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APPENDIX A
CONCEPT DRAWINGS AND LAYOUTS SUMMARY

DRAWING No. TOJINE

42690-002 Docking Tunnel Concept, External Extendsble

42690-004 Docking Tumnel Concept, External cxtendable

42690-005 Docking Tunnel with Utility Routing

42690-006 Orbiter Tunnel Adaptor to Docking Adapter

42650-007 Layout Service Module Port Arrangement

42650-008 Docking Module MMU and Cherrypicker Storage Arrangement

42690-009 ru-iizg SOC Assembly Sequence Using R/CM and Alignment

42650-010 Minimum Clearance Between Orbiter and Module Ouring
Docking Operation

42650-011 Mid Deck Seating Arrangement for SOC Crew Delivery and
Exchange

42650-012 Flight Support Facility Concept Arrangements

42690-013 Flight Support Facility OTv Configuration Arrangements

42690-014 Fuel Transfer tine Routing Concepts

42650-015 Flight Support Facility OTV Redocking Concepts

42690-016 Replacement Concepts, Avionics LRU's éonfiguration
Arrangements

42690-017 Unscheduled Maintenance/Repair on Avionics/Propulsion
Mooules

42650-019 Baseline and Growth Configuration Flight Support
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APPENDIX B
TERMINAL CLOSURE TRAJECTORY ANALYSIS PACKAGE

SUBJECT: Preliminary Orbiter to Space Operations Center (SOC) Terminal
Closure Trajectory Analysis

y
v

ABSTRACT

This data package presents a description of the groundrules and procedures 3
that evolveo in simulating Shuttle Orbiter to Space Operations Center (SOC)
docking. Also presented and discussed are the High Fidelity Relative Motion
Program (HFRMP) results derived from the simulations. The current simulation
technique evolved as the study progressed through experience gained in using
HFRMP and by a better knowledge of astronaut activities and hardware limita-
tions of the Orbiter. It is probably far fror complete and changes and rule
exceptions will invariably take place as higher fidelity studies are made.

The drawback of this study and HFRMP is that it is not a real time simulation;
that is, it does not have a "man-in-the-loop" capability. The method used
here is to start the Orbiter at some stand-off distance from the SOC, make
translational burns, and let the Orbiter coast in ®"ballistically." It is felt
that, in most cases, if the Orbiter can dock this way, it can do at least as
good with a "man-in-the-loop." This is not Intended to be an all encompassing
study; there is a near infinite number of docking scenarios and parameters to
vary. This study touches upon a number of the major variables, and serves to -
produce, with some degree of logic and order, a workable guide for some
preliminary conclusions and future studies. The important conclusions are
that out-of-plane docking is difficult, and that V and R dockings are
marginal. This is true even at minimum distance and with a reduced number of
thrusters firing to reduce the granularity of the impulse imparted. Appended
to the end of this report are the results and the graphical output of the
HFRMP computer runs.

I. STUDY 0BJECTIVES
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The purpose of this study was to explore, in a preliminary fashion, the
feasibility of Shuttle Orbiter docking to the Space Operations Center (SOC) (A
NASA concept design space station for the late 1980s.) SOC is depicted in
Figure 1. Specifically the task was to simulate the in-orbit relative motion
of the free-flying Orbiter and SOC, accounting for the Orbiter RCS and Digital
Autopilot (DAP) systems, orbital mechanics, center of gravity (c.g.) offset of
the Orbiter docking port, aero and gravity gradient effects, and other
pertinent natural and man-made phenomena. -
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within this task, many basic assumptions can be made as to initial
conditions. Since there is no specified flight path and procedure for
docking, terminal closure sensitivities have been investigated. First order
effects investigated are: Orbiter approach direction (sR-bar, +V-bar, +V-bar
out of plane; see Figure 2 at the end of the report); Orbiter approach
attituce (nose up or down (+V-bar), payload bay up or down (+R-bar), both in 3
plane; Orbiter sideways (+V-bar), out of plane; DAP thruster compensation
mode; final bollistic docking distance and time to dock; rate and excursion
attitude deagbands; and selection of various thruster combinations (differing
from nominal) for translational pulses.
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II. STUDY APPROACH ORIGINAL PAGE IS
OF POOR QUALITY

A. Docking Scenario

The main tool used to simulate Orbiter docking was the High Fidelity
Relative Motion Program (HFRMP). This progran models the relative motion
of the Orbiter and a payload (or SOC) and outputs orbital and relative
motion parameters. The location and force components of each of the 44
RCS thrusters are contained in program. They are used to model the
Orbiter translational and rotational maneuvers currently possible, along
with propellant consumption. A thorough description of HFRMP and
references to its mechanization ar2 contained in Reference 1.

The docking scenario used is as follows: the Orbiter begins at the same
inclination (and the same altitude if it is a V approach) as SOC,
approximately 3,000 to 5,000 ft. away. In a series of three or four
impulsive butns the Orbiter "hops" (see Figure 1) along its velocity
vector until it reaches its terminal closure distance, approximately 50
ft. along either V or R. From there, a combination of thruster burns is
made so that the Orbiter "ballistically" coasts until docking. There are
no pre-dock "man-in-the-loop" correction burns, with the exception of an
optional mid-course rotational correction. Due to the time allocated to
finishing this task, anc because the propagation of initial av errors
during terminal closure determines a successful docking, only the terminal
closure portion of the scenario was simulated. Reference 2 provides
information on the "hopping" portion of the approach. .

8. Initial Conditions

The HFRMP simulations performed were started with the face of the Orbiter
docking port at distances of 50 and 30 feet from the face of the SOC
docking port. The face of the Orbiter port was taken to be at

Xe = 620", Yo = 0", Zs = 515" in structural body coordinates,

with a diameter of 76 inches. HFRMP state variable inputs are appended to
the end of the report in Table 1, along with all other figures, tables and
HFRMP graphical output. Most of the inputs are self-explanatory; those
that are not are explained below. Payload mass properties selected
(Stuttle Data File items 1-7) were from Mission 1 (due east, 28.5
inclination) in-Reference 3. The Orbiter time event is pre-payload
deployment, payload doors-open. The SOC c.g. is in a 200 nautical mile
orbit at 28.5 inclination. The symmetry of SOC is assumed to be such that
the cer terline of the docking part passes thru the c.g. and that the
center of the docking port is only displaced from the c.g. along its
X-axis. The c.g. of the SOC is assumed then to be on the face of the SOC
port; for HFRMP purposes the docking results are unaffected. Figure 3
shows the c.g. offset of the docking face, the body axis coordinate system
(Xps Yoo ZP)’ and the docking coordinate system (Xy, Yg, 2g).

