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FOREWORD

This study report was prepared by General Dynamics Convair Division (GDC) for
the National Aeronautics and Space Administration Marshall Space Flight Center
(NASA/MSFC) in accordance with Contract NAS8-35039, Data Requirement Number

DR-Q-

The results were developed from June 1983 to November 1983.

The GDC personnel responsible for the work are listed as follows:
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John Maloney
Luis Pefla
Lee Siden
Johna Hanson

Ted Bianchi

Study Manager
Requirements/Operations
Conceptual Design

Operations Analysis/Timelines

Center Operations - KSC

further information on this conceptual study, contact:

Donald Saxton or
OTV Servicing Study Manager
NASA/MSFC PS03

Marshall Space Flight Center
Alabama 35812

(205) 453-0162

John W. Maloney

OTV Servicing Study Manager
General Dynamics Convair Division
MZ 21-9530

P. O. Box 85357

San Diego, California

(619) 573-9789
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SECTION 1
INTRODUCTION

The Space Station studies, which have just recently been performed by
industry, have shown that there can be economic advantages to space-based
Orbit Transfer Vehicles (OTVs) compared to ground-based OTVs. The Definition
of Technology Development Missions for Early Space Station-Orbit Transfer
Vehicle Servicing Study as well as the Space Station Studies have generated
preliminary operational scenarios and requirements for space~based 0TVs. In
addition, the Phase I OTV Servicing Study has defined required tehnology
advancements and preliminary Technology Development Missions (TDM) to be
carried out on an early Space Station. These TDMs have been prioritized to
indicate the order in which they should be carried out to efficiently develop
and demonstrate the capability to support a space-based OTV by an operational
Space Station. Now that the ground work has been established in the area of
space~based OTV operations technology, additional definition is required to
pursue an effective technology development plan. This study effort will
address both the OTV and the Space Station by identifying in further detail
and generating an integrated development plan for the required technology to
demonstrate the space-based servicing capability.

This study effort is the second phase to be undertaken by the contractor for
the definition of TDMs for the early Space Station. Specifically this study
is for the definition of TDMs related to OTV servicing and will be concurrent
with other studies to define TDMs related to satellite servicing and large
space structures.

1.1 OBJECTIVE
The objectives of this study are to:

a. Define the testbed role of an early (1990) manned Space Station in the
context of a space-based OTV evolutionary development and flight
demonstration technology plan that results in an OTV servicing operational
capability by the mid 1990s.

b. Refine the definition of selected priority OTV sarvicing technology
development missions to be performed on an early Space Station.

¢. Generate an integrated OTV servicing technology development plan that
includes ground, Shuttle sortie, and Space Station activities.

d. Identify OTV servicing operations which can be performed by an initial
Space Station.

e. Perform an operations analysis to identify the functions that a Space
Station must perform to totally support an operational spacebased OTV

fleet.
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1.2 STUDY APPROACH

Figure 1-1 is a task flow and logic diagram of the overall study apptoach. It
highlights principal tasks and their relationships to per1od1c reviews. The
technical work will be accomplished in 16 months, with reporting completed

2 months later. In addition to formal reviews, we plan data exchange meetings
by telephone or by travel, if necessary.

Task 1 performs an operations analysis to identify the functions that a Space
Station must perform to provide total suppurt of an operational space-based
OTV. Alternative means to perform these functions will be identified and
through tradeoffs the most viable approaches selected. The technologies to be
developed to provide the selected servicing capabilities will be identified
(see Section 1.3).

In Task 2 we will also determine the capability of the initial Space Statiom .
to support and service &n operat1ona1 groura-based OTV to allow an early
operatxonal mission (1990-1992 time frame). The capability of a single

mission such as payload/OTV mating, checkout, and launch will be analyzed as

well as the capability to service the OTV for any maintenance. We will

determine the number of OTV missions that can be flown from the initial Space
Station along with incremental additions to the station to perform additional
numbers of missions. From this analysis, we will 1dent1fy ground and space
transportation system technology demonstration missions required to enable OTV
servicing at an initial Space Station.

Using the data from the first two tasks, we will generate an integrated
technology -zvelopment plan for the technologies required to perform the OTV
servicing #igcion. The plan will include definition of the tests and
exparimenis to be accomplished on the ground, in Space Shuttle sortie
misgions, and on the early Space Station to maximize the benefits of the
program. The plan will reflect and accomodate current and projected research
and technology programs where appropriate. The data from the first three
tasks will be presented at the interim review.

B T
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After the interim review, we will begin with refining the definition of the
top-priority TDMs from the Phase I study. Based on the results of this
effort, we will revise and refine the test matrixes for the development tests
that should be performed on the ground, on a Space Shuttle sortie mission, at
an early Space Station, or with a combination of these. The objectives and
requirements of the Space Station development tests will then be updated.

Based on these updated requirements, we will deepen, refine, and update the
designs of the top-priority TDMs that would be performed on an early Space
Station. System-level trades will be reassessed and refined to ensure
viability of the TDM designs. The end-to-end operations analysis for the TDMs
will be refined and updated to more detail. We will establish which functions
should be manned and which should be automated, generate timelines, determine
manpower requirements and skills, and establish requirements for special
support equipment on the Space Station.
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Using the data from the previous task and from the Phase I study, we wilt
define the operational and physical interface requirements between the TDMs
and the early Space Station. Based on these requirements, we will then refine
the definition of the Space Station special support equipment, the functional
operations required on the Space Station, the crew support, and the scars to
the initial Space Station for growth to the operational missions.

Data from Tasks 6.1, 6.2, and 6.3 will be input to Task 3 to provide the basis
for generating the necessary program plans, schedules, and cost analysis to
support the TDM element trades, the special Space Station support equipment
trades, and the Integrated Technology Development Plan. In addition, we will
update the preliminary program planning for the selected technology
development missions.

1.3 TASK 1 APPROACH

We began by performing an operations analysis of a ground-based OTV to use as

a data base for our space-based analysis. We then performed an operations

analysis to identify the functions that a Space Station must perform to

provide total support of an operational space-based OTV. Operational .
functions such as rendezvous, docking and berthing, maintenance {both
scheduled and unscheduled), OTV/payload integration, propellant transfer and
storage, and checkout and launch were analyzed. Alternative means to perform
these functions were identified and tradeoffs performed to select the most
desirable approach. We defined how each operational function would be
mechanized and implemented. Manpower involvement and timelines were generated
along with support equipment requirements. We investigated the functional
requirements for servicing a manned module. 1In addition, OTV fleet operations
were analyzed along with the activation of servicing requirements prior to
I0C. An evaluation was performed, using the tradeoff data, and the wuost o
viable OTV servicing approaches were selected. The output of the task was the Lo
identification of the technologies required to be developed to achieve the :
viable OTV servicing capabilities.

Under subcontract, Hamilton Standard assisted us in the mission definition and
operations analysis tasks. They have extensive experience in areas dealing
with EVA integration, operations, and applications and made direct
contributions to requirements, concepts, trade studies, and operations
analyses. As supplier of the Space Shuttle extravehicular mobility unit
(EMU), Hamiltcn Standard is the major source of study data on the use and
application of this device and ancillary equipment. Their background includes
the most current space operations and satellite servicing studies.

The following sections present the results of Task 1.
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SECTION 2
OPERATIONAL OTV SERVICING

This section identifies 1) a representative space-based Orbit Transfer Vehicle
(OTV) that was used in the operations analysis at the Space Station, 2) the
tasks and timelines to turn around a ground-based OTV to establish a data
base for analyzing turnaround operations on a Space Station, 3) functional
requirements for servicing a space-based OTV at the Space Station,

4) candidate servicing facilities to meet the operational requirementg,

5) candidate concepts for delivering propellants to the Space Station,

6) functional requirements for servicing a manned module, 7) Space Station
accommodation concepts for OTV servicing, 8) end-to-end mission operational
tasks, 9) comparison of ground-based versus space-based servicing tasks,
10) the activation of servicing facilities prior to IOC, and 11) OTV fleet
operations requirements.

2.1 REPRESENTATIVE SPACE-BASED OTV

The recent Space Station studies performed by industry have indicated the
economic advantages a space-based OTV can generate as compared to a
ground-based OTV. This advantage is dependent on an OTV that is optimized for
the space environment and on-orbit maintenance. The definition of an
optimized space-based OTV has not yet been accomplished. However, to
understand the Space Station servicing functions for a space-based 0TV, we
needed a representative space-based OTV. 1In our Phase I study (GDC-S0-83-052)
we developed a representative space-based OTV along with preliminary weights
and pertormance data. Our concept for this study is essentially the same with
some update. A summary of the concept follows. More detail can be found in
the Phase I report.

Table 2-1 lists the driving design requirements for the space-based OTV to
meet the mission model. It shows the maximum delivery payload weights
envisioned for a single flight. Payload lengths are not shown since they are
not a design driver as they can be for a ground-based OTV. The unmanned and
manned servi¢ing mission requirements are also design drivers, especially the
return payload requirements. The descriptions of these payloads and their
missions can be found in the Space Transportation System Nominal Mission Model
(FY 1983-2000) Revision 6, October 1982, prepared by Donald Saxton, Program
Development, MSFC. A wide range of OTV concepts addresses the key issues
shown in Figure 2-1. Our baseline vehicle, illustrated on the upper right,
served as the basis for generating the servicing requirements.
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Table 2-1. Mission Model Payload Requirements
Item Weight (klb) Mission
Operational GEO platform 14.0 Deliver
Large platform Multiple Deliver
0TV flights
Other satellites Multiple Deliver
satellites
to 14.0
GEO station element 16.0 Deliver
Unmanned servicing 6.0 up Roundtrip
2.0 down to GEO
Manned sorties 14.0 up Roundtrip
14.0 down “to GEO
Solar system exploration Up to 12.0 Escape

The baseline Orbit Transfer Vehicle Concept (Figure 2-2) is for an advanced
OTV designed specifically for the space environment, and with modular
philosophy to simplify logistics, maintenance, and reconfiguration for
different missions. Vehicle elements peculiarly adaptable to a space-based

vehicle are:

a. Lightweight spherical propellant tanks

b. Modular tankage arrangement for mission flexibility

c. Fixed aerobrake

d. Lightweight open truss structure

e. Universal payload interface module

f. Quick changeout astrionics, attitude control system (ACS), propellant
feed, and main engine modules

g. Fixed high—-area-ratio engine nozzles

The core section for this concept is a truss beam that contains subsystems

such as plumbing, disconnects, astrionics, and a payload interface.

