"Mission 3A and Mission 3B", from JSC-07896 vol Ill, "Space Shuttle
Baseline Reference Missions", JSC Internal Note No. 73-FM-47, Mar 286,
1973.

Study Guide: One of the early shuttle mission concepts was for a very
short military mission in high inclination orbit. The AF was never clear
about just WHAT was to be deployed or retrieved but it was probably
something likely to get the Russians REALLY mad, which is why the
shuttle would have to land immediately afterwards. This mission was a
rendezvous design driver for a few years but about 1976-7 the Pentagon
said "Never Mind!" and nobody ever thought of it again.

Points to Ponder: The mission profile looks a lot like the very earliest
concepts for space station rendezvous, way back in the early 1950's. Note
the similarities in terminal guidance techniques (as if the intervening
two decades hadn't even happened!). Note also that the "rendezvous
sensor” was still not specified and that the shuttle's control axis was
therefore not known.

Footnotes to History: References to RCS plume problems appeared at
least this early (see them?). The invention of "DAP LOW Z" was one
result.
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2.0 INTRODUCTION

Many espects of the space shultle depend upon mission operations. Since the
shuttle is to be a workhorse vehicle capsble of performing & wide spectrum of earth
orbit operstions, no eingle reference mission exists by which to define the iotal
design requirements for the shuttle; on the contrary, the space shuttle must be de-
signed to perform seversl types of missions.

Originally, the space shuttle reguest for proposel (BFP) defined three refer—
ence missions that were expected to be typical of shuttle operations. Although thesze
missions do not cover the entire spectrum of total system design, they do provide &
conmen basis for systems design and for operational planning. Preliminary profiles '
for mission 1, & geosynchronous satellite placement missien, and for_mission 2, an
arhiEing element resupply mission, are in reference 1. No mission profile was de-
veloped specifically for mission 3. |

Since the publication of these preliminary reference mission profiles, two
major decisions have been made, reguiring that the three bsseline missions be re-
evelusted and updeted. First, the shuttle hes been changed from & fully-reusable
vehi'cle to & configuration using staged, solid rocket boosters and an external,
main propellant tank. Second, reference mission 3 has been redefined es two mis—
sions, designated 3A end 3B, thaet mre representative of Air Force requirements upon
Lhe shuttle. Mission 3A is defined ss & one-revolution satellite aeployment and

return flight. Mission 3B is defined ss s one-revolution satellite retrieval and
return flight.

The Mission Planning and Analysis Division (MPAD), with cooperation from the

Crew Procedures Division (CPD) and the Spacerraft Design Division (SDD)}, has begun

an effort te design and analyze the beseline missions. The purpose of this effort

is to establish requirements for shuttle hardware, software, and operstions. As = e’
result, this document, comprising three volumes, is being issued %o update the :
reference missions as currently defined for use with the PRR shuttle configuration.

Mission 1, the geosynchronous satellite placement mission, is updeted in volume I3

mission 2, the orbital element resupply mission, is updated in volume IT; missions 3A

end 3B, the one-revolution payload deployment and the one-revolution payload retrieval
missions, respectively, are defined in this volume.

Each volume contains a summery of the nominal mission profile, ineluding events
time line, sttitude profile, crew activities (where applicable), and 4V requirements;
& listing of groundrules, guidelines, and assumptions; a detailed analysis of each
mission phase, ineluding pertinent trajectory date, mission phase design philosophy,
gbort constraints, end dispersion enelyses: and & discussion of any unresolved
problem mress,end open items. The space shuttle configuration, asrodynemiec data,
and engine performance characteristics used in the mission design are given in
appendix A of esch volume. peiie

The dooument will soon become & program control document of the Space Bhuttle
Frogram Office at the Lyndon B. Johnson Space Center. It will be updated and re-
vised as regquired to reflect controlled changes to the space shuttle design, mission
oebjectives, end cperational requirements. Requests for detailed trajectory printouts
or for additional mission data should be directed to the Mission Integration Branch
(FM2) of MPAT st JSC. Plesse note: Due to the fluid stete of the current wvehicle
design, not all the reguired data were available for the mission designs. Where
this accurqu, assumptions were made and noted as such.
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5.1 Mission 3B Objective and Hegquirements

