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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

. -48 1

Terminal ' 4
Closure
Distance

¥p QUT OF PAGE

A

-

v e e e by g]

10
nd ¥ood
{}3 Jo¥d TYNIORO

1-

v

1 sansoong

———. - e

———39.19 FT.——>]
| Y 2,

Yb INTO PACE

+
s

—— e - ——-a— P P - -

6 IE Rockwell
Space Cystams Group Y nternational

e aliae -




® - B et R o e

T
o e LU > o
) ) Enclosure |
. Figure 2: nmbiecr Docking Terminal Approach Paths

ORIGINAL FACE IS f.'

OF POUR QUALITY

'3 \ ¥ APPROACH

V- Terminal
Closure

i <K APPROACH

_EARTH
+V APPROACH
< 4
V‘-41=-J-
=V APFROACH

-_————— ——— ——————

.
b..m.r.p—i“-:.ﬁuna-—......—,.._-



*a

Figure ¥ -
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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 thrust augmentation
for no return payload.
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e

VEHICLE SUMMARY WEIGHTS

Engineering Analysis Division

G. Launey - EX42 3-12-80

¢ 0V-103 (LESS 4,000 LBS) 140,820
0 ORBITER LBM WEIGHT PENALTY 220
0 3 X SSME (EMPTY) 20,484
® ET-26 AND SUBSLQUENT (LESS 6,000 LBS) . 70,990
0 ET LBM WEIGHT PENALTY 2,505 -]

n ® RCS PROPELLANT CAPACITY 7,378 ‘é

~ 0 ORBITER ONS PROPELLANT CAPACITY 25,156 o3
o 2 X TC 121-78 SKk3 2,589,760 %‘:‘:"
@ SRB LBM WEIGHT PENALTY 280 e
o TITAN LBM 382,650
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MISSION AND TRAJECTORY GROUNDRULES Engineering Analysis Division
‘G. Launey - EX42 3-12-80

DUE EAST LAUNCH FROM ETR (INCLINATION = 28.5 DEG)

SASELINE LAUNCH MONTH WAS AUGUST (MINIMUM PAYLOAD)

‘MAXIMUM DYNAMIC PRESSURE (MAX Q) WAS 680 PSF

2.75 SECOND SRB IGNITION DELAY FROM SSME POWER LEVEL OF 90 PERCENT

IGNITE  LBM 5.0 SECONDS AFTER SRB IGNITION COMMAND

JETTISON LBM STAGE AT LBM BUINOUT (205.4 SECONDS)

POST MECO INSERTION ORBIT WAS 150 NAUTICAL MILE CIRCULAR ORBIT X

ORBITAL TRANSFER (ORBITER AMD PAYLOAD) FROM INSERTION ORBIT TO SOC OPERATIONAL ORBIT
SOC OPERATIONAL ORBIT ALTITUDES FROM 150 T( 450 NAUTICAL MILES WERE CONSIDERED
CURRENT BASELINE SOC OPERATIONAL ORBIT ALTITUDE IS 265 NAUTICAL MILES

INERTIAL EWTRY FLIGHT PATH ANGLE WAS -1.35 DEGREES

1iAXIMUM PAYLOAD DELIVERED T9J .SOC OPERATIONAL ORBIT

2"S RETRO PROPELLANT WAS CALZULATED BASED ON RETURNING 42,000 POUND PAYLOAD
(PERATE SSME'S AT FPL (109 FcRCENT OF RPL)

SSME THROTTLE RATC WAS 10.0 PERCENT/SEC

THROTTLE SSME'S FOR MAX Q CONTROL

TIROTTLE SSME'S TO LINMIT MAXIMUM ACCELERATION TO 3.0 g's

THROTTLE SSHMF'S TO MPL (65 PERCENT OF RPL) SIX SECONDS BEFORE MECO

THRUSTAV%CTOR CO?TROL (TVC) USING SRB GIMBAL FROM LIFTOFF UNTIL SRB CHAMBER PRESSURE DECAYED TO
53 PSIA (Pc = 50

SSME GIMBAL FOR TVC FROM Pc = 50 TO MECO

N0 LBM GIMBAL FOR TVC

PRE-MECO OMS AND RCS BURN/DUMP DURATION LIMITED TO 3CO SECONDS ON AGA TRAJECTORY LEG

VEHICLE ORIENTED WITH TAIL POINTED SOUTH ON LAUNCH PAD '“&‘

1*\XIMUA RETURN PAYLOAD IS HEAVIEST. SI ! |
. MGLE SOC ( _ |INENT W/
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Engineering and Development Directorate

POST MECO VELOCITY INCREMENT REQUIREMENTS

An ision

b

® NOMINAL MISSION POST MECO aV REQUIREMENTS

(150 N. MI. CIRCULAR INSERTION ORBIT)
@ INSERTION BURN
@ CIRCULARIZATION BUPN
0 LEVEL 1 RESERVES

+ AQOA POST MECO AV REQUIREMENTS

¢07.2 fps
177.4 fps
17.8 fps

(ENTRY RANGE = 5,500 N.MI., ENTRY FPA = -.90 DEG)

@ INSERTION BURN
¢ APOGEE RETRO BURN
0 LEVEL 1 RESERVES

® ON-ORBIT aV REQUIREMENTS

® TRANSFER FROM 150 N.MI. CIRCULAR
ORBIT TO 150 X 265 N.MI.
ELIPTICAL ORBIT

@ CIRCULARIZE AT 265 N.MI.

0 DEORBIT AV REQUIREMENT (ENTRY =
1.35 deg)

219.0 fps
40.0 fps
17.8 fps

199.12 fps

197.56 fps
412.41 fps

G, Launey - EX42 3-12-80
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ﬂ/j - Lyndon B Johnson Space Center

Engineering and Development Directorate

OMS AND RCS LOADING CAPACITIES

Engineering Analysis Division

G. Launey - EX42

3-12-80

® ORBITER RCS CAPACITY
8 ORBITER OMS CAPACITY '
@ OMS PAYLOAD BAY KIT (PBK) WEIGHTS

¢ PBK NO. 1 USABLE PROPELLANT CAPACITY
® PBK NO. 1 INCRT

® PBK NO. 2 USABLE PROPELLANT CAPACITY
6 PBK NO. 2 IMNERT

@ PBK NO. 3 USABLE PROPELLANT CAPACITY
@ PBK NO. 3 INERT

7,374
25,156

12,176
4,126

12,281
885

12,278
1,287
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TITAN LBM SUMMARY WEIGHT AND PERFORMANCE DATA

Enginzering Analysis Ddivision

G. Launey - EX42 3-12-80
0 TOTAL MODULE WEIGHT, LBS 382,650
® USABLE PROPELLANT, LBS (348,900)
® INERT, LBS (33,750)
® AV:ERAGE VACUUM THRUST, LBS 530,000
® AVERAGE VACUUM [sp, SEC 301.7
22
¢ IGNITION TIME, SEC 5.0 o 5
Q=
® STAGING TIME, SEC 205.4 S
’ o3
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> 0}
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H J./ L3 Lyndon B Johnson Space Center

Engineering and Development Directorate

SOC COMPONENT WEIGHT ESTIMATES* |__Engineering Analysis Division
G. Louney - EX42 3-12-80
® SERVICE MODULE 42,174
0 HABITATION MODULE 38,264
0 LOGISTICS MODULE 19,¢938
0 TUNNEL 6,630 o0
na
® STASE ASSEMBLY 17,616 P (2]
o%
¢ RMS/CONTROL 19,315 A
T
! ® CONSTRUCTION FACILITY 21,406 ©
o ER
3 3G
3
: e
*SUPERCEDES NASA DOCUMENT JSC-16277 IN CASE OF CONFLICT
*]: CLUNES 50 PERCENT GROWTH OVER ESTIMATED VALUES
C m *1,18/40
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SOC MISSION ASCENT TRAJECTIRY MECO pARAMETERS AND OMS AND RCS LOADINGS
(NO THRUST AUGMENTATION)
(SOC OPERATIONAL ORBIT ALTITUJE=265n.m.)

PSEUDO  NOMINAL ABORT
ALTITUDE 57.00 57.00 37,00
VELOCETY 25680.00  25680.00 25676 oy
GAMMA 0.6500 0.6500 0.6500
INCL INAT TON 28.44a7 28.aa7 28,946
DESC NONE 591495 89.99% 891729
TOTAL ONS CAPACITY :
NO, OF UMS RITS 1, o733
ORI FER OMS CAPACITY e 251560 .. ..
OMS PEK N0 1 CAPACITY 121760
TOTAL LOADED OME ) i T 30960,
TOTAL KCS CAPACITY Tt N T 7574,
TOTAL LUADED KCS o
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SOC MISSION VEHICLE SUMMARY WZIGHT BREAKDOWN
(NO THRUST AUGMENTATION)

[ (SOC OPERATIONAL ORBIT ALTITUDE=265n.m.)
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' NOTES . ' ' ' ' ' ‘ ' - ' ' ' ' L L M S -

¢ CCTV CAMERA MOUNTED TO -
INTERNAL SURFACE OF MATCH
ON BERTHWED MOOULE (SM1). -

. SM2 & HM2 I
OMITTED FOR CLARITY, . . . . : . : . -
REMOVAL OF MODULE (HM!) o \ Y . 1Y - A ; T T T S S

FROM PAYLOAD BAY WITH _ . . _ ‘ T : L ST e | B N
PIDA DEVICES & POSITIONING @ — N T T A R R _ LT e AN

————

* Ot e
)