This core

section is regarded as the primary portion of the vehicle with provisions to
allow quick changeout of components such as the tanks, engine(s), and

astrionics packages.
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SPACE ASSEMBLED CONCEPT I
OmiGhinl PAGE
OF POOR QUALITY,

PAYLOAD INTERFACE
AVIONICS g

MODULAR i
PROPELLANT
TANKS ]
2 0R4 TANKS
PER MISSION f

ADVANTAGES

® FREE ROM SHUTTLE CONSTRAINTS (SIZE, LOADS)
® REUSABLE (LOWER COST)

® MODULARITY (MIX & MATCH CAPABILITY)

KEY ISSUES

LONG-TERM SPACE EXPOSURE

ORBITAL INTEGRAT|ON, SERVICING

EFFICIENCY (LOW WEIGHT, HIGH ISP)

LOW-COST OPERATIONS (PROPELLANT DELIVERY TO LEQ)
DEPLOYMENT & RETRIEVAL

FUTURE PAYLOADS & MISSION CHARACTERISTICS

ECHNOLOGY NEEDS

LIGHTWEIGHT (THIN GAGE) TANKS
LIGHTWEIGHT (COMPOSITE) STRUCTURE
LIGHTWEIGHT/HIGH TEMPERATURE AEROBRAKE MATERIALS
LONG LIFE/SPACE MAINTAINABILITY ENGINE (LOW WEIGHT, HIGH ISP)
CRYOGENIC PROPELLANT MANAGEMENT ~ THERMAL CONTROL

(MLI INSULATION, MIXING, VENTING), PROPELLANT ACQUISITION GAGING
METEOROID & SPACE DEBRIS PROTECTION

REDUNDANT, FAULT-TOLERANT, HARDENED AVIONICS ADV ENGINE i
AUTO RENDEZVOUS/DOCKING :
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[ N J

267.625-3

Figure 2-1. Space-Based 0TV

Referring to Figure 2-2, this concept uses eight tanks attached to the core
section with cantilever trusses. The trusses are fixed to the tanks and
interface with the core section through a systems disconnect panel and
structural attachments. These cantilever trusses provide a means for S
supporting and handling the tanks during transportation, during connecticn and
disconnection from the core section, and as a holding device during storage.

A typical tank attachment consists of engaging the hinge side of the

cantilever truss to the core truss and rotating until the structural latches ‘%
engage. A retractable disconnect panel on the core section is then actuated, "s
which engages the disconnect fittings., i

!

g
The fuel tanks are supported from the oxidier tanks with a truss system. One
complete tank module is composed of an oxidizer tank, a fuel tank, an TR

interconnecting truss, and the cantilever truss, which is plugged into the
core section. The truss members between the tanks are equipped with drag
‘ struts at the forward ends for lateral support and disconnection from the core
) : section, and as a holding device during storage. A retractable disconnect
' panel on the core section actuates to engage the disconnect fittings.

o T Lok el

.
AR

| ook

LT A

<
% e P X 2 o
4

rMiA

T ——




275.IN, (22.9 FT)

ORIGINAL PAGE 19 GDG-SP-83-067
OF POOR QUALITY

PO m———an 4 7 T

5

|

_./' \ 50 FT DIA

. ) \\
I <320 IN, {26.7 FT) et

,/ BERTHING A

1

INTERFACE :
s ka {
: : i

183 IN. (15,3 FT) REF-omi =

OF ATTA

FLOW e
STREAM \ .

ACS MODULES
CLUSTER
‘(4 PL)

[S

;
{
/

27103768-28
267.625-4

Figure 2-2. Representative Space-Based OTV Concept

The aerobrake is supported from the core section with a conical struss
structure and is equipped with two doors for covering the engine opening.
alternate procedure would delete these doors and run the engine at low-idle
mode during atmospheric bwaking.

The forward end of the core section is equipped with an octagon structure
called the astrionics module that houses the astrionic packages and provide
an interface for the payload. The astrionics packages can be quickly
disconnected from this module for transport to a shirtsleeve Space Station
module for maintenance or for return to Earth.

The aft end of the core module has an interface panel for the engine packag
This interface panel contains disconnects for .all the engine fluid and
electrical lines and also contains a structural latch system for securing t
engine package to the core section. A typical engine package consists of a
flat interface panel with disconnects, a thrust cone, a set of gimbal lines
and a thrust vector control system. This package contains all engine syste
and is designed to plug onto the core section as a single package.
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Four ACS modules are located on a support beam between the tanks and outboard
of them. Each of these ACS modules is a complete, self-contained unit
consisting of a spherical tank, an acquisition system, a cluster of thrusters,
electrical wiring harnesses (with a disconnect), and an interface boss for
"quick" type connection to the core section. The propellant is hydrazine.
Prior to installation the tanks are charged with propellant, pressurized, and
locked up. ’

An alternate ACS that maximizes performance and reduces the number of
propellants that must be provided at the station is a two-gas (or two-liquid)
LOp/Hy ACS drawing propellant from a start basket in the main tanks.

A third possibility under consideration is an ACS that uses hydrogen gas.
Slugs of liquid hydrogen are taken from the main tanks and injected into a hot
flash tank that in turn feeds the thrusters. This alternate ACS will require
a slug pump, interconnecting plumbing, and a pressure control system. The
thrusters would be modularized for simple one~step plug=in type replacement.

The four-tank module version of the OTV is used for the manned mission. The
two—-tank module OTV can be used for the payload delivery only missions.

2.2 GROUND-BASED VEHICLE TURNAROUND ASSESSMENT

Figure 2-3 is a road map showing how we have extrapolated our present
experience with cryogenic upper stages to arrive at the tasks/manhours/number
of men for a space-based operation. We are using actual Centaur experience
for receive and launch operations. The GDC personnel at the Eastern Test
Range (ETR) were very helpful in obtaining this data for the study. That
experience has been used in the past to come up with projected turnaround
tasks for a ground-based vehicle. This was accomplished on the Space Tug
Study in the early 70s (Reference 1). We also looked at the turnaround of a
ground-based OTV in a study for MSFC in 1980 (Reference 2). Using this
information as a data base, we performed an operations analysis in both
Phase I and Phase II of the study to identify the required space-based
operations/timelines/manpower. In this task we had the help of our
subcontractor, Hamilton Standard. They have extensive experience in space
operations, especially EVA.
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Centaur Space-based OTV Space-based OTV
receive; i receives > recejveslaunch
launch launch turnaround
Space tug Ground-based OTV Space-based OTV
receive/launch  f——p turnaround —» turnaround
turnaround
Functions
e Manpower/skills
Function allocations
between ground & space
e |mplications to SB OTV design
e Space station support requirements 101 21637768-56;
.625-

Figure 2-3. Extrapolation of Current Ground-Based Operations
to Space-Based Operations

The following displayed information indicates the ground operations for a’
ground-based OTV and later on in the report (Section 2.5) these will be
compared with the proposed space-based operations.

2.2.1 GROUND-BASED VEHICLE MAINTENANCE CHARACTERISTICS. We have made an
assessment of how we would turn around a ground-based vehicle under today's
conditions at our facility at ETR in Florida. This was done to identify the
tasks to be performed, the timelines, and the number of different personmnel
involved. We used this as a data base for generating the turnaround tasks to
be accomplished at the Space Station for a space-based 01V,

First of all we must characterize a present day reusable, ground-based vehicle
and how it is processed on the ground so that a comparison with an improved
state-of-the-art space-based vehicle can be meaningful. Table 2-2 lists the
characteristics of a potential present day reusable, ground-based vehicle and
indicates how it would be handled at ETR. The background c¢f how we have
checked out and launched upper stages in the past has a big impact on the
approach used today. Present day vehicles were not designed using
maintainability and accessibility as design drivers. The types of operations
requived to be performed are fairly labor intensive. In addition, a
ground-based vehicle must be downloaded, uploaded, and integrated with the
Shuttle.

2-6
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Table 2-2. Ground~Based Vehicle Turnaround Assessment

e Ship, integrate & launch status has not been attained
— Tendency to ship short & assemble missing parts later
— Requires some disassembly & component checkout
— Assumes man can compensate for system shortcomings

¢ Vehicles designed primarily for perfermance optimi;ation .
— Maintainability & accessability not a design driver beyond providing
access panels

e Checkout accomplished with GSE external to vehicle
— Requires multiple interfaces (manual connection)

o Personnel required to analyze data & write maintenance plan

¢ Preventive & corrective maintenance accomplished manuaily

¢ Inspection requires dismantling to verify vehicle integrity

e Operation requires download, upload & integration with shuttle
e Operation requires transport & interface with maintenance facility

e QA & safety support required because of dismantling process &

personnel involvement 10113768-64
267,625-6

2.2.2 GROUND-BASED VEHICLE TURNAROUND TASKS. Figure 2-4 is a top-level,
functional flow diagram for ground-based cperations, which outlines the major
processes and resources involved within the system. Table 2-3 identifies the
next level ground-based operational functions., Table 2-4 identifies the major
tasks, slapsed times, and manhours required to turn around a potential present
day, reusuable ground-based cryogenic vehicle characterized in Table 2-2.

This data was synthesized from our present day operations with Centaur,
Shuttle Centaur, and a ground-based operations study conducted several years
ago on a potential ground-based vehicle (Reference 1). The total task time
and total manhours are indicated. Later in the report, these tasks will be
compared to the tasks required at the Space Station (Sectiom 2.5) to provide

traceability to our present data base on turning around a cryogenic upper
stage.