The _centerlines of the Orbiter port and SOC port are on the same V for
+V docking with parallel to the radius vector, R (nose up or down)

‘and Y, perpendicular to the orbit plane. The c.g. is therefore offset
above or below the orbit path of the SOC.

0029 =5




For R _docking, the centerlines of the Orbiter port and SOC port are on the

same R separated by the initial dockga distance. The Orbiter Yp axis q‘_)
is perpendicular to the orbit plane parallel to the velocity ™~
vector, V of the orbiter (paysocad bay or ). The c.g. is then \;

displaced forward or aft of R. For sideways docking the centerlines of
the two ports are both initlally along the velocity vector of the SOC .
c.g. This means the shuttle c.g. is displaced out of the orbital plane of
the SOC; it has a slighu{ different orbit inclination. The X, axis is
perpendicular to the orbit plane and the Yy axis is parallel to K. ’

The c.g. offsets are needed because of the astronaut requirement to see
the SOC docking port directly above out the upper cabin windows. The
Shuttle and Payload I-states are the only HFRMP program files that must be
updated for different approach paths. Items 9-11 of both files control
initial attitudes of the Shuttle and payload respectively. Items 2-7 of i
the Payload I-state control initial displacement and velocity of the

payload with respect to the Orbiter. The inputs shown are for a 50 foot

-R terminal closure approach. Not shown are the flight profile segments.

They are input segments of time for the flight during which RCS (vernier

or primary) firings can be commanded, asttitude holds specified, and RCS

thruster compensation modes specified. . A segment commanding a -%R

primary thruster burn was foliwed by a segment commanding a - rust.

Both burns were for less than a second and gave the desired av's. They

were followed in some cases by a segment ccmmanding a primary pitch

correction burn, followed by a drift segment until docking. Another pitch

correction segment during draft is optional. If docking sideways was

being attempted, a -Y, thruster firing in the beginning would be added

along with segments for yaw and roll corrections. The AVs required for

the docking and the relative velocities of the payload with respect to the ~\\ {
Orbiter were obtained by running the relative motion program in ’ i
Reference 4 before running HFRMP.

C. Simulation Model

HFRMP is not a real-time program capable of making "man-in-the-lcop”
calculations. For example, during docking, if the astronaut sees he will
miss the dock by a few inches, he would command corrective pulses to
control the error. However, this cannot be known ahead cf time using
HFRMP and thus cannot be corrected in this way. These kind of errors must
be accepted as "dispersions" and weighed against whether a real time
"man-in-the-loop" capability could correct them. That is why all the
HFRMP docking terminal closure runs are "ballistic™ or unguided after the
initial burns. It was felt that if a fair number of docking runs met the
docking conditions, then a man at the thruster controls could certainly
make any corrections necessary.

>80 e o midiun RIS N I A, BN TATS e T

Additionally, there was the problem of simulating the digital autopilot
(DAP). The computer sampiing rate is 80 millisecongs. Any commanded burn
is then a multiple of 80 milliseconds. The worst error occurs when the
required firing time is slightly more or less than some multiple of 80
milliseconds. Then, the computer will fi:- approximately 80 milliseconds
too long or too short.
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Therefore, the thruster firing times used for dispersions are the "ideal®
~times necessary to achieve the exact av's plus or mirus 80
milliseconds. The ideal fizing times come from solving simultaneously the
coupled thrust zquations for all the translational and rotational
commands. Th coupling coefficients are obtained by exercising a HFRMP
auxiliary pro,ram that outputs the "response matrices.® As explained in
the paragraph after next, the primary thrusters are not symmetrical about
the c.g. and do not thrust through the c.g., causing unwanted translations
and rotations which may or may not be compensated. Firing time errors in
multiples greater than 80 milliseconds must be investigated in later
studies.

The RCS thrusters can be used in either the vernier mode (6 thrusters), or
the primary mode (38 thrusters). When one set of jets is used, the other
is disabled. The vernier jets have a very low level of thrust and can
only be used to control attitude. The primaries also have this ability
but with lesser accuracy and larger deadbands. The verniers cannot be
comnanded to impart translations. Therefore, the primaries must be used
at the beginning of the terminal closure for translational burns. This
means that to use the verniers for rotational corrections, the control
mode must be changed by computer entry, which could be done in a short
time by a second man. Additionally, with a "man-in-the-loop", the
astronaut would tend to make iterative minimum impulse (.08 second)
translational burns until docking. Because of this and because of a
possible emergency which could require large translational burns
immediately tc prevent collision, the astronauts would be very reluctant
to switch thruster modes, especially since it takes more than a few
seconds to key in the computer entries. For these reasons, the primary
thrusters are used for all RCS thruster burns in this docking simulation.
To date, NASA has used this approach for Orbiter Remote Manipulator System
(RMS) arm rendezvous and grappling simulations.

A cwpens’ation mode for the primary thrusters exists (Reference 5) that
nulls out extraneous translations and rotations for a given translational
or rotational command. The firing time of the compensating jets is
generally one-tenth the firing time of the command and maneuver itself.
Since the rotational or translational commanded firing time is only a few
multiples of 80 milliseconds, it follows the corrective pulses probably
are not possible. The simulations performed in this report are therefore
all completely uncompensated. The coupling effect of translation and
rotational commands becomes a major effect in the simulation.

III. SUMMARY AND CONCLUSIONS
A. Summary of Results

The results discussed here are appended on the end of this report. The
grephical HFRMP output for each simulation is also included. The results
are sumarized in terms of the shuttle docking coordinate system, centered
on the face of the Orbiter docking port. This is shown in Figure 3.
Table 2 shows the docking design impact conditions specified for SOC
operations. These are the conditions that must be met for a "successful"
docking. Tables 3, 4, and 5 sumarizes the docking results. There are no
-V cases because they are mathematically the same as +V. The cases are
labeled in the following fashion: 1.2.5.6., etc. Table 6 summarizes the
numbering code. Addition:lly, the ideal time from start of closure to
docking 1s 1.8 minutes for 30 ft. approaches and 3 minutes for S0 ft.
approaches. These times were selected to get a contact velocity of about
0.33 ft./sec.
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Most of the headings in Tables 2, 3 and 4 are seslf-explanatory. The
firing times shown are the ideal times to achieve a perfect docking for
tre X or Z inrusters +80 milliseconds. The post burn aV's are the

aV's achieved immediately after the initial terminal closure firings
(translational and rotational) but before the midcourse corrections (if

any).