=

CAMERA (LOOKS THRU WINDOW

IN CENTER OF MATCH . . T . . .- VIEWING l;lGHr |
. . - -, - - N
: IR ‘ _ ~. . MO READY . X 4 : . - %
* TARGET MOUNTED TO EXTERNAL r‘ S~ ﬁ ' ' __ DULE £oR o ) ST ? i ) ‘/) i} - = = )
- SUREACE OF HATCH ON MOOULE L90° T CCTV CAMERA FOR BERTHING PROCEDURE . BERTHING VIA, R/CM. , ' , ] - \
(HM1) TO BE BERTHED. _ 30 - SEE DETAIL - | . ' _
) TAR € ' : s L,'fﬁ" ‘ . BERTHING ALIGNMENT ADS . _ ) . ) o ' / \ - -
- ARGET 1S EQUIPPED WITH ' ) - -:3 : : - _ S o SAM . . k .
: : ' PERIPHERICAL LIGNTING . . . o N . oo | - | )
CCTY CAMERA , " ' - l \ : ’ ' . - = ~ .
Do . - . Tr L ee - L . .o—-— y 1 .
_ : : , - o ; ‘ . MANIPULATOR WRIST UGHNT TRACE AT Y ¢ : : .
_FINAL _ALIGNMENT ' S L " . i
- . CAMERA VIEW AT Yo € N . R/cM _ RIEM MANIPULATOR R - B -
R ’ MHOLOING HM! (AT €CG) ' _
. © $M2_ ' R/EM _ - 4 m IN POSITION READY FOR o o . . . '
] : . BERTHING PROCEDURE T ST T
) : , o | SEE DETAIL ~ S e
- O - : HE B - : , , R/CM VISION ANGLE ' o R S cee T
i o - _ _ : R/cM MOVES MoouLE Iy : : : oo :
INTO LINE FOR | . ‘o R T
—— - . . - —{—t ASSEMBLY TO STACK . i o HM2 e o o ) .
) R : T + 4 - - . - ‘ ) L -
. o 1 : ! S CTe : . - : - .
SMi IR o i i T ) : _ - o1 RMS MOVES INTO . : - . _ ; ‘ _
/RMS | ] ' . ; . . - *SAM’ OMITTED FOR CLARITY " POSITION SHOWN USING L ' ' ' - , . ' ’
. : g ! - ' : - - ) : _‘.f[-_--j WRIST LIGHT & CCTV IS - HMI . : ) . ) o :
. . . : : . : . _ TN ' CAMERA FOR ASSIST. v ‘ : ‘ i - - ) . _— ) . ' : )
- ' l | . £ SEE DETAIL - - i/ & o SR e | ' .
| ‘ o N a3 <, RMS CCTV/LIGNT VIEW. ' % i . ' | . . :
L ‘ ) J B S : _ : @a/cn MOVES MODULE AFT . L ' '
et s .': R T _ . N ) : . . ‘ | , \ \ }'s _!, ‘-{{ oA
= T o ' . o T . S . ' CM MOVES MODULE AWAY ./ {omm o —~ .gi:'s'::ﬁ':g‘:,;iﬁw ‘
: | ST RMS WRIST CCTV CAMERA & LIGHT VIEWING ANGLE ' ' : FROM THE PiDA DEVICES . ' '
._ . , X WHILE SUPPORTCD By :
BERTHING ALIGNMENT AIDS LT | - | | o ceorees
! ) . * : 1 - - y -. i o . )
. ,‘ . . - » |' ’» le/
. : : ' . . S e ' . : : - : _ @moa DEVICES REMOVE \ L L )
? o : ' ! . HM) FROM PAYLOAD BAY. AN ,4(\ ) o
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; , : _ ! - ’MS 90 :
« ! . . . ! :
: - VISION , AIDS & LIGHTING DETAILS FOR BERTHING PROCEDURE ; ' s = ] Sociract internatonst Corporstion
' ' i ' T NE ’ \ T E suce_ [re e s Lt b o,
_ : : 4 IR . Lol —
; ; ) ? : ) pioA bEvices ‘ HMI To SOC ASSEMBLY ]
K i . : $ = - ‘ , . "SEQUENCE USING R/CM ;
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- SOC MISSION \EHICLE SUMMARY WEIGHT BREAKZOWN (CONT'D)
(N0 TURUST JUGHCHTATION

MOMINAL ABURT
. 1
EXTERMNAL TANK = ENMPTY 70990, 70990, '
« KRESTNUALS 4011, 8196,
- NUN PROP CONS 4¢3, 42s. '
FLIGHT PERFORMANCL KESLAhVE=LY 2860, - 118y, |
FUFL oIAS 1047, 1100, .
EXCESS MPS PPIPFLLANT -7, 1452. I
EXPELLID MPS PROPELLANT 228, 153. t
ET WEIGHT AT MECD 79552, s0104. |
T INJECTI U WELtHT Al MECO 346585, 320638, o |
- MPE& PRO? (MODE BOUNDARY/MECO) -~ .= 157047, - - 750418, '
PRE = ECH (OMS AURA 0. 10435.
PRE = NECO RCS BUU'N 0. 135,
PRE « MECO OMS DUME . 15529, ::M?'
- )
WETIGHT AR TER MUDE HDY 1103632, 11035506, %.%‘
— e R . 3 em
EXPELLED MPS 0. 6. Y
WEIGHT PRIOR TO MODE RDY - 1105632, - 11086.2,
MPS PROP (3TALING/MODE BOUNDARY) 422364,
WEIGHT AFTER STAGING 1525994,
Skt CASE JEITISON WEIGHT 357069,
WEIGHT PRIOR T1) STAGING - 1883065,
SECONDARY PROP SYSTEM JFTTISUN wT 0,
SECLYDARY PR (L/0 = STAGING . Oe
SRYB PROPELLAMIT 231319,
MPS PHOP (LIFTOFF/STAGING) - e . -~ 382176, -
LIFTOFF wkJGHT 4496560,
MBS PROPELLSNT 724
SRU PROPELLANT 1373 )
SRB TGNITLION COMMAND (T « 0) . 44986456,
MBS HUSNEND PRIOR 1y SKB IGN COMMANL 770
WEIGHT AT MPS THNUST COMMITMEMY . ) 4505357,
Ny . DDV g - NG Reree: et Je EAUTIRETPERA BRRPI L l N
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ﬂ}J _3!\ Lyndon B Johnson Space Center

Engineering and Development Direclorzte

TT e At e et d

) Engineering Analysis Division
, P£-MECO OMS AND RCS BURN/DUMP THRUST AND FLOW RATE PROFILE
: (17 THRUST AUGHMENTATION) G. Launey - EX42 3-12-20
i
; (SUC OPERATIOMAL OFBIT ALTITUDE=265n.m.) '
TIME THRUST FLOW RATE
(SEC) (L8S) (LB/SEC) JETS
0.0 12,140 38.760 2 X OMs =11
| 4.5 12,140 38.760 2 X OMs 32
45 13,566 98.971 2 X OMS + 24 X RCS QFE
€49.28 13,506 98.97" 2 X OMS + 24 X RCS 3
v 239.28 | 12,140 38.760 2 X OMS Z2a
- 243.73 12,140 38.760 2 X GbS i3
243.78 | 15,801 51.836 2% > +4XRCS
300.00 15,201 §1.836 2 4 4 XRC !
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REVISIONS
l l um DESCRWTION DATE | APPROWD
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-SERVICE MODULE -l ‘ ' \
DOCKING RING '/c CKING PORT L -_ o -
ﬁ-. # s thil B L
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! s - 3soce. . C o f [ Zo 5. | |
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B . \ . ‘\ 4'5. c
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g - BEING FORCED TO PITCH AN ADDITIONAL 7° . . . 1ST CONTACT BETWEEN PORTS (NO ATTENUATION) - W DOCKING RING
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] a MATING SURFACE
. ,- . g . . i . - ’ -
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3 . Zo 515 INTERFACE ‘ .
—N\ A ==
o~ ~ 9.0 .50, ' (
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SOC MISSION ASCENT TRAJECTORY MECO PARAMETERS AND OMS AND RCS LOADIN
(TITAN LBM THRUST AUGMENTATION) s

(SOC OPERATIONAL OR3IT ALTITUDE=265 n.m.)

PSEUDO NOMINAL ABURT

ALTITUDE 57.50 S7.00 57.00
VELOCITY 25680.00 256b60.00 25676.00
. AMMA _ 60,6500 0,6500 .- 0,6500
"WCLINATION 28,147 28.aa7 2A.517
nESC NOOE 89.996 89,99/ 89.98Y
10TAL 04S CAPACITY . 37332,

NO, OF OMS XIT1S 1¢

ORGITER OMS CAPACTTY 25190 -

OMS Pdk NO, | CAPALITY 12176,
TOTAL LOADED OMS o ’ T 7 32474,
TOTAL RCS CAPACITY o i I 1S 7'

TOTAL LOADED RCS T ) T T 1374,
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$2C MISSION VEHICLE LUMMARY WEIGHT BREAKDOWN
\TITAN LBM THRUST A"JGMENTATION)

(SOC OPERATIONAL ORBIT Al TITUDE = 265 n.m.)

NOMINAL ABORT
PAYLOAD : 68091, ohU91,
ONS PAYLOAD HAY Klts 4126, A1che
MISSTON SUPPOGRT EJUTP 1hob, inGn,
PERSUNELL 2644, Pbau,
ORUITER = LMPTY fauhel, 14008°1,
- SCAR PFLG 2en, 20,
- Nnr: PRUP C(;NSUMABLES 3Ta8, - 3744, gc
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= U4S PROP (DL=0RBIT) 9376, Ve > r
- RCH» PROP (Dt ~ORBIT) (1 S 1948, -
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= UMS RESTUUALS AY1, b91. o
SSME (EMPTY) 20444, 20494, Em
: 4%
ORSITEN AT INSTRILON -

- - 215623 -- 2432917,

POST=MECH MANCUVE R-(0NINS PROP) 5715. -5

POST-MELU MANEUVER=(RCS PRGOP) 0. 1572,

ORBITER AT UMY [OGNITION eu1338, 2935900,

TRAPPED MPS PRUOP « ORISITER aar. 1818,

TRAMPED MPS PROP = SSME 1524. 1924.

FLIGHT PrRF KESLWVE = ORULTER . elile. 1640,

FLIGHT FERF RLSERVE = &S5MLk 0. Ve

ORBYTEKR AFTER ET SEPAKATION . - cm e 2HO920, - 299082, --

RCS PROFCELLANT 252« c52.

ORBIIFR AT LT JEYTISON ef6lile. 254434,
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-8 FZCO GK3 AND RCS BUPN/DUMP THRUST AND FLOW RATE PROFILE

frainesring 2-21vsdc Liyigdam

TITEN Lot T rulT ALMENTATIONS 6. Launey - EX42 312-52
(SOC OPERATIONAL ORBIT ALTITUDE=265 n.m.)
TIME THRUST FLOW RATE
30 (LBS) (LB/SEC) JETS
29
0.0 12,140 38.760 2 X OMS §§}:
1.5 12,140 38.760 2 X OMS S
4.3 13,566 98.971 2 X OMS + 24 X RCS Q3
259.22 | 13,566 98.971 2 X OM" + 24 X RCS ze
259.22 | 12,140 38.760 2 X OMS 3G
263.72 | 12,140 38.760 2 X OMS
2¢3.72 | 15,801 51.836 2 X OMS + 4 X RCS
300.00 | 15,801 51.836 2 X OMS + 4 X RCS
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OPTION 6

OPTION S

N~ T -
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APPENDIX D
SERVICING ACTIVITY DATA SHEETS

The Service Fixture (SF) arrangement described in Section 5 was based on
the activities depicted in Figure D=1 2s representative of the type of function
the SF is expected to provide. Those significant activities of Figure D=1 which
will drive the design of the SF were analyzed in detail and Servicing Activity
Data Sheets were generated for each. This appendix includes a Servicing
Activity Data Sheet for Activities Nos. 5, 7, 8, 9, 10, 11, 14, 17 and 18.
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FIGURE D-1
MOTV TURNAROUND FLOW CHART
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ORICH:.AL PAGE 13
OF PCOR QUALITY ]

SERVICING ACTIVITY DATA SHEET N

Project: Servicing OTV at SOC
Activity No 5.0

SOATIACH MUIV TO
SEAL PRESSUNE PORT

SOSATESVSTEME FOR £ PROPULSION SYSTER §2P0win SYETEN
s R

sotGaEsaCRew

Reference Oata

1. Grunoman, Manned Orbital Transfer Vehicle (MOTV) Volume 5,
Turnaround Analysis, Qontract NAS9-25779, 7 November 1979.

Description of Activity

Although this activity was designated No. 5 in the turn-around flow
chart, safing operations must be carried out continuously over several
activities starting with activity No. 1 when the MOTV is prepared for
retrieval operations. A complete MOTV safing can be described as a
three-phased operation. In the first phase, active on-board systems,
such as propulsion and power, are safed prior to crew egrees. In the
second phase, subsequent to crew egress, passive systems are safed to an
extent dependent upon the finding of inspection and servicing operations.