For mission 3B, the primary cblective of the shuttle is to retrieve s satellite
from near earth orbit end to return with it to the launch site (WTR) one revoluticn
gfter lift-off. (The satellite is 10 feet in dismetsr, G0 feet long, and weighs
22 000 pounds; it is automated and propulsive; end it is in a 100-n. mi. eilrcular
orbit inelined 104°.) To echieve this cbjective, the space shuttle must be able to
meet the following mission requirements:

a. The ghuttle must be leunched southbound from WIR with no payload on board
and ingerted at e significantly higher eltitude then the stendard 50- by 100-n, mi.
orbit. The precise insertion targeting parameters sre functions of the tdrget orbit
and the rendezvous scheme employed. A

b. The capabllity must ex:l.uf,'}.:u f'pgﬁﬂqrpi:%:kp%ce-largunﬂ abort.
¢. Disposel of the ET must ensprelﬁaquéa}th impact.

d. The plume from the ET solid rocket motor must not impinge upon the payloed.
For the purposes of this snalysis, the paylomd is protected by mainteining & speci-
fied minimum distance between it and the externsl tank during tenk deorbit. The
scheme for this missicon and consegquently this description depend highly upon the
magnitude of the range assumed for payloed shielding. The larger the range, the
mare demanding the shuttle propellant becomss and, because of time line constraints,
the less likely the mission beeomes. For this study, & minimum of 6 n. mi. is
essumed adeguete.

e, Tank disposel sctivities must not seriously hamper rendezvous and retrieval
activities,

f. The orbiter insertion and knowledge of payload ephemeris must be stringently
accurate, o X

g. The payleoad is maneuvereble for prephasing.

h. This mission hes no lighting constraints; however, beacons on the paylosd

are not desirable. This requirement relates to the type of rendezvous sensors on
board the shuttle.

i, Based on the brevity of this mission and the activities thet must be com-
presged into the time line, no ground irecking., orbital pavigation, or rendezvous
nevigetion (that is, meneuver solutions from onboard stete vecturai are azsumed.

Endezvous must be accomplished without the terminal Ehaae'ur mideourse targeting
_tra&itionally supplied by the G system. “The crew will meonitor relative measure-
ment reedouts and, in effect, perform the braking phase by using basically a "brute
force" technigue. In addition, e orbiter is' essumed to perform deorblt without
e nevigational update. e gircnts .

J. The orbiter must have the capability to deorbit with one OMS engine out

and yet provide an adequate amount of free fall time. This is besed on the
25 000-pound payload on board. it

L T

k. DNo reguirement for the use of thefrgﬂiato;s is assumed. Instead, asdequate
water is sssumed to be loaded on board. e s
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5.2 Mission Summery

Mission 3B is defined as & payload retrieval and quick return mission. The
totel mission duretion is one revolution, or epproximetely 2 hours. The seguence
of events composing this mission, that is, ascent, orbitel operations, end entry
through landing, is illustrated op figure 5.2-1, This sequence is time criticel:
time ellotted for one mission event affects the time of and activities of previous
end subseguent events.

The spasce shuttle, with no payload on board, is leunched from WIR on & leunch
azimuth of 108.6°, Prior to lift-off, the peyload (target to be retrieved) will
have been meneuversd such that a position compatible with rendezvous is atiained.
The ascent consists of a short verticel rise for tower clearance, pitchover, SHE
staging, throttling (both for control of the down-range insertion position relative
to the payload and for control of the excess main engine propellant which would
othervise remain after insertion), & 90° vehicle roll, and, finelly, orbit inser-
tion st & g.e.t. of 10 minutes 09 seconds. At insertion, the orbiter is at an elti-
tude of epproximately 91 n. mi. in an orbit of 80.5 by 96.8 n. mi.

Orbital operations begin immedistely with ET disposal. First, the remaining
propellants in the ET are dumped, after which the orbiter is on an intercept tra-
jectory with the payload. Then the orbiter performs an RCS geparation menesuver to
establish a safe cleerance with the ET, 'Finally, st 1% minutes 09 seconds g.e.t.,.
the SAM on the ET is fired to deorbit the ET into the South Pacific Ocean.