Observing Tables 3, 4, and 5 and comparing to Table 2, the critical
docking condition is lateral misalignment. Successful cases are
indicated. All the other docking conditions can be met easily, if a patch
deadband is maintained (HFRMP lacks the automatic capability to simulate
limit-c¥c11_n§ ceadband behavior). For Tables 3 and 4, nine cases are
successful; 19% of the 30 ft. +V cases. For Table 4, 25% of the 50 ft. R
cases ana 50% of the 30 ft. R cases are successful. Note the success rate
is doubled by approximately halving the closure distance. This is to be
expected as it gives the initial errors only half as long to propagate.
The success rates at 30 ft. for V and R approaches cannot bz compared
directly. Since the V cases hac higher_initial pitch rates, they needed
more pitch corrections. Also, all the R cases used a single nose thruster
to provide X, thrust; 44% of tne single nose thruster, pitch rotationally
corrected 30 ft. 1.8 min. V cases were successful; 50% of the 1.8 min. 30
ft. R cases were successful. Interesting to note is the effect of one
primary nose thruster (F3F) vs. two (F1F, F2F); only 8% of the 2 thruster
V cases were successful as compared to 29% of the 1 thruster V cases. One
thruster firing snd missing its ideal time by .08 seconds gives a av
increment closer to the required value than two thructers each missing
their ideal time by .08 seconds.

All except one of the successful docking cases in Tables 2, 3, and 4 occur
when both the Z and Xy thrusters burn either 80 milliseconds too long
or too short. ?hese cases are virtually split between long or short.
This makes sense because when one set of thrusters fires too long and the
other too short, the error is effectively twice that of when they both
fire short or long. Approach attitude appears to have little effect in
terms of aero drag, or gravity gradient, as long as the orbiter is ina
stable or semistable.attitude (one principle axis along R or V and one
perpendicular to the orbit plane) because of the short docking times
involved. This was proven early in the study by making identical HFRMP
docking runs from 50 ft. with and without full aero ana gravity gradient
effects. The only discernable effect was a difference in lateral
misalignment of 0.1 inches.

However, the offset of the c.g. from the Orbiter docking port causes
orbital mechanics effects, particularly in the sideways approach case (to
be discussed later). The c.g. is displaced approximately 39 ft. from the
port along the X, axis. When the astronaut targets the SOC port he

lines it up with the Orbiter port so he can see it out the windows on the
top of the cabin. Therefore, depending on the approach attitude, the av
requirements will be different because of the way the c.g. is oriented
with respect to the port. The astronaut has to be aware of this. An even
bigger problem is Orbiter rotations. The astronaut in the cabin cannot
perceive a difference between Orbiter translations and rotations because
he is so far from the c¢.g. The solution for this would be to keep a very
tight angle deadband. This approach was not desired during the simulation
because the translations imparted during .08 second pitch corrections can
make tie leteral misalignment worse. Also, the allowed 6 degree pitch
misalignment docking condition in Table 1 permits large deadbands.
Simulating tight deadbands to make the analysis more complete could be
done in a follow-up study using HFR&
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Some deadband information can be gleaned from this study, however. Tables
7 and 8 show the maximum Orbiter attitude errors and equivalent deadbands,
respectively. Tdble 7 shows the largest rate and angle excursions per
case from the initial terminal approach attitude. Yaw rates and anglss
are not shown because they are essentially zero. Notice how roll errors a
are very small also and probably do not require correction. The deadbands
shown in Table 8 are derived by equating pitch corrections to deadbanding
behavior. For applicable cases, a rounded-off value from Table 7 is
listed in Table 8 as a rate deadband if it occurs at the beginning of the
run and as an excursion ceadband if it occurs halfway thru the run. The :
roll values were so low that as before, they were excluded. The runs A\ .
listed in Table 8 have rate deadbands of spproximately .05°/sec., and i 2
excursion deadbands of roughly 3 degrees. If HFRMP had full attitude hold '
capabilities ( it can orly simulate the amount of propellant used in

attitude holds), the runs probably would not be significantly different if

these deadtands were used. The rate deadband wouldn't be realistic

however, because according to Reference 5, the minimum rate deadband with

primary jat.sF is 0.2 degree/second. Then probably all attitude control

during temm approach would have to be accomplished using small (1.0 or

less) pitch excursion deadbands. Vernier jets are capable of rate

deadbands as low as 0.01°/sec, but cannot be used because they are

disabled when the primary mode is initiateu.

|
|
An interesting effect occurred on all runs because of the av component i
imparted in the +X%, direction when firing the -Z, direction ! ,
primaries. On runs with initial attitudes set up su that the tail (+)§,) H 3
primary thrusters would provide the impulse velocity needed along the !
X axis (+V, nose cown for example), the -Z, primary thruster firing f )
yielded more impulse along +X than necessary. Therefore, the nose ;
primaries had to fire, instead of the tail primaries, to decrease the !
impulse along the X axis to the correct level. The same happened in all l

other cases, becaus> the initial attitude was selected so that the open

payload bay and Orviter port faced the SOC port. Most of the av -
increase is required in the -Z, direction; therefore, the +X%,
comporent of thrust due to a -Z command builds up due to the relatively 24
long firing time of the primaries in the -Z, oirection. Figure & Y
illustrates this for V docking scenarios, for one and two nose thrusters, .
versus terminal docking distance. The time to dock has been normalized 3
out of the plotted data by requiring an axial docking speed of about 0.33

ft./sec. At approximately 53 ft. for the nose down Orbiter, the X, )

thrusters do not have to be turned on because the -Z, primaries 3
contributes enough +Xp, thrust. For a greater distance they do not
provide enough thrust so for nose down cases the aft thrusters have to be

used. For a nose up Orbiter, the -Zp thrusting provides +X, impulse

in the wrong direction, so that the nose thrusters always have vo null out
this av besides providing the av of opposite sign for docking. This

is why the nose up case curve never crosses the horizcntal. The curves
for other approach cases ars about the same. E

The sideways V docking cases are presented in Table 9. They are resented
here separately because they were not analyzed as thoroughly as V and R
cases and because the procedure involved in sideways V docking requires an
extra out-of-plane translational burn and extra rotational vurns. The
Orbiter is initially sideways with its port lined up in the SOC's orbital
plane, and with its velocity in the X, direction initially zero. This
requires an orbiter orbit with a slightly .i..erent inclination because
the c.g. is not in the same plane as SOC. Whether this initial position
can be established accurstely before the terminal closure begins remains
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to be established. The Orbiter c.g. cannot be in-plane initially, because
then the c.g. has to move out-of-plare during terminal closure. The
Orbiter port would be lined up with tne SOC port at impact, but the
lateral v=locity for ballistic closures would be nearly twice the maximum
allowed value.

