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As llxght esperience was gained. confideace
in the Merrury mission and particulady in the
- vilot’s capebitities incressed. which resulted in
the pilot plaxing an increased role in establish-

iav the configuration and in the operation of

the spacecraft. As a result (1) improvenients

were made in preparing the crews for flight.

(2) ground-fight coordination was improved,
13) raission rules became niore definite, (4) more
fonctions were delegated to the pilot, (5} many
s¥tems medifications were made to increase the
piiot’s sysiems management capabilities. (6) op-
erating prucedures were simplilied. (7) flight
activities became more flexible, (57 inflight ac-
Hivity priorities were more clearly defined. and
1) pilot workload became better distributed.
Yhe benatitz of this o)per"ence were manifested
during the MA-9 mission where the success of
the flight was directly attributable to the per-
formance of the pllot.

Mercury flisht esprrience has shown that
man’s performance in a spacecraft 2avironment
is very sit.diar to his performance in an aircraft
euvironment. This fact wiil enable wanned
spacecraft desigmers to utilize several dec:-des
of aircraft design and operational experience in
the forowlation of man-madhine reh| «mdnps
for Gem:ni and Apollo.

Overall results of the Mercury program ver-
ify that the pilot, Ziven adeguate cot trols and
dlspiau aonl sufficient monitoring instiz.enta-
tion, is a 1chiable aud flexible system of the en-
tive spacecra ” amd launch velicle aud enhances
the success of the mission.  In addition, with
the proper eguipment. he cun greatly benefit the
experimental effort.
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Intveduction )

‘This paper is the ssmmary report oo the pa-
lot"z ability to operate the Mercury space vehiacle
and to acrumplich axperiments as well 3s make -
scientific cbeervations. Tie main topis to be
discussed are attitude 2oxtrol of the vehicle sad
everall mansgement of spacecraft systrms be-
cause of their mpe-iance dsring Merury and
future spare missions, and becase it generally

_in these areas that the most objertive and valid

data ware obtained. The results obtained frum
each Mercury flicht are suremarised with par-
ticular elaboratiot upon t.e MA-J resalts since
the resul:s of prior flights have beer reported

. inreferenves 110 5. Topiss are disrassed chron-

olagically with examples from each flight when
applicable. This appr: .ch should illustrats the
trend in operativral philosophy thenghout the
proeram concerning the increased role of the
pilot. '

Attitude Determinats

Throughent the program a grreat deal of effort
was applied toward investigating toe velative
value of the Mercury spacecraft’s controls and
displays for rarious maneuvers and for vehicle
orientation. The results of these investigations,
as wel! as brief description ot the different con-
.rols ~nd displays, are s.mmarized. Figure 17-
1 iliustrates the display and cortvol systems that
were available in the spacecraft.

Tle attitude displays available in the Mer-
ruvy- spacecraft were a centerline window, a
periscope, snd an attitade and attitude-rate in-
dicating instrument (fig. 17-1). The -ier-
line window, located directly in front »l-
most level with the pilot's head, was trape.  dal
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in shape. The viewing Bmits, with the head
resrrained, were 33° vertically, 22° laterally at
the bottom. and 54° laterally at the rop. The
periscape, located st the bottom of the center
st ranent console, was oriented 1o the varth’s
nadir when the spacecrafr was at » piteh atti
tude of ~14°. Th rnield of view through the
periscope wao 1827 The attitnde and atetude.
rate ndicating instrament, located at the top
of the center instrumwnt consele, ronsisted of
six peedles, one for each attitude, and one dial
which dispiaved attitnde rates. (See fie 172

Fooome -2 eienry vare sl aiitule mlicarors
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The attitnde indivarors were referenced to the
evros whaeks, in tarn, were shavew to the horizan
seaners during sormal operation,

The redarive 1+ lue of each display sesren was
dependent spon the 10k e be aceomplished.
fxererally. 1he winidow and periscope were buih
adequate for sprcerraft orientation during day-
Hght conditons, whereas onle e wivdow wae
an adequete externa! display system under re
duced liglting conditions.  For example, the
periscupe was the besr display for nequisition of
the earth borson and for realinement of the
gyros 1o the troe earthoreferenced spacecralt
attitucdes becanse of s wo e feld of view,
However, in obdmining this =ide feld of view
B wus neeessary o reduee the inage, wlhich re.
sadeed inoa high actenuation of svailable g
and cansed the periseopw 1o e metfecrive dur
ing the sl peried. The periccope was 1o
moved for the MA-8 g

The attitude mdicarors were used primarily
during thow periods when the pilot's attent ion
was pequoed an the ockpit, when externad mef.
vrences wers lacking, and when estalinbing
proper rates sl sttitudes pror 1o sngging the




sutomatic sysfem. m mdm:m were aéw
; amtm&mmﬁfmwemmkmmmﬁw
pilots had beer, trained mueh move thoroughly
i this method than in using sn external visual-
_ display system.  Although the sttitude indi-

m«ﬁy&mw}&&mmm 5 for such

tad several shortcon 1
Wawmmtm@wmhﬁu
m&aﬁmﬁ apoi the accars:y of the system.
This problem v reduced as a result of modifi-
. mtwwwﬂwhmwmftm;t%*
contirel systems: however, bevanse of the basie
charseteristics of the gyros snd of the attitude
_repe~ter stop Vmits, it mmdammm!k
systera.
In mmary, the window was the most verss
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The periscope diss antages ontweighed itsad-
vantages, and the sttitude and sttitude rate in-
divators were & good display svstem within
rather narrow overating hmits