In the third phase, as an emergency or contingency operation,
hazardous fluids and/or gasses may have to be eliminated as soon as
practical and before egress because of system damage or failures
recoenized early in the return scenario.

A first phase safing would consist of five activities.

1. Main Engine Swt-off.

2. Safe the Propulsion System:

Swt-of f M.E. isolation valves & verify

Shut-o ff Cyro isolation valves & verify
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3. Retract Solar Arrays
4, Safe Attitude Control System:
Shutoff RCS propellant isolation valves & verify
Shwtof f RCS helium isolation valves & verify
5. - Safe Electric Power System:
Shutof f reactant control valves & verify
Shutoff water control valves & verify
The second and third phase safing consists of ridding the MOTV of

stowed and expendible gasses and fluids which would have some effect on
the servicing/maintenance activities or safety of the re-berthed vehicle.

Support Equipment
Vent and purge line connections to the service fixture

Crew Involvement
MOTV IVA
Control Module IVA

SOC Provision
Service fixture feedlines/pumps/storage tanks
Service fixture expendibles dump system
Spacecraft Design Impact
Vent ard purge 1line connections.
Ocbiter Design Impact
N/A
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SRVICING ACTIVITY DAT,
5.0 Safe Systems for Crew Egress 1
PCTION /A ATTACHMENT
METHOD _n/a PAGE 10F 3 )
SUBJECT soc_oonfigureation ’
REMOTE CONTROL MOULE 4
| ~amsns cowrwas
— ; - (i
= IISES =Y -
. As - / =
- M

The SF of the SOC baseline configuration has an MOTV docking port at the
outer end, a handling boom, and longitude translation rails. It may also
include tankage and routing lines for expendibles.

ORICKIAL T 17 13
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SIRVICING ACTIVITY DATA
FUNCTION 5.0 Safe Systems for Crew Egress
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Description of Selected Method

The main propulsion system is safed by closing and verifying the M.E.
and cyro isolation valves subsequent to M.E. cutoff and the attainment of

control stability. The sclar array is retracted next during approach to the
Soc.

from that time until docked to the SF, power can be supplied by on-board
batteries and/or fuel cells, Once docked to the SF, the ACS is safad by
closing and verifying propellant and heliun jsolation valves.

Power supply duties can be transferred to the SOC once the MOTV is
berthed on the transluation rails.

0158P-4 bs

P

i



_SERVICING ACTIVITY DATA

5.0 Safe Systems for Crew Egress 3
FUNCTION mraset = ) 9 ATTAGH/ENT
wl_"m———— d .
METHOD N/A . PAGE 10F2

SUBJECT Rationale and Trades Oata

| SERVICE SERVICE SERVICE SERV
LOCATE STABILIZED  FIXTURE FIXTURE FIXTURE coanlﬁ
AT APPROACH RCS BERTHING SUPPORT  TRAKSLATION ° MODULE
Z0ME CONTROL PORT BOON TRAY PORT
(a] ~ (@) *@r A\ ‘5?,_ -(®
) Q06 @®) (6)5)
T SELECTED scusmulz
@Q)(5) 3)a)

«— ALTERNATE SCHEDULE(S)-~ ®

(1) MAIN ENGINE SHUTOFF

(2) SAFE PROPULSION SYSTEM—SHUT OFF/VERIFY M.E., CRYO, 1SO. VALVES
(3) RETRACT SOLAR ARRAY
(4) SAFE RCS—SHUT OFF/VERIFY He, PROPELLANT, 1SO VALVES

(5)  SAFE ELECTRIC SYSTEM—SHUT OFF/VERIFY REACTART NATER 1S0. VALVES
(6) HOOK UP TO SOC POMER

Safing Sequence-First Ptase

The selected sequence of safing is indicated above with other options of
scheduling the activities.

(1) Main engine shut-off is mandatory upon reaching an appropriate zone
to begin the redocking entry.

(2) Safing the main propulsion system could be performed at this
initial time but would have some adverse effect on the immediate
stabilization of RCS control. The minor time delay fromA to 8
should not imperil the operation.

(5) Safing the electrical system could be performed at any point as
early as A, running the remaining sequence on battery power.
However no appreclable savings result except minimizing water
storage.

LJ\.‘. Ceent

0158P-5 0é

v wey

-

(SR ETP S I N



LR Ry

w.

- L LR - .

-
r

SSRVICING ACTIVITY DATA
5.0 Safe Systems for Crew Egress 3
mlm fhase 1 ATTACHMENT
METHOD N/A PAGE 20F 2 -
SUBXECT Rationale and Trades Data

(3) Solar array retraction could be delayed until the MOTV is docked to
the end of the service fixture port (C), however this delay could
detain the activity of the support boom in transferring the MOTV to
the translation tray, or postpone the recognition of any
difficulties inherent in the retraction activity.

(a) ?a;ing the RCS is logical only at the point of SOC control, after

C).

{6) Hookup to SOC power is possible only at the point of berthing to
the translation tray where power is provided normally during
maintenance operations.
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SERVICING ACTIVITY DATA

]

o

0

Q

FUNCTION 5.0 Safe Systems for Crew cQress 4
| 1TEM Phase 2 ATTACRENT

METHOD __ rragefaer PAGE 1 OF 2
| SuBJECT Racuiranent s

Second phase safing activities are dependent on duration of crew module
storeage and extent of maintenance operations. Mainly, transferring
expendibles to SOC storage, their purging and venting are required of the
following systems:

o Main Propulsion

Purge Main Engine using He

Purge Lty Tank and Lines using He

Purge L0, Tank and Lines using He or Np
Vent He Tank and LUines

0 Attitude Control System

AFurge Ny Hy and MMH Fuel Tanks using He
Aurge Lines and Thrusters using He

o clectric Power System

vent Hy and 0; Tanks
Vant HpQ0 Tanks

ORIGINAL PAGE IS
OF POOR QUALITY
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SERVICING ACTIVITY DATA !
FUNCTIC 5.0 Safe Systems for Crew Egress ATTACHMENT
ITEM Phase 2 .
METHOD _ Transfer PAGE 2 OF 2
SUBJECT f Selected Mathod
- {
. ] = i
- Fan
”

AN A

STORAGE TANKS !

) Sre o0z TANK >
SWING ARMS] I eadidiui
VALVES mp PUMPS 1

SCREMATIC

MOTV core module is located at maintenance station on translation
rails. Oonnections are made to the service fixture manifold lines and
expendibles are transferred to storage tanks located either inside the
service fixtuer structure or at some other SOC location.

MOTV tanks and lines are purged and then vented overboard to safe the
vehicle for storage or future servicing.
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SIRVICING ACTIVITY JATA

5.0 Contingency System Safing ]
thrm IN Crase 3 ATTACHENT
METHOD _ pumg PAGE 10F3 -

mCT Memnts

Contingency removal of gasses and fluids because of hazard consists of
the following activities.

0 Main Propulsion
o Oump/Rurge LH, Tank and Lines using He

o Oumpy/Purge LOp Tank and Lines using He or N2
‘o Vent He Tank and Lines
o Attitude Control System
‘0 Ooump/Rurge Np Hy and MMH Fuel Tanks using He
0. Electric Power System

0 Vent Hy and 07 Tanks

ORIGINAL PACE 1S
OF POOR QUALITY
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SERVICING ACTIVITY DATA -
5.0 Contingency System Safing 5
I;IT%"CT!GC Phase 3 ATTACHMENT
METHOD MOTV Dump PAGE S0F3

SUBJECT Description of Alternate Method

ORIGINAL PACE IS
OF POOR QUALITY

MOTY docks to the end of the service fixture where all subsequent
operations can be controlled by the SOC.

MOTV opens dump valves permiting expendibles to be released from counter
balanced orifices on opposite sides of the vehicle.
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SCRVICING ACTIVITY [ATA

5.0 Cont System Safing 5
?Tné‘cnm 29 Lgneingency ATTACHENT
METHOD  SOC Dump Manifold PAGE 20F 3

SUBJECT Description of Selected Method

ML e
gl -\LU
::r-./,( o
% CuMe/RICE
ENDORLE TUBE

MOTV docks to the service fixture and is repositioned with the handling
boam to the translation rails on the service fixture where the standard fuel
interface connections are made to the service fixture manifold lines. An
extendible tube is released from the SF positioned 140/150 feet from the
main SOC structure, to where hazardous fluids and gasses can be dumped
safely. Purge gasses. could be available from SOC storage to supplement the
MOTV tankage. The extendible tube can also be utilized for dumping SOC

tankage.

ORIGINAL PAGE IS
OF POOR QUALITY
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SERVICING ACTIVITY DATA SHEET
Project: Servicing MOTVAITY at SOC

Activity No. 7.0 ORIGINAL PAGE IS
: OF POOR QUALITY

2.8 INSPECTICHECK DU '
0045618 ChEW 08 REFURBISHIENT 11 IXTENON JLarine e
| PLARNING DAMAGES SPeClion oot i s PATPULEION
GENERAL 600ULE SET

Reference Data

1. Orawing 42690-017, Unscheduled Maintenance/Repair on
Mvionics/Propulsion Modules, Space Operations Center

2. Drawing 42690-018, Inspection Concepts, In-Space 0TV, Space
Operations Center

Description of Activity

As the MOTV returns from its mission, it is secured to the cervicing
fixture (SF) and subsequently mated to the seal pressure port. When the crew
egresses the MOTV crew module, a set of inspection operations will commence to
determine the.general conditions of the crew module and the avionics/
propulsion module. Both internal and external inspection operations will be
performed. The crew compartment will be examined internally by SOC crew
members by observation and performing preplanned checkout operations. For the
external inspection, several concepts involving EVA were considered. The
selected concept is based on the use of the Manned Remote Work Station (MRWS)
or Open (herry Picker (OCP) on which an EVA astronaut is stationed. The OCP
can be transported to any particular area that requires inspection by the
handling boom. The procedure requires the handling boom to secure the OCP
while it is in its storage compartment and translate it to the vicinity of an
airlock. The astronaut can then egress from the airlock while secured by a
tether. Once secured within the foot restraints of OCP, the astrunaut will
release the tether and the handling boom will then transport him to any
particular exterior surface of the O0TV. Reversing the procedure upon
completion of the inspection operations will return the astronaut to the
airlock and the OCP to its storage compartment.
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t Equi t
o SF Payload Handling Boom

0 Open Cherry Picker (OCP)

Crew Involvement

o One EVA crewman to man the OCP and perform external inspections.