Two in-plane burns are required (-Z, , +Y,) identical to those
required for a V approach. However, a third out-of-plane burn (-%,) is
necessary to line up the docking ports at contact. Because of a lack of
thruster compersation, the third burn is not independent of the first
two. Three axis translational thrust coupling causes especially high
rotational rates. A human operator would have difficulty in predicting _
the coupled reactions to a selected translational commard. Unlike V and R
in-plane maneuvers which require only pitch corrections, sideways docking
requires corrections about all axes, inducing additional errors. Table 9
i:ows that at 30 ft., sideways docking is worse than +V docking at 50 ft.
Tabie S.

Finally, there was one problem that was identified but not investigated in
this study. The astronaut has to know his distance from the SOC with a
fair degree of accuracy. This distance is too short for radar. The only
device currently on the Orbiter that can be used is the Crewman Optical
Alignment Sight (COAS). It would have a transparent overlay that gave
distance as a function of the size of the image in the viewpiece. The
astronaut would then presumably look at a chart to determine how many
thruster pulses to use for docking vs. distance. The accuracy of this
system is in douut, however. How would the COAS measure relative
velocities, for instance? These questiors must be studied by a simulation
with san-in-the-loop capability. .

8. Conclusions

The results show that a terminal docking approach should be started from
as close to its target as possible. They also show that because the
granularity of the thruster impulse is less when one nnse thruster is used
instead of two, the docking success rate is mucl: bett... However, even at
30 ft., roughly minimum terminal approach distance, and with one nose
thruster, V and R docking succeeds less than 50% of the tire with
optimistic initial conditions (thruster firing errors of o'ly 80
milliseconds, for example). Ballistic, out of plane, sideways V docking,
appears to be nearly impossible from the small number of cases studied
here. Translating in three dimensions with coupling between the impulses
is too complex.

From these results, it appears there is little occuracy difference between
Vand R docking. The use of one or another would depend upon the
respective orbital paths of the two vehicles and the location of the SOC
docking port.

All the docking contact conditions are easy to achieve except the lateral
displacement limit of +9 inches. The primary jets do not have very fine
control in translation.

From the results with and without aero drag and gravity gradient, it was
proven they have almost no discernable effect on docking at the 200 n.mi.
altitude range considered. It was also concluded that because of the

large c.g. offset of the Orbiter docking port, small deachbands of a degree
or less should be used.
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There is also the combined effect of thrust cross-coupling and initial
attitude. The result is that for all the docking cases studied, the
Orbiter axis direction thrust is provid=d by the nose primary
Jets and ccmponent of the -7, jets, but never with the aft OMS

pod +X%, jets. his could lead to prémature propellant depietion of tie
forward RCS tanks.

This study has been preliminary in scope. This fact and the nature of the
results lead to the final conclusion that more comprehensive simulations
will have to be performed on Orbiter docking.
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Figure 3

ORBITER CONFIGURATION FOR DOCKING SIMULATION ANALYSIS
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Teble 1
HFRMP Input Files

b L d - R
Mun

—IFE4—DESCRIRTION TVART-

“EIGHT.-.-I:---usna-c-c---oun-'lci-ctct 3‘-1570.8000 LB \
IX(....o-................-............ °37453 1000 SLUG-F*IQ

IYY-...-:-non---0|'-||-.|c'|uu|cn|n.¢'o: 765460030000 SLU(.I-FT.’,

T I e e e Fo SR80 -G~ 32—
B ) £ A ~1945,4000 SLUG-FT~2
) - S T A T 29%259.5000 SiLUG-FT~2
KN —r————— V—r—r—rrr—r=r S e s a e L
CG STA.................................. 1990.30C8 IN
CO Rl it irorosasiossionaneionassans €.3000 IN
%ﬁmwﬁwﬁvwmwmvm——%%
11 SENSOR STA"IO!“.l'lll.'l.'lll'll.lll.l 620'0000 IN
12 SENSOR Bl....iiieiviiosntsnsrravrceanioson 0.0000 IN
%%Wmﬂ%
14 SENSCR AXES PITCH...utivuvnnnrnnesonnnss 0.0000 LEG
1S SENSOR AXES YAH. .t it atsasseransnnses 6.0000 DEG

A}

g )
LI I A R R R I R O A A B I B BN )
. D]

VBHC UL G-

— e —SENSBR—ESRBE T &—8-8-8-0—PES
17 DAP CYCLE. .. v vevetentntnonnoirarnnnaans

A-BETR" A A~ AN og —2

80.0000 MILLISZC

PAYLOAD DATA FILE

ITEM DESCRIPTION . VALLE

4 WEIGHT ... v ivreeontsorsriantoirttstsannsas 1.002) LB

2 IXX.. .ottt i it it e i 1.0000 SLUG-FT"2
Zee T YT T T T T T T T T T T A - B G B S T e
4 IZZ. .. ittt nanaen cr e $.,0000 SLUC--T*2
S IYZ.. . iinaiaas I 0.0003 SLUG-FT"2
—F R LI e e o e B A e e 86— A0
R 5 4 P N T A N S AT AT 0.0000 SL““-‘n“’
8 C3 STA...... et e et 140.030N0 IN

R 57 B0 il

3 e o n Sun o Su M e e Su S S B B B S A o Jun Su S Sin S e an S SN S S g

10 C5 Wh..vevveeiionornaas “aa

e : 0.000¢ IN
11 TARGET POINT STA..veessveeneeeeinionns 140,0000 :N
= ) TADFCT R O-INT—Rr—r SE— S —— £r-83-0-8- 8T
13 TARGET POINT WL.uotevuuurrurnnnnnissoe 0.0000 IN 4
£4 DIAMETER. . ouvvnvennonnernronernronnnnnns 70.0000 IN :
45—t EHEF b e 4 3-8 R—E :

P A

B-15
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ORIGINAL PAGE 13

|TY -
oF POOR QUAH Tedle 1

HFRMP Input Files (Cont'd.)

CQLSLF‘ !\AA_L\ il Wl

Eaclosure |

ZTEM TESCRIPTICN

VALUE

T COl ||1!I !NUNE)I!JUY L'I"T‘fl e

PY/IN 5

il i o Nk

2 PLOT UNIT, PU (FT,KFT,NMI,M,KM)......... FT
3 '2LOT SCALE-...................-..... . 1S
e R AN WS T T 5 0853—EH
T ¥ PANEL NIDTH. e trvetrenenunneninnonnnnss 0.00c0 IN
& PANEL HEIGHT...evrneunnenunnennreeannnn 6.0009 IV
B Y MAXeteerennsete et 49,0900 PU
©  Z MAX. ... evsunneennnsreciineetreneaeene . 15.0070 PU
et T EHEER STy T 3P
$1 LABEL INTERVAL ..+ ersvrnnrnennnninronas 2 TICS
2 PLOT PAPER SIZE (LRG,REG)............vs. RES

FIME/ATH/GAV FILE

ITEM DESCRIPTION

PUIPQPIPRIIF I NN

-

LAUNCH YEAR. . i v v i it ety

LAUNCH DAY,

HHMM. S5

—— : L R R R I I L R RN I R e 11
4 LAUNCH GMT .. .ottt veriontssnotrnsaaes 1100,0000
5 TML.LIL_I P’Tvr'_"_f'ﬁ —y—r—r—r S ——— ‘n’;_QL'ﬂﬂLLﬂ
& ATH0°PHER7C DENSITY FACTCR e e e 1.0000
7 GRAU MCDEL (NORﬂ NDJ; ...... R NCRM

oud 1L B8 |

L&L.M“ s"‘.