Conteols
The Mercury spocecraft had four basic atti-

tude-coutrol mudes which could be used singly

or in varions combitations.  These control
miondes werd : antomatic stabilivation and control
systemy (ASUS), manual propovtsonal (MPL
fiy-by-wire { FBW ). and rate siabilization con:
trol system (RSOCS). Each of these mades was
used and evaiuated extensively thenuphout the
early Meveury Sighte and asa result, their rels.
tive vajue and effoeney for varions antithde.
vontrol natnegvers beewmw evident,

The ASCS wus capable of controlling space
wraft mtitnde and rwies, or both, in all three
axes by using information from the attitude and
rate pyros. Four autonatic m e of opers-
tion were nvailable: a reentry mode. an orienta-
tinn mode, # retrograde atritude hold made, and
an orhit wmode. The reentry mode positionsd
the spacecraft (o the proper reentry uttitude,
tnserted the roll rate, and demped the reentry
oscifletions. The oriumation mode was de-
sigmed o position the spacecraft to any spe-
cifieally vomupanded wntitude to within + 1%
The vetrograde attitode bold mode wtilized the
bigh tomue thrasters to paintain the spaocralt
to within =1 and 15" ‘s of retroder attic
tude,  The orbit mode was designed to control

the spacecraft at the retrofire attitude to within
approximately +8°. The purpose of the first
three control modes is self-explanatory, and
their relative value compared with the manusl
control systemn is discussed in a subsequent sec-
tion of this paper. The orbit mode of apern-

tion, however, requires a brief discussion at this
point.  This mode was designed to control the

_ spacecraft within rather broad Limits for long

Maﬁtmmﬁ%mmi fuel usage.
While in arbii mule, the pilot could devote his

attention to other systems, perform experiments,
make oheervations, or relax.  During the MA-

9 flight this mode was used extensively for con-

ducting varicas experiments.  In sddition, the
MA-9 pilat utilized 2 modified orhit mode of
opiration by manually positioning 1. Y-4
plane of the spacecraft parailel to the echyic
plane and then manvally realining the att>ruda
gyros 1o this new reference plane.  This action

resulted o avtonmtie control of the spacecraft

m the desired plane and allowed the pilot to
complete the dine-light photographic W
nent. the resalts of which are reported in
paper 12. :

Of the three punaal control systems, FEW
proved to be the nwat versatile. T the mitial
desigm, the 1- fnmnd throsters were setuated ot
appeoximately 23 percent of #ull control-stick
travel, whereas the “4pesunl thonsters were
actuated at approximmiely 15 percent of fal)
control-stick travel.  In order to prevent in-
advertent actvation of the lugh thrusters, a
mnlifiation was made an e later spavecraft
by which the pilot conld, by throwing a switeh,
fock out ihe high thowaers. Genersily, the
prbot preferred this tontvol mode during orbis
beeanrsr prpcise artinnde manenvers and vonteod,
or borh, conld be accomplished with wivinnm
fuel usape,

Tl MP system was not used extensively dar
g the Merenry fhghts exoept in the A9
mission.  Farlier mission resnies indivated thea
neither fine dititude contod ner fawd sconomy
conhd be oltaned with this o e during arbin
becsuse of the minimum thrust bt els thar could
be oldzined sl he rather long thrt avspaues
log hammetersties that existed 0 e s0atetn.
Thiring the MA D ©asaon tw pil dowas.
arated the by paking very sapid Lang-om
troller motions, the MP system vould producs
thirust impulies of 4 waeh lower Jovel dian
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expected.  Results of this miscion indieated that
the pilot was sble fo exercise precise sttitude

control with fuel consumption rates similar to

those of the FBW 1 pound thonsters.

The RSCS was used primsrily for the reentry -

phase of the flight. It was normaily not used
trol was difficalt to maintain and required an
sxcessve smonnt of routrol fuel. . The BSOS
was recsoved from the spe weraft forthe MA-9

controlled by the pilot by using the threesxis 2o
hand controller. This proved to be an adequate

m%%%mm&maﬂhmﬁm
trol systems.

Taw Detormisetion

Throughout the Mercury program, invesii-

gations were made to determine the pilots’
sbilities to orient the spacecraft in yaw by use
of external referenee information. Alhough
gitch and roll refervice was nol considered dif-
tieaht as bong as 5 view of the earth’s horizon
was avalable, as expected, yaw determination
was more difficult.  Inflight infornmtion was
" considerad mecessavy to evaluate how aomrate.
Iv and how long it would feuiire the pilm o
orient the vehicks, particalacly when good ex.
ternal refersness were lscking.