After the termination of the ET deorbit maneuver, the orbiter nulls the separa-
tion meneuver with the RCS and the rendezvous operestions sre begun, The rendezvous
is performed menbGally with the BC3 by controlling relstive range, range raie, Bnd
inertial anEE}ar rete between the payload target and the orbiter according to &
Dreccribed scnedule, The terminel phase control begins at 1T minutes 39 seconds
T.5.t. end continues until 31 minutes 33 seconds g.e.t., at which time the orbiter
ig 100 feet from the paylosd. After a period of stationkeeping, maneuvering to
.retrieval position, and passivation of the peyload, the payloed is retrieved and
stowed et 5S4 minutes 06 seconds g.e.t.

The finel orbitsl event i= the orbiter deorbit meneuver scheduled for
59 minutes 06 seconds g.e.t. The deorbit is pérformed with one OMS engine end re-
quires a AV of 396 fps to achieve the targets for.entry interface at Loo 000-foot
altitude. Deorbit is the only nominal 3B mission maneuver reguiring use of the OMS.

Entry interface occurs &t 1 hour 11 minutes 57 seconds g.e.t. The entry iz =&
controlled guidance phase designed primarily to minimize the weight of the thermel
protection system. Thus, the minimum entry target renge is selected that will still
sccommodete expected trejectory dispersions. The entry flight mode selected for
thies reference mission consists of flying & constant 30° angle of ettack until
Mach 6 is achieved. From Mech 6 to Mach 0.9 & slow tremsition to & low angle of
atteck is performed to setisfy conditions for the terminal ares landing phase.

The terminel area phase begins at 1 hour 43 minutes 45 seconds g.e.t. et an
altitude of approximately 50 000 feet. The terminal eree phase is & controlled
guidance maneuver designed for the following: efficient utilization end dissipetion
of energy within the vicinity of the airfield; esteblishment of a heading aleng the
runway on & predetermined glide slope; establishment of a flare to accommodate final
dispersions; and touchdown end braking to a stop on the runway. Mission 3B is com-
pleted at 1 hour 49 minutes L9 seconds g.e.t,
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5.5 Rendezvous
No previous rendezvous mission has been flown with time constraints 1ike those
imposed by mission 3B; therefore, no rlight experience exists upon which to draw,
Bazed upon experience and anelysis ol pest rendezvous missions, however, the design
and analytical approach chosen for mission 3B appears to Bncompass all mejor cpera-

tional aspects. The feasibility of this mission can only be determined arter
extensive dispersion analyses and man-in-the-loop simulaticns.

2:5-1 Ground rules, guidelines. ang essumptions.- The following ground rules,
guidelines, and a3sumptions were used in mission 3B rendszvous design and analysis:

8. The maximm time allowed between insertion and stationkes in fapproximately
100 ft from the paylomd] Is 25 minutes,

b, A minimum range of 6 n. mi. from the payload is adequate to protect against
the ET 8BM impingement upon the payload,

€. The orbiter inserts on a payload intercept trejectory, with the insertion
velocity bissed for a nomingl propellant dump impulse of 15 fps.

d. The 3¢ variation in the propellant dump impulse is +10 fps.
e. The separation maneuver from the ET is nulled after the ET deorbhit burn.
f. Terminal eantrol begins T minutes 30 seconds after insertion.

g. The rendezvous sensor is deployed after ET deorbit, requiring 2 minutes
to deplocy™and acoulre lop =on.
—

h. Only the RCS is used for the rendezvous.
-"\"_I--l—, -

i. For the digital analysis, the acceleration level for the RCS was assumed
to be 0.4 ft/sec? in all axes,

J. Hange rate and lina—nf;sight corrections are made component by component,

k. The rendezvous sepszor rrovides range, range rate, sngle, and angular rate
information; for this analysis, the information iz assumed perfect,

1. The rendezvous is independent of liﬁhtinﬁ considerations; in eddition, the
peyload i= assumed ta have no light beacon, _
m. No assumption is made as to the type or location of the rendezvous sensor.

n. The esctual insertion conditions and the orbiter Q&Y system knowledge of
Position and velocity at insertion is sssumed to be (1) 2000 feet, 2000 feet,
1183 feet, b fps, 0 fps, 5.9 fps down range, out of plane, and radially, respectively,

o. The orbiter ascent guldance can control the relative position at insertion
between the payload and orbiter to within the accuracy of the estimated state vec-
tors for both vehicles.