SHUTTLZ ISTATE -

ot

g}

-
m
&

DESCRIPTION

VALUE

PRRPRY AU U PRI N PUroTR SEEEPIPRESRAP S SpT PERIV S SR SRS S (4 itk an st

1 STATE TYPE (OMSO,IMLD) .ot v vvnrrnrenren. OMS0

SRV T TPt CPRC L T TREIE

3 B sttt 0.5000

4 INC.......... e e e e 23.5900 DES

& ’)A:\ivr N - vr ——r — - 2. Yo _nee

P L T 9 0000 DEG

2 27 P 0.0703 DEG

~ A'L'FJEC' l‘;l“ll};ﬁ — S — S— f‘lﬁll

9 PITCH......... e e e 0.0600 DEG
0 YA4..... e e et e 0.0000 DES

PREEY. 1 et TPty £ 330008 DES
128 RATE P"— (ﬂSO SLU).. .................... SLY ;l

LT XB RATE . e s esrrnesvanma 9.00C0 DEG/SZC Y
A A e ———— vy 83392 Bocesste. s o g
15 2B RAT ettt ve it ettt e er et e 0.0903 DI%./SEC

i e b




Enclosure 1
ORIGINAL FLCT 13
OF POCR QUALITY

Table |
HFRMP Input Files (Cont'd.)

. 39,4929 FT
D -010250 FT
g L ot T
D I s o o S o ot e A e B o S e S on e S Sn m o n me St am e sn o me am e Ny =X L

.

D 94 1 T S 0.106%9 FT/SEC
§ 4210 T 0.3000 FT/SEC

x...'llllllllOllllllllllllililtcllltt

ATT REF (PLU,SBY) e vvsersvnsrsennennens

Pt
i o -90.0300 DEG
N . £3an0 T

ROLL .ttt v r ittt aretnastsanansns 0.6000 DEG

RATE REF (MSO,PLV,SBY) ... v innunnoens PLV

_*HWWWMMG‘
14 YB RATE. .. . vt vrennniortiietansrenanan 0.0000 DEG/SC
15 ZF RATE. . ittt seet s iaasscnnaans 0.0900 D=7 ‘SEC

2
3
3-
5
6
8
5
0.
t
2

i
b3

B=~17
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TABLE 2
DOCKING-DESIGN IMPACT COMDITIONS (IN THE DOCKING COORDINATE SYSTEM)

AXIAL CLOSING VELOCITY (Vz) 0.16-0.50 fr./sec.

[]
29
2, .24 ° 0
LATERAL VELOCITY ( V. ° + V )¢ <0.2 ft./sec. [«
X y - ') >
) A o
L
ANGULAR VELOCITY ( ex2 + ey2 + 0'2) <.6 deg./sec. 3
. £a
LATERAL MISALIGNMENT (X° + ¥ 0.75 ft. 7

8'-9

ANGULAR MISALIGNMENT £5.0 deg. roll (6,)

£6.0 deg. pitch/yaw (Oy. 6.)
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Table 3
30 ft., +V Nose Down 1.8 Minute Terminal Approach Case
Exact AV's Required: Avg = L3430 ft./sec.; AVp = -.0422 .

Nose Primary Thrusters Used for -Xb Translation

| flr{:gct%n. :ue: Po:;tm[n::cm)!'l Docking %nranets_n WRT SS Body Axes Centered on §S dock’
CASE * ; sed ' 2 ey . s| 16x1 |97| 10z
| R B v [T T v ] o kermolfi o [ BLCT | ooy | 1ok derty
Lt Tit.o8| T;+.08) 18.1 |.00c |.329 Y70 ],3%0 |.03% |.035 /6.7 | .4 ]3.08 |.0t '
(A Y Tod08) 777°¢08| 19.8 |.006 |.329 Geo |.28¢ |.033 | 022 | /1.8 57 1.9 1 .o
1.7.3 Trro8 | T tog) 1223 | o33 |,2a220| o] .260 | .09 o5y | 7.8 | .¢? | ¢.oc].02
ha.d Timos | 75008 170 |.031 |.svy | 2.3 | .3v¢ |.00e5 | .ouq | 19.3 |.ve | 423 ].02
. 7008 Ty r.o¥| 178 030 i 2.4 AN ,00H |,01% |26.0 1,854 2.v2 1] .04 ]
1.2,3 Tp08 |7 %08) 1608 | oo lasa |re2.2 |.,293 | 035 |,oue | 38.9 | -6% [ uy ] .0 o
®>jl. 3.1 T;-.08| 7;-.08)v.1 010 278 |108.2.).329 |.oli OS5 1 4,4 a8 S99 |.o02 - ""S;
109, 2 Tie, 08| Ti-0t|rv.8 [ o100 lags | 130201 .0u |.00% |99 |.02 |2.02 .0, 3L
, 1.35.3 T8 {Ti-08 | 130 | 028 | iy iass|.22 |.oss | o33 |i5.06 | 672 | 54| o3 o%
@ 1. 4 Ti¢+.08|T;~,0¢] /501 0SS 1.0 | NS4 |,2061 053 | s0M) | Y4¢.8 |49 4,99 | 02 o "~
’ LY, 2 Ty 4.0 T,-.68} /5.3 018 360 | 726 | UIY | L0852 .0 Y w6 .5% | 1.20} .00 C:.‘?z
< {r4,3 Tivas | Ti-o8| gua [cosi [.2es | ssan| as| sen | ous | wn | 35| izl x| ES
»l s Ti+.08|T)r.08] 18 | .08 -32% 1 go0.8 ] .330]| 025 ]| .030] 4,2-] .29 2.6} 01" :2;—
ell.S. 2 T, 1.08]|7:¢,08 19.6 |.08 .327 | 9¢.y . 259 025 | 030 ) 1, 3 3 73| .o (- :
1,$:3 Tyroe | T/+.08) /6.8 |.090 |.230 |r2.0] .269)] .039]-058 | .9 |.5¢ ¢.62 | -0
l. 61 Ty+.09 7T, ~08]14.€ | ,o4y0 | .2¢0 |6y 260 .oug|.032 | 2.8].39 | 4usl.on .
l.¢.2 710817, - 08 |15k |ouo | 260 |2, 5| 2k | oug | o2t | 29,3 | us | o | Lo
le6.3 T;1.08{ 7.-,08113.9 l.c60 |,200 |isa,2) 170} 102|049 36.4| .61 |3.68 .02}
>l ?. T, o8 Ty -0 14,3 J.016 2376 Hr, 41,276 .06 oS +.3 .33 s.oy .02 1-
8 I e T;-08 | T; -3} 1570 | €10 | .270 | 126.9] ,230 | .02¢ o016 ] 1S | .43 a1 1 .o~
T T, ~08 1‘,--.03 13.4 |-099 |30 [i4r.0|.200] .09} 02| 8.5 | SP |6k | 02 E ,
i 8,1 T, 08| T, 1,08 12,3 1030 . A0 $2.2! .30} .00} 033} 9.¢ .35 3.0 02 .o" 1
I 2.2 1;-.08] Ty 1,08 1800 ) 030 | 33 | 9194 |.300|.029 | .02% 1.9 | us | 1.32] .0t E |
/,8,3 T;-08| T to8) 16,3 |, 083 | .a%) [106P|.230 ] ,08) | 08! 2% .53 | s.9y9].02 LI l’
|
l