SOC Provisions/Oonfiguration Impact

Provisions for storing the open cherry picker on the SF are required. A
handling boom that interfaces with the OCP is also required. The handling
boom must be designed so that it can be controlled from the OCP as well as

from the control module.

Spacecraft Design Impact: N/A
Ocbiter Design Impact: N/A
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SERVICING ACTIVITY DATA .

FUNCT (7.0) MOTV Inspection/Checkout
PRCTION  otv/ory & 5 ATTACHMENT
METHD _ n/n PAGE_ 10F 1
SUBJECT  pescription of Selected Method
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SERVICE FrlE — / s m—
SUIDE LAILS { _|
TOMSLATING CAPEIER .
":" S sam sumver
RS SUPPOET 300M
S PN 28D 4 MODRE ASSX
HANGLING  Bgom
HTENND MIOULE L

(VTR MODULE

while the MOTV is berthed to the seal pressure port, the task of
inspecting the exterior surfaces of the crew and propulsion core modules is
accomplished by an EVA operation involving the OCP in conjunction with the
handling boom. Inspection operations may be visual only and/or involving
the handling of components. Besides the exterior surfaces, the astronauts
will be able to remove panels to inspect critical components located beneath
the exterior surfaces. The entire surfaces of both modules ave within the
reach of the handling boom as presently baselined.
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SERVICING ACTIVITY DATA
(7.0) MOTV Inspection/Checkout
FCTION  wotv/oTy & 5° ATTACHENT
METHD  N/A PAGE 10F )
SUBJECT Rationale for Selected Method

The use of the OCP for inspecting the exterior surfaces of the MOTV is
the most feasible method of those considered, but not the only one. The use
of the Manned Maneuvering Unit (MMJ) was also considered feasible and should
be utilized as a backup mode in the event its use is found necessary for
other SOC operations such as space construction. There are two major
reasons for selecting the OCP over the MMU:

1.

2.

The MMU was not designated to perform any other 0TV turnaround

_ operation. Hence, it was not necessary to dictate its use when

other pieces of equipment are available to perform the inspection
task. The OCP, in conjunction witn the handling boom, is required
to perform repair operations and can just as well perform
inspection operations.

Inspecting the exterior surfaces of the MOTV is not only a visual
task. It may well involve handling components and removing
panels. To perform these physical tasks, a work station such as

° the OCP is more appropriate for reacting forces than a free-flyer

such as the MMU.

The other alternate methods that were considered were not as convenient )
or flexible in their use as the selected method. In addition, trey add
complexity to the SF and MOTV designs without providing operating

advantages.
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_ SRVICING ACTIVITY DATA {

FUNCTION (7.0) MOTV Inspection/Checkout 3
FRCTION oiv/oTy & s | ATThORENT
METHID _ N/a PAGE 10F 1
SUBJECT tion of Alternate Method No. 1
e
MNELMET Guy MODUE
l ] |
1 | 1
i 1
mMMU F — - H-

oTv SEXVICE S
ST, MODULE
’——

- T
AN v - LB ) -
de Y| i
e L05LTICS
/ MOYLE

SERVIEE FTTEE —

FREE FLYER - QUIDE™ EANS L lil ] )

RES SUPPLRT oM
4 MOULE RSSY

BUTENNR MECHE L

The procedural steps of inspecting the exterior surfaces of the MOTV can
only be pre-planned to a certain degree. Depending on the findings of the
inspection operation, unplanned activities are certain to appear. A
free-flyer such as the MMU provides maximum adaptability to these unplanned
activities by transporting the astronauts to areas that may not be reachable
by other means. It is versatile and does not require the use of any
additional equipment. However, the minimal stability that it can provide by
its reaction jets is not comparable to the OCP when utilized as 3 work
platform.
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SRVICING ACTIVITY DATA

(7.0) MOTV Inspectionv/Checkout
FIRCTION gTv/oTv & 5F ATTACHYENT
METHOD N/A PLGE 10F1-

SUBJECT  Description of Alternate Method No. 2-

EVA

PERIPHERAL MHANINOLDS

SPIRALLING LENGTH OF
MODULE .

NELMET LIGHT

TEreCR

the inspection operations. Considering

the limited reach of a

ORIGINAL PA3E IS
0° POOR QUALITY

This method proposes to incorporate handiolds at strategic locations on
the periphery of the core module for use by a tethered astronaut to perforam

pressure-suited astronaut and the size of the co: e module, a considerable

number of handholds will have to be added.

Although the handholds are less
complex than the OCP or the MU, the flexipility of their use is limited.
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SERVICTNG ACTIVITY DATA

FUNCTION  (7.0) MOTV Inspection/Checkout

MOTV/OTY & SF ATTACHMENT

1TEM

METHOD /A PAGE - 10F 1

SUBJECT  pescription of Alternate Method No. 3

—————

The distinguishing feature of this method is the absence of EVA. It
consists of a circular track for an observation carriage on which a CCTV
camera is mounted. The circular track rides on the translation rail of the
SF and encompasses the entire MOTV. By the strategic positioning of the
circulation track and the observation carriage, the CCTV camera will be able
to observe the entire exterior surfaces of the core module and the crew
mocuie. As an automated technique it avoids EVA cperations completely.
However, the mechanization inherent in this method is quite complex and it
does not allow the added advantage of the astronaut's feel or the ability to
remove panel for inspecting beneath the exterior surfaces.
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SERVICING ACTIVITY DATA SHEET

N

Project: Servicing MOTV/OTV at SOC

Activity No: 8.0

: ORIGINAL PAGE iS
OF POOR QUALITY

TOINSPECYICHECROUT T2INTEROR i
SR L umem b e
L
GEhEnAL clion

Reference Data

1. Grumman, Manned Orbital Transfer vVehicle (MOTV), Vol 5,

Malysis, Oontract NAS9-15779, 7 November 1979

SO IRANSFER CAEW
MOoOULL TOSTOW S
SERVICE PORY 152§
CH TURRARGUND)

Turnaround

2. Drawing 4263%0-013, Flight Support Facility, OTV Configuration

Arrangements, Space Operations Center
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Description of Activity

It is assumed that the 0TV/SOC configuration prior to the initiztion of
this activity is as illustrated in Attachment 1. As such, the OTV is
supported on SF rails and its power is supplied by SOC through its docking
port. With the availability of power, all separation mechanisms are
envisioned to be remotely controlled. However, manual override provisions
along with accessibility and compatibility with EVA operations must
characterize all separation mechanisms for contingency conditions. The
activity encompasses the separation of fluid, electrical and structural
systems and the translation of the avionics/propulsion core module away from
the berthed crew module by utilizing the SF translation rail system.

Support Equipment

A translation rail system on the SF is required for this activity with
separately controlled support provisions for the crew module and the
avéimi.cs/promlsion core module, No manipulators are required for this
sctivity.

Crew Involvement

One IVA crewman is needed to operate the SF rail system. One EVA crewman
is required in the event of contigencies only.

SOC Provisions/onfigquration Impact

As a part of the SF, a translation rail system is required as aiscussed
under Support Equipment. In addition, a control panel from which to operate
the rail systm as well as all the separation mechanism would be required
within the control module.

Spacecraft Design Impact

Both the OTV crew module and the avionics/propulsion core module will
require provisions to interface with the SF translation rail system. These
interfaces are in the form of two PIDA heads for each module. Three
mechanisms are required to separate the OTV structural, fluid and electrical
subsystems. Since remote actuation is envisioned, control provisions leading
to a control panel aboard the control module would be required.

Orbiter Design Impact: N/A
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SERVICING ACTIVITY DATA

FUNCTION é‘?‘}oc)mgeparation of Crew Module from ATT.
| ITEM MOTV/OTV & SFM
METHOD _ N/A PAGE 10Fa
SUBJECT Pre-Separation SOC Qonfiguration
CrREW . g
Avionics/ MODW E ;
PROPULSION - gl |
MODULE .\ 4 : 1
. ! -
PrRORT 3 1)
u \ SRRPRLY o i = —
77,7 r k&* Sl 7 .
Ly 11t 0L
— !
\ 1
‘Q /0 \ ﬁ'l
- Zrevice T
FIXTURE 1|,
MODULE '
(5F) :
] A Y
~o

The significant feature of the SOC during this activity i1s the support

- rall system of the servicing fixture (SF).

Two individually activated sets of

supports are required, one for the crew module and the other for the

avionics/propulsion core module.

In this way, the core module can be

translated away from the core module once the separation mechanisms were

activated.

ORIGINAL PAGE IS
OF POOR QUALITY

0157p-3

on-

"‘/‘

.y

2




SERVICING ACTIVITY [ATA

(8.0) Separation of Crew Module from 1
ey IN o1V core ATTACHVENT
‘ MOTV/0TV & SFM -
METHOD N/A PAGE 20F &
SUBJECT  Post Separation SOC Configuration
ceew i
AVIONICS/ MODULE ‘
PROPULSION .. ' ]
MODULE ™\, X )
3 \ LY ) '
lsuproets .
- T \ N |
=]
LWAAL A ‘v’l
AT L R
\ -
.0 /l ¢ 1===.==’+
SEPVICE ..
FIXTURE L
MODULE ]
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Three major subsystem mechanisms are required to fully separate the crew
module from the avionics/propulsion core module. The main procedural steps

that lead to the activation of each subsystem separation mechanism are listed
below: .

o Fluid Systems .
o Close shutoff valves on both sides of separation interface
0 verify valve closure
o Vent/purge interface cavities
0 Activate separation mechanism
0 Verify demating
o Electrical Systems
o Shutoff power across separation interface
o verify power off
o Activate separation mechanism
(1] verify demating

a tructural Systems

S
o Activate separation mechanism
o Verify demating

o] Translate avionics/propulsion module away from crew module
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SERVICING ACTIVITY DATA

(8.0) Separation of Crew Module from
mxm 1N o1V Core ATTACHMENT
‘ MOTV/OTV & SFM .
METHOD N/A PAGE 3 0F &4

SUBJECT QTV/SFM Interface

Both the crew module and the avionics/propulsion core module are attached
to SF rail by a two-point support system. Each support is a PIDA head
interface as shown above. The crew module interfaces are structural supports
only while the avionics/propulsion core interface may incorporate utilities
and monitoring provisions in addition to their structural support functions.