P- The 1o knowledge of the paylosd position and yelocity (based on ground
tracking) is assumed to be 3000 feet, 200 feet, L0O feet, 0.2 fps, 0.2 fps, and
3.4 fps down range, out of plane, and radially, respectively.
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g. The rendezvous sensor is assumed to have a ranging capability of 10 n. mi.

r. Mo rendezvous nevigation is performed to update the onboerd state vectors.
The rendezvous is menual, using data directly Yrom the rendezvous sensor.

s. The braking gates have been chosen to nominally provide a k5-zecond coast
period between range rate corrections.

t. The digital enalysis has made no atiempt to account for propellant usege
between the forward and aft tanks nor to account for propellant requireﬁ for atti=-
tude econtrol.

u. The terminal braking hes been simulated in & drag-free enviromment to

eliminate from the results the effects of computational sccuracy at small relative
distances.

5.5.2 HNominsl rendezvous trajectory selection.- The selection of the rendez-

vous trajectory and the resulting insertion tergeting has been based upon the
following considerations:

&. The 3g rendezvous time is not to exceed 25 minutes after insertion to
provide sufficient time for retrievel cperations.

t. The 30 range to the payload at the time of tank deorbit is not to be less
than 6 0. mi. to provide adequete protection from the ET 8RM plume impingement
upon the paylead.

¢. The RCS duty eycle is to be minimized for the nominal mission to provide
an adeguste control euthority margin for non-nominal gitustions, for exmmple, tra-
Jectory dispersions, low thrust, mnd feiled sensor.

d. The RCS is used exclusively for terminal control to svoid breaking sensor
lock-on.

®. The rendezvous is to be accomplished using manual technigues esither in
daylight or darkness without a light source on the paylced; in gddition, becanse
of the time element involved, the rendezvous is to be accomplished without the aid
of onboard rendezvous navigation; that is, onboard state vector information is not
used to assist in the braking. ¥

f. The effects of dlspersions upon the time to escquire rendezvous sensor
lock-on are to be minimized to evoid the excessive propellant requirements neces-
sary to meet the 25-minute rendezvous reguirement,

The basic rendezvous trejectory employed for mission 3B hae been derived from
the gtanderd rendezvous profile used on past programg, such as Gemini end Apollo
and s currently planned for Skyleb and the Apolle-Soyuz Test Project and other
shuttle missions. This trajectory is a 130° transfer from & reletive elevation
angle of approximately 27.5° between the chaser and target spacecraft. This tra-
jectory has the sdvantage of requiring nearly zero inertial angular rates during
the final portion of the trajectory; thus, an efficient manual control technique
iz provided by maintenance of zero inertiel engular rates. Obviously, the time
associated with the 130° transfer (approximetely 32 min) is not satisfactory for
this mission; thersfore, & relative position and velocity on this trajectory must
be selected so that the time to go (or transfer angle) is less than 32 minutes.
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The insertion conditions - position and velocity - are esteblished to be on
the selected intercept following the tank dispossl operations. This in turn re-
guires the insertion conditions to be blased to sccount for the AV obtained from
the nominal tenk propellant dump.

Figure 5.5-1 shows the selected insertion point and nominal relative trejectory
along with the cptions aveilsble. Illustrated on this figure are the trejectories
corresponding to differential altitudes of 10, 15, and 20 n. mi. at the transfer
initistion point for a 130° transfer. For each of these trajectories, the relative
elevetion time history remains the same. As & consequence, the magnitude of the
impulsive braking maneuver is a function of range for a constant time-to-go to
intercept. As shown on the figure, the trajectory selected is the one anreapnnﬂing
to & differsntisl mltitude of 15 n. mi. for & transfer angle of 1307, producing an
impulsive breking mansuver of L2 fps. The point on the trajectory for establishing
insertion conditions corresponds to & theoretical time to intercept {from insertion)
of 1B minutes, or a transfer angle of 73.5°%, which is the final 73.5°% of the 130°
transfer. As & result, the insertion of the orbiter relative to the paylosd is
6.7 n. mi. behind and 9.4 n, mi. below. This selection is obtained from the con-
vergence of the constreints imposed, namely, the plume impingement range, the
maximmm time to rendezvous, the RCS accelermtion, end the thruster duty cyeles
during traking. ‘

From solely & nominal trajectory viewpoint, the 10-n. mi. differential eltitude
would be preferable for the following reesons:

8. Tt is identical to the finml spproach being planned for ell other shuttle
rendezvous.,

%, The lower theoreticel closing veleeity requires less propellent.