~

30 ft., + V Nose Up, 1.8 Minute Terminal Approach Case
Exact AV's Required: A&Vg = +2098 ft./sec.; AVz = -.0258

Nose Primary Thrusters Used for -xb Translation .

- 1
firing time Fuel '[Post Burn AV's| pocking Parameters WRT 8S Body Axes Centered on 83 Dock 1
CASE (sece) . | Used'| (ft./sec.) IT L A 1= - - — !
“Xp! Y, | (bs X[ av ' [ av dock & NW% oW, {q:.bbu: X34y? klexl- + 16y1 ) iox)
! ' xb zb [ (gen D UE /8 6¢ w[i;c;;. {deg.) {deg.) |(deg.)
l-‘-' T""a“ n.'no, 4.0 .058 3P 2.5 . 329 020 .,030 20.4 . "" 2.“ Iol
2.2 Tivoa| 7 e08) 19,3 | 059 |.337 L 43 |.289 | .030) 030 |12.2] .3y 92 | .00
2.,3, T;4.08 {Tjr.0%| 13.0 |.00% | . 730 |y, 0 {.299 | 003 | .058 ]| 2.0 |.ve |3,02] 02
2.2 Ti-08 | Ty 08| 1300 | 033 |, 392|988 |,331 |.a59 |.ows |1un | .20 |3.00 | Lo
2,2.2 Tr-08| Toro8]13.% 1033 }ay2 |93y | 200 |.070 J.or> }23,; }.33 1220 '6, o0
2,2,3 ;-0 | Tera8l 120 |03y | 2e5 |s05.5 | 205 |.our | .o |usy |.ua |4 23] 02 na
2.3, T;-08 |T;-.08}16.0 |.013 .26 ls09,2 | .-268).032 |.051 10,2 .29y |ss5]. .00 3%
» 2. 5, ¢ 7;",0’ .r,'-“ 10,9 .OS‘I . 273 “"o .230 ‘ol]‘ ‘ofa y’,? .20 2.5 .o, %‘2
a,3.3 T:~08|T;-0%| 9.0 |.054 |,2?7 |138.4 |,%17 |.00y |.026 31,0 | .1 515 |01 o
20440 7+ | Ty =08l nio |.090 |.258 |)13.4 |.268 |00 |.033 | 54.6)].23 Jau3s| .ol Sz
2.4, 3% Tit.08|T:-08] 0,2 | .01 |.t0t | pa.0) 229 |.056 |.000 | 13.4 | -23 | 2.50] .0l £
@ 2,4.3 Tr+.08|7:-08| 1o0 |.ota |ror |iwwi |207 |.006 |ioso |26 ) vu | P66} .0l 36
) a. s, Ty r08| T -1,08{"13.2 | .oug |.323 { Q1.6 |.324 {.,029 |.029 [10.27} .34 | 249 .01
g >l a5,z Trt08|T, w08 149.5 | 019 }.230 | 96.8°], 203 | 039 |.03% | t.7 | .28 'S0 | .0)

2.5.3 T;+.08 |T;v.08 137 | .00 |.2%0 |4ty | 2331 .0n |.,060 [14.3 L3g  |¢,78 | .0l

a. 6.1 Ty=08|T;4,08)13.2 |.035 | .3349 | 9.0 | .327|.0Y 1038 2P0 .M 309 | ,0)

a.6.1 T;-.08|7; t.o8) 1u.0 |.038 | .334 W9 | 291 | 035 | 16,3 26 1.24% } .01

A.6.3 T}‘ ~081T.¢.08 .0 2032 177 108.3 1390 .03 -053 q0.4 372 S . 82,010

a3, ! Te-08 -rf-. 08| 103 |.o5¢ |.266 112,87} .2¢6 | ,028 .04 | 198 WK ] w.79] .0}

»| 2.2 T=08 |Ty- 06| 1'0 | +058 | ,2u( rz20,5 |,1.¢ 036 L .03 ]| v.9 3 1.55 | 0o
2.7.3 'r.--.o’ T;--,OB ‘i.3 ,019 104 'L'2.3 ETE 014 ,out 19.2 .35 P . o1
2. 9.' Tp t.08| Ty <08 10.% /1070 | + 259 1Y, 3 66 | L 008 403 | 4.1 "9 3,9¢ :o‘

2.79.2 T+ ~op|nS |00 259 1wt 213 .06 | 02y ] 28,6 ) .28 i roa E
2.9.3 T; 1,08 “t =08 10, 9 003 [ .20% |[t43.0 ] .07 | .00 | +057 7.¢.1.35 772} .01 . .2‘
:
- !
i

-—— e et L R P P R L L T S e
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v

4R 30 ft

Table §

. (1.8 min.) and 50 ft. (3 min.) Terminal Approach Cases
} Nose Primary Thruster Used for -xb Translation

