observations
receivad from each site is shown in tnble XIX.

The "A" computer was lost during the sscond pass between Hewodii and
Celifornia. A restart was made in less than 5 minutes using the EAY
vector, thus, the computer was ready to sccept the Uhite Sands deta, A
maxlfunetion of the i ecputer caused the Texas end Zglin data for the
second pass Eglin dote on reentry o be ignorad.

During the reentry, tracking date appeared to pinpeint the landing
lmat.i-::;:l with & high degres of confidence, end the final values from the
Goddard computers indleoted cnly 2 n.m. differsnce between the landing
lozation as obtained from the Californis Staticn data and the Cope
Conzveral FPS-16 date (see table XX). However, the landing pednt as
mported by the recovery ship, as woll as that computed Ty the Cape IP 7090
computer waing Cape Canaveral and San Salvador FPS-156 data, does not agtes
with the Coddard .mc:puﬁn.tim.a.

The setual landing point was 39 n.m. short of the planmed loeaticn.

The weight loss of ROS fusl, attributable to the requiremsnt for mamml
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control during two orbiiel pericds, was much greator then anticiavted.
{his welght difference eontributed the majer error of 31 n.od. from that
predicted, since the lower weight for o given quantity of retrograds
dmpalee will result in a ligher negative velocity increment at retrofire.
A variation in spacecraft attitude during retrofite resulted in an
additional error of b n.mi., and a slightly grester impulse then the
normal valuve provided another 2 n.mi, deviation, These factors account
for 37 n.ul. of the sctual landing point dissrapancy,

The low-frequency cyclic noise pattern was spparent in both Gepersl
Electrie-Borroughs and AFUSA date, but this wes slightly lower in filine 18
tude than that for the MA-5 Miselon and mich lower than MA-%., A% insertion,
Generel Electric gave an inertisl veloeity of 25,727.6 foot/second and
an inertiel flight-path angle of 0,067k degrees, while AZUSA £igares
were 23,733.3 and -0.0907, :'-E;ﬁ;a:-:t-imlz,r.

Ielesetry.- The data provided by the telemetsry systeo wes adeguate
and of good guality. Coverags wns satisfastory, with dota ecquiaition
at oll stations throughout each pass whenever the sma-:ea:'v.-a:‘t His above
the radio horizon. Covermge 1s shown graphieally in figure 52 (a, b, and
2) and in tebuler form with deccombator figures, range and elevation in
izble XAI. Signal strengths were sotisfactory, renging up %o 400 mieTo-
volts. Severnl sites reported. lenw gignal levals vhen sotpared with
previcas niastong, . |

Ionization blackowt of telemetry began at approwizately ob:ha:sz,
as seen ai Canaveral, and ended ot epproximntely O :47:1%, as seen at
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Grond Turk. Thus, the blackout pericd lasted 4 mimutes snd 22 seconds. :
Data flow charis were drown up based on the telemstry momary messages
Irom the sites. The majority of the deta points fall within £ 3 percent
of 2 feired ewrve. A foy excepiicns were evident, howewver, in that
fipures from severnl sites wmrs consistently off the ﬁireﬂt curves of
fuel quantity by as 1:!.1-:*: as 10 vercent es shown in figure 53.

Adp=pround voies.. The performance of the pri=nry air-ground vodea
syster (UHF) was good throughout the mission, Signal strengths vere
adequate enough to provide excellent sipnal-to-nolse ratios whenever the
spacceralt was gbove the lecal wvisual horizem. In most instances, HF
refraction inereasaed the nu‘rem:,l_:;e over vizeed line-of-sight Ty onc to
two odnutes of arc, UHF in-range times averaged almost seven =inutes
Ter arbital ﬁsa,

Ine HF volee system provided some additionsl coverage, bub, as
axpacted; 1t oo not as satdsfectory as the UHF was of particular valua
auring the firat and thind passes whera the Canary, Colifeornin, Cuaymas,
Eanzibar, Indian Ocean Ship, Muchen, and Canton Stations were oble to
converse with the astrooaut beyond the copebility of tha UHF system. Tt
is imteresting to oote that In some instences where the HF was being
used as the gracecraft approached the staticn, the ouality of cocrmuni-
eations improved considerably as the elovation angle became positive,
particuwlarly as the syitch wes mads o UHF, :

Figure 5% shows approximste coversge compered with times sbove the |
viswal hordizon. Throwgh the air-ground vedee syston, MCC was gbhle to
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to follow the recovery procedure and monitor eJi comversntions wntil after .

the spacecraft was gboard tha recovery s‘hip.