2.2.3 GROUND-BASED VEHICLE TURNAROUND PERSONNEL REQUIREMENTS. Table 2-5
indicates the number and types of personnel required to support the
ground-based operations for the present Shuttle/Centaur. The hands-on
personnel are the technicians/mechanics and the Q/A personnel. Engineers are
required to support the operation and their number is shown. Other types of
personnel are also required to keep the operations we have at ETR going such
as transportation personnel, security, etc. These are also shown. In
addition to these personnel, there are indirect personnel such as supervisors,
accounting, etc. These are not included in the 170 number.
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Table 2-3. Ground-Based Vehicle (GBV) Operational Functions

LAND SHUTTLE
e LAND SHUTTLE AT OPERATIONAL SITE

PURGE PROPELLANTS

® CONNECT EQUIPMENT TO SHUTTLE

® SAFESHUTTLE & GBV

® PURGE GBV MAIN PROPELLANT TANKS

DOWNLOAD GBV FROM SHUTTLE

REMOVE GBV FROM SHUTTLE

REMOVE FLIGHT DATA RECORDER TAPES FROM GBV
TRANSFER GBV TO MAINTENANCE FACILITY
TRANSFER GBV TO MAINTENANCE — TEST STAND

INSPECT GBV

& PERFORM VISUAL INSPECTION
~ REMOVE GBY ACCE%3 DOORS & CONNECT GSE
— INSPECT GBV

® ANALYZE DATA & PREPARE MAINTENANCE PLAN
o PERFORMSCHEDULED CHECKOUT & FAULT ISOLATE

® REVIEW INSPECTION & CHECKOUT RESULTS
& COMPLETE MAINTENANCE PLAN

PERFORM GBV MAINTENANCE

o PERFORM SCHEDULED & UNSCHEDULED MAINTENANCE
® PERFORM SYSTEMS TEST

¢ PREPARE GBV FOR STORAGE IF REQUIRED

MATE GBV & PAYLOAD
® ATTACH LIFT BAR TO PALLET :
e TRANSFER GBV & PALLET TO TRANSPORT TRAILER

REMOVE LIFT BAR

POSITION MATING WORK STAND

HOIST PAYLOAD TO MATING POSITION
MECHANICALLY JOIN GBV AND PAYLOAD
CONNECT GBV & PAYLOAD INTERFACES
VERIFY GBV & PAYLOAD INTERFACES
PERFORM INTEGRATED SYSTEM TEST

INSTALL GBV & PAYLOAD IN SHUTTLE
TRANSPORT GBV & P/L TO SHUTTLE

o INSTALL GBV & P/L IN SHUTTLE

® VERIFY GBV-P/L TO SHUTTLE INTERFACE

e CONDUCT 8HUTTLE/GBV-P/L INTEGRATED TEST

LAUNCH SHUTTLE/GBV-P/L

® CONDUCT LAUNCH READINESS TEST
® LOADPROPELLANTS & PRESSURANTS
CONDUCT TERMINAL COUNTDOWN
SHUTTLE LIFTOFF

ENTER SPACE OR3IT

DEPLOY GBV-P/L FROM SHUTTLE

o PERFORM GBV-P/L PREDEPLOYMENT
OPERATIONS

® CONDUCT GBV-P/L/SHUTTLE SEPARATION
SEQUENCE

® GBV FREE FLIGHT OPERATIONS

267.625-77-1
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Table 2-4. Ground~Based Vehicle Turnaround Tasks

Time (hr) MH Task No. Task
8:00 64:00 Analyze data & prepare maintenance plan
5:00 36:50 Transfer stage from pallet to maintenance & test stand
3:00 68:00 Remove stage access doors & connect GSE
( 1 Inspect structural elements & thermal control
2 Inspect tanks, supports & interior
3 Inspect MLI & thrust structure
11:00 288:00 A 4 Inspect docking mechanism
5 Inspect avionics & flight control units
6 Inspect engine fluid & pressure lines
. 7 Inspect fuel celis
4:00 32:00 1 Perform scheduled checkout & fault isolate
16:00 79:00 2 Perform leak check on LHp & LO»p tanks & engine i
3 Inspect stage/orbiter interface
8:00 80:00 Review inspection & checkout resuits & complete maintenance plan

Perform unscheduled maintenance
Perform scheduled maintenance — structures

8:00 160:00

. = o=

. , 0 Perform scheduied maintenance ~ avionics
20:00 - 842:00Q 1 1 Perform scheduled maintenance — propuision
L 2 Perform scheduled maintenance — thermal control
1,00 8:30 Mate stage & stage/orbiter adapter
5:00 Check out docking mechanism
[ Prepare for storage
Not in ) Monitor stage in storage oo
timeline Remove from storage B

Accomplish mission-peculiar preparations

16:00 320:00 Perform systems test ; o

-

PN AN RONENOND L VRNNIOAN 2L L OONOODO OO0 S B

WOWON PORNNDNOOPORONDND DO = = = = a3 b a8
LLO4LUR BRRROOOOOWONMNLG aLlLLLLbLMpMN e LL LML LWL LLLaLaL oL an

Not in 0 Correct fauits
time line 1 Reverify system after correction
7:30 77:30 2 Secure from system test
3:30 52:30 Mate stage & spacecraft
1:00 8:00 Verify stage/spacecraft interface
Not in time line Perform integrated system test
3:30 21.00 Transport payload (stage & spacecraft) to orbiter
8:30 77:00 . install in orbiter
2:00 24:00 . Verify orbiter/payload interface
5:00 25:00 Conduct integrated systems test
1:00 4:00 Clieck status — stage/shuttie interface (after shuttle up-load)
3:00 12:00 . Conduct orbiter/payload integrated test :
1:00 4:00 . Conduct launch readiness test (stage) &
4:00 20:00 Load propellants & pressurants :
8
0:25 1:30 Conduct terminal countdown ”
0:30 2:30 . Safe stage 2
6:00 48:00 Purge main propellant tanks i
0:30 1:00 Remove flight data recorder tapes
8:30 110:30 3.2.1 Remove stage from orbiter ;
2:00 18:00 3.3.1 Transfer stage to TMF '
Total task-time = 152:45 hours
Total man hours = 2534:30 hours 10 o7 6267
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Table 2-5. Personnel Required to Perform Ground-Based Vehicle
Turnaround Tasks

Ground-Based
Reusable Vebhicle
(1975 SOA)
Total direct personnel 24 Launches/Year
Shuttie/Centaur (expendable) One shift  1st shift 2nd shift

Engineers 46 (27 %) 36 12
Tech/mech 49 (29%) 26 18
QA 16 (9%) 9 6
71 36
111) 107
Other base support 59 (35%)
170 "0 7 6258

The data on the right indicate proposed numbers taken from our Space Tug study
(Reference 2). Shown are the number of people projected in the three areas of
interest. It was postulated that two shifts would be required to accomplish
24 launches a year. To meet a traffic model of approximately 15 launches a
year, we believe only itne shift would be required. Logically there should be
an equivalent number of other base support personnel needed for the.
Ground-Based Reusable Vehicle operation as the Shuttle/Centaur.

Later in the report we will make a comparison of these later figures with the
space-based operations and discuss the reason for the differences
(Section 2.5).

2.3 FUNCTIONAL/OPERATIONAL REQUIREMENTS AND FACILITIES

The mission functional/operational analysis to identify thé yequired servicing
functions to be performed «a the Space Stationm along with the candidate
alternative facilities to meet these requirements is presented in this
section. In addition, propellant transportation concepts to LEO, crew module
servicing requirements, and Space Station accommodation concepts are
discussed. This data was generated to drive out the technology requirements
that must be developed to ensure the capability to service an OTV. 1In a later
section of this report, an evaluation of the alternative approaches identified
here is carried out to select the most viable technologies to be developed.

2-11 '
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2.3.1 SPACE-BASED OTV FUNCTIONAL ANALYSJS. This section presents the results
of the functional analysis performed diuring the study to drive out the design
and operational requirements for servicing an OTV at a Space Station.

Figure 2-5 is a functional flow diagram for space-based OTV operations, which
outlines the major processes and resources involved within the system. To
maintain simplicity for presentation, communication links, navigational aids,
and ground support functions are not shown in the first level diagram. These
functions have been considered within the context of other gross functional
listings.

The payload module =~ay be either a payload delivered to orbit, an unmanned
servicing module, or a manned module. Orbit payloads will be delivered to the
desired orbit or perform servicing on-orbit, and then returned to the Space
Station. It is ackiziuwledged that receive, assemble, and demate processes are
maintenance functions and are shown on this diagram to provide clarity of
operations. The blocks that are cross hatched are the functions where we have
dcvzloped detailed timelines, which are discussed in Section 2.4.

Lower level functional flow diagrams were developed in the areas where the OTV
interfaces with the ,station for servicing. Table 2-6 lists the operational
functions, to be performed for the initial OTV delivery and assembly at this
station. Section 2.4.3 describes the tasks and timelines for the initial
delivery and assembly of the 01V,

Table 2-6. Initial OTV Delivery and Assembly Operational Functions

DOCK SHUTTLE TO STATION
¢ OPEN SHUTTLE DOORS
® RENDEZVOUS & DOCK SHUTTLE WITH STATION

OFFLOAD & ASSEMBLE QTV

OFFLOAD & POSITION CORE SECTION FOR ASSEMBLY
ASSEMBLE 1ST TANK TRUSS TO CORE SEr™ION

ASSEMBLE 2ND TANK TRUSS TO CORE SECTION

TRANSFER OTV CORE SECTION TO MAINTENANCE DOCK
TRANSFER AND ASSEMBLE 1ST TANK MODULE TO TANK TRUSS
TRANSFER AND ASSEMBLE 2ND TANK MODULE TO TANK TRUSS
OFFLOAD AND DEPLOY AEROBRAKE

TRANSFER AND ASSEMBLE ENGINE TO OTV

ATTACH AEROBRAKE TO QTV

INSPECT OTV ASSEMBLY

CHECKOUT OTV SYSTEM
@ BRING ALL SYSTEMS ON LINE
o PERFORM OTV SYSTEM OPERATIONAL TESTING

e WHEN FAULT OR DAMAGE DETECTED
—PERFORM DAMAGE ASSESSMENT
~ INITIATE FAULT ISOLATION ROUTINE
~PERAFORM OTV UNSCHEDULED MAINTENANCE
~PERFORM OTV SYSTEM OPERATIONAL TESTING

e PROCEED WITH PAYLOAD INTEGRATION OR DEACTIVATE AND STOW 0TV

26762578
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Figure 2~-5. Space-Based OTV Operations

Table 2-7 lists the operational functions to be performed for 0TV servicing.
These requirements were used to drive the alternative servicing facilities
designs presented in Section 2.3.

Table 2-8 lists lower level operational functioms to be performed for OTV
maintenance. These functional requirements drove the tasks discussed in
Sectinns 2.4.1 and 2.4.2.

We used the data base developed from our ground-based OTV background (see
Section 2.2) to help us develop the functions to be performed in space. Using
this data base, instead of starting from a blank piece of paper, ensured that
the lessons learned from the past would be incorporated in the space-based
operations and that nothing would fall through the crack.
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Table 2-7. OTV Servicing Operational Functions
BERTH OTV '
& RENDEZVCUS OTVWITH STATION
® CAPTURE 9TV AT STATION
® BERTH OTV AT STATION

TRANSFER PROPELLANT

® VERIFY INTERFACE INTEGRITY

® PERFORM PROPELLANT LEAK CHECK

® TRANSFER RESIDUAL PROPELLANT FROM QTV STATION

INSPECT OTV
® PERFORM VISUAL INSPECTION
® DETERMINE OTV FAULT STATUS

® WHEN FAULT OR DAMAGE DETECTED
+PERFORM DAMAGE ASHESSMENT (TV/EVA)
—~ INITIATE ELECTRICAL TEST RGUTINE TO VERIFY FAULT
—INITIATE FAULT ISOLATION ROUTINE

® FORMULATE INTEGRATED MAINTENANCE PLAN

PERFORM OTV MAINTENANCE - :

® PERFORM SCHEDULED/UNSCHEDULED MAINTENANCE TASKS

¢ MISSION RECONFIGURE

® PERFORM SYSTEM OPERATIONAL TESTING

® DEACTIVATE & STOW OTV (IF NOT REQUIRED FOR MISSION AT THIS TIME)

MATE OTV & PAYLOAD

TRANSFER PAYLOAD TO OTVY

MATE PAYLOAD TC OTV

VERIFY OTV/PAYLOAD INTERFACE
PERFORM OTV/PAYLOAD INTEGRATION TEST

LAUNCH OTV/PAYLOAD

® PERFORM PRELAUNCH OPERATIONS

® TRANSFER PROPELLANT FROM STATION TO OTV

® LAUNCH OTV/PAYLOAD 267,625.79

2.3.2 CANDIDATE OTV SERVICING FACILITIES. From the Phase I study and other
sources, we identified several candidate alternative approaches to servicing
an OTV as called out on Figure 2-6. Also shown on the figure are some of the
advantages and disadvantages of the candidate approaches. An additional
option has been identified because of safety reasons; it ies having a separate
propellant depot away from the manned station. To identify viable technology
requirements for OTV servicing, we felt we needed to analyze these options
further.