Post Burn AV'e

(Docking Parameters WRT Docking Coordinste System

. firing Eil?' Fuel
CASE {sec. ] Usea! (ft./sec.) T
N IR
2.5.4.1 T r.08]| Tivos| 1S.1 |.0oc] 2us lico.0
2.6.4.1 T; o8| Trt08| 1.6 |00 |, 292 | 98,2
37.-%.1 7000|708 ja.l |02 {1,207 | 120.0
7.8.4Y.1 Ti=o8|7;~08 - | 000 |.224 120,0
3.5.49.2 Tit.09| Ty v.08 150 | 002 | 294 |/63,3
2.6.49.2 T;=~08|7 .04 4.5 |.002 | 306) |16l.0
3.7.4.1 T+.08|T-.08012 0 |.033 | 21¢ |00
3.8.4.2 Ti-.08] T~ 08| .5 |.023 | /233 | /90,0
4,8.4.! T; t, 04 T{f.oﬂ 16:% 1.006 | .31 S 92,0
4,640 Two8|Tiro8) 16,3 |,06019 |.,31%| 902
o, 7.4, | T; +. 08 1‘;.-,089[ 13, 8],016 | . 247 112.3
q.8e4,1 T--. 08| 7;-,08 13.3 | ,003 | ,255]| 110:1
H.5, 4, 1 Tir.08] T,+,08| 15,0 |, 007 }.294 | 163.2
4 6.4, 2 T;-.8|T:t.08] 11 S 003 | 300 | 16/.0
9.7.4.2  |T;4.08[ Ti-ggf 1n.0 [, 032 | ©226 J202.5
4,8.49.2 |Tj-.08|T;-,08] n.5 |,022 |.234 J200.0

T

5

03
. 0%
OHE
O08E

08l
049

ov9
058

021
., 039
LR
L

oY%
0506
.05

10SB

JBy?
3.4
2.6
28, 3
.1

12,3
H21.,0
H3.6
52

5,3

Jaoq.
al.¥
1.3

5.8
36,1

4%9.3
1.6

‘de!.)
Ha

38
.34

- 6%
o2
.59
.S

+ 39
.Ho

e 36
3%

.63
G2
.59
SP

i 10y

‘qu
.o 95
oqo
l26

/28
e 4

2,04
2,494

263
1,67
1,01

tot}
.03
2.30
3.6

'(des.)

kdego)
. 09 ]
. o}
04
204

08
'o’

.09
¢10

PR
203
044

.08
«09

oo?
/0

ALFVND ¥00d 40

51 32vd TYNIDINO

| sansolduyg

e T
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gg‘%ooa QUALITY

TABLE 6
Explanation of Case Numbering Systeam

ist Number: approach path and attitude

1.
2.
3.
4.

¢i, nose dowa

+V, nose up -

<R, nose (X,) in ¢V direction
+R, nose (X)) in -V direction

2nd Number: f£iring time errors

For a given gase, numbers 1 through 4 designate the four possible ways
to fire the =X and =Z, body thrusters, either -.08 seconds of the
ideal firing time.

Additionally, using S through 8 for the 2nd number designates tle sams
thing except one nose thruster only is used.

3rd Number: angulat:' correction options .

X, and zZ, translational burns immediately followed by a .08 zscoud
pitch rotational corraction .

2. Same as )| with another .08 second pitch rotational correctiqm
approzimately halfway to the SOC dock.
3. Same as | except no rotatioral corrections.
4. Same as ! except the pitch correction occurs midcourse.
4th Rumber:

1 is a 30 ft. terminal closure, 2 or no number is a 50 ft. closure.

1L

P T N




Table 7
Maximum Orbiter Attitude Ervors

(W/Ret to the Ideal Local Vertical Orientntion)

MAXIMUry ERROR £ | MAximUm ERRO s |LMAXIMUM ERROR
CASE RATE | EXCussion CAS RATE | &xcuasion L AATE FXCUR3ION
Numpgg [l Yy | | yympeg | (i) LHgrees) | )y aen | (Vsee) | (degrent)
itch |ro ] | piteh | rott . lpitch |roli |pitck | rott pik | roll | pited] roll
1.0 0S6 | 0oé| 3.08{ .49 2.0 060 |Looy]|2.66] .31 2.0.4.) Loso |.oov}5.02|.9>
i 112 05¢ }.00619.03] .53 2. 0.2 060 {.oomfr.37 .3y 240 lovel.oovl2.§4 .38
. 1.3 05¢ |.006]6,06].67 2.4.2 toco‘,ocw .02 ,v6 2,34, |-owr].003|2.52 .35
{ 1.3,1 o4] |.ook | 4.23] . 4¥ 2.1 046|004 |2.22].30 3.4.4.1 Lozs |.ca3] 2,08]. 34 oo
) 1.2.2 649 |.oo6 | 2.56].5% 2.2.2 oue |.ooy |2.657 .33 3.L4.a fout].009)42) .65 |9 D
2.3 ouy |.oob]in] e 2.2.3 L,0ug ooy |4.33] .43 5.2 |oso |00 3,59 .62 329
1.3, oss loogls 14} MS 2.3.1 ost|ov3|s.s5] .24 3.3.4.1 oSt Leod | 2,50].59 165 &%
) 1.%.1 055 | .eox]|3.25] .52 2.%,2 oSt ] 003} 2.e5] .20 34,2 PS8 |,003| 2,43] .57 D = .
1.3 035 .0os| 4.54 .62 233 o foo3|si2s) .41 y.a.mr |ossl.ooslalse|.o @2 .
@ 1.4.) 048 | o8] 4.99] .49 2.4.1 054 1,003 |4,3%] ,2% y4,2.4,} Los1}.005]3.05].40 J?{,g
,f; 1.1 ,049|.00572.44] .87 2.4.2 os4l.0o3| 2.50] .23 4 3.4,1 |050]004]12.97} .36 383
o 1.4.3 .049].005] 3 30} .28 14,3 .0591.003]| 2.48] MY 49,4941 l,047|.004]12.55].3F
150 060 ).005) 2.¢C] .. 2.5 .062) .003] .49 . 24 Yol.2 |ous \cou| 4.4 .63
1.5.2 000|005 | LFR] M2 2.5.2 .061] ,003] t.¢4] 28 Q241 Los) Loot] 2.yq]| .c2
15.3 0 60 1005 | 662 | .56 1,63 |.062].003)¢.78] 3 w.3.4.2 |os57[oa3] 34 .58
161 052 |.00) 4.40|. 37 2.6,1 o551 .co3|309) 2y q.4.02 fosy L.oa3] 2.9 .53
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An analysis was conducted to establish the paylvad capability for the Space Operations
Center (SOC) missions using the Shuttle Transrortation System. Payload capabiiity
and G'S lcaaing requiremenis vere established as a functicn of SOC operational orbit
altitude for both the current Shuttle 2nd for the Shuttle with Titan liquid boost .
module (LBM) thrust auguantation. i

The trajectories were simulated using a three-dimensional, three degree-of-freedom
static moment balance trajactory program. All trajectories were biased for the