ORIGINAL PAGE IS
OF POOR QUALITY
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SIRVICING ACTIVITY DATA

3 ame o
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SUBECT __ Typical Separation Mechanism concepts

(8.0) Separation of Crew Module from
mlm"w OTV Core ATTACHVENT
‘ MOTV /OTV
LMETHD  N/A PAGE_ 4 OF &°

- REMOTE ACTUATED INTERFACE CONNECTORS CONCEPTS

Three types of mechanisms are required to separate the crew module from
the avionics/propulsion module. The first type is a set of solenoid operated
latches similar to those utilized in docking mechanisms. Their main function
is to maintain a structural connection petween the crew module and the core.
The other two types are functionally similar in that each consists of a
motorized actuator driving acme screws to which attached is a platten that
supports the electrical or fluid connecticns as illustrated above. These
active halves of the interfaces will be located on the crew module side. The
other halves, on the avionics/propulsion core modu.e will be passive devices
that accepts the illustrated plattens. #ppropriate guides and alignment pins
will be incorporated into the plattens.
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SERVICING ACTIVITY DATA SHEET
Project: Servicing MOTV/AOTYV at SOC

Activity No: 9.0

SETRANSFER CAEW J80SCHs DULED

SO SEPARATE at Z
AVIONICS! Qf,’,‘.‘g‘. "g :} 0‘:‘: nue?&f f:‘: '«':3‘. on
WOouULL SET CM TURNARQUND} “w:uom‘t 134

Reference Data

1. ODrawing 426%90-013, Flight Support Facility, 0TV Configuration
. Arrangements, Space Operations Center

Description of Activity

The OTV servicing activity flow chart specified that whenever a subsequent
0TV mission 1s unmanned, the crew module 1s separated from the OTY and stored
on board the SOC until the next manned OTV mission. A special store and
service port was designed where the crew module can be stored as illustrated
in the reference drawing. At the and of Activity 8, the crew module was
attached to the seal pressure port of the SF. Various options were considered
to transfer the crew module from the seal pressure port to the store and
service port. However, the activity analysis has shown that the seal pressure
port can also be utilized as a stow and service port and, 1f so utilized, will
eliminate the need for a transfer operation as well as the need for a special
store and service port. One disadvantage of this procedure is a restriction
on the mobility of the ROM. Whenever the RCM is required to swing across the
SF, the RCM cab must be oriented away from the SF to avoid collision with the
stored crew module. This condition is clearly implied in the attachment
describing a crew module transfer operation in the event this approach was
found unacceptable by a future analysis. In the meantime, the concept of

using the seal pressure port as a stow and service port will be adopted as the
baseline.

Support Equipment: N/A

Crew Involvement: N/A
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SOC Provisions/Confiquration Impact

Provisions to maintain the crew module in a state of readiness and its use
as en additional habitation compartment must be incorporated into the seal

pressure port.

"
a ok Al el oo Fark slown s bkl e

SEcecraft Design Impact: N/A
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Ocbiter Design Impact: N/A
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_SERVICING ACTIVITY DATA

FUNCT (9.0) Crew Module Transfer to Stow & 1 !
MOT//0TV & SF . :

METHOD  N/P PAGE 10F1 )

SUBVECT Description of Alternate Method

POTEN TIAL 1
LOGISTICS

MOOULE
LOCATION

- - )
P0Te ATIAL
CUERRAMCE
PROBLEM

To transfer the crew module to the store and service prot, the following
major procedural steps are required:

~—
PRV SESRY S

o Close seal pressure port
o Demate crew module from seal pressure port
o] Translate crew module (on SF rails) away from seal pressure port '
o Grasp crew module by RCM arm .
0  Release latches (PID.A heads) holding crew module to SF supports
o Transfer crew module toward store and service port and orient.
o Berth crew module to store and service port.
ORIGalAL P/.CE I8
OF POOR QUALITY
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SERVICING ACTIVITY DATA SHEET
Project: Servicing OTV at SOC

Actlvity No  10.0 ORIGINAL P/.3E 13

OF POCR QUALITY
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Reference gata

1. DOrawing 42690-016, Replacement Concepts, Avionics
‘LRU's - Oonfiguration Arrangement, Space Operations Center

Description of Activity

To remove and replace a LRU module, the activity begins by removing
the deflective module from the OTV using the handling boom. The handling
boom transports the defective LRU to the LRU storage compartment and
hands of f to the storage compartment swing arm. The swing arm disposes
of the defective module by installing it in an empty module slot. Then
the swing arm reaches over to a new module, removes it from its slot and
hands it off to the handling boom. The handling boom transports the new
LRU module to the OTV and installs it in place of the previously removed
defective module. This activity will be repeated until all defective
LRU modules are replaced with new ones.

Support Equipment
0 Handling Boom
o Storage (ompartment Swing Arm

Crew Involvement

One .VA crewman within the SF control module to operate the handling
boom and the swing arm.
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SOC Provision/Configuration Impact

SF provisions that are required far this activity include the )
handling boom, storage compartments for the LRU's and a swing arm for
each storage compartment. As an initial configuration two storage
compartments are sufficient for servicing the QTV.

Spacecraft Design Impact

The replaceable LRU's must be accessible to and operationally
compatible with the handling boom and its end effector. The LRU's must
be similarly compatible with swing arm operations.

Crbiter Design Impact N/A
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XRVICING ACTIVITY DATA

FURCTION 1.0 Replacing LAU's ATTACHVENT 1

METHD  w/p PAGE 10F 4"
| SUBJECT sic Configuration Description

3

28D/1NTEE
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e

otBIvAL

(73
N\, Kt FRrTueE
TRANSACE N /‘mﬂ[
VEnICLL

At the initiation of this activity, the MOTV crew module is berthed to .
the control module seal pressure port and separated from the core
avionics/propulsion module which is now located at the 0TV servicing
station. The LRU's are housed at the forward end of the core module where ;
all avionics components for operating and controlling the OTV are housed.

ORIGINML PATE 13
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SERVICING ACTIVITY DATA__. l
i

FUNCTION  (10.0) Replacing LRU's . ACHMENT 1
| ITEM  MoTv/OTY ZCF 3% _
MEHD WA - PAGE : ) J

SUBJECT  SUC Basic Configuration Description

S e a e

LRU MODULE (TvP)

The LRU's are externally mounted on a skirt that connects the propulsion
module to the crew module. The skirt houses other elements and compenents
of the OTV internally. Since the forward end of the skirt is totally
accessible, LRU's could conceivably be located internal to the skirt.
However, this condition is dependent on the servicing sequence.

. c 1S
ORIGINAL PAGE
OF POOR QUALITY
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_ERVICING ACTIVITY DATA

FUNCTION (10.0) Regplacing LRU's
ITEM MOTV/0TV . ATTACHENT
m Module Fxchange PAGE 3 0F &

XB.ECT_pescriotion of Selected Method

s/ ST

wctachments of the LRU on the OTV and within the storage compartment are
similar in concept as illustrated above. The mounting surfce features two
module restraint pins, a target for the end effector TV camera and two
floating nuts which accept the captive latch crew of the module. The latch
screws penetrate the entire module to the opposite side wnere they interface
witn an adapter fitting as part of the standard grapple end effector. -
Turning the adapter one way will unthread the latch screw and the other way
to mount the module on the surface.

ORIGNAL & 22 1S
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SERVICING ACTIVITY DATA

FUNCTION (10.0) Replacing LRU's :
ITEM MOTV /OTY . ATTAGYENT
| ~LRlLStarage. : PAGE AOF 4 °

SUBJECT  peceripts ' o
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ACTI? st W T Aor)
/-'”“"" ~oai D3/ sear.

R l: . d
: 2 A
A |/
/ rressmmac \_.n LURMLNER? sy
O LT T Run a daones caumsinr

v/iEw s:.cs . .

The storage compartment of the LRU s and the associted swing arm is
illustrated above. A total of 14 units can be stored in one compartment and
serviced by a single swing arm. Two access doors are provided on the Sk to
facilitate LRU handouts to or from either of two handling booms. The swing
arm features five degrees of freedom and a CCTV camera to allow the swing
arm operator to observe mounting or dismounting operations.
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FUNCTION (10.0) Replacing LRU's 2
ITEN __ MOTV/OTV . | ATTAGRENT
METHD N/ PAGE 1 OF 1

SUBJECT potisnale for selectad Methad

Logistics considerations, such as ease of handling, storage and exchange
operations were the primary drivers in the selected concept. The typical
LRU module is approximately 1.0m x 1.0m x 0.5m in size which can be handled . :
quite easily by the handling boom and the swing arm. The LRU size is
comparable to modules utilized similarly in the Multi Mission Modular
Spacecraft (MMS) program and it is comracible with passage through docking
ports in the event future SOC growth provisions included a repair facility
for LRU's. In Alternate Method "A", where the entire avionics skirt/adapter
must be exchanged, the efficiency of LRU usage is considerably less than the
selected method. The number of spare units that can be stored is also less
than the selected method. Futhermore, the avionics skirt/adapter may house
other subsystem components with a different replacement rate requirement
than the LRU's. On the other hand, alternate Method "B", where ¢amponent
replacements are suggested, consumes more time operationally than the
selected method, requires more spare units to be in storage, and introudces
the difficulty of handling smaller units with a grappling end effector.
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_XRVICING ACTIVITY DATA

TTEM MOTV/OTY

LMETHOD oy ionics Skirt/Adapter Exchange PAGE 10F 1
| SUBECT rescrigtion of Alternats Method "A"
e § 38 M ([".‘) osns———r
ACLIE PLATS
‘. .
‘ LU M (c80)
1
T (x20)

i

365 MDA (168.0) e

.

OTV _AVIONILS  AOAPTOE SKIRT ASSY

'-.lsz » (6.0)

ORIGINAL PAGE S
OF POOR QUALITY

This method is operationally similar to the selected method except the
entire avionics adapter skirt is replaced rather than individual modules.
With 1ts size shown, the adapter is considerably larger than a module and
introduces more logictical problems than the selected method.
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SIRVICING ACTIVITY [ATA

(10.0) Replacing LRU's 4
anmm MOTV /0TV ATTACHENT
| METHID__ Component Exchange PAGE 10F 1

- IROINIUAK JMIYITEN
AN TY
- / CAMPSAIN
o ‘\- .
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= -~ \\
\\
SUBSYITEN ATIS
AATE
OTV AVIORICS ASSEmBLy
wIN ADAPTAL SXIRT
INDIVIDUAL COMPONENT PILACE LONCLEPT .
R —— e

Similar operational procedures are required for this method as those in
the selected method except that individual components are exchanged, as
suggusted by the above sketch, rather than modules as in the selected
method. Again, this method introduced logistical problems that were not
introudced in the selected method such as the number of the required spare

parts.
oRIIIAL FASI LS
OF POOR QUALITY
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SERVICING ACTIVITY DATA SHEET
Project: Unscheduled Maintenance/Repair to an OTV at the Service Fixture

Activity No.: 11.0
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Reference Data

1. Grumman, Manned Orbital Transfer vehicle (MOTV), Vol. S, Turnaround
Malysis, Oontract NAS-25779, 7 November 1979

2. Drawing 42690-015, Flight Support Facility, 0TV Redocking Concepts,
Space Operations Center, November 1980 .

3. Drawing 42690-016, Replacement Concepts, LRU's Configuraticn
Arrangements, Space Operations Center, December 1980

Description of Activitz'

The activity of unscheduled maintenance/repair for an orbaital transfer
vehicle would involve vehicle components such as avionics module, FCS quad
engine, vehicle propulsion engine, and damage to surface panels. There are
three methods to assess or repair operational failure or damage. The primary
method utilizes the handling boom as a transfer agent in conjunction with tne
OCP as a manned working platform. The two secondary methods are the Remote
Control Module (RCM) arm in conjunction with the OCP, or the Manned
Maneuvering hit (MMU). Both secondary methods would be backup modes which
will provide a measure of redundancy to this activity.