The following sections present the operational functions, facility
requirements, and the candidate facilities for the five options.

2-14
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Table 2-8. Space-Based OTV Maintenance Functions

Perform scheduled maintenance

* Transfer propellant to & from OTV

¢ Perform visual inspection
Determine OTV fault status
Replace ACS modules (after each mission)
Replace engine module (after TBD mission time)
Perform system operational testing
Service fuel cell (after TBD mission time)

Perform unscheduled maintenance
e Perform damage assessment {beyond scheduled inspection)
Verify electrical failtire
Fault isolate to replaceable unit
Perform damage repair
Perform required remove & replace due to failure

267,625-12

2.3.2.1 No Shelter Option. Lower level functional flows have been generated
for each of the servicing options identified in the introduction. Table 2-9

lists the operational functions for the no shelter option. These start as the

OTV rendezvous with the station and proceed through berthing, safing
inspection, fault status, scheduled/unscheduled maintenance, payload
integration, prelaunch operations, propellant transfer, and launch. The
functions with the astrisk are additional ones compared to Table 2-7 in
Section 2.3.1.

From the operational functions we derived the element requirements. Table
2-10 lists the element requirements to maintain/service the OTV. The major
elements include the maintenance dock, the propellant storage, the control
station/maintenance area, the spares storage shelter, and power system
interface with the Space Station.

Using the element requirements as the design drivers, we made conceptual
laycuts of the servicing facilities attached to the Space Station: For the
space-based OTV (SBOTV) operational time period, the growth station will be
available (see Section 3.8).

Figure 2-7 shows a layout of the no shelter option facilities attached to the
station. The SBOTV is shown ‘in the maintenance dock with the manned
geostationary mission module attached. This would be the arrangement just
prior to launch so that the crew has shirtsleeve ingress to the module from
the port on the Multiple Berthing Adapter (MBA).
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Table 2-9., Space-Based OTV Operational Functions, No Shelter

BERTH OTV

® RENDEZVOUS OTVWITH STATION

® CAPTURE OTV AT STATION

® BERTH OTV IN MAINTENANCE DOCK*

TRANSFER PROPELLANT

® VERIFY INTERFACE INTEGRITY

® PERFORM PROPELLANT LEAK CHECK

® TRANSFER RESIDUAL PROPELLANT FROM OTV TO STATION

INSPECT OTY

® PERFORM VISUAL INSPECTION
-~ TV INSPECTION*

e DETERMINE OTV FAULT STATUS

o WHEN FAULT OR DAMAGE DETECTED
— PERFORM DAMAGE ASSESSMENT (TV/EVA}
=~ INITIATE ELECTRICAL TEST ROUTINE TO VERIFY FAULT
—~ INITIATE FAULT ISOLATION ROUTINE

® FORMULATE INTEGRATED MAINTENANCE PLAN

PERFORM OTV MAINTENANCE

PERFORM SCHEDULED/UNSCHEDULED MAINTENANCE TASKS

MISSION RECONFIGURE

PERFORM SYSTEM OPERATIONAL TESTING

DEACTIVATE & STOW OTV (IF NOT REQUIRED FOR MISSION AT THIS TIME)

MATE OTV & PAYLOAD

® ROTATE OTV FOR PAYLOAD INTEGRATION*  *
TRANSFER PAYLOAD TO OTV

* MATE PAYLOAD TO OTV
VERIFY OTV/PAYLOAD INTERFACE
PERFORM OTV/PAYLOAD INTEGRATION TEST

LAUNCH OTV/PAYLOAD

e PERFORM PRELAUNCH OPERATIONS

® TRANSFER PROPELLANT FROM STATION TO OTV
® LAUNCH OTV/PAYLOAD

*FUNCTIONS PECULIAR TO CONCEPT
267.625-80
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Table 2-10. OTV Maintenance Facility (No Shelter Configuration)

Element Requirements

Maintenance dock

Main truss support structure

OTV berthing interface, structure, and translating and rotating
mechanism

Electrical interconnécts between berthing interface, control, and
power source

Fluid lines from quick disconnect panel to propellant storage
control interface

Lighting installation

Electrical interconnects between lights and maintenance dock
interface

Handling device to provide EVA mobility and restraint, equipped
with TV system and communications - RMS/robotic capability (this
may become an adapter to the RMS)

Electrical interconnects betweeen handling device and maintenance
dock interface

RMS support with rails/tracks

RMS including TV, lights, end effector/tool adapter

Electrical interconnects betweern RMS and maintenance dock interface
Tool storage fixture for handling device/robotics and RMS

Propellant storage

Main support structure

Hydrogen storage tank

Oxygen storage tank

Control and interface unit, valves, controls, etc.

Fluid lines from tanks to control interface

Refrigeration unit and plumbing

Electrical interconnects between control unit, refrigeration unit,
maintenance module and power source

Radiators

Control Station/maintenance area

Pressurized compartment

Airlock for EVA operations (serves as observat1on module)
General purpose computer system

Dedicated control equipment including OTV docking, berthing, and
handling

Communications and data links

Observation and inspection equiment monitors (includes TV,
propellant sensors)

Tools, maintenance and check out equipment and maintenance area
Pressurized hatch for IVA regress/egress to manned GEO mission
module
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lable 2-10, o1v Maintenance Facility (

No Shelter Co
Element Requxrements,

nfiguration)

Contd
O Spares Storage shelter
Spare parts Storage platform or holding fixtures with lights to
contain avionics ORUS, ACs module Spares, an engine, three tank
modules and g manned GEO mission module

0 Electrical Power system (main stati
Power geéneration system

Power contro] and distribution system
Maintenance facility interface

on asset)

EARTH
(PREFERRED) '
PARTS
>~ MANNED GED MISSION
5T MODULE STORAGE ‘
S — ET TANKER
SERVICE oS\,
STRUCTURE g _ mcxr
SECT A-A /LA
GROWTH SPACE STATION (1995) /
TOP VIEW TANKER DOCKED :
AT THIS ¢ AND PROPELLANT
"Wﬂc?g 0 ﬁf TRANSFER
7 FOR CG CONTRO ARM (2
' ::o::: o - " MBA — MULTIPLE BERTHING ADAPTER

27103768-18
267.625.-14

Figure 2-7,

OTV Maintenance Facility - No Shelter Option
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The crewmen would use the airlock on the MBA to access the OTV for
maintenance. The docking, berthing, and maintenance equipment are attached to
the two main support trusses. With no shelter, the micrometeoroid and debris
protection requirements imposed upon the OTV are much more severe than with a
shelter and can affect its mass fraction adversely. The preferred orientation
of the maintenance dock is shown to minimize debris problems. The four
propellant storage modules are shown attached to the service structure close
to the laboratory modules to place them near the station center of gravity
(cg) and close to the OTV. To support the OTV traffic postulated for the late
1990s, an external tank (ET) tanker is required to resupply propellant. The
tanker is shown docked to the end of the service structure. The tanker would
dock to the centerline of the service structure but may have to be rotated 90
degrees for cg centrol purposes. The OTV control station would most probably
be in the MBEA. The question of how much pressurized maintenance volume is
required is still to be resolved. Provision for spare parts storage is shown
in unpreéssurized areas.

2.3.2.2 Shelter Option. Table 2-11 lists the operational functions for the
shelter option. These start with the OTV rendezvous with the station and
proceed through berthing, safing, inspection, fault status, scheduled/
unscheduled maintenance, payload integration, prelaunch operations, propellant
transfer, and launch. Some shelter operations are also included in the
overall sequence. The functions with the asterisk are additional ones
compared to Table 2-7 in Section 2.3.1.

Table 2-12 identifies the element requirements to maintain/service the OTV.
The major zlements include the maintenance dock, maintenance shelter,
propellant storage, control station/maintenance area, the spares storage _
shelter, and power system interface with the Space Station. With the addition
of the shelter, many of the maintenance support equipment items are now placed
on the shelter for more efficient operation compéred to the previous option
without the shelter.

Figure 2-8 shows a layout of rhe shelter option facilities attached to the
station. The SBOTV is shown attached to the end of the maintenance dock
located in a position to receive a payload, in this case the manned
geostationayy grew module. For maintenance and storage the SBOTV, detached
from the aerobrake, can be moved up under the shelter. The shelter protects
the SBOTV from micrometeoroids and space debris while residing at the
station. The preferred orientation for the service facilities is indicated.

The crewmen would use the airlock on the MBA to access to OTV for
maintenance. Docking, berthing, and some maintenance equipment are attached
to the two main support trusses. Other maintenance and handling equipment,
such as a remote manipulator system (RMS) for handling payloads, are attached
to the shelter along with provisions to store the manned geostationary module
and three sets of tank modules. One set is a spare and the other two are to
be added to the payload delivery only SBOTV mission configuration for the
manned missions. The four propellant storage modules are shown attached to
the service structure as in the previous concept. In addition, the ET tanker
is shown docked to the end of the service structure. The OTV control station
would most probably te in the MBA. Again the gquestion of how much pressurized
maintenance volume is required is still to be resolved.