Aunuct mean wind  Aujguet was used ag tha raferenca launch month, Previous analyses -
(reference 8) have shown this to be the minimum ascent performance month for a [ f'
maxiirum dynamic pressure constraint of 680 psf. The aerodynamic data base from i
refecence 1 was used for this analysis. The aerodynamic data base was corrected for :

all trajectories simulated with the Titan LBM using data obtained from Mr. Dave
ilengeveld of Rockwell. The Qa profile obtained from reference 2 was flown during
the mech nunber region from 0.5 to 2.0. The anqgle-of-attack {(a) was then varied
linearly from 0 degrees at a Mach number of 2.0 to a value of +2.0 degrees at a i
Mach number of 2.9. The angle-of-attack was then held constant at +2.0 degrees from ;
HMach 2.9 to SRB staging due to aerodynamic heating constraints. The angle-of-sideslip ¢
(e) was held constant at 0.0 dogrees and the body roll or bank angle (¢n) was held ;
i
1

constart at 180.0 degrees from a hach nurber of 0.6 to SRB staging. The body attitude
was nheld constant after SR8 staging tor 4.0 seconds. A linear-tangent steering

active guidance routine was then used to steer the vehicle from the end ¢f the body
attitude freeze phase to main engine cutoff (MECO). Upon imitiatirg active guidance
the vehicle was targeted to a pseuao MECO alticude until the wode boundary (first AQA/
last RTLS) state vector was attained. Targeting to the pseudo MECO altitude during 3
this flight phase lofts tha trajectcry to account for the possibility of a loss of
engine (LOE) during the flight phase batween the mode beundary and nominal MECO. If
no LOE occurred at the mode boundary the vehicle was re-targeted Lo the nominal MECO
state vector, If a LOE occurred at or after the mode boundary the vehicle was re-
targeted to the abort-once-around (A0%) MECO stage vector holding the orbit inclination
(i) and descending node (24) constant during this flight phase at values equal to

the LCT valwes., The pseudo MECO target altitude was determined in order to balance

the excess MPS orcrellant on bath the nominal and AQA trajectory leas. For cases
CALE R Ll poad3s Bt rde had o Se cier tian che acmincd LT Sltatuce . the
trajectories were shapesd fer the nomnal mission. The maximum payload weight was 4r3

I determined by having no excess IIPS propellant remaining at either nomnal or AQA MECO. « >
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After MECO occurred a 40.0 second coast period was allowed for external tank (ET)
separation. During this coast period the Orbiter flight performance reserve (FPR)
propeliant and the Orbiter and SSME trapped MPS propellant were jettisoned. After
the coast period {on the nominal trajectory leg) the OMS engines were ignited and
burned to attain an apogee of 15(: nautical milzs. The Orbiter then coasted to near
apogee of this orbit where the 0iiS engines were re-ignited to circularize the orbit
at 150 n.m. The 0liS engines were then used to transfer “he vehicle (Orbiter and
delivered payload) to the SOC operational orbit. On the AOA trajectory leg the OMS
engines and +X RCS jets were used to place the vehicle on a trajectory such that

the Orbiter had an entry rawye of 5,500 n.m. from the laiding site (launch site for
this analysis) at an entry altitude of 400,000 feet. The vehicle then coasted to
apogee of the AOA trajectory where the -X RCS jets (using propellant from the forward
RCS tanks) were used for a retro burn to adjust the inertial entry fiight path angle

to -0.90 degrees. .

The Shuttle vehicle used for this analysis is defined in enclosure 1. Enclosuia 2
contains a sumnary of the vehicle weights used in this analysis. The mission and
trajectory groundrules are given in enclosure 3. The post MECO velocity increment (AV)
requirements for both the nominzl and AQA trajectory legs are given in enclosure 4.
The AV requirements for the nominal mission were obtained from reference 5 and from

reicrence 7 for the AOA trajectory leg.

On tie AOA leg of the trajectory all OMS and RCS propellant not needed post-MECO and
during entry was burned and dumpod ducing a pre-MECO burn. Data from references 3, 6,
and 11 was used to consiruct the thirust and flow rate profiles for the AOA pre-MECO OMS

and RCS burn/dump.

The SKRB thrust and flow rate profiles and weight data was taken from reference 4. The
thrust and flow rate profiles obtained from this reference were referenced to a
propellant mean bulk temperature (PHBT) of 60°F. For this analysis these profiles
were 2djusted for the ETR PMBT for August 15 (80.12°F). The OMS and RCS propellant
capacities used in this analysis are given in enclosure 5.

The Shuttle Orbiter and.ET weight data and the Titan LBM weight and engine performance
data were obtained from Mr. Dave Hengeveld of Rockwell. The Titan LBM data is summarized

in enclosure 6.
The SOC component weight estimates are given in enclosure 7.

The on-gcrbit and de-orbit AV requirements calculated for this analysis are given in
enclosure 4 for the current-baseline SOC operational orbit of 265 n.m. The ascent
trajectory target MECO state vectors for the pseudo, nominal and AQA trajectory legs
and the OMS and RCS propellant capacities and loadings are given in enclosure 8 for
- the vehicle with no thrust augmentation. This data is for a SOC mission with an operational
orbit altitude of 256 n.m. This trajectory was shaped for the nominal leg of the
mission and required the addition of one O!'S payload bay kit (PBK). The complete
summary weight breakdown for this vchicle 1s given in enclosure 2. The vehicle has a
deliverea payload capability of 50,000 pounds for this mission. The AOA leg pre-MECO OMS
and RCS burn/dump thrust and flow rate profile is given in enclosure 10 for this
mission. Similar data is given for the vehicle with Titan LBM thrust augmentation in
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enclosures 11 through 13 for the SOC operational orbit altitude of 265 n.m. This
vehicle required a pseudo MECO altitude of 57.5 n.m. This vehicle with Titan LBN

thrust augmentation has a delivered payload capability of 63,000 pounds for the SOC
operational orbit altitude of 265 n.m. and also requires one OMS PBK.

Plots of pseudo-MECO altitude versus SOC operational orbit altitude are given in
enclosure 14 for both vehicles with and without thrust augmentation. For the vehicle
with no thrust augmentation the trajectory is shaped for the nominal mission for SOC
operational altitudes greater than 230 n.m. The trajectory for the vehicle with Titen
LBM thrust augmentation is shaped for the nominal mission with SOC operational orbit
altitudes greater than 268 n.m. The total required OMS propellant loading is given
in enclosure 15 for both vehicles as a functicn of SOC operational orbit altitude.
Enclosure 16 gives plots of maximum delivered payioad as a function of SOC operational
orbit altitude for both vehicles with and without Titan LBM thrust augmentation.

The vehicle with Titan LBM thrust augmentation carn deliver 18,000 pounds more payload
than the vehicle without thrust augmentation. The vehicle with Titan L3M thrust
augmentation can deliver an additional 1,000 pounds if no payload is returned. An

additional 1,400 pounds can be delivered by the vehicle with no thr<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>