Support Equipment

o Translation ralls on Service Fixture
o Handling Boom & Support Carrier
o Cherry Picker
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) RCM Arm
o WU
o Lighting & CCTV

Crew Involvement

IVA: One man operating service fixture handling boom from service control
module

EVA: One man to operate cherry picker
SCC_Provisions/Configuration Impact

The translation system, with its capability to handle equipment during
buildup or service to an OTV operation, is a required provision of the service
fixture assembly. The translation system and its handling boom are discussed
in Activity No. 3.0. This sctivity also requires storage provisions for the
cherry picker when not in use, and for spare items on a Iogistics cradle.
Liwstgng and CCTV must be incorporated into the service fixture operational
system,

Spacecraft Desiogn Impact

Unscheduled 0TV maintenance operations in space are almost a certainty.
To accommodate these activities as many OTV components as possible, such as
engines, skin panels and onboard propeliant tanks, must be designed to be
easily removed and replaced in space while the OTV is berthed to the service
fixture. On the other hand, the provisicn of such an operational flexibiltiy
may be too costiy to implement, when compared to a system that would require
replacement, iepair or modification made at an earth based facility. A
comprehensive trade study would be required to determine a feasible QTV
configuration along these guidelines.

Orbiter Design Impact: None
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SERVICING ACTIVITY DATA

FUNCTION 11.0 0TV Unscheduled Maintenance/Repair ATT
1TEM OTV/SF ACHVENT
METHOD  N/A ' PAGE 10F 4

SUBJECT  SOC Configuration

1IN
)

The SOC configuration at the initiation of this activity is shown
above. The crew or payload module and the core propulsion module are
berthed on the service fixture and sufficient spare parts to perform the
activity are stored either within specially designed compartments wathin the
service fixture or at a logistics cradle berthed to one of the SOC ports as
ShO\Vn. - -

ORIGINAL FATI IS
OF POOR QUALITY
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_SERVICING ACTIVITY DATA

11.0 0TV Unscheduled Maintenance/Repair
I;Tﬁﬂm OTV/SF ATTACHMENT
METHOD Translating Handling Boom PAGE 20F &
SUBJECT Description of Selected Method

~
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Operation Procedure

o

With SF handling boom and manned cherry picker, remove damage

- . » A——— o &

e ® il

component (RCS quad, propellant engine, skin panel, etc.)
o Transport part to logistic cradle and secure
o Pickup replacement and transport to OTV for attachment

o Activate latches, mechanisms or cystems to mate replacement part to
orbital vehicle

o verify mating interface
« 0 Checkout complete functional system

ORIGINAL PASRT |
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SERVICING ACTIVITY IAT,

FUNCTION 11.0 OTV Unscheduled Maintenence/Repair ATTACHVENT

| 1TEM OTV/SF -
METHD __ sr mandling Acom With Cherry Picker PAGE 3Q0F &

| UBECT__tescrintinn of Selected Method

{

Lrear 08 coors

CLs B LR T

Operation Procedure

The service fixture handling boom translates along rails supported by
the SF structure. A boom moving along these rails can perform work
functions at or around vehicles berthed along the system. To ald in tnese
tasks, a cherry picker can be supported from the end effector of the boom.
An astronaut in the cherry picker has the capability to control the complete
system to facilitate all work assignments within the reach limits of the
booms,

ORIGINAL PAGE 1g
OF POOR QuALITY
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SERVICING ACTIVITY DATA

FUNCTION 11.0 OTV Unscheduled Maintenance/Repair ATTACHMENT 1
ITEM OTV/SF

METHD o PAGE 4 OF &
SUBJECT

Operation Procedure

The service fixture as configured can accommodate more than one handling
boom. This arrangement would allow more than one operation to be performed
simultaneously. As shown above, a two track system may be utilized to aid
in the overall service/repair operations associated with an OTV. A system !

configured in this manner has the capability of servicing parallel or tandem
type OTvs.
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_ SERVICING ACTIVITY DATA |

11.0 OTV Unscheduled Maintenance/Repalir 2 X

PRCTION o1 /sr ATTACHVENT ,;
p— i
METHOD __ n/aA PAGE 10F 1" 3 !

SUBECT  Rationale for Selected Method

The selected method to perform unscheduled maintenance/repair of an 0TV,
was bac=lined primarily because the handling boom/cherry picker combination
is availasle, and it can utilize the most direct transfer path. The boom \
alsc provides the most accurate operation, since it is anchored to the
service fixture and all assembly operations. Using this combination as the
primary method allows the secondary systems; the remote control module (ROM)
and the MMU to perform other operations simultaneously within the SOC and
service fixture circle of activity.

The alternative method using the RCM can also perform this activity
adequately. However, its assignment as a backup method would allow it to
perforn other functions associated with large space construction. The MMU
has good maneuverability but could be limited in service/handling of other ,

- than small components during exchange/repair operations. '

“w,
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SERVICING ACTIVITY DAT ¢

11.0 0TV tnscheduled Maintenance/Repair
I;Tumcrlm OTV /SF ATTACHENT

| METHOD __ RoM With Manned Cherry Picker PAGE 10F1 -

| SUB.E ription of Alternate Method "A"

) & 8D arew

Operation Procedure

o RCM with manned cherry picker removes OTV component engine or panels
o Transport part to logistics cradle and secure part

o Pick up replacement and transport to respective area on 0TV and
attach.

.} Checkout to verify mati g sttachment and operation.
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SERVICING ACTIVITY [ATA

f"r'éﬁ"m 311\'(,)5‘? 0TV Unscheduled Maintenance/Repair ATTACHENT
METHOD Manned Maneuvering Unit PAGE 10F 1

SUBJECT  Dpescription of Alternate Method "B"

OTV CREW MODULE .

=

AVIONICS MODULES

mMMU

PROPULS ION
CORE TANK

Operation Procedure

The utilization of an MMJ in a service/repair mode would primarily
consist of visual inspection and damage assessment. The performance of
actual component exchanges from an MMU requires the astronaut to have all
necessary tools, equipment, and MMU retention tie-downs on hand to execute
basic exchange operations.

ORICINAL FACT 15
OF POOR QUALITY
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SERVICING ACTIVITY DATA
Servicing OTV at SOC

- 140 ORIGINAL PAGE 1S
OF POOR QUALITY

NENEALL FLWDS s e “‘“"“ ] J:.'.:.ﬁ.‘.:‘:.‘v
SUPPLIES LEXCEPS w*ig v MOOULL/PAYLOAD
wiu A oan 10 FROPULSION
BOCULE

Refezence Data

Rockwell Drawing 42590-015, 016
Description of Activity

0 SQOC is docked to the orbiter on service module-1

o Payload is located in orbiter paylcad bay with the OTV interface
forward

o Payload is deployed from the payload bay using a single PIDA
deployment aid. Dual PIDA deployment may be used where the payload
tength would dictate

V] Payload is grasped by the 0TV handling boom end effector at a grapple
fixture normal to the PIDA interface

o Payload is released from the PIDA, rotated 180° about the end
effector roll axis and relocated next to the inboard side of the SF

0 Payload is berthed onto the SF sﬁpport caxier PIDA head interface
and released from the OTV handling boom

NOTE: If the payload is located in the payload bay with the 0TV
interface aft, the PIDA head would be required to rotate the
payload 180° in roll prior to Activity 15.0.

Support Equipment: PIDA, OTV handling boom, support carrier interface
Crew Involvement: IVA - Orbiter and SOC operations
0150P-1 X (4
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SOC Provisions/Oonfiguration Impact

The OTV support carrier with PIDA-head pickup is utilized to secure the )
payload to the SF. The 0TV handling boom with end effector provides the
transport from the arbiter to the SF. Control for these operations is

accomplished from the flight support servicing control center located in the
SF support adaptor.

Payload Design Impact )

PIDA interfaces are required for deployment from the orbiter payload bay.
The same interface will be utilizad to secure the payload to the SF support
carrier fittings.

A grapple fixture is required ts interface with the SF 0TV handling boom.
Orbiter Impact

PIDA devices are required for the payload deployment operation.
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SERVICING ACTIVITY DATA

FUNCTION é&.:o Transfer OTV P/L to SF ATTACHENT 1
ITEM .
METHOD . PAGE 10F2

SUBJECT socC mnfiggration

} — S——

!
}

- —

TYivisem

AUV

————

Significant Servicing Features

o Service fixture (SF) module provides operating stmcturé and
support carriers for OTV payload handling and assembly

o OTV handling boom on translation rails provides on-site 5
manipulation of OTV components including payload module. Boom '
incorporates RMS type end effector. Boom is located on SF as shown
in View A-A above. . '

ORIGINAL PAGE 13
OF POOR QUALITY
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_SERVICING ACTIVITY [ATA 1

14.0 Transfer OTV Payload to SF
TTUQTICN N/A ATTACHMENT
METHOD _ OTV Handling Boom PAGE 20F 2

SUBJECT pescription of Selected Method

ORIGINAL FAGE IS
OF POOR QUALITY

Description of Selected Method

The selected method for transferring the payload from the orbiter to the
SF utilizes the 0TV handling boom located on the SF. The boom is located on
the SF as indicated on the above sketch. This location permits the handling
boom to reach the payload. The payload is deployed from the orbiter
utilizing a PIDA device(s). The PIDA interface is utilized both for the
payload deployment from the orbiter and to secure the payload to the SF via
the support carrier. The payload is rotated as shown in order to utilize
the common PIDA attachment interface. .

The payload is berthed to the support carrier on the S7 by a handling
boom utlizing appropriate lighting, TV, and aligmment aids.
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SERVILING ACTIVITY DATA

—_— - - — e —— -

14.0 Transfer OTV Payload to SF
FUNCTION \/a d ATTACHYENT

METHOD _ N/A PAGE 10F2

SUBJECT Rational and Trade Data

The function inherently requires three separate activities -deployment
from the payload bay, transportation to the SF, station, and berthing to the

[}
~

Deployment

The payload envelope is assumed to be in the range of the maximum
payload bay diameter, thus, requiring a payload deployment device such as
the PIDA. The PIDA interface on the payload to accommodate deployment will
also be utilized to interface with the SF support carrier, thus, mini.mizing
the hardware and interfaces required on the payload.