¢. 'The slip in rendezvous time due to braking is minimized since for a con-
stant duty cycle the reduced closing velocity allows braking to oceur at a later
time, that is, &t closer range; this in turn more closely approximates an impul-
sive braking. "

The 10-n. mi. differentisl sltitude, however, hes the dissdvantage of being within
the minimum range envelope defined for plume impingement protection and, with regard
to dispersions, creates a larger uncertainty in the time reguired to achieve ren-
dezvous sensor lock-on, As & conseguence, the 15-n. mi. approach is employed. The
20-n., mi., differentisl altitude is indiceted on figure §.5=1 for illustrative pur-
poses only. Its use is not considered primarily beecause of the high closing velocity
required and the rendezvous delay that would result during braking.

The 1B-minute theoretical intercept time is basically dictated both by a
25-minute maximum rendezvous time with dispersions and by the 4 minutes required for
ET disposal operations. This time appears to rrovide reascnabls time to depley the
rendezvous sensors if deployment is reguired end to begin terminsl control within the
menual cepsbility of the crew without excessively lerge propellant penalties. In
addition, the nominal renge at ET deorbii ls approximately 7.5 n. mi,., which, when
coupled with dispersions, still adheres to the 6-n. mi. constraint.

During the rendszvous phase, the RCS is used exclusively, mansuvering axis by
axis when required. The results of this mnalysis do not depend upon which exis is
chosen for rendezyvous braking since all axes were assumed to have the same apccelera-
tion 'capability; however, the profile illustrates braking with the -x RCS thrusters,
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but acknowledges that z-axis breking could have been shown. If z-axis breking is

assumed the orbiter is reguired to roll to & hesds-up position and piteh down ap-

proximately 59% following the tank degrbit maneuver. In reality, the breking exis
i11 depend upon the location of the rendezvous sensor the scceleration capability

W
Of tne respective thrusters, the field of view associated with each respective axies,

and so on. At present no historical preference has been given to one axis over the
other.

For & normal [not 3B} rendezvous, the g-exis braking appears to have an ed-
ventége in that, for the current design (see appendix A), the z-axis direction

has the largest acceleration, the propellent usage would be divided between the
forward and aft tanks, some of the rendezvous gensors could possibly be located in
the peylosd bey, end the orbiter would be essentielly in & retrieval attitude with
the payload bay and manipulator directly facing the payload. Before the principsl
rendezvous sxis is chosen, however, more detailed analyses {ineluding & 6-D vehicle
simulation) need to be performed to determine the RCS propellant usage per axis as
a function of the principal rendezvous axis.

Pest studies on this mission performed by other orgenizations have suggested
the use of the OMS for braking. Operationally, this appears to be very difficult
for the following reasons:

g. In the absence of updating the onboard state wvector, the thrust direction
would be very difficult to esteblish without prier nulling of the inertisl anguler
rates with the RCS. :

b. Sensor lock-on would likely be broken in meneuvering to the burn ettitude
if it were known. '

e Excessive attitude maneuvering would be required.

d, The delay in teking proper mction impacts the total propellant end time
requirements.

e. If one OMS engine is assumed, the scceleration capability is similer to
the RCS capability.