The vesults from the MA-8 and MA-7 fhighys
indieated that yow defermination during duyor
moonlit sight conditions was not dibicalt bt
took more tims than Jdid determinations for
pitch and roll.  Yaow orientation at night with
nimoon required even more thoe, and socarsey
wag somewhat reduced.  Both the MA-6 and
MA-7 pilots roponed that saw Jstermination
by using the window was tmproved as the
vehicle was pitched toward the wadir point,
However, since the horizon ix not i view to the
pilot beyond a pitehi<dewn antitude of approxi-
mately 157, this methed makes 1t diffenlt 10
distinguish between vaw and il errom

"The reaults of the firet two erbiral fightssug
gested that u thorough enalyss ol vaw derer
minstion svwas wassleirable. & wecinof aw
manrusers were planted at 4 accoun plished dar-
ing the MA-= mission which pr wided quants
rativein formutio on e wre ot wondow snd
perisuge as sedependent references for teter
mining vew during borh doy and nighe phuces
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oftheorbit. (Seeref 5.3 The remltsof these
mneuvers are shown b figures 17-34(a) and 17-
3(b) and include the attitude variation ia all
thrwe axes, fuel, time required, and the sole
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reforence usod. At the terminption of esch
maneuver the pilot “marked” it on the onboard
tape recorder.

As can be seen by these figures, the pilot was

syeeessful 1n aﬁammmg yaw under both day

snd meoniit night conditions by using the view
through the window as & sole reference.  Fur-
thermore, thee maneuvers were arcemphishesd
at % piteh attitmde of — 247, which ionde the ha-
riz. oy availabie for good pich and roll refer.
et The day vas manenver in which the view
through the periscope was used wzs completed
within the ssme accurncy and time period as
were the vsw mavevvers in which the view
through the window was used. The pilot did
not attesrs @ night vaw maneuver using the
perisonpe becative b found tha i was ineffee-
tive sven ander mooniit night conditions.  The
pilot stated that he conld have alined the space-
araft much more guickly thaw thesy parenvers
mdweated i urgeney bad leen s more porian
consideration than the conservation of fuel

Rinee the information ciaained from: the firs
theve orhital misstons was fite conciusive, the
periscope was removed from the MA-D space-
erafr, and ne specific Suvestigetion conceining
vaw determination was planned for the MA-5
flight. However, it should be noted that 1n pre-
paring for rerrofire, the MA Y piiot perforned
% yery erithesl and preciss yuw shivement
night by usine shavs and ground relerones
anly.

The MA-2 pilet reported that wuw deter
mtaation i davlight wis guite easy even wien
only w amall portios of the sorth horizon wac in
Tww o ga U5 nltoh winnnde . He fels
bar sponlid mevnrately alia tha spuesern Bt divealy
towand vr away frem the direcen of nistion
neer the ground within 10 Arahe % yaw po
githon b Betieved his sceursoy pughiobe de
graded 1o w10 The et weed seveimd coes
o ddermine vax attiades and rates during
davighe, e b the aeeaming by of rerraly
Fotnoes st clond parterns, e Luth, the van
swrge noe Boant of thede How Do und the i
ing of terpesivaal ohjects or clond prouinences
acpvss i window

The pibt pararred thay vas auiiade deer
ptrvint bk gl woas not Jifeals bat B9 peandiy
sopaired mere tiae, 0 Be e owell vk
addupeed ad the oo s thiminatiog the
srrell he nee b oo of termeaaial features

and cloud fatures. Ocensionally, lighied cities
provided yood vaw referenve v withow
mooniight. Wher these references were not
available, he was required to use identifisble
sars and oconsrellations.  This was more com-
plicated and vsnally tovk more time because the
restricted field of view through the spacecrafe
window made identification of the constells.

tions mow difficul, :

A rouvenient method of yaw determination
was noted by the MA-9 pilar after olweerving
the relative motion of the so.called fireflios soen
by all of the pilots of previous orbital missions,
These luminous particles, which appeared o
emangte from the thrusters, were observed 1o
move ontwanrd from the spacecrafs and then to
rerede back along the Wwft”s trajectory in
the wanner of ¢ contrail, remaining visible for
seneral seoonds. The wiwx believed that by po»
sitioning the spacecraft relative to the mm
of these poriiches, an sevurate determination of
the (° yaw pasition co~id be achieved.

fovro Brslinemment

The rnealinemen: of the artitnde gyros to the
sumceeralt’s attinvde was 4. important function
becawse it divect 'y alfected the wability of the
entire ABS | nd Meocury asttite, indicating
systens. The two smpoatant objectives i e,
compiishirg this manenver were maxirum s

airney. of ahnemenmt sed winiman fuel
expenditnre. There wem  seversl  sariables

whivl divectly affecred these objectives, such as
fre epmtral aud display sestems 1 ol the o
fernal eondite s tdar gl v the externad wf-
erbnoes wintluble anad thetinw available. Thoe
wae purticulariv dmportant beeasse the space.
radi conld be alined scctratsly ard with low
fuel uwsape even during wors conditios, pro
viding amypde Uee wis availabde 1o complete the
mhner,

e important systenis suoditicant o which
significantly aifocted the eapabality and ease of
mz%ith; the wvrme 1o the sgmceernft attitmde

vas chstgiog te Lorcag vy posttion ie - 34
i piteh. AH bt the M-8 spacecradts pyom
tuand 1o the spro poaation v all three sxes
Witk the soncmrsdt in this positben, the sarth
barizom wis s enilabde theoneh the « aow,
Although the total resbineant sanviver was
qite compdex b the earlier oussdons, the M 0
renlinenant paneater was relatiely simple and
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consisted of orienting the spacecraft to the
retroattitude position by using the horizon and
eaging and uncaging the pyros (fig. 17-4).
Aswexmpkstwmm«ffm%mdbytm
M A-9 pilot in accomplishing this mareuver was
only approximately 25 pervent of the average
amount required for the mmrﬁ* during the

% /ﬁﬂm ‘%‘M‘ o
During the saborbital flights and the firg
aribital fligh the spacecraft was turned around
to the retroattitude position by the ANCS,
whereias the turnsround maneusers afrer orbiral
imsertion for the subsequent orbits] missions
wore ammn{&%slmi napually as shown in raide
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At the very beginning of Mercury Projeet, it
was not known how well the pilot would be
albde to fanction in a space environment. This
contributed to the Mercury spacecraft being
designed 50 it most of the inflight functions
would be automatic with the man hmxg used
as & bmckap systom.  As flight eximfm was
sained, confidence was increused in the space-
eraft, mission operations. and particularly in
the man's capabilities. As a result the pilot was
permitted more latitude and given more re-
sponsibilities as far as inflight activities, such

as the turnaround maneuver, were concerned.
A second mmportant factor was that Fuel con-

| servation became more zmpemam during the
Jonger duration missions, Early flizht results
indicated that an automatic turnaround ma-

neuver wonld require between 4 and 6 pounds of
vontrol feel  Hesults on the Merciry prive.
Aures trainers, which sinanlated quite aoen ately
Fuel vaazes for the vanoos eontry] modes, indi-
cated that the pilot conld, after practice, per-
form the mansuver within the same time period
reqired by the ABCR and with o significant
savinges in tuel.

O this badie, 1 was decided thar the MA T
pilot would perform the trnaronnd muneuver,
by nsing FBW, and complete # within approx-
inately the Simw time nonmally required by the
ARCS. Accan be seen by table 17-1, the M-
T aurnmronnd reguired soly 19 pounds of foel

ws coatparad vzl the 38 pounds of fuel re-

suited Jor the MA6 wtematie tarmarounsd.
Tha= fuel consepvaton verified 1har sabergiont
B tarnarvands shoudd be conducred s
wlls

Priving the MA-5 oty & wis phmmi thai
Hothe fHiedd wire preeweding sumothby. 1he
tornaronnd nasenver would be executed at a
el prev sty e o 4 e i 0 G
with the pibo pelving wlelv o the e and
mitebe sndioatery and wmy ouly e FEW
Popoind theasters o ometve fael A wesnds
ary b e wad s condrm that the piba
culed perforio e dueoer as poecisely boa
spapew bt el irdmnent e b conld b raiy
e the ol

Floe snlot s forpimd th v 2 wdmrnally
an it dead been pritosd o the proselures
srater. Figure 00 Gow . e Highe vreat.
oitwdes with o booker vd ciehpe of e
tarsaroum] siiere somupliched on the
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procedures trainwrs.  The pilat executed the
maneuver smoo ily und with precision, using
34 pound of control fucl o whien s kess than 10
percent of the contrel fuel nernally required
by ASUS. As o result of thas fhghe 8 owas
clenrly established that 4 leisurely evecated
manual turisronnd, providing the fhght was
proveeding <uoothly, was the most eficient
Hanenver.

The MA-9 pilot wecomplished she turn.
around ranevver in 4 nwnver anilar to that
of the MA-S nilot except that it was Lot 1y
rendded 10 be completed moas precise g fashion
as the MA-S taaneuver. e wed FEW Jow 10
conserve Tuel, bt e elcted 10 slserve and
photagraph the lnunch velicle rather than pos -
tion the veliele dirdetly (o U proper miro:
attitude position.  The pilot had been informed
that be bed o pood imsertion, that all sysens
weie functioning properly, and therefore thet

: ammwfwwwﬁmu
pitched Jdown to retroattitude. The MA-$
’tmam%mmmmmmlyazm

of contrul fuel.

Boveolion

Control of tie spscecraft attitude during the
firing of the retrovockets was the most
eritical and exarting function of either the pilot
or the ASCS. Therefore, s great deal of the
astropaut’s attitude oontrol training on the vari-

ous fixed and dynamic trainers #ss devoted to

the determination of the relative value of the
different control-display configuratiors sad in
mfectmg the pilot’s capability to use these
varions mﬁgﬁmxmaﬁmdy in mpﬁsh
ing this manenver.

‘i‘hesnm:mryuf&aphnm& mﬂmﬂ eon-
trol-display systems used for controlling the
the retrofire naneuver of the
manned Mercury flights and resultant fuel
nsages is shown in table 17-11. Of particalar
note is the fact that only one (MA-8) of the
foar ovbital fligkt retrofire events was sccom-
plished as plannad. The amomnt of fuel ased

agrees quite well with the trumer results; that
is, i tm of fuel savings there are no sigrifi-
cant advantages ia selecting any particular
control mode.

During th& orintal fights it was planned to
wee the ANCE 10 control the spacecraf during
the retrotire event bevanse it was desioned to
waintain atritude within very tight limits of
~:1" and becaunse n manual retrofire did not
represent a sigmifioanm ssving in foel  How-
ever, beeanse of systems failures or anomalies
affecting the ASCS only the moodire nmnenver
of the thard sebiad Bighe (M S was sccom:
plished solely by the ASCS,

Fhe MA 6 pilut decided 10 backnp the ASUS
by usng the MP coutrol system. With this
vt sienlar set of consral merdes 115 pounds of
eomtrol fuel wors waed during the punenver,

Becanse of a problens wit, the ASCS, the
MALT peiet conivolled the spacecenft during
retrohire by using both FBW and MP, smin
resaliing in a retber high fuel vape. e
catse oof ap creor i the pitel indicator the pilm
wins popured tooeras cheok letwesn the view
ont the window and his instrmnents,

The MA-= spaverraft was controlled by the
ASCS during the retrol,c svent within 215
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allazes. The pilot had selected :ﬁrwxmw
bat it was not requived. (

~ As u remlt of the foss of ASCS power, the
M.A-9 pilot wns rgrired te initiate the retrofire

event mamually and to control ihe spavecraft

during retrofire by using the rate gyro indica-
1ors (the attitude mdicators were non-cpera-
tionaly and the view of the earth through the
window as rate and artitade references, respec.
tivelv. The pilot, realizing that he would be
ennduciing the retrofire murenver shortly afier

suzrise of the inal davlight phase, oriento] and

maintained the spacecraft very close to the
proper retroattitude throughout the last night
perind by using stars and clonds ax references.
The pilot was well prepared for retrofive, hav-
ing vompleted well in advance the storage amd
preretrosequence cheeklists,

During the retrofire raaneuver, the pilot used
M sndd crosschecked bet ween his rate indiea-
tors wud the view through the widdow,  Be.
canse of o barh contrast betweon the relative
brighaoness of hig interior amd exterior pofer.
ences, the plot experienced diffenlty in adapt
g s vistonow iuade shiftbng from one referenee
e the other. Conseqnentls, be hud 1o shade

Wi pves with hos left hand wher o empting 1o

view s pate indientor . Do opite of this prob.
ters naed the fact that b didd uot bwve the eppor
tunity 1o practice pavofire mupenvers with this
enmbinntion of attitnde reforences, exorpt soich
eurhier in his triining progrsw on the sir lubri
cated free-attitude tALFAS trainer, the pilot
wis able oo maintmin excellent conrol of his
spaceeraft with this dombunation of atthwmle
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Tabie 17-11.—Summary of Retrofire Maneweers

70
s
2z
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wfmmaz@ a&wuimmﬂ by the nominal reentry

trajectory and accuracy in -anding position.
Figure 17-6 shows the spacecraft’s attitnde

rates and attitudes, which were calculited from

an integration of the spacecraft mtes during

the retrofire period. The calculated attituaes

and the initial attitude of the spacecsafi at the
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b@amm@ of the retrofire wm further verified
by reentry trajectory computations. The pilot

controlled rates extremely well particularly
in pitch which is the most critical sxis. Rate

control was muintained within +£2%/secin pitch
and roll and within +5°%/ see in yaw chrough-
_out the frst 10 seconds of the 22-second retro-
fire period. A maximum wmisalinement torgue

of approzimately 40 1o 30 foot-pounds appears

to have occurred in left yaw when the number
two retrorocket fired. This valte represents

apﬁamiﬂy 40 percent of the zm control

on

o mymemmmngf@m~
ereft attitudes, with a maximum devistion of
~ 12° in roll at the completion of the maneuver.
Deviations in pitch and yaw attitude were neg-

lzgz%km&rmtm reentty trajectory and land-

ing accuracy are concerncd. The nuximum
pitch deviation was 9°, which occurred very late
in the retrofire period: and the maximum yaw
attitude deviation wes 5°, The pilot surposely
maintained the pitch attitude at the nominal
—32° position or shightly lower, a direction of
deviation which least affects the reentry trajec-

’m'
. ; Reent

During ihe reentry the ASCS or the pilot,
by means of one of the manuul control mode .,
was required to initiate snd maintain a roll eate
of approximately 10°/sec and to damp the s
cillations in the pitch and yaw wxes. Since the
frequency and damping of the oscillutions
varies considerably auring the reentry phase,

with frequency increasing until maximum dy-
namic pressure, and damping decreasing after
the masivoum dynaic-pressure period, the
control task ceqiiires a considerable amount of
pilot skill and wehuique.

The preferred coutrol systems for this task

_ were either the guxiliary damping (ASCS) or
. the rate command mode. Rate conumand, al-

though highly effoctive in controlling the osy: -
lations, usually consumed a large amcunt’ -
fuel, as can be seen in the case of the M2 >0
reentry shown in table 17-111. The MP con:

trol mode had & significant response Iag and tail-

off in thrust, which made it very wfficult todamp
effectively. The FBW-was 1.0t compietely ade-

- quate for effective control because it was limited

to the selection of two discrete thrust fevels.

* All of the manned Mercury flight reentries
except MR-3 were planned to be controlled by
the auxiliary damping or rate command control
wodes.  Furthermore, these two control modes
were naad entirely or in part for each Mercury
flight reentry with the ex “ption of the MA-D
reentry.  The vate command system had been
removed from the MA-9 spacecraft and the
suxiliary demping systemy was inoperative be-
cause of the lassof ASCS power.

The MA-U pilst decided 1o control the re-
entry by vaing FEW, but when he checkid the
system just prior to 2i0g, he was not satistied
with the way it wis operating and elected 1o
e both MP sod FRW. Dhving the early por-
tion of the reentry he was able to damp the
avall and ratlir slow oseillacons by wsing the
FRW f.gound thrasters snd the M contml

Table 17-111 —Reentey Control

t‘i‘antm foude
Misinn i o Fau 1
Plaoned Avtuni
MR Mp ME, switehod o Aux, demp. 43
MU nucs LR 6.0
CMAY Aus. dewmp. (WP and FRW I amitoled 1o Aux damp e
MA-T Aux. danip. Aus. demp. A0 b0 ol
Mai@wm
MA-n Hoo® RRCH b4
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mode. At approsimately 1 minute and 30 sec-
onds prior to pesk reentry deceleration, the
pilot inadvertently actuated (he FBW -high vaw
thruster. This actuation resulted in almost 49
pounds of control thrust and added to them i
tude of the osuillations. However, the piot
maintained pesitive control of the oseillations
thmugh drogue parachute depmgmmt, The
pilot had no other difficulties in controlling the
reentry oscillations except during maximum
deceleration for a brief period in which he was
unakble to munipulate the control handle prop-
erly becanse the g-forres puiled hiz arm away
from: the control h«zxﬂie and into a rrough on
the1rm rest.

The maxiinum frequency of oscillations ve-
cirered ar peak deceleration with o period on the
order of 0.9 second.  Maximum rates were ap-
proximately = 15° /see with s nuximum smpli-
tude of approximsiely =10° in pitch and yaw
which occurred after peak deceleration. The
pite reported that he believed he soeded " ml-
authority control to be effective after the peak
deceleration point.

Systems Management

As flight coperience was gained and s the
successive fiights increased in leng/h and com-
plexity, it was necessary to muke nsny modi
fications nnd improvements in the contmls, dis-
playvs, snd monitoring instraentation so that
the pilot could move effectively munage and
assese the statns of the spacecraft systems
Inerewsed ovbourd monitoring enpubilics was
particuls by wuportant during the MA-D g
becatise of the lorg time periods during which
the spaceeraft was aof within conpauniention
contact with the vuriouws ground stations. A

second advantage of onboard monitoring in-
strumentation was that 1 was often more
reliable than telemetered data, and, if discrep-
ancies did ocear between ground and flight
inforiation, the actual status conld be hetier
determined with the enbrard instromeniation.

_ Finally, as mission duration inerease.d the man-

sirement of consumables, such s fael and eloe.
trical power, became more critical.

Figure :7-7, which compares the MR-3 and
MA-9 sracecrafs instrument panels, illustrates
the numerous change: in the Mercury panel
configuration. These changes prinarily re
sulted trom the increased knowledpe about the
spacecraft systems and their operations as well
as the mission requirements. One of the major
modifivations was to the attitude control sys-
tesn undd its controls in order 'o mazimuze the
capabilities of the system and also to simplify
the control system management requirement.

Comrol-Mode Svitching

A nutjor pilot funetion during all of the Mer.
eury missions, but particalarly during ti MA-
9 flight, was control-mode usage and switching
which had a direct effect upon control-fu~] ex-
penditure sod the success of the entire mission.
Table 17-1V shows controbmode wmge and
switching during the MA-# flight. Lo genennly
the control svstem was used almost exactly as
plunned  until the 005z relay premuturely
Tatebied in snud the ASCS power was subsequent-
B st Adier this point, the pilot used FBW
and MP, or both, since thes wore the only
srailable systems,

The pilot was very sucvesstul i switehing
from the manunl control mwodes to the ASCS
The vriendution high-thruster nuxde was never

Table 17018 MA-S Control Mode sage
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inad: riently actusted throughout the entire
flight. The masimum e mrsions, during the
eight times the-pacseraft was manually alined
to retrrattitude and control switched over to the
ASCS, were 5° it sttitede sind 2147 /oee in rate,
The pilot did not 3t any time inadvertently ase
amm suthority daring the mission. M
suthority was used parposely for the reentry.

mzm-s;xmsmmmmm,

utilization can be at‘ributed primarily ‘o two
sreas: simplification of the contol mode switeh-

“ing operations, which reduced the chances of
insdvertent nce of orientation mode or inadvert-
ent duat authority, and & very thorough ander-
standing of thz sperational characteristics of
the entire sttii ude-coatrol system.

Filot Relinloitiny

'I‘hmgbmt the Kmmry flights there were
several minor and a few major systems failurs.
In order to illustrate the value of the pilot as s
backup and/or primary system indisnensable
to the Mercury space fllights, a brief review of
the failures which occurrad in the spececrait’s
attitnde-control during the four orbital
flights and the effect that these failures would
have hiad on mimimwm!m&thgwﬁ
been unmanned is warranted.

At approsimately 1 hour 30 minutes ailer
ift-of of the MA-6 flight, the 1-pound left
yaw iluwuster malfonctionsd.  After repeated
switching between the ASCS and FBW control
moles, the thrasier began to func*ion properiy.
Howein., simost immedistely thereafter the
right *ax F-ponnd thouster malfunctionad and
rorinued to be inoperable for the rest of the
fight. Altvough misvon safety was not jeop-
ardized, Jis malfmetion vonld have required
an eurly terination oy the fioht because, had
the pilot not beer: on boare, the spacecraft
would have repeatediy doopped inte the ASCS
orientation Ligh-thruster n.xde, and s prema-
tare fuel depletion would have resmlted.

The pitch horizon scanver malfunctioned
throughont the MA-7 flight. At retrofire, the
pitch horizon seanner read approxinmtely

—16°, whereas trajectory computations bawd
on radar tracking data yielJed a pitch sttitnde
of ~385° This diecrepancy wus venfied by
the pilot who reported that the ASCS orienta-
tion mede csused the vehicle to pitch down be-
low the — 247 pasition o such an extent that the
earth’s horizon was ne longer visible through

292

the wirdow. s & resuit the pilol had to place
the attitrde permission switch to the “bypass™
position and initiate snd control the rtrofire
event manually. Without the pilot the retro-
fire conld not have been initisted from the
proper attitude.

During the MA-3 flight, the amplifier cali-
brator Jocked into the 9.05g configuration, which
resulted in putting the ASCS into the reentry
t«ode of operstion. Shortly thereatter, all
ASCS power was lust, and the pilot wss re-
quired to perform manually sl subvequent func-
tions, such as retrofire initiation, retrofire at-
titade coutrol, snd damping of reentry rate
oscillations.

In summary, withoat the man, only the MA-8
flight would have vrogressed pormally: the
MA-6 mission would have had to be termninsted
early; and the MA-9 spacecraft would not have
reenter d snocessiully.

Wenngrmes o Comvnmalbbes
An important function of the pilot was to
monitor and conserve to the extent possibic the
sarions consumables, including attitude-control
fuel, eloctri-al W,.WW,M the
onboard recorder tzpe. The first two itenis

_ were extremely rritieal to the success of th

mission since mismanagement or 2 maifanction
affecting enther of them guantities could cance
an early mission termination or x loss of the
spacecraft.

. Attitudecontrol fuel was the prime con-
sumable qrantity over which the pilot had both
monitoring and control capability. Th. rormsl
premission procedure was to establ:sh both pre-
dicted ind minimuam fuel-conswnption levels
that were expeeted and required for a snocess-
ful mission. After Itft-off, the managsment of
the control fuel tu meet th. mission require-
ments was the sole responsibility of the pilot.
Xt was found that for both the Redstone mis-
stons and the first two manned ocbital missions
the fuel quantitics required were within the sys-
tem capabilities: however, during the later two
missions the louger duration required that par-
tirndar attention be paid to this parameter. In
most “awea, particularly daring MA-9, the pilot
demoutrated an ability to perform the required
paneners by wsing less than the expected
ammoffm!mﬂnxmwm helow the pre-
dieted and minimum fuel consuraption levels as
Hlostrated in figures 17-8(a}: and 17-8(b).
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Electrical power capacity was ample for the
shorter durstion anssions, such asthe MA -8 and
MA-T flights. Howeror, monitering of this
quantity was still of importance since a mal-
function, it major, covld jesrardize flight
safety. It wus only doring the final two mis-
sions that electrical power conservation became
& roncern with respect to full mpm‘m of the
mission. During the lag two mismions the vlec-
trical power source was not sufficient to allow
the use of all elrctrical equinawnt throoughout
the missicn and stil] Bave an adequate resense.
Consequently, the flizht plan included periods
of drifting Hight in order to conserve power.
Thus, during both these miscions, it was very
important thot the pilot monitor and control
closely this consumable quantity.

Infiight Activities
Flight Plan

The activities of the pilot on each Merrnury
mission included requests and requirements
from medical, engineering. and scientific areas.
In order to obrain the mu v amount of in-
formation {from each mission, it was nDecessary
to schedule all the sctivities of the pilot xnd to
sssign & priority system in the event of overlap

The type of activities with which the pilot
was involved sazied from mission to misdon,
but gonerally they included normal svstems
monitoring snd control, spacecraft attitude
rvontrol, systems checkout, air-rround coordina-
tion, medioal, and experimentai. Aetivities re-
fated to mission reliabihity sueh as spacecraft
sontrol were given top privrity.  Second prior-
ity activities weie these Investigations which
were intended to improve the spacecrsft and
ity mission capabilities in penecal. Third
priority was given to the experimeatal and
other operstional activities that were not di-
rectly related to the mission safdy. Ounee ali
of the {light srtivities had been determined,
they were furmulated into 2 fight plan that
was designed to moet all of the obisctives of
the mission.

The period of weightlsunes of the maniwd
Merenry-Redsione  flights wes ton shert 1o
sllow man> activities. The Bight plav for these
rwo migvions concentrated primarily gpon the
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aversll operaticisl requirements, snd during
the weightless period emphasis was placed upon
an evaluation of the various spacecraft attitude-
control systems.  Starting with the MA -8 mis-
sion, all conditions during orbital flight had tc
be considered. The launch, retrofire, and re
entry procedures were cimilar to those of the
Mercury-Redstone riimdons: however, the
orbital period required detailed scheduling.
Spacecraft systems checkoutz were scheduled
following insertion and st the end of each
orbital pass.  Activities relsted to mission con-
trol and mission-orientated information, such
as medical. control-display snalyses, and ex-
perimental sctivitiea, were scheduled so that
they would not interfers mth basic operstional

and the kmﬂuﬁg& gained was applied to ﬂm
subsequent missions. The following are the
genwral arens where | improvements were made
based on the previous mission experience.
First, ;ﬂ!ﬂtﬁ wet s allowed more time for ench
specific activity. The first orbital pass was re-
served fwsgfmmmg.M time was »l-
lowed for the pilot to become orientated to his
new environment. More time was allotted for
monitoring systems, and the air-to-groand vom-
munications were improved and simplified s
that they wonld require a minimum of the
pilot’s time. Second, the spavecrafi srstems
were ansivzed in more detail and the pilots were
thoronghly briefed on their characteristics,
The spacecraft coufipuration and  activity
schedule were also finalized at an earlier date
than had been true on previous missions and
this allowed the pilet valusble additional time
to train and become more familiar with the
Bight setivity schedule.

The sum total of all these improvements was
reflected in the MA-D vlcion nlan. Ar ouly
ane periok did the pilo feel ruslind: houever,
even m this case he wus able 1o complate the
scheshiled metivity, . Two aduitional fartors
which contributed greatly o the huproved
gkt antivity sehedule of the MA-9 mivion
were that aetivities wers soheduled st any of
severs] differens points in the misdon so that
the pilat could conduct the activity o1 the mom
vonvenient time and that the inereasd musion
duration allowed 5 ceduction in the freguemiy
of artivities,




Lovmmwniontions

wete continually being improved throughout
the Mercury prograni in an stterapt to deter-
mine the best set of procedures which would be
simph for the pilot and yet insure proper in-
formation flow,

The MA-8 p'~ was requested to report a
lssge quantity of infurmation to the various

stations. Over eack ground station, he
reported the fuel and oxygen quantities. the
controf mode, and the peveral states. - 1n addi-
tion, approsimately twice during each: orbital
pass, he was required to report to a ground sia-
tion all the switch positions and gape readings
on the mstrument panel.  In sddition many
communication attempts were required 1o estab-
lish contact with each station, primarily be-
canuse the stations would attempt cowmunics-
tions contact prior to the expected acynisition
time. These premature attempts resuited in
many sdditions: trassmissons inan attempt to
make two-way oo, unications contaet,

Several chanpes were made in vommunica-
tions procedures prior to the MA-7 Sight. The
requirement for reportiap ail the switeh and
gage readings was deleted and the initial trans
mission from the ground was not began angil
the erpecied time of acquisition. The MA-4
pilot reported anly control mde and statns, In
addition, many intermediate iransmissions were
eliminated becauee the pilot transmitted spe-
cific information at piven siations, which re-
duced the number of requests initiated from
ground dations. The net effert of all thew
changes was to decrease the amount of the pilets
time required for this activity and thus permit
more time for other activities.

‘The MA ¢ communications procedures rep-
remented the application of all the previcus
experietice and includad several msjor improve-
ments.  Grouted siations did pot sttempt com-
munications with the spacecraft antil after they
had roceived the speoeeraft felemetry siguals
and hed evalusted the data.  Vhis procedure in-
sured that the spaceersit and ground siation
were in gond commmunicntions mage.  In midi
tion the MA-3 pilot reparted only go-no-go
status tc each siation and read out fuel and

oxyyen quentities once per orbital pass. The
sleep period, during which communication si-
lenvce was maintained, also greatly decreased the
total air-to-ground communications.  One com-
munications protdem that did occur during iha
MA-9 flight was an interruption due to grovnd
station communications while the pilot was con-
ducting the dim-light experiment.
Loocluions

Conclusions concerning the performance of
the pilot during the Mercury program and the
implications for future munned spsce programs
are:

{1) The pilot during Mercury flights wss a
reliable and flexible part of the system. and
therefore enhanced mission success.

{2) The three-stis hand controller proved to
bs adequate for spacecraft control.

{3} Although the Mercury truming eguip-
ment was gererally adequate, sood external dis.
niays would bave provided valusble additional
training.

{4} Spacecraft syatems modifieations should
be finalized s parly as possible to permit earlier
flight-plan linalization snd to allow more time
for the pilat to practive the variows inflight
tasks,

{5} There wes no significant effec’ upon
pilot's operating capahilities resulting from his
being subjected to the space environment for ap

S 10 howre

{63 Throughout the Mercary Project there
was a trend toward design and eperationsl con-
cepts similar to those for fight-tet sirerafy.
This indicates thet the decades of airvraft ex-
perience will be very wseful in designing sys-
toms, selecting swd toaining axtronants, and i
sion planadihg,

(7} 1t is sdvantageons from a reliability and
systems simplicity standpoin? 1o make maxi-
mum nee of the pilot’s capabilities in spacecraft
operations. Barly design should take manual
operation imo consideration in vrder to achieve
8 most eflechive and officient overall system.
These functions that are determined to be be-
yond man’s capability or are of 1 monotonous
or repetitious nature shounld be designed for
sutoiatic cperstions.
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