Transportation

The Orbiter RMS has insufficient reach capability to transport the
payload to the SF, The SOC RMS has the reach capability for transport,
however, the 0TV payload transfer could impact other parallel SOC activities
that require the ROM,

The 0TV handling boom, dedicated to handling and assembly of components
on the SF, has the reach capability to the PIDA deployment station.
Consequently, the handling boom was selected for this activity because it
has sufficient reach capability and will not interfer with other SOC
operations.

Berthing

The SOC RCM has the capability to berth the OTV payload to the SF

+ support carrier. The SF handling boom is 2lso capable of performing this
function. However, the boom being attached to the SF will provide a more
positive berthing control operation, and was, therefore, selected to perform
this function. In addition, use of the boom for this operation will free
the RCM to perform other functions simultaneously.

ORICINAL FAED IS
OF POOR QUALITY
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_ SERVICING ACTIVITY DATA

FUNCTION 14.0 Transfer OTV Payload to SF ATTACHYENT 3
LITEM .
METHOD  SOC ROM PAGE 10F 1

SUBJELT Description of Alternate Methcd

UNDERMNEATH
BERTHING

SOC RCM removes payload from PIDA deployment, transfers payload to SF,
and berths payload anto the SF support carrier interface.

RCM has reach capability to make installation from overhead (upper
sketch), where the payload is carried in the orbiter payload bay with the
interface aft; or to make installation from underneath (lower sketch), where
the payload is carried with the interface forward, The latter method
requires rotation of the nayload i80° during transport in order to align the
common PICA interface.

ORIGINAL PAGE IS
OF POOR QUALITY
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—SERVICING ACTIVITY DATA

4
wtm #’AO Transfer OTV Payload to SF ATTACHVENT

SF TROLLEY-MOUNTED
BERTHING INTERFACE

SF * OTV- HANDLING : |
BOOM ;

___METHODS ;
Selected Boum Alternate RCM - 1

(1) Support Rails on SF
a) Trolley Mounted Berthing
b) PIDA Interface
c) TV-Lights-Reticles

(2) OTV Handling Boom
a) End Effector
b) TvV-Lights

(3) RCM
a) Eud Effector
b) Tv-Lights

(4) Payload Equipment
a) PIDA Interface
b) Grapple Fixture

(5) IVA
a) Service Fixture Module
b) RCM Control Module

MO PPt MM
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ORIGINAL PAGE 1S
OF POOR QUALITY

SERVICING ACTIVITY DATA SHEET
Project: Servicing OTV at SOC -

Activity No: 17.0

.0 CuECKONT 100 WSTALL URDP
ASSEMBLY TANKS & CHLCK
coniinuity CONtiminty

119 BEFUEL CORE
PROMALLION HOBULE

Reference Data

Task 4 Dwg No. 42690-18, 42696-17
Description of Activity

. The activity assumes the SOC configuration to be as shown in Attachment 1
where the transfer is routed from the payload bay to a location on the service
fixture designated as the fueling station. At that point, the interface
connection to the propulsion core module LO; and LHp are mated and the
tanks refilled with the aid of payload bay pack pressure and/or service

* fixture pumps.

.-
N

Support Equioment

o Lines and swing-arm fule connectors on service fixture
0  Service fixture station-indexing controls
6  SF lighting and TV

Crew_Involvement

EVA: None
IVA: SOC service fixture operator
SOC Provisions !

o Longitudinal distribution lines/valves/pumps internal to the service
facility structure

o] Single degree of freedom swing-arms Lo interconnect with the
spacecraft tanks external to the service facility

o Lighting and TV for viewing the actual interface as connections are
made and monitored during the fill cycle

. At e st b & e
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- Spacecraft Design Impact

¢ Specific standard coordinate locations for fueling/refusling
d interconnections on core module tanks and any other tanks requiring fuel
transfer - to match fueling station coordinates.

Orbiter Design Impact: None
Attachments
1. SOC Configuration
2. Selected Method
3. Rationale and Trades
4. Alternate Method

” 0154P-2 88




RVICING ACTIVITY DATA

—_ FUNCTION 1]54\0 Refuel Core Propulsion Module ATTACHVENT 1 )
‘ I1TEM R . | )
METHOD N/A PAGE 10F2 - -

SUBJECT SOC Configuration . !

\GIAL PAGE 1S
gg POOR QUAL\TY

The SOC baseline configuration for fuel transfer is taken from Drawing
42690-014.

- ok
=3

Fuel is transferred from the payload bay through a short swivel bcom to
hardline routing on the SOC; starting at service module 1, up and across to
the OTV service fixture. L2 and LH2 are in separate line routings on
opposite sides of the service module.
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SERVICING ACTIVITY DATA

FUNCT 17.0 Refuel Core Propulsion Module 1l l
e W N |
METHO _ w/ PAGE 2 OF 2 |
: i

SUBJECT _ soc_ponfiguration

ORIGIMNAL PAGE IS
OF POOR QUALITY

vy,

The SOC service fixture as described in Drawing 42690-017, is essentially !
utilized on all six external surfaces by spacecraft storage or servicing and
by OTV handling booms. Routing and interconnect fixtures external to the SF ;
structure would impact or provide hazard to other external activities. All '
::wtactivity elements are located inside the structure as described in '

n 2. i
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SRVICING ACTIVITY DATA I

17.0 Refue] Core Propulsion Module 2
= ?Txgrlm Distribution. . ATTACHMENT ’
| MTHOD  1nternal to SF PAGE 10F 3 ) ,

[ SUBJECT opescription of Selected Method : ‘

ORIGINAL PAGE IS
OF POOR QUALITY.
b

i

The fuei distribution along the service fixture consists of Hp and O
lines routed longitudinally inside the two opposite cor .rs of the SF.
Interface branches at one or more refueling stations are routed inside the SF
for access to either side where the support ralls can translite spacecraft for
servicing. Interface branches could be made as desired to ' ne drop tank
support rails in the same manner while maintaining separation.

i
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FUNCTION 17.0 Refuel Core Propulc.un Module 2
|ITEM Branching Interfaces ATTACHVENT '

| METHID _ sipgle Axis Swing Arm PASE 20F3

[ T |

SQC operator translates core module to the select~d refueling statinn,
where the tank interfaces are indexed to match the swing arm (approximately
32 inches). A connector actuator actively engages the fluid connector and
pulls in to make a solid connection. The swing arm has a single axis of
rotation. When the distribution valve and the tank valve are opened, fuel may t 3
be transferred. After refueling the swing arm is rotated back completely
inside the SF structure. Both connector halves are self-sealing poppet ¥

comnectors. . !
‘ J
]
}
|
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_ SFRVICING ACTIVITY DATA

FUNCTION 17.0 Refuel Core Propulsion Module

ITEW  Vecsatility . ATTACHHENT

METHOD /g PAGE 30F3
| SUBJECT neccriptign of Selucted Method

18
HRIGINAL PAGE
hf POOR QUALITY

\ \

2TQRAGE TANKS

Qﬁ_OOZ TANK >
Ha TANK

e = = . _VNVESmo PUMPS . . . |
N - - TO SM-t

Y

SCHEMATIC

Reference Dslia

The distribution system as shown has the versatility to support functions
other than cure module refueling.

If propellant storage tanks were to be incorporated in the service
fixture: fuel transfer to and from the storage tanks could be made; payload
bay excess following refueling could be stored in the tanks for future use;
orbiter refueling schedules need not be tied to the core module scenario; and
excess vehicle fuel at the time of docking could be stored for reuse,

Tow refueling stations would permit fuel transfer and direct topping-off
of drop tank propellants for concingency.
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SIRVICING ACTIVITY DATA
FUNCTION 17.0 Refuel Core Propuision Hodule 3
| 1Ten N/A ATTACHMENT
METHD _ n/A PAGE 10F1
" | SUBECT eatjonale and Trades

Distribution System

The distribution system described in Attachment 2 is necessary for safe
refueling operations. It festures maximum separation of 02 and H2 lines to
minimize hazardous conditions in the event leakage occurs.

Interface Oonnections

Connections through the support assently, Attachment 4, have an !
advantage of mating accuracy. They also have some oistinct disadvantages:

1. It requires close proximity connections where leakage could be
a serious hazard

2. Routing fuel lines through an interface already requiring data
and control connections is complex .

3. It requires flexible or telescoping lines that pose difficult
sealing requirements .

Connections through separate swing arms, Attachment 2, have the
advantage of maximum separation and of a simplified Sealing requiresent at
only one joint. Disadvantages are: !

1. Slightly less built-in accuracy although the support assembly
travel requirement is the same as above and the support
assembly can be extendea or zetracted to the desired height.

e dmen

2. The off-center connection location may not be most convenient
for all tanks that might be considered.

These disadvantages are not critical drivers and the method described in ' .
Attachment 2 was selected as the baseline.

0l54p-8 Vel

- e
.



il te Bt I R L AR hna o B - R Crm S Y PRV S A AW ora e e g =

S e e TPy
ol ¥

SERVICING ACTIVITY DATA
f%cnm SAO Refuel Core Propulsion Module ATTAGIENT 4
METHOD Through PIDA Support Asscmbly PAGE 10F1 | “)
SUBJECT Oescription of Alternate Method

ORIGINAL PAGE 1S
OF POOR QUALTY

o
-t

The refuelling interface to the core module is routed directly through the
PIDA support assembly.