Tor the nominal mission, the braking gates (renge-range rate) were selected
to provide & coast period of approximately 45 'seconds between braking corrections
hased on the assumed vehicle RCS acceleration’capsbility of 0.h rt/sec?. This
coast time was included to provide a margin for excessive burn times - either for
range rate or angular rate corrections - due to dispersions. Additionelly, the
selection of the braking gates was also based on limiting the 3o delay in rendez-
vous time to be no greater than T minutes and srriving at a stationkeeping position
(100 ft assumed) no later than 25 minutes after insertion. The braking gates are
presented in table 5.5-1. ! st )

[ [

5.5.3 Nominel rendezvous profile.- For this mission the tank deorbit ignition
iz 4 minutes OO0 seconds after insertion. Twenty seconds later the orbiter begins
nuiling the separation veloeity by using the -y RCE to obtain B fps. This mansuver
nulls the out-of-plane velocity (relative to the peyload) thet was imparted by the
orbiter/BT separstion activities (section 5.1). A potential altermative to the
nulling maneuver is to insert approximately 1600 feet out of the payload orbital
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plane with an out-of-plane veloeity of 7.8 fps, which is directed so that & node
between the orbital plenes occurs ab.the time of separation. Theoreticelly, the
separation meneuver establishes coplanar orbits between the two vehlcles.

The null maneuver is completed at 1% minutes 49 seconds g.e.t. At this time,
the orbiter initiates deployment of the rendezvous sensor, followed by sensor lock-
on. These activities ere &ssumed to require 2 minutes, during which time the
orbiter maneuvers to the nominal lock-on attitude (76° above the local horizon
assuming x-axis pointed along the line of sight for the rendezvous sensor) and en-
gbles local vertical sttitude hold. This mttitude mode is desirable to expedite
payloed ecquisition end lock-on by the rendezvous sensor., Onece lock-on is echieved
at 16 minutes 40 seconds g.e.t. (sssumed), the orbiter maneuvers to the payload
line-of-sight attitude, enables inertisl attitude hold, and initiates terminal
control et 17 minutes 39 seconds g.e.t. ' Note:'that for purposes of this study, the
terminal control is assumed to be besed strictly on braking gates (renge-range rate
STTErIET o Te—THTeSTIEeeTons e S rently ndervay 15 delernine the feasi-
bility of determining e "pseudo midcourse maneuver", frem charts or sofivare,
directly from sensor data (range, range rate, end angle information) at the begin-
ning of the terminel control phase in order to preserve the intercept time. Bub-
sequent control is sccomplished by controlling according to breking getes.
Preliminary indications ere that the two methods agree in terms of the props=llent
usege, but the mideourse concept will minimize the slip in rendezvous time. Onboard
goftware may be desirable if the concept proves beneficial.

Nominally the first braking maneuver cccurs at 2 minutes 05 seconds g.e.t.
and its purpose is to reduce the closing veloeity to L0 fps. Bubsequent meneuvers
null ipertisl angular rates end reduce the closing wvelecity to 0.1 fps et 100 feet
in steps of 5-fps intervals at the selected renge getes. At 31 minutes 33 seconds
g.e.t., & 100-foot distance between the peyloed and orbiter is reached.

Figure 5.5-2 ghows the relative motion between the payloed and orbiter from
insertion to rendezvous (100-ft range). Also included on this figure is the rela-
tive motion of the tank following its deorbit maneuver. The AV expended for the
nominal 3B rendezvous ig epproximately LS fps. Of this, approximately Lo fps is
used in reducing the closing velocity (range rete) to zero &t 100 feet, while 5 fps
ie reguired to null the inertisl angular rates. The time to stationkeeping (100-7t

range] was deleyed 3 minutes 2t geconds due to breking, resulting in an arrival time
of 21 minutes 2k seconds after insertion.

Figure 5.5-3 shows the thrusting times sssociated with the nominel rendezvous.

* Although terminel control begins epproximately T minctes 30 seconds after insertion,

no meneuvering is required for the nominsl mission until 13 minutes 56 seconds after
insertion. e nominal duty cvele, which is defined as the ratio of the thrug;iﬁg
time to the total time |referenced from the time of the initial breking meneuver/,
is approximately 21 percent. This parameter is a function of the braking gates
efployed, end it indicates the delsy in rendezvous time that will be encountered;
however, & margin must be incorporated to mccount for off-nominel situations. This
margin can then be used for longer thrusting requirements or for brief periocds be-
tween maneuvering for crew essessment of the situation. TFigure 5.5=-4 illustrates
the range-range rate profile and the associeted braking geates. The time history

of the relative perameters, for example, range, renge rate, and elevation engle,
are shown on Tigure 5.5-5. ' I rind)
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The thrusting time line shown during braking and the AV of 45 fps can only be
achieved from an ideal trajectory. As seen in sectionm 5.5.4, mean RCS AV expendi-
* ture due to dispersions increases from 45 fps to epproximately §E iis; for a 3o
mmﬁﬁ%h 143 fps. -Adaltionally, thrusting
will 1ikely be required as soon a5 rendezvous sensor lock-on can be achiseved.