2-20

LTrr——

e —_——y T SR
K

pssR s et e

R R

g

‘..,,‘



ﬂl‘? L2

GDC-5P-83-067

Table 2-11. Space-Based OTV Operational Functions - Shelter Option

Berth OTV Perform OTV maintenance
o Rendezvous OTV with station ® Perform scheduled/unscheduled
¢ Capture OTV at station maintenance tasks
e Berth OTV in maintenance docik * » Mission Reconfigure
¢ Extend shelter to cover OTV* * Perform system operational testing
Transfer propellant * Deactivate & stow OTYV (if not required for
¢ Verify interface integrity mission at this time)
¢ Perform propellant leak checic Mate OTV & payload
¢ Transfer, residual propellant from OTV to station Retract OTV sheiter*
Inspect OTV Rotate OTV for payload integration*
o Perform visual inspection Transfer payload to OTV
— TV inspection* Mate payload to OTV
¢ Determine OTV fault status Verify OTV/payload interface
¢ When fault or damage detected Perform OTV/payload integration test
— Perform damage assessment (TV/EVA) Launch OTV/payiload
— Initiate electrical test routine to verify fault ¢ Perform prelaunch operations
— Initiate fault isolation routine ¢ Transfer propellant from station to OTV
e Formulate integrated maintenance plan e Launch OTV/payload

*Functions pecduliar to concept A 27103534-21A
267.625-15

2.3,2.3 Shelter/Maintenance Module Option. Table 2-13 lists the operational
functions for the maintenance module option. These start with the OTV
rendezvous with the station and proceed through berthing, safing, inspection, .
fault status, placement of either or both ends of OTV in the maintenance '
module, scheduled/unscheduled maintenance, payload integration, prelaunch
operations, propellant transfer, and launch. The functions with the asterisks
are additional ones compared to Table 2-7 in Section 2.3.1.
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Table 2-12. OTV Maintenance Facility (Shelter Configuration)
Element Requirements

Maintenance dock

® Main truss support structure

* OTV berthing interface, :'ructure & iranslating & rotating mechanism
& carriage

¢ Electrical interconnects between berthing interface, maintenance
module & power source interface

* Fluid lines from quick disconnect panel to propellant storage
control interface

¢ Support structures for shelter

* Rail/track system for sheiter & berthing carriage

¢ FElecirical interconnects between shelter interface, maintenance
conirJyl station & power source interface

¢ Handling device to provide EVA mobility & restraint, equipped with TV
system & communications; RMS/robotic capability

¢ FElectrical interconnects between handling device & maintenance
dock interface

Spares storage sheiter

* Spare parts storage platform or holding fixtures with lights to contain
avionics ORUs, ACS module spares, an engine, three tank modules &
a manned GEQ crew moduie

Maintenance shelter

Main sheiter structure

Shelter to maintenance dock structure rail/track interface

Shelter mobility control motors

Lighting installation

Electrical interconnects between lights & maintenance dock interface
Exterior RMS support with rails/tracks

RMS including TV, lights, end effector/tool adapter

Electrical interconnects from RMS to maintenance dock interface
Tool storage fixture for handling device/robotics & RMS

Possible antenna installations

Electrical power system (main station asset)
* Power generation system
* Power control & distribution system

* Maintenance facility interface . g;;o‘gﬁﬁ

2-22

Ty w3

.
R




-~

f A

GDC-6P-83-067

Table 2-12. OTV Maintenance Facility (Shelter Configuration)

Element Requirements, Contd

Propellant storage

Main support structure

Hydrogen storage tank

Oxygen storage tank

Control & interface unit, valves, controls, etc

Fluid lines from tanks to control interface

Refrigeration unit, & plumbing

Electrical interconnects between control unit, refrigeration unit,
maintenance module & power source

Radiators

Control station maintenance area

Pressurized compartment

- Airlock for EVA operations (serves as observation station)
- General purpose computer system
- Dedicated control equipment including OTV docking, berthing & handling

Communications & data links
Observation & inspection equipment monitors {include TV,
propellant sensors)

Tools, maintenance & checkout equipment & maintenance area
Pressurized hatch for IVA ingress/egress to manned GEO 103768.5
crew module 227'6‘)235,$222
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Figure 2-8. OTV Maintenance Facility - Shelter Option
Table 2-14

identifies the element requirements to maintain/service the OTV.
The major elements include the maintenance dock, maintenance shelter,
propellant storage, maintenance module/control station, spares storage
shelter, and power system interface with the Space Station. The maintenance
module can enclose both ends of the OTV for siiirtsleeve. maintenance on the
avionics modules and the engine after the aerobrake has been detached. This
requires a pressurizable bulkhead on both ends of the OTV in the appropriate
position. Again the OTV is protected by the movable shelter against micro-
meteoroids and space debris. The avionics modules and engine modules can be
worked on in a shirtsleeve environment, but the other components on the 0TV,
such as tank modules, aerobrake, etc., must be worked on by EVA.
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Table 2-14. OTV Maintenance Facility Element Requirements for Pressurized
0TV Maintenance Module/Shelter Configuration

o Maintenance dock

- Main truss support structure

= OTV berthing interface, structure, and translating and rotating
mechanism & carriage
Electrical interconnects between berthing interface, maintenance
module & power source interface

Fluid lines from quick disconnect panel to propellant storage control
interface

- Support structures for shelter

- Rail/track system for shelter & berthing carriage

Electrical interconnects between shelter interface, maintenance module

& power source interface

- Handling device to provide EVA mobility & restraint, equipped with TV
system & communications RMS/robotic capability

- Electrical interconnects between handling device and maintenance dock
interface

o Maintenance shelter
- Main shelter structure
- Shelter to maintenance dock structure rail/track interface
- Shelter mobility comntrol motors
- Lighting installation
- Electrical interconnects between lights & maintenance dock interface
- Exterior RMS support with rails/tracks
- RMS including TV, lights, end effectecr/tool adapter
- Electrical interconnects from RMS to maintenance dock interface
- Tool storage fixture for handling device/robotics & RMS
- Possible antenna installations

o Propellant storage
- Main support structure
- Hydrogen storage tank
= Oxygen storage tank
- Control & interface unit, valves, controls, etc.
- Fluid lines from tanks to control interface ;
- Refrigeration unit & plumbing
- Electrical interconnects between control unit, refrigeration unit,
maintenance module & power source
- Radiators
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Table 2-14. OTV Maintenance Facility Element Requirements for Pressurized
OTV Maintenance Module/Shelter Configuration, Contd

o Maintenance module/control station (standard module)

- Pressurized compartment

- Airlock for EVA operations (serves as observation module)

- Pressurized hatch & OTV interface

- General purpose computer system

- Dedicated control equipment including OTV docking, berthing and
handling

- Communications & data links

-~ Observation & inspection equipment monitors (include TV, propellant
sensors)

~ Tools, maintenance and check out equipment and maintenance area

- Pressurized hatch for IVA regress/egress to manned mission module

- Spare parts storage volume to contain avionics ORUS; an engine, etc.

o Spares ntorage shelter

- Spare parts storage platform and holding fixtures with lights to
contain three tank modules and a manned GEO mission module

o Electrical power system (main station asset)
- Power generation system
~ Power control & distribution system
- Maintenance facility interface

Figure 2-9 shows a layout of the shelter/maintenance module facilities
attached to the station. The SBOTV is shown in the maintenance dock with the
manned geostationary mission module attached. This would be the arrangement
just prior to launch so that the crew has shirtsleeve ingress to the module
from the maintenance module. The second part of Figure 2-9 shows the 5BOTV
during the maintenance operation with the avionics modules inside the
maintenance module {hr shirtsleeve acce:s. The aderobrake is shown detached
and stowed on the maintenance dock truss structure. The shelter is positioned
over the SBOTV for protection. The SBOTV engine can also be placed in the
maintenance module for shirtsleeve access. .

The maintenance module is a standard Space Station module with a special
opening on one end to accept and seal the pressure bulkhead on the SBOTV. For
the required EVA the crewmen would use the airlock on the MBA. Some of the
maintanance equipment that was on the maintenance dock and shelter in the
previous concepts is inside the maintenance module. However, capability to
support and move EVA crewmen, change out or add tank modules, and integrate
paylods must still be provided on the maintenance dock and shelter. The
maintenance module can contain the control station and pressurized maintenance
volume. A space engine and avionics modules can be stored inside the
maintenance module, but the extra tank modulc: and manned modules are stored
on the shelter as in the previous concept. The four propellant storage
modules are shown attached to the service structure as in the previous

concepts. In addition, the ET tanker is shown docked to the end of the
service structure as before.
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Figure 2-9. OTV Maintenance Facility - Maintenance Module Option
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2.3.2.4 Pressurized Hangar Option. Table 2-15 lists the operational
functions for the pressurized hangar option. These start with preparing the
hangar for the OTV, and the 0TV rendezvous with the station. They then
proceed through berthing, safing, inspection, fault status, pressurizing the
hangar, scheduled/unscheduled maintenance, depressurization of the hangar,
payload integration, prelaunch operations, propellant transfer, and launch.

Table 2-16 identifies the element requirements to maintain/service the OTV.
The major elements include the maintenance hangar, control station,
maintenance dock, propellant storage, spares storage area, and power system
interface with 7 Space Station. In this concept the total OTV including the
aerobrake is encl .sed in the pressurized hangar. All maintenance activities
are conducted in a pressurized environment. The only possible EVA would occur
if something went wrong with deploying appendages on a payload after mating
with the OTV and could be fixed by a crewman without demating. This operation
is accomplished outside the hangar. We still need a separate pressurized .
control station for the OTV activities that must be controlled while the
hangar door is open such as rendezvous, docking, berthing, payload
integration, propellant transfer, etc.

Figure 2-10 shows a layout of the pressurized hangar facility., It is only a
line drawing of a possible envelope to encompass the OTV including the
aerobrake. The actual configuration for a hangar brought up in the Shuttle
and assembled on orbit would be much more complicated. This is a good subject
for the Boeing Large Space Structures TDM study.

The OTV is shown inside the hangar with the crew module for shirtsleeve
ingress from the MBA. During the maintenance operations, the crewmen would
enter the hangar from the MBA. All the maintenance activities take place
within the pressurized hangar. All the spare parts including the crew module
are stored within the hangar. Figure 2-10 shows where the hangar door must be
placed so that the OTV can be rotated for integration of large payloads with
deployable appendages.

The control station can be housed in the MBA. The airlock on the MBA can be
used for an EVA fix on a payload with large appendages that has been
integrated with the OTV. The four propellant storage modules are shown
attached to the service structure as in the previous concepts. In addition,
the ET tanker is shown docked to the end of the service. structure as before.

2.3.2.5 Separate Propellant Depot Option. Figure 2~11 shows the top level
functional flow for the separate propellant depot. It differs from the
previous ones in that the OTV must visit the propellant depot on returning
from a mission to detank any residual propellants before it visits the
station. In addition, the OTV must visit the propellant depot after
maintenance and payload integration is accomplished at the station to be
loaded with propellant for the mission.
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Table 2-16. OTV Maintenance Facility Element Requirements Lo
for Pressurized Hangar Option !