Internal service fixture lines are fed up through the support assembly to
interface with the tank connectors at the berthing interface. The connections
have excellent mating accuracy. Prior tc and after refueling, the connection
device is retracted to the SF surface, so that the support assembly can be
moved along the translation rails.

v Y

a
e el A b fadet s e

o o B e s Abams - ————

0ls4P-9 62

[IRUOE FUNGTRUE



———

SERVICING ACTIVITY DATA SHEET
Project: Servicing MOTV/OTV at SOC - ORIGINAL PAGE i3
OF POOR QUALITY
Activity No 18.0

——— e

WOACHIVALL & LD

186 NSIALL GALP
. TANKS & LHICK
ContinutY

130 REFUEL COME SYSTLMS INSLONNLCE
PROMILSION MODUL $SOC POWL A & SUPPORT
¢ LOUrMI B8 HOOK UrS

TAULLLYS

Reference Data

1. Grumman, Manned Orbital Transfer Vehicle {MOTV) Volume 5,
furnaround Analysis, Contract NAS-25779, 7 November 1979

2. Drawing 42690-013, Flight Support Facility, OTV Config.
Acrangements, Space Operations Center, October 1980

3. Urawing 42696015, Flight Support Facility, OTV Redccking
oncepts, Space Operations Center, November 1980
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Description of Activity

Three major tasks comprise the installation of each OTV drop tank,
its deployment from the cargo bay, its transfer to the service fixture
module and its berthing to the OTV propulsion core. The selected tank
installation method includes one primary method and two secondary ones
which can be utilized as backup. All threes utilize the same tank
dgeployment and berthing techniques. They oiffer only in the use of a
tank transfer agent. In the primary method the handling boom is utilized
as the transfer egent. In the secondary methods, one utilizes the RCM
arm as the transfer agent and the other a combination of the RMS and the
handling boom. An alternate method is persented which employs a
different berthing technique and it also has the option of using anyone
of the transfer agents utilized for the selected method. In either case,
the activity assumes that the OTV propulsion core is located on a protion
of the SF designated as the OTV assembly station with the necessary
provisions to perform OTv tank installation. It begins by a PIDA
assisted deployment of the tank fom the cargo bay, tranferring it to the
SF by any of the agents discussed and berthing it directly to the 0TV

propulsion core.
Construction Support Equipment

o0  Translation Rails on SF

0 Handling Boom

0 RMS

o RCM Arm

0  Manned Remote Working Station - MRWS (Open Cherry Picker - OCP)
o PIDA

o Lighting and TV

Crew Involvement

IVAa: One man for operating the PIDA, and the RMS. One man for
operating the RCM arm and the handling boom

EVA: One man to perform structural attachments
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SOC Provisions/Configuration Impact

A translation system by which to move and place the 0TV propulsion core on
the OTV assembly station is a required provision of the service fixture module
(SF). In addition, the handling boom along with its own translation system,
as discussed in Activity 3 would be a required piece of equipment on the SF to
provide the primary capability for transferring the tanks from the orbiter
cargo bay to the SF.

To provide an OTV assembly station, lighting and CCTV provisions must be
incorporated into the SF in addition to the aforementioned equipment.

Spececraft Design Impact

Structural and utility interface provisions are required to attach each
tank to the propulsion core and integrate their systems. These interfaces,
two between each tank and the core, are envisions to be relatively simple
docking/berthing devices similar to the PIDA. To minimize the number of
attachment provisions, the PIDA interfaces which aided in deploying each tank
can also be used as interface to the propulsion core. If so utilized, they
must also incorpcrate the necessary utility provisions. Typical PIDA -~
interfeces are illustrated in Attachment 1, Page 4.

Orbiter Design Impact

A set of two PIDAs are required on the orbiter to assist in the deployment
of the tanks from the orbiter cargo bay.
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SCRVICING ACTIVITY DATA

18.0 OTV Tank Installation 1
PANCTION oTv/oTY & SF ATTACHENT _
METHID _ 7ank Transfer to SF PAGE 1 0F S ‘)
SUBJECT Description of Selected Primary Method
' Y
UNMANNED ..
PAYLOAD  HBNDLING oy ‘
\'\ Q/ soc
- L\ N f
,1— e g z
*— | - o S r i
k '/ - {
K ( - v |

H
}
Installation Procedure !

o Deploy tank 1 from P/L bay using PIDA -
o Grasp tank 1 by handling boom and release PIDA
o Transfer tank to SF and orient
o Berth tank 1 to OTV core using PIDA head interface

0 Activate mechanism to mate interface conmnections

hvm asm

o verify mating
o Oeploy t':ank 2
o Deploy tank 3

o Attach structural members between tanks and OTV using EVA
(Assumptions: Required structural members are stowed on each tank
in conjunction with the MRWS and the handling boom)
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SERVICITG ACTIVITY DATA

18.0 OTV Tank Installstion 1
Fnaqw"m MOTV/OTY & SF ATTACHVENT
|PETHD __ 1enic Transfer to &F PAGE 205
| SUBECT _pescription of Selected Seconcary Method 1 -
-
UNMANNED
PAYLOAD R C M
sScc
- s W a ‘\
a 4 o f
s o — = . L - n
) g |
AR i oTv L
‘_\ &'—- IV TANK - }
. . -~
:ﬁ -——:—o- T : e
= Wl D
Installation Procedure
o Deploy tank 1 from P/L bay using PIDA
) Grasp tank 1 by RCM arm and release PIDA
o Transfer tank to SF and orient )
0 ‘Berth tank 1 to OTV core using PIDA head interface
o Activate mechanism to mate interface connections
o verify mating
o Deploy tank 1 N
mﬂ PARE 19
o  Deploy tank 3 QUALITY
o Attach structural members between tanks and OTV using EVA
(Assumptions: Required Structural members are stowed on each tank
in conjunction with the MRKS amd the handling boom)
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SERVICING ACTIVITY DATA

FUNCT 18.0 OTV Tank Installaticn 1l
e N MaTv/o & ATTACHYENT
METHOD Tank Transfer to SF PAGE 30F5

SUBJECT  pescription of Selected Secondary Method 2

1 " UNMANNED
i PAYLDAD = . BRCM

S0C

s - -4 . yo—
R ) . \ -
i) HAKDL, -
J BooM " L&
. — Tﬂueuf!-“‘r\ RMS - ;

Installation Procedure

o Deploy tank 1 from P/L bay using PIDA

Grasp tank 1 by RMS and release PIDA

Transfer tank 1 to within reach of handling boom
Grasp tank 1 by OTV handling boom and release RMS
Transfer tank to SF and orient

Berth tank 1 to OTV core using PIDA head interface
pctivate mechanism to mater interface connections
verify mating

(o] Deploy tank 2
o Deploy tank 3

00000QOO

o Attach structural members between tanks and OTV using EVA
(Assumptions: Required Structural members are stowed on each tank
in conjunction with the MRWS amd the handling boom)

ORIGINAL PAGE IS
OF POOR QUALITY
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SERVICING ACTIVITY DAT

-

JJ FUMCTION 18.0 OTV Tank Instellaticn ACHVENT 1
ITEM MOTV/OTV & F _ AT
METHD __ ronk Transfer tn SF PAGE AQFS

ORIGINAL PAGE 18
OF POOR QUALITY

PR,

The interface between the OTV propulsion core and the SF is a two-point !
attachment system consisting of a set of PIDA heads on a translation rail as !
illustrated above. The passive halves of the PIDA heads are incorporated in !
the propulsion core and the active halves in the SF. Similar two-point
attachments are required to interface each tank to the propulsion core.
However, the passive halves are part of the tank and the active halves part
of the propulsion core.
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_XRVICING ACTIVITY DATA

ZUNCTION  18.0 OTV Tank Installstfon ACHVENT 1
TTEN MOTV/OTV & SF j
LMETHOD ~  7ank Transfer to SF PAGE S OF S. . )
SUBJECT Handling Boom
e
e 5

\.M SIPE asmal 1500}
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The handling boom was utilized in Activity 3 for transferring the OTV
propulsion core/crew module from its berthing adapter at the end of the SF
to the translation rail discussed in the previous page. For this activity,
however, it will be the primary means by which to transfer the OTV tanks
from the orbiter cargo bay to the SF. It alsc doubles as a secondary
method for.the same purpose in conjunction with the RMS. If used in the
secondary mode, an additional grapple fixture on each OTV tank will be
required.
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__SERVICING ACTIVITY DATA

SUBJECT Rationale for Selected Methad

FUNCT 18.0 OTV Tank Installation 2
TRCTION \OTV/OTV & SF ATTACHVENT !
wh - — . - .
METHOD __ 7ank Transfer to SF : PAGE 10F1 - ;
;

In the selected methods, primary and secondary, the tank transfer
operation from the cargo bay to the SF relies heavily on available equipment
that was required for other activities and operations. As such it does not .
require additional equipment specifically dedicated to this activity. Of
the three transfer agents available for this operation, the handling boom
was designated as the primary agent because its use provides the most direct
transfer path. In addition. because the boom is anchored on the SF where
assembly operations are being performed, berthing accuracy limits can best
be controlled by the boom. Designating the boom as the transfer agent also
allows the RCM arm (and the RMS) to perform other functons simultaneously
with OTV tank installation operations. !

The alternate method, as illustrated in Attachment (3), utilizes a
different berthing approach than the selected methods. In this cuse, the
tank is berthed to the translation rall rather than directly to the i
propulsion core. By this approach, the rail system could doubla as an
aligrment fixture for mating each tank to the core and automate the
attachment operation. However, berthing each tank on the rail system is
similar to berthing it on the core. Consequently, no advantage is realized i
by using the alternate approach. In addition, the selected method of mating '
two bodies in a two-point attachment was discussed with NASA MOF personnel ;
where a similar test was conducted in which a large payload was berthed to
two PIDAs. The conclusion of the test was that the operation is quite . :

feasible.
i
3 <8
; !
’ 2
. z 1S
ORIGINAL PAG=
OF PCOR QUALITY
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SERVICING ACTIVITY DATA

18.0 OTV Tank Installation 3
FANCTION WtV /OTY & SF ATTACRENT
METHOD Tank Transfer to SF PAGE 10F2
SUBJECT Alternate Method
|
RCM
ﬁ' s0C
/ AN .~
) * " . \
- /i / : J /
\. ‘i \ - - K‘;‘_ ] }
‘ . 7T
mv: . l@}:\j :
| oy oY PR
T TANK :
. L% . <je’
v Y- 44 - __k
£ e
E) a._ Jﬂ-L--——'-I . )

The same tank transfer methods utilized by “he salected method of
installing OTV tanks also apply to this alternate.
arm as a transfer agent as presented for brevity.

Installation Procedure

o) Deploy tank 1 from P/L bay using ®PIDA

Grasp tank 1 by RCM arm and release PIDA

Transfer tank 1 to far side of SF and orient
Berth tank 1 to SF rail system

Translate tank 1 to OTV assembly station

Activate mechanism to mate structural and utility
interfaces ’
verify mating

Rotate OTV core 120° until tank 1 is in the tank 2
pasition

0O0o0oo0O

00

ORIGINAL PAGE IS
OF POOR QUALITY

Only the use of the ROM
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FNCT 18.0 OTV Tank Installation 3 i
ITEM Tow MOTV/OTV & SFM ATTACHRENT
‘ . i
[METHD ___ Tank Transter to SFM PAGE 20F2 b
~ | SUBJECT _ alternate Method . ‘ -

o Deploy tank 2 from P/L bay using PIDA .
. - o Grasp tank 2 by RCM arm and release PIDA . .

:{ Transfer tank 2 to near side of SFM and orient

Berth tank 2 to near side of SFM rail system
Translate tank 2 to OTV assembly station

fctivate mechanism to mate structural and utility
interfaces

o verify mating
o Rotate OTV core 120° back to its starting position
o- Deploy tank 3 from P/L bay using PIDA °
o Grasp tank 3 by RCM arm and release PIDA
o Translate tank 3 to near side of SFM and orient
o Berth tank 3 to near side of SFM rail system
- o Translate tank 3 to QTV assembly station

o Activate mechanism to mate structural and utility
interfaces

o verify mating

o Attach structural members between tanks and OTV using EVA of
(Pesumptions: Required structural members are stowed on each tank)

ORIGINAL POCE 1S
OF POOR QUALITY
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