Commnd Systen.- The commnd systea for MA-S opernted in o satis-
¢ foctory manner during the riosion, The few elrborne-systen anqgraliee
sré discusszed below. The 600-vatt stations appeaved to have hed coverags
beginning at a slent range of 400-L50 H.M., and the 10 KW stations hed
coverage beglhning et a slant range of £50-700 N,M. A summery of the
cepmand handerrer exercises iu showm in Teble JOUT and o E'ma.n' of the
comzand tranemiesions 45 shown in Table XOIT.

Ground Systen: Thera wora several problems involving the ccomand
ecuipment and the coder relay panels during the month prior to launch,
hewever, no deleys in the lsunch countdewn resilted. A total of
eleven: (11) functions were successfully transmitied from the sites:
Jcdliexy Sustainer Cuteff (ASCO) wae transmiited from Ban Salvedor,
three sets each of R and Z calibrations were transmitted from Muckes,
end two sets each of R and 2 colibrations wore transsitted Trom Cape
Canaveral, Command coverape from &ll sites was satisfactory with the
excoption of Moches on the thixd pass. A combination of slant ranges
in excess of 450 nauticsl miles, sirborne antenna patterns, and 600
wetts of FF povmr resulted in only one mimets and 30 seconds of eovarags
gbove receiver threshold. |

Airborpe System: Comrand Recedver "A", operating from the 18-volt
ipoloted bus;, avrvearcd to be much more sensitive to signal strengths
shove 30 microvolte then Recedver "BY, which cperates from the 18-volt
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standby bus. B-ﬂ.q:.r 30 miercvolts both meceivers! nperati::'m coincided.
The otbeard recopded signel strensths althousgh n.::-:c'_ntn.'n-lé-, were abouk

6 db, or less, below thosa of the MA-4 and MA-5 mizsicng, The reascn for
the differcnee in racorded signal strengths is net Jngwn &t this time,
however, this mognitude of decrease is of bo great concern. Tae air
_":-urna sntenns pattern problem, vhich wos experienced on MA-h and MA-S,
was amein evident from the MA-6 onbosrd recowds, Spacocraft u.‘.:.titudﬂ.
changes and definftely reflacted on the signsl strengths records.
Icnization blackout ocourred on the Cosmand frequency between Ch:b3:03:5
GET and O4:li7:12 GET.

Triggering of the "All-Function Events Chammel" occwrred five
tithes during ionization blaskout. The tone chanvels triggered arse
unlmotm, but are eolncident with a burst of sigmal into the receivers.
IG is known That the tones keyed were not clock chenpges, R and 2 call-
bratiens; nor Maydey. ILater tests of the coomimication revealed thet
interference between the 'J._'-e.'l.e:'.u:::r and UHF vodce troansmitters produced
a sigmal with a freaguancy cn the edge of the cormend recaiver bandwidth.
An inerease of 0.5 MC in the low Ti Trequaney ks apparantly corrected
this. Te charscteristics of the inputs o the coemand :'ﬁ-:ei'fe.rﬁ are
shown s gscillograph reccrd reprcducticns in figore 55,

Whet is assused o be random nedse with s signsl strength from ona:
to b merovolts was recorded bepween O1:1l:00 GEP to OL:15:07 GET.
Comand carrier was not presant during this parfod,
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Grovnd- ecmmmindcationg. - A11 the prowd coramifcations natworis

provided good support for the missien. Excopt for a few short prelsunch
cubages, all the volce, teletype, and E.:;'I:e.'l.imn were avallables ot all
timez, and the guality of trnemission was saticfactory, Single-sidebend
voice coommmication with the two ships vms very satisfactory, as provided
by AMR. Part of the link from the Indlan Oceen Ship hed to be relayed
through Aszcension Island.