5.5.% Mission 3B rendezvous dispersion anelysie.- The purpese of performing
e rendezvous dispersion analysis cn mission 3B is to evaluate the fessibility of
such & mission end to sid in the establishment of wehiele requirements. The feasi-
bility cen be evalusted by observing the effect of dispersions on key perameters.

Two of these parameters actuelly aerve a8 constraints because of the neture of the
3B rendezvous; namely,

a. The time to stationkeeping (spproximately 100-ft distance from the payload)

b. The minimum range between the peyload and the orbiter at the time of ET
BRM ignition (insertionm plus 4 min) v

In addition to these, other key paremeters that affect vehicle design and
operetional requirements were Examin&d. JThey gre

a. BCS AV usage during the rendezvous., This knowledge eids in sizing the
RCE8 propellant loeding. ' iy T

b. The RCS duty cycle, This defines requirements on the RCS thrusting fre-
guency end crew sctivities during the rendezvous.

¢, The paylcad lock angle uncerteinties. These &id in the definition of the
reguired rendeZvous sensor ecguisition time, Tield of wview, and scenning eap&hlllt;
of the rendezvous sensor.

Tt imm dm dhe Adcanredinan AT tha Adenearedane sesimad +ha mathadalamr noad and

LERE &L VELULED LIOWVHL il il ks weay T wed | F g @i Ww&aT Al VREIOLED LIV & bhd s
ol

While the 3B rendezvous dispersion analysis mey have some simplifying assump-
tions, the results are felt to indicate the actusl situstion. The analysis indicates
that with & rendezvous sensor thet cen provide information (sc that range, range
rate, and inertisl line-of-sight retes can be displayed to the crew), with an ac-
celeration level of 0.4 ft/sec?, and with the agsumed insertion dispersionz and vent
uncerteinties, the rendezvous time constraeints and range requirements at insertien
plus b minutes can be met. To meet these criteria,’ however, the RCS AV must be
large encugh to handle each rendezvous 51tuat10n.

In leter 3B rendezwvous dispersinn studies 53veral factors should be considered.
They include - e

1. Errore in the onboard sensors st B

2. Uncertainties in the breking performance

3. A more detailed'ana¥ysis of .the potential peyload secquisition problems
4. .Using different thrust accelerations- for different exes

5. Belection of the reuﬂezvoﬁs breking axis



TABLE 5.5-1.— ASSUMED BRAKING GATES FOR MISSION 3B RENDEZVOUS

" RDOT minimum,  RDOT meximum,

Rangs, Tt fiom s e
50 635 " Bsi00h . 95.00
L5 615 80.007% " . 90,00
Lo 855 75.00 -+ 85.00
36 365 ' 70.00 ¢ 80.00
32 135 65.00 ¢ . 75.00
28 160 ' 60,00, - ¢ 70.00
24 455 55.00° " - 65.00
21 010 ;@000 60.00
iy 1o LA, | 50.00 - 55,00
1k 910 45000, o 1 50.00
12 255 C ' e 0, 45.00

9 860 © 35,00 s ° -40.00
TR 30.00 : 35.00
5 850 30.00 30.00
L 255 25.00 25.00
2 910 . 20.00 . 20.00
1 830 15.00 . | 15.00
1 010 10.00 10.00

k55 5.00 5.00

160 R e 0]
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5.9 Existing Problem Areas Related to Mission 3B

Froblem areas have been identified that could impact the results of this mission
enzlysis and that could slter the vehicle requirements.

In this section, these prohleﬁs ere categorized by mission phase.

5.9.1 Ascant.-

1. The nominal ascent profile must be shaped to maximize main engine propel-
lant usage rather than minimizing the consumption. This is necessary to satisfy
the external tenk fuel dump requirements at insertion. The down-range distence in-
eurred from burning off the excessive propellant could result in & possible overszhoot
of the degired externaluatrdha TR rB2e e Wi wue wyus
orbit phase. This problem is being investigated,

LEL WU LN LD Wi UL T e

5.9.3 Bendezvous.-

1. Although the enelysis of the 3B rendezvous is felt to he realistic, it i=s
by no means a complete mnalysis, Several eimplifying assumptions have been mede snd
additional analyses are reguired to prove the feasibility of the mission.

2, Re-evaluation of the assumed dispersions should be done, egpecially for the
orbiter insertion dispersions and the vent uncertainty.

3. Aeccurseies and types of cendidete rendezvous sengors should be studied,
L. A more sophisticeted enalysis of the acguisition problems for candidate

rendezvous zensors should be performed, perhaps resulting in a verying time for

braking initiation. This ineludes sueh problems as deployment of the sensor and
sensor apguisition.

3. Uncertainties in breking mansuver exseuticn should be ineluded.

6. A better definition of the plume impingement requirements may change the
direction of future studies.

-

T. Analysls concerning the selection of the rendezvous braking exis should be

performed. In sddition, differedt THrust Bocelerafions Tor the dirTerent orbiter

gxes should be considered ss appropriate,

8. Consideration should be given to rendezvous with the rayload in & higher
orbit to reduce the relative uncertainties due to drag effects, and to provide
edditional lsunch opportunities for retrieval without reguiring sdditional payload

prephasing (sppendix C).

5.9.4 Payload retrieval.-

1, An uncertainty in the retrieval time and therefore in the mission time
line exists in the absence of more definitive peyload informetion.
biai

2. The payload attitude dufing retrieval is currently undefined.

3. A better definition of the reguired activities between stationkeeping and
retrieval needs toc be developed.

L. An ectusl simulation should be performed to verify the retrieval time line.

2.9.5 Orbiter deorbit.-

1. A detailed snalysis should be performed to determine the minimum ecceptable
deorbit preperation time end minimum free fall time; however, the S-minute dedicated
smtamr wransretinn 4o hocad an avmawlanna from Drevious manned snace fPlichts. TF



6.0 CONCLUSION

This document hes described the trajectory profiles of missions 34 and 3B.
The description has been augmented with the objectives, rationsle, and enzlysis
of each mission phase. Because of the unique requirements imposed by their respec-
tive objectives, both missions have been evalusted in detail. Both appear feasible
within the framework of the assumptions, elthough problem aress or ereas reguiring
further enalysis have been identified. Eefore their feasibility is certain, how-
ever, other, different levels of detailed analysis are needed. For example, analysis
iz needed for crew simulations, training, and crew time lines. OCther areas of con-
cern are the simulation of payload deployment ahd retrieval operstions and whether
ar not these gperations are sctually femsible within the encloged time lines. The

effect of having the shuttle RCS thruﬂters deactivated during the deployment and
retrieval operation is also unknown.

Az m result of the design and analysis of missions 3A end 3B, shuttle design
requirements and subsystems that are potentially impacted by these missions have
been identified. They are

a. Missions 3A end 3B esteblish the minimum cross renge that the orbiter must

be capable of flying during entry. This requirement must be reflected in the thermal
protection system.

b. Missicn 34 is potentially the mission which sizes the shuttle.

c. OSpecial guidance software will be required to eccommodate once-argund
abort requirements for mission 3A.

d. Mission 3B requires maln engine throttling capability for comtrol of both
the down renge insertion position and the excess main engine propellant remaining
post insertion.

e. Mission 3B will require speciaslized ascent targeting end guidance for
controlling the down-range insertion pesition. -

f. The accurecy requirements of the GEN mre driven by mission 3B,

g+ Mission 2B potentially impacts ihe ET deorbit SRM design end tank Jetiison
system. - :

h. Misgion 3B potentially impacis the rendezvous semnsor requirements in terms
of type, range, and accurecy.

i, The RCS is potentially impacted with regerd to the tank size, thrust lewvel,
and usage, for example, no burn duretion constraints.

J+ The minimum OMS thrustutn-veight ratioc mey be impacted by mission 3B
requirements. -

k. Missions 3A end 38 potentislly impact the manipulastor design reguirsments.