0 Maintenance hangar, pressurized g

- Hangar interface support structure E

- Main hangar structure

= Truss support for maintenance dock

- Main hangar door & seal system

- Main hangar door control motors & mechanisms
. - Aerobrake holding fixture on door

- Personnel access door

- Hangar pressurization system

- Environmental control system (pressure, humidity, temperature,
contamination)

- Lighting installation

= Crane support with rails/tracks

= Crane with attachment fixtures

- Handling device to provide crewmen mobility and restraint equipped
with TV system and communications RMS/robotic capability ‘

- Tools, maintenance and check out equipment s T

- Spare parts storage compartments or holding fixtures to contain .
avionics ORUS, ACS'-module spares, an engine, three tank modules & a
manned GEO mission module

- Antenna installations on exterior hangar

- Maintenance dock truss extender control motors

- Electrical interconnects

ey

o Control station
-~ Pressurized compartment
- General purpose computer system

.

BN WL
L aein

Py, Ty

Tt ‘

- Dedicated control equipment including OTV, docking, berthing and AR
handling {%'

- Observation & inspection equipment monitors (including TV, propellant By

sensors) g o

- Communication data lines system with caution & warning 5

- Airlock for EVA operations (payload) g

i

o Maintenance dock (interior) . %
- Main truss support structure o

- OTV berthing interfste, structure & translating & rotating mechanism ‘i

) and carriage o
- Rail/tracks system for berthing carriage wd
- Electrical interconnects between berthing interface, hangar, & power P,
source interface L5

- Fluid lines from quick disconnect panel to propellant storage control ;é
interace Ls)

1

o Space station or hangar exterior RMS e
- Structure, controls, lights, TV, etc. iﬁ“

o

-

e

! %

L

Sk d AE

{Ilﬁm e
B [t
O)
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Table 2-16. OTV Maintenance Facility Element Requirements
for Pressurized Hangar Option, Contd

o Spares storage area

- Spare parts storage platform or holding fixtures to contain avionics
ORUS, ACS module spares, an engine, tiiree tank modules and a manned
GEO mission module

o Propellant storage
- Main support structure
- Hydrogen storage tank
- Oxygen storage tank
- Control & interface unit, valves, controls, etc.
- Fluid lines from tanks to control interface
- Refrigeration unit & plumbing
- Electrical interconnects between control unit, refrigeration unit,
maintenance module & power source
- Radiators

o Electrical power system (space station asset)
- Power generation system
-~ Power control & distribution system
- Maintenance facility interface
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Figure 2-10. o1V Maintenance Facility - Pressurized Hangar Option
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Table 2-17 lists the lower level operational functions for the separate

; propellant depot option. A separate depot can be used with any of the
previous maintenance options. For illustrative purposes we have chosen to
discuss it in conjunction with the shelter maintenance facility. These
functions start with the OTV rendezvous and docking with the propellant depot
after completing its missions. The functions then proceed through
transferring the residual fuel from the OTV to the depot to transzferring the
OTV from the depot to ti:e Space Station. The functions to be performed at the i
Space Station are the same as des¢ribed in Section 2.2.2 except for the
propellant loading. After mating and checking out the paylioad, the OTV is
transferred to the propellant depot for fueling before launch for the mission.

Table 2-18 lists the element requirements to maintain and service the OTV with
shelter facilities on the stationa and separate propellant depot. The major
elements include the maintenance dock, maintenance shelter, control
station/maintenance area, spares storage shelter, and the nousr svstrem
interface with the Space Station. These facilities are attached to the ;
station. In addition, the separate propellant depot must have a main facility ¥
structure, which houses the subsystems to support the facility, a cryogenic

propellant storage facility, and a docking and berthing capability for the i
OTV. These requirements are listed in Table 2~19.

Figure 2-12 is a layout of the separate propellant depot.- It shows the main
facility structure with the four propellant storage modules attached and the
major subsystems to support the facility. Also shown is the docking and
propellant transfer mechanisms for both the OTV and the ET tanker. The ET
tanker docking and propellant transfer arrangement is very similar to the one
shown for the Space Station. The OTV must be able to obtain propellants with .
a large payload attached with multiple appendages. T

-
(a1

Figure 2-13 is a layout of the maintenance module facilities on the station
without the propellant storage modules and the ET tanker docking provisioms.
This eliminates considerable mass from the station, which has to be balanced

and controlled, and the hazards of a propulsive thrust due to a tank rupture
from space debris.

AT

We considered the option of performing maintenance on the OTV on the
propellant depot but rejected it. This option requires all the maintenance
facilities to be on the propellant depot, which could be an advantage to the
station but it requires the crew to be transported back and forth from the
station to the depot. This later operation we feel is not desirable and makes .

. the whole operation quite complex and possibly hazardous. The OTV must either Pl
come to the Space Station for the payload or the payload transported to the
depot. Since this transfer operation must be performed, GDC felt that the
most effective operation is to perform the maintenance at the station.
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Depot Option (with Shelter Facility)

Berth OTY in propellant depot
e Rendezvous OTV with depot
e Capture OTV at depot
e Berth OTV in propeliant transfer dock

Transfer propellant to depot
e Verify interface integrity
e Perform propellant leak check
¢ Transfer propeliant from OTV to depot
® Release OTV from depot berthing

Transfer OTV from depot to station using OMV

Berth OTV at space station
o Capture OTV at station
e Berth OTV in maintenance dock
o Verify interface integrity

Inspect OTV
¢ Perform visual inspection
— TV inspection
e Determine OTV fault status
* When fault or damage detected
— Perform damage assessment (TV/EVA)
— [nitiate electrical test routine to verify fault
— Initiate fault isolation routine =
Perform OTV maintenance
¢ Formulate integrated maintenance plan
» Perform scheduled/unscheduled maintenance tasks
* Perform system operational testing
e Deactivate & stow OTV (if not required for mission at this time)

Mate OTV & payload

Rotate OTV for payload integration

e Transfer payload to OTV

* Mate payload to OTV

Verify OTV/payload interfaces
Perform OTV/payload integration test

Transfer OTV from station to depot

Berth OTV in propellant depot
e Capture OTV at depot
e Berth OTV in propellant transfer dock
¢ Verify interface integrity
Launch OTV/payload
e Perform prelaunch operations
¢ Transfer propellant from depot to OTV
¢ Launch OTV/payload from propellant depot

2-36
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Table 2-18. OTV Maintenance Facility Element Requirements for Shelter

Configuration with Separate Free-Flying Propellant Depot

Maintenance dock

Main truss support structure

OTV berthing interface, structure, and translating and rotating
mechanism & carriage

Electrical interconnects between berthing interface, maintenance
module & power source interface

Support structures for shelter

Rail/track system for shelter & berthlng carriage

Electrical interconnects between shelter interface, malntenance
control station & power source interface

Handling device to provide EVA mobility & restraint, equipped with TV
system & communications; RMS/robotic capability

Electrical interconnects between handling device & maintenance dock
interface

Maintenance shelter

Main shelter structure

Shelter to maintenance dock structure rail/track interface

Shelter mobility. ¢ontrol motors

Lighting installation

Electrical interconnects between lights & maintenance dock interface
Exterior RMS support with rails/tracks

RMS including TV, lights, end effector/tool adapter

Electrical interconnects from RMS to maintenance dock interface

Tool storage fixture for handling device/robotics & RMS

Possible antenna installations

Control station/maintenance area

Pressurized compartment

Airlock for EVA operations (serves as observation station)

General purpose computer system

Dedicated control equipment including OTV docking, berthing and
handling*

Communications & data links

Observation & inspection equipment monitiors (include TV, propellant
sensors)

Tools, maintenance and check out equipment and maintenance area
Pressurized hatch for IVA regress/egress to manned GEO mission module

Spares storage shelter

Spare parts storage platform or holding f1xtures with lights to
contain avionis ORUS, ACS module spares, an engine, three tank modules
and a manned GEO mission module

Electrical power system (main station asset)

Power generation system
Power control & distribution’ system
Maintenance facility interface
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Table 2-19. Separate Propellant Facility Element Requirements

o Main facility structure

Power generating & storage system

Power distribution system

RCS & station keeping equipment including necessary structures
RCS propellant storage

Control avionics =7
Antennas

Lighting installation

TV system

Electrical interconnections

o Cryogenic¢ propellant storage

Main support structure

Hydrogen storage tank

Oxygen storage tank

Control & interface unit, valves, controls, etc.
Fluid lines from tanks to control interface
Refrigeration unit & plumbing

Radiators

Electrical interconnects between control unit, refrigeration unit &

power source
Propellant condition monitoring equipment

o OTV dock mechanism

Dock structure
OTV berthing interface

Fluid lines from quick disconnect panel to propellant storage control

interface

2.3.3 PROPELLANT TRANSPORTATION TO LEQ. Our Space Station study

(Reference 4) showed that to achieve the greatest economic benefits for a

space-based OTV the propellants must be brought to LEO in something other than
the Shuttle cargo bay. In the first years of operation of the SBOTV,

propellant scavenging from the ET can provide the
However, starting in the mid 90s the traffic rate

scavenging will not provide the required amount. Another method of

transporting propellant needs to be provided such as the ET tanker. The
following data was developed in our Space Station
to indicate the technology requirements to be developed to resupply cryogenic

propellants to LEO in a cost effective manner.
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Figure 2-12. oTV Maintenance Facility - Separate Propellant Depot Option
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z Figure 2-13. OTV Maintenance Facility - Maintenance Module with

Separate Propellant Depot

2.3.3.1 Cryogenic Propellant Delivery. A variety of cryogenic propellant
delivery options was examined as candidates for further study. Previous
studies have indicated the high sensitivity of SBOTV costs to LiO propellant
delivery costs. In a comparison with ground-based single-use upper stages
such as Centaur, 3 space-based svstem will start to show a benefit only when
bulk propellant delivery costs drop to about half of the standard Shuttle
payload delivery cost (about $1,200/1b in 1983§). Figure 2-14 shows a
comparison of payload costs per pound versus propellant delivery cost per
pound. Emphasis was placed on concepts that showed promise of lowering the
delivery costs to a fraction of the standard cost. Table 2-20 summarizes the
relative merit of a number of propellant delivery concepts. Figure 2-15

illustrates these concepts, together with gross estimates of propellant
delivered.

Chief among the concepts examined were those designed to recover residuals in
the external tank (ET). At MECO the ET has achieved 98% of orbital velocity
with expected minimal residuals of 9380 pounds with a full payload. With
average manifesting efficiency, less than the maximum payload weight will be
lofted and therefore ET residuals could be expected to rise to as much as
25,600 pounds for a nominal mission.
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0f the five ET scavenging concepts considered, the OTV Residual Recovery or
"Honeybee" concept was selected for further study. Concept 4, which places
residual catch tanks below the ET and possibly uses these tanks directly on an
OTV, comes very close to the Honeybee and also needs further study. In
question is the weight and cost penalty for propellant tanks able to withstand
the severe thermal and acoustic environment at the aft end of the ET. Primary
advantage of Concept 1 is simplicity of design 'and operation. Our analysis
indicates that most STS missions will be voilume limited, not weight limited,
and the practical utility of any concept that restricts payload bay length is

T b S i i I R AR,

therefore questioned. Concept 2 overcomes this last deficiency at the expense 12
of operational simplicity by placing residual catch tanks below the payload I
bay between the frame elements. Volume restrictions between the frames may ;%
limit the amount of residuals that might be recovered. i
Other concepts, which do net rely on ET scavenging to deliver cryogens to LEO, %E
include the obvious approach of simply placing propellant tanks in the payload 3

-
it ol

bay and taking up a full load of propellant, about 58,000 pounds. A major
disadvantage that precludes this concept from consideration as a primary means
of propellant delivery is the high cost.
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Another concept examined several years ago utilizes the excess payload weight
available on most missions to transport 10,000-25,000 pounds of water held in
tanks below the payload bay. A large solar array on the Space Station would
then power an electrolysis operation to separate the water into hydrogen and
oxygen, liquefy them, and store them for later use. This concept has several
advancages over others in that it takes advantage of the average volume-
limited payload and carries up a relatively high-density liquid. A
disadvantage is in the large on-orbit facilities requirement and the excess
oxygen produced (20% by weight) beyond requirements by an OTV (operating at a
6:1 mixture ratio). However, the excess could be used as a Space Station
environmental consumable.

For the mature OTV traffic model, large quantities of cryogens will be
required on orbit and this can only be met by a new Heavy Lift Launch Vehicle
(HLLV). Shuttle derived vehicles that exchange the Shuttle Orbiter for an
unmanned payload capsule hold the most promise. Concept 9 shows this payload
capsule configured as propellant tanks. This concept has the advantage that
these same tanks could be attached to the Space Station and used directly for
propellant supply there. A disadvantage is that these tanks are too large to
be returned to earth on the Shuttle and would therefore have to be thrown
away, along with the ET, after use. Either of these HLLV concepts can loft
about 200,000 to 220,000 pounds of propellants while the largest tanks that
can be placed in the Orbiter will only hold 140,000 pounds of 03/Hy at a
nominal 6:1 mixture ratio.

Concept 8, chosen for later study, overcomes this disadvantage by leaving the

cryogens on the ET and having only an engine pod attached to it. Cryogens are

then offloaded from the ET at the station and the ET disposed of as desired.
Advantages include minimal change required to the ET and elimination of the
need for a new set of flight qualified cryogenic tanks.

2.3.3.2 Honeybee ET Scavenging Concept. The Honeybee concept utilizes the

automatic rendezvous and propellant loading/unloading capabilities of the QTY

to directly off-load residuals from the ET. The OTV's light weight an¢ &Ligh
maneuverability are utilized to dock with the ET within 30 minutes ~f MECO.
Boiloff losses, particularly with the LHj, are therefore minimized without
the added complexity and reduced manifesting efficienc¢y inherent with payload
bay or aft cargo carrier propellant tank concepts.

Thermodynamic analysis of the Honeybee concept is reviewed in 2.3.3.4. The
analysis indicates that 14,200 pounds of usable LO/LHp can be extracted
from the ET on a nominal mission. The OTV utilizes 2400 pounds of its own
propellant to recover this, and an additional 500 pounds is lost through
inflight boiloff from the OTV tanks and during transfer to the Space Station
holding tanks. The net profit of propellant per mission is therefore 11,300
pounds.
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Figure 2-16 illustrates the principal features of the Honeybee Concept. An
OTV is launched from the Space Station 1-1/2 to 6 hours before the Shuttle
launch. The OTV (without payload) would follow a transfer orbit o the
rendezvous orbit (50 to 100 n.mi.) and rendezvous with the Orbiter/ET. Any
Shuttle flight going to the Space Station and quite a few others going to
nearby inclinations would be economically accessible by the OTV. Once the OTV
is in the rendezvous orbit, the Shuttle ascent trajectory software is updated
with the exact orbit parameters. The OTV remains for up to three orbits
befcre STS launch. A .

After launch, as the STS nears MECO, the OTV tracks the rising stack and
begins to compute intercept maneuvers required.

To reduce propellant boiloff, it is desirable to reduce liquid-vapor mixing,
which is exacerbated by springback of the aft bulkhead of the ET. Several
procedures before and after MECO may prove feasible to reduce liquid-vapor
mixing. These include:

a. Deep throttling of :he Space Shuttle Main Engines (SSMEs) to 50%.
b. Sequential shutdown of the SSMEs,

¢, Intermittent firing of one or two aft facing PRCS engines after MECO until
OTV terminal maneuvers.

d. Addition of aft-directed propulsive vents to the ET.

The ET is shown modified with a docking port on the aft end. The docking port
has propellant, electrical, ar< command/data line disconnects, and structural
attachments to interface with the OTV. A blow-off cover protects the docking
port during ascent. Propellant lines lead directly into the ET Hy tank and

to the ET side of the 0, interface with the Orbiter.

Due to the large amount of O, in the Orbiter at MECO, it may be economical

to also tap the orbiter side of the disconnect. Electrical and command/data
lines connect with the ET wiring harness and thence into the Orbiter through
the existing Orbiter disconnect panel. '

The Orbiter remains attached to the ET while the OTV, under automatic control,
maneuvers to intercept. Under normal operation the OTV would use its
automatic rendezvous/docking sensors and guidance and navigation (G&N)
computer to perform the docking. During terminal docking maneuvers, the
Orbiter would have override capability to cancel the docking and separate the
OTV from the ET/Orbiter. The existing TV camera in the aft ET attachment well
of the Orbiter is modified for tilt and pan to allow the Orbiter crew to
monitor the docking operation. In addition, the OTV would have a TV camera to
allow crew monitoring of the docking operation. If a hard dock cannot be
achieved between the OTV and the ET, the Orbiter can inject the ET into a
controlled reentry.
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Figure 2-16. Honeybee ET Scavenging Concept Orbit Mechanics

2-46




}(\ B J"\jik?,

b

&

GDC~SP-83~-067

The Orbiter disconnects from the ET once verification of an OTV hard dock is
received and separates in the standard procedure with PRCS firings. Once safe
separation has been achieved the Orbiter crew may elect to remain nearby to
monitor the propellant loading operation or may use the OMS engines to proceed
to their assigned mission orbit.

The OTV loads the ET residuals with a combination of pressure head caused by
firing its main engine and pump head provided by cryogenic pumps on board the
OTV. First the OTV aligns itself along the vehicle velocity vector such that
the main engine serves to decelerate the ET. The main engine is cycled up to
20% thrust and decelerates the ET for 4-5 minutes, imparting a AV of 150-200
ft/sec. ET residuals are settled, collected, and pumped into the OTV tanks
during this operation. Once all accessible residuals are loaded, the
propellant lines are disconnected, the OTV separates, and the ET is programmed
to tumble in preparation for reentry. The OTV then accelerates into a return
transfer orbit to the station. '

Preliminary performance analysis indicates a minimum AV requirement for the
entire OTV operation of 1390 ft/sec (from Space Station undock to redock),
which consumes 1770 pounds of OTV propellant.: With orbit phasing and other
intermediate orbit maneuvers to intercept the Shuttle, the nominal AV for this
operation would rise to approximately 1800 ft/sec, requiring 2400 pounds of
0TV propellant. In addition to this propellant requirement, there are also
the orbiter RCS propellant requirements, which have not been assessed here.

2.3.3.3 ET Tanker Concept. Large quantities of propellant may be delivered
to LEO at low cost with little disruption of other high priority STS traffic
with a Shuttle derived Heavy Lift Launch Vehicle (HLLV). The ET tanker
concept avoids the added cost and weight penalties of separate ''payload"
propellant tanks for the HLLV. For such large propellant quantities, boiloff
from the existing ET is a minor concern for the 24-hour (maximum) period from
MECO to propellant offload into Space Station dewars. The ET tanker is also
compatible with other applications for an HLLV; a cylindrical payload
container/fairing may be substituted for the aerodynamic fairing illustrated
in Figure 2-17. Maximum commonality with Shuttle components assures
relatively low development cost. The potential for disassembly of high value
subsystems, such as the SSME avionics, and others, should reduce operational

costs substantially as well.

Preliminary performance analysis of a representative ET tanker indicates that
210,000 - 220,000 pounds of usable propellant is available at MECO on a direct
ascent to the Space Station. To be conservative, a figure of 210,000 pounds
is utilized in the thermodynamic analysis, which follows in Section 2.3.3.4.

The representative ET tanker is illustrated in Figure 2-17. The ET is
modified in only two major respects:

~a. A berthing system is incorporated into the aft end of the tank for

structural attachment to the Space Station. The data and control harness
for the ET/propulsion module also passes through the berthing system
interface. An insulated blowoff cover, which can be removed manually in
the event of failure, protects the berthing system during ascent.
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Figure 2-17. ET Tanker Concept

b. Conical stiffened bulkheads with multiple capillary screens are added to
the Oy and Hp tanks, supported from existing ring frames. These
bulkheads prevent propellant drift to the forward portions of the tanks,
thus maintaining propellant vapor stratification. Maintaining vapor
stratification significantly reduces boiloff rates and venting
requirements. The bulkheads are made up of stiffened stainless sheet
material perforated with 3 to 8 inch diameter holes to which are attached
capillary screens. Screen area to.total area ratio is about 1:2;
therefore, propellant feed during ascent is not affected.

Several different concepts for the propulsion module are feasible. A chief
distinction is whether the propulsion module is recovered ballistically or by
on-orbit disassembly and Shuttle return of key subassemblies. For high
mission modes, ballistic recovery tends to show a benefit due to shorter
turnaround time, minimized spares requirements and the fact that the entire
propulsion module is basically reusable. For lower mission models, the
additional costs associated with design of the ballistic recovery propulsion
module, and the reduced payload deliverable to orbit as a result of the higher
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weight of the recoverable structure, push the trade toward the on~-orbit P
disassembly optidén. Propellant delivery requirements only dictate two to four
ET tanker flights per year and other uses for the HLLV only bring the total

number of missions to 10 or less by the turn of the century. Therefore, ‘
disassembly at the Space Station is the assumed recovery technique.

Basically, the propulsion module is the aft section of the existing Orbiter f
without the current thermal protection system (TPS) and with certain design
provisions to aid zero-g disassembly of components. Additional vernier RCS
engines, both forward and aft, aid in Station docking maneuvers., FRSI, LRSI
and HRSI insulation is replaced with spray-on foam insulation (SOFI) (similar i
to that used on the ET) for the side areas while a spray-on ablative foam is N
used to insulate the aft bulkhead from radiant heat generated by the SSMEs.

A new keel structure attaches to the propulsion module and carries axial loads b
to the existing ET attach, This minimizes redesign for the ET, which 1
otherwise would have to be stiffened to take the axial loads imparted by the it
SSMEs. For payload application, this keel structure would carry payload :
attach frames and a new payload shroud. Payloads up to 90 feet long and 20 :
feet in diameter could be accommodated.

In operation the ET tanker follows a direct asgent trajectory to the Space
Station at about 220 n.mi. OMS engines or the existing PRCS engines are used
for terminal phasing maneuvers. The propulsion module remains attached to the
ET until final disassembly and disposition at the Space Station. The ET

tanker docks with the station under manual control from the station using the
propulsion module PRCS and VRCS engines.

Once docked, the propellant transfer arms (see Figure 2-18) are swung down and : -
engaged with the existing Shuttle overboard dumps. Propellant transfer is
aided by performing Space Station orbit-maintenance burns concurrently.
Acceleration levels of 0.0005-0.00010g required for quarterly orbit-
maintenance burns aid in propellant acquisition and transfer to Station
tanks. Propellant transfer is performed through the existing 09 and H
feed systems on the ET and requires between 5 and 20 minutes. The ET and
propellant lines are then vented for several hours.

After propellant transfer and venting the disassembly operation commences.
Space Station RMSs, augmented with versatile service attachments, assist EVA

crewmen in operations. Key components that could be disassembled and packaged
for Shuttle return include:

T eV RO B3 TR

Lisdepaiitid e

a. SSMEs
b. OMS/RCS Aft Pods

¢c. RCS Forward Pod

RO
o
o

e
oo

TR
W

d. Engine Controllers
es Main Avionics Suite
f. APUs

A5es

RN A
i B

g. Miscellaneous Propellant Pumps, Valve Assemblies, etc.

*
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Figure 2-18. ET Tanker Propellant Transfer Concept

Preliminary packaging indicates that these components could be returned on two
or three Orbiter flights. The ET and remaining structure/hardware could be
deorbited by the TMS or placed in a higher storage orbit for later use. ETs
could be attached together with the Space Station and Orbiter attachments to

reduce drag losses in long term storage.

2.3.3.4 Thermodynamic Analysis of Cryogenic Propellant.Delivery Systems

Residual Analysis, Honeybee Scavenging Concept. A preliminary analysis was
performed on the ET to assess possl.ble propellant scavenging concepts with an
0TV. The basic scenario that is proposed for prnpellant scavenging by an OTV
is outlined in Section 2.3.3.2.
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The propellant residuals available at MECo are given in Table 2-21 for both
the LHy tank and LO, tank, for dan 85% loaded Orbiter at launch and a

nominally loaded ET. Table 2-21 is taken from recently updated JSC data on f
residuals expected on the external tank at MECO. i

Table 2-21., Liquid Residual Available at MECO for Propellant 4
Scavenging, Honeybee Concept

L0,y (1bm) LH, (1bm) LO2/LHy (1bm)
Orbiter 4,629 307 4,936 i
External tank 2,001 2,695 4,696 |
+ 15% reduced payload (10,365) ( 0) (10,365)
Total external tank 12,366 2,695 15,061

“emaer et DT T

s
S

The assumptions that were made in a thermal analysis of the ET to determine
the residuals available after MECO are:

a. The propellants remain settled near the aft bulkhead of the ET up to MECO, :
after MECO before the OTV docking, during the docking, and during the
propellant transfer operation.

b. The worst case thermal condition prevails during docking, i.e., solar =
heating of the aft bulkhead of the ET LH, tank (25 Btu/sec) and Orbiter o
heating of the L0, feedline (15 Btu/sec). '

c. The propellants are in a saturated liquid state at 34 psia for LH, and
22 psia for LOy. This is a comservative assumption for liquid residuals
for it will give a maximum liquid boiloff for given heating rates.

d. A representative time of 30 minutes for the docking operation of the OTV

with the ET. This time will be from MECO to separatlon of the OTV/ET
combination from the orbiter.
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Using the above assumptions, it is possible to calculate residuals available
after MECO. These are presented in Figure 2-19. The LH9 and LOj liquid
residuals are shown against time from MECO. The oxidizer-fuel ratio is also
shown so that an understanding can be had of oxygen-to-fuel (O/F) ratios that
, would be transferred to the OTV. One item to note is the rapid change in the
; O/F ratio due to the higher boiloff rate of LHy. The initial low O/F ratio
i of 4.5:1 is due to the fuel bias (1001 1lbm) at 11£toff done to ensure no
oxygen-rich shutdown of the engines.

S

e B

~ ~ oY

The actual transferred liquid quantities are presented in Table 2-22 for four
different transfer times. These quantities reflect the residuals remaining in
the external tank due to vapor pull-through during transfer.
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Figure 2-19. Residual Masses and O/F Ratio, Honeybee Concept

Table 2-22. Actual Transferred Liquid Propellants,.Honeybee Concept

Transfer Time (minutes) 6 30 45 60

Transfer rate, (gpm) LH, 625.7 125.14 83.43 62.57
LO2 221.64 44,33 29,55 22,16
LH2 (1bm) 1,895 2,073 2,096 211
L02 (1bm) 11,589 11,608 11,611 11,612
O/F ratio of transfer mass 6.1 5.6 5.5 5.5
Total transfer mass (lbm) 13,484 13,681 13,707 13,7234
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The actual transfer of liquids from the external tank to the OTV involves
several techaical issues that must be resolved before a thorough concept
asgessment is made. Some of these issues are:

a. The Orbiter/ET thermal environment
b. The routing and connection methods of the transfer line.
c. The pressurization fluid and quantity needed to achieve transfer.

d. Fluid pumping configuration sizing (i.e., type and power needed for
transfer pump).

Basically the transfer system needs a better definition so that a meaningful
trade study can be performed to assess the Honeybee propellant scavenging

concept and what is required (pressurization fluid, electrical power, external

tank modifications, and OTV modifications) to acquire the approximately 5000
gallons of propellants from the external tank at MECO. The concept of
propellant scavenging from the external tank appears to be technically
feasible from this analysis.

Residual Analysis - ET Dedicated Tanker Concept. The use of the ET as a
dedicated tanker has received a preliminary analysis to determine the
residuals available for the holding dewars of a Space Station. The
assumptions made in the Honeybee concept for the thermal environment and the
propellant initial conditions are again used for the dedicated tanker concept
to give a "worst case' approach to propellant quantities.

The initial liquid residuals available for propellant transfer are derived
from the case of direct ascent of the ET to the Space Station with OMS and/or

PRCS firings for orbit phasing. The propellant residuals expected are given
in Table 2-23.

Using the assumption of the Honeybee concept for the thermal environment, an
estimate of the propellant residuals after MECO can be seen in Figure 2-20.
Note that the effect of fuel bias at launch is minimal for such large
propellant quantities at MECO so that the O/F ratio degrades from a 6:1 ratio.

Table 2-23. Dedicated ET Tanker Concept, Initial Propellant Masses
at Transfer Vehicle MECO

Total residual propellants (1lbm) 210,000

O/F ratio 6:1

Initial LH2 mass (1lbm) 28,571

Initial LO, mass (1lbm) 171,429
2-53
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The liquid quantities transferred to the Space Station dewars assume:
a. Propellant transfer starts 4 hours after MECO.

b. The Space Station transfer lines are at space temperature of approximately
77K.

c. The propellant is retaired between the propellant retention bulkheads and
aft bulkheads of both LH; and LOj tanks.

d. The transfer vehicle/ET/Space Station is given an acceleration of 0.0007g
for 4.2 minutes to settle the propellants before liquid transfer occurs.

Using these assumptions, the liquid quantities that can be transferred from
the external tank have been calculated and are given in Table 2-24, These
quantities are representative of amounts of liquid propellants available less
the vapor pull-through volumes in the tanks and feedlines,

Table 2-24. Actual Transferred Liquid Propellants,
Dedicated ET Tanker Concept

Transfer Time (minutes) 6 30 45 60
Transfer rate, (gpm) LH, 6,633 1,327 884 663
Lo, 3,073 615 410 307
LH, (1bm) 18,734 25,162 25,834 26,159
Lo, (1bm) 176,753 177,097 177,144 177,171
O/F ratio of transfer mass 9.43 7.04 6.86 6.77
" Total transfer mass (1lbm) 195,487 202,259 202,978 203,330

One modification to the transfer technique that would give lower transfer
times and low ET residuals would be the use of a variable speed transfer pump,
so that as the quantities of liquid approach the pull-through heights, the
pumping speed is lowered to a lesser quantity to reduce residual masses.

Some of the technical issues that face the assessment of the dedicated ET
tanker concept are:

a. The thermal environment of the transfer vehicle/ET combination during
operation.

b. Completa gystem sizing of the transfer lines, pressurization lines, and
power level requirements of the Space Station transfer schematic.

co Design of Space Station tanking dewars.

d. Modifications necessary to ET for tanker concept.
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Figure 2-20, Residual Masses and O/F Ratio Dedicated ET Tanker Concept

Addressing these technical issues facilitates a better understanding of the
Space Station tanking concefiz and optimization of the transfer technique and
determination of the most economical method for propellant delivery can thus
be realized.

2.3.3.5 OTV Mission Model Propellant Requirements. Figure 2-21 depicts
propellant requirements per year assuming the entire OTV mission model. These
figures therefore represent a maximum propellant requirement. Given a nominal
60-807% payload capture ratio (the remainder of the missipns going to Ariane,
Atlas Centaur II, etc.) the propellant requirements will be reduced
correspondingly.

The solid line on the chart represents actual OTV requirements assuming a 1994
I10C and a 2-year phase-in period before all traffic demand is met. The
phantom line to the left is only for reference, indicating the entire trend of
the propellant requirements through the decade.

Given an STS traffic model calling for 40 STS missions total from both KSC and
VAFB, it seems likely from an extrapolation of the current mission manifest
that about 24 missions per year would be accesuible from the 28.5-degree Space
Station for Honeybee scavenging. This yields a net propellant delivery of just
under 280 klb per year. This is less than the first year requirements for the
all-up mission model and even for the reduced mission requirements of Rev 6.
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Figure 2-21. OTV Propellant Requirements for 28.5-degree Operations
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Therefore, a supplementary means of delivering OTV propellants would be
required sometime within the first 2 years of operation. Carriage of
propellant in dedicated payload bay tankage to the Space Station is & logical
possibility. However, by 1997 this would require an additional seven Shuttle
missions just for propellant delivery.
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The ET tanker offers a more plausible means of propellant delivery that is j
capable of meeting the entire requirement without the added complexity of i
scavenging concepts and with minimal impact on the STS launch schedule. Only '
two to three tankers a year will meet the entire requirement and not impose a

great burden on the KSC launch facilities. .

2.3.4 CREW MODