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4.3.1.3 * Station keeping,= Time histories of separation range,
azimuth, and elevation during the first revolution between the space~
craft and the second stage of the launch vehicle are showm in figure: ll--j e
Relative motion between the spacecraft and stage IT is shovn in figure' k.6,
These parameters were calculated by similating each vehicle's. '!:.rnjectu
utilizing the corrected IGS insertion vector as shown in section’ aﬂ.ﬁ E 2 B
‘An initial spacecraft — ‘launch-vehicle- “sebaration 'velmitar 2o o S Y S
7 .ft/sec was established through: simhtim (during postflight” !ﬂluntim-
A L. 1-rt/sec velocity increment was applicd to the: ‘spacecraft veing the -
aft-firing thrusters ,°and a2/ to'3 ft/sec 'reluc:lty mmemnt,ﬂs npp}iedl
to'the launch vehicle which® my' ‘have been'a. retrultwnf 'Lhﬂ
firing.or the effect 'of the “0AMS 'aﬁ-'—i‘-irmg ‘thmt-ers b
launch vehicle or a combinationiof ‘both; T Uncempe
difference would ‘build wup: to?ﬂm‘ x-ﬂbpiittxﬁh 5 proxinats
._tical miles at the end ofithe 'first i m%ﬁ abive A et
cr this . "tuatice is shown In Tigure ~.7, 'The trn,]-:ctﬂry -:»M.nirm
from the similation appears to b cezpatible with the following inf
mntion avallable fr= the "l...gh“ crew and froo g:rcu:d orbit ﬂet-:-r:inn” .

(a) At Canary Island (22 min g-e.t.), the crew wvas slmost directly
abov- Btage TI. .

[i:] Stagr II was ne'mr.abm -the herizon (as viewed from the Space-
craft). - P -

{c} Prior to Carnarven’ ff}E min mu.t.} the two 'mhiclea came back
together within a minimm ran@ of ﬂ.} muticnl Il.tle =

(d) A.rt.er darkness, sta.ge H m wall buluw nnd.,iniront or the
epacec:ra.ft - 0 e Vo

fe] at the tine. of the mt
and in front of the npatacrlrt

o+ - (£)-- The final. orbit dbfnined rrm t.hu aiuﬂntiqn ,I.gmni 'Irithin

1.5 nautical miles of the actual orbit determined by. ground tracking.
A detailed list of mll thrusts and attitudes :is cmtainqd An. tlhle h
Mammtdﬂlmﬁfﬂrﬁuchm'

t—ﬂ.hlﬂ' '-'-I--?- &
Two retrograde mnemm *mere cm;:!.etad-';r DU*DQ 23 g.eit. us
“the- aft-firing thrusters and 1.'&; the' spacecraft in thum:ror:mt:gm i
e 0):, Prict o pigttora! thmm.;,mm
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the BPﬂcecmft attihﬂe at, t.ha g-,m;or.

E ‘1-"1-5' "‘r R
-4-"
Uit 3
1-”. LCABE .. L ALE
3 S
E

PO e
MR

e Pl T D s v e S
. J.I:I.u'ing tﬁemtnﬁbn-knbmg,_ nruue y.the éritical nature of rate
*dﬂtmtion vas @emonstrated.- After hmrutim, ‘‘Polidring the: ‘four
‘thrusts back toverd the: laGnch'vebicle, a:rute. ofids5Tt/bec avay. from .
the stage g emted“;'.uhereu, ng‘;aiem At: lhuﬁld“hnn b%?: t:;tlb-
1ished. :- Tange approximately’ J.Bm,_tgd:l.' iqhirt.in.-, at
“the point -of closest approach; an 8.ft/sec. ‘hta_bh 5 normal 4o the’ . -
1line of sight, vhich should have bteen removed. 'mer-lwr this time
wns ulso 1800 feet; however,; both wehicles vere in darznesr., The abiliiy
of a f1ight crew member to determine rates of the target even in daylight
‘418 comsiderebly impeired without a stable background or familiar chlscts
ir the Toreground. At night, the ability to determine ratsz depends o
the relative distance between two reference lights if they are both vis-
ible, If only cne light fs visible, the flight crew member's Judgement
depends on his. -bu:ﬁ:artu measure the intensity of the light, and, 1f
this one 1ight ia 'flashing, the task beccmes very difficult. Therefors,
it nppuﬂ necessary 4o follew a pro-mdun ‘which requires that percept-
{ble ‘rates’ ‘be evtablished.” In ﬂitiun,*ﬂw data from this flight con-
~rirw that a-limit of seéparation for maintaining a ¢lose-up station-keeping
-_.;je:n-‘rciu_jl:&ﬂd be_ established Which provides that felative rates recain
'__-_:u;n, yet pe: S AT NS same time, total fuel consumption must stay
‘reasopable. Pigure Yo7 uhiows mtjlgarm&vds*wm after 32 min-
'_m- ‘on’this ﬂiﬁhfwﬁM‘:m#ﬁJ: ﬂ:yin those before that time in

W ht.*. m uf the- launch vehi-
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- Figure b7 1llustrates the effectiveness. of the . thmt;l.n.g bistory
by showing the relative trajectory that would: m mmaﬂrxthmﬂm
had been terminated after several of ithe principal %

left a residunl rate: nf :L.:Lrtfuﬁ wmm wﬁ d61e: AN

result, the range frou spacecraft to B yehiicls eased.

-0.84 nautical mile and the rangs-rate
W0y 20: 2 F.=.%. when c-r-stive Ac-

Ee DA Itetal o2 a & Ekegstw g ﬂ.r

11-'\'1 which canceiied the rr-.,.a. AT
rate arzl prouduced a8 ranpge "-*P wf C.= fLfsec towands the launch whicle,
The rasuliicg orbit would nave passsd Ui‘!.h‘.:: 2700 feel of the launch

vehicls 4f rio further thrusts hﬂd been apnplind.

Further thmst:ng wvag applied at 00:44:30 g.e.t. and at
00:05:95 g.e.t., which resulted in reducing the closest spproach distance
to 1800 feet. At this point (00:52:00 g.e.t.) a relative welocity cf
8 ftfsce normal to the line of sight existed. This wvelocity propagated
intc a peparation distance of 1.6 nautica) miles and s separation rate

of 17 ft/sec by the time corrective action was initiated at 01l:05:30 g.e. t.

The ccrrective thrust syplied was insufficient and the separation dis-
tance continued to increase throughout the remainder of the first re-
volution as shown by fisure 4-6. The spplication of welocity changes
was further. complicated during this time (01:04:00 g.e.t. through the
end of revclution 1) becsuse of the apparent failure of en aft-firing
thruster. It appears that if a procedure had been followed that re-
quired the crew (1) to initially establish a clearly perceptible closing
rate with the target at all times and (2) to again e¢stablish a per-
ceptible closing rate any time the range became larger than several
stage II lengths, then the closeup ut&tim-kupm goal could perhaps
have been ach:l.e'm& If these procedures had been followed for.the
thrusts applied in the first 24 minutes after separation, it appears
that closeup station keeping would have been achieved using less fuel
than that actually expended in a‘htemp‘hing t.he task. The values. o.f
rates needed to be perceptible are very sensitive to the lighting cona’
diticns and can cause high prupellmt consumption 4if these lighting
‘conditions are inadequsts.’ The:lighting conditions also 1imit how cloee
to the target station keeping m he min'l:.ained-. wvith aai'etr.

i Figure h-g Shows the' eﬂect of appl:ﬁng a c.amctinn which estab-
li:hes a closing rate such that the target is intercg'pted ‘This plot
_shows how one thrust correction could ‘thecretically achleve closure;
hwever,ﬁin 8. flight case a mmber of successive thrusts approaching -
“the one shown would be requimﬁ because of the sensltiﬂtr cof the. tra-
,jectﬂr:.r to emall corrections. This trajectory would 4inm this case have
‘placed the spacecraft below and béhind the target which is desirable to
allow nulling of the translation rates against en- inertial background
-and provide effective EDI‘I‘ECtIL‘hB during clmm ‘H.th the 'lamtu

e L
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T-1 YLIGHT CHEW PERFUBMAECE
T-1.1 Activities

The crew activities cotlined in the flight plan were tailared to
mission cbjectives which were amhitious during the early revolotions.
In order to accamplish extrawehicular activity (EVA) and rendezvous
maneuvers in the vwicipmity of the lmmnch wehicle, it was pecessary to
plan this activity early in the flight because of the predicted differ-
ential orbital decay rates of the two wehicles., It was decided to
perform station keeping with the lmmch vehicle doring the first two
revolutions rather than sepsrate during the first revolution and perform
mmw“mmﬂﬂtimm
ﬂmmmmm&eﬂﬁwﬁm. o

ﬁﬂae;ﬂnﬂmmdmmdmbsemmrm&ummm
were planned after EVA on the third and fourth revolutions, respec-

tively.

Crew performance is discussed in the following paragraphs and
crew training sumsery is included at the end of this section.

T-1.1.1 Prelminch.- Prelsunch preparations proceeded smoothly,
and the crew was reedy for ingress at the scheduled time of
T-100 mimtes. The erector problem and resultant launch delay had no
noticeable effect on crew readiness. During this period, the crew
performed all required countdosm functions and was wmiting for lift-off.

T.1.1.2 Leunch and insertion.- The flight crew verified lift-off
by calling out that the event timer was "counting." Powered-flight
events cccurred on schednle and were confirmed by the crew as required.
The crev wvas we=ll prepared for launch, and no unexpected events oc-
curred during this phase of the missico.

T-1.1.5 Station-keeping maneuvers.- The crew members' account of
the station-keeping maneuvers is contained in section 7.1.2 of this
report, and a detailed ewaloation of the exercise is included in
section 4.3.1.3. Therefore, the chrondlogy will not be repested here.
The command pilot did not achieve close-up station keeping with the
second stage of the launch wehicle, initially as a result of insuffi-
cient translation thrust application to effect & zere relative velocity
or a closing velocity immediately after separation. The difficulty in
milling relative velocily was incressed as a result of the earth's
being viewed as a background rather than the sky. Also, & 3. ft/sec
retrograde velocity which was not predicted priar to the flight was
imparted to the launch wehicle as a result of the separation saneuvers.
The difficulty in estimating range mate of 2 tumbling wehicle wes an
additional factor in the difficulty encountered in achieving close-up
station keeping. In addition, the crew wms required to perform this
campler task immediately after insertion before they became accustomed
to the pev enviromment, and they were aleo required to aline the plat-
form which diverted their attention from the statico-keeping tasks.
A1l of these factors contributed to the failure of the t:fiu::nEM&-‘u;:ef—‘l:l:g\|J~
station-keeping exercise.
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. T7-12.5. Station keeping: After separation and turnarccnd, the
launch-vehicle second stsge caxe into wiew at 200 to 500 feet bekind the
spacecra®t and to the left of a line pointing back along the spececraft
track. The second stage wes clesrly visible against the dark sky, and
the fleshing lights were also clesrly wisible. The engine skirt wms
visible and appeared to be intact. The flight crew pointed the space-
craft at the second stage and thrusted for about 6 seconds. The crew
did not bave time to place the computer in catch-up mode before starting
to thrust, but mensged to place it there after about 2 or 3 seconds of
thrust. The IVI's then counted up to 3 ftfsec. It appeared thet the
spacecraft and second stage were still seperating; therefare, the crev
thrusted for an additional & ar 5 seconds. At that time, it appesred
that the relative velocity was zero, or that the spacecraft was closing
slightly. The spacecraft was then approximtely 600 or TOO feet fro=
the lsunch wehicle, and the crew started to aline the platform. Shartly
after the crew began the alinement, the leunch vehicle started to drop
down below the spacecraft and fimslly went out of sicght. The crew then
thrusted dowm with the top thruster and waited about 2 mimute more in
the alining attitude. They then pitched down to sight the lsunck vehicle
arnd fournd that it had dropped much further below than they had expected.
It was difficult to see the launch vehicle against the earth beckground.
The crew guickly returned to the alining attitude and placed the plat-
form in arbit rete. The crew then retrothrusted for abmt 3 seconds
and pitched the spacecraft down again to reacquire the launch vehicle,
vhich was appracisstely 1000 feet below the spececraft. At thi= paini,
two choices were available: Oope chaice wes to retrothrust to s different
arbit and to attempt & rendezvous; the other was to force the spacecraft
toward the launch vehicle by using the arbital sttitude and mansurer
system (QAMS) to overcome the relative velocities resulting from the now
different arbits. Because of the time constraints of the flight plan,
the brute force method was selected. The launch vehicle stayed below
the spacecraft at a range of apmraximately 1200 feet as the spacecraft
entered darkness. The lsunch vehicle disappeared in seconds as it entered
derkness, and the flashing lights became visible. The crew contimed to
thrust both at the launch wehicle &nd in retrograde with mst of the
thrusting being at the lsunch wehicle. Just priaor to Cermarvon, the crev
bad finslly forced the spacecraft to an altitude approximetely the same
as the l=umck wehicle at a close range. Both flashing lights were inter-
mittently wisible throughout the meneuvers, and the distance beiween
these lights gave some reference for judging range and range rate. The
spacecraft was obviously getting close to the launch vehicle, and the
crew fired & shart burst to decresse the closing velocities. At abhag~
that time, the lsunck vericle tusbling, vhich bad reacked a rate af
L0 to 50 deg/sec, cruced cce of the lights to disappesr. After that
time, the crew wac forced to Judge range and range rate by the trightness
of the single visible flectfrg light. This vas extresely difficult to
do, and the crew did not k=ve & good estimate of range until the lmnch
vehicle passed into sunlight. At that time, the launch vehicle was
approxizately 2 miles aw=y, and its cutline was visible below the spece-
craft. During this ésyligtt pha<e, the launch vehicle passed over 2
background of water, cloais, and land and was difficult to see at ranges
greater then 1 mile. Ic tirusting toward it, the crew found that they
could not close on it witk & ressomsble amount of fuel, and the range
appeared to increase. The crew reparted to the flight cootrollers that
they could only close oo tke lmunch vehicle by a mejor expenditure of
fuel; therefare, they recosmended abandoning the station-keeping activity.
Shartly thereefter, the crev was tald to abendon the exercise. At tiat
time, the launch vehicle wes below and ahead of the spacecraft at a
range af ﬁppn:[; cima .'L_&lj'_j?ilﬁ-
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Figure 4-5. - Time history of separation range, azimuth, and elevation between the
spacecraft and the second stage during the station keeping maneuvers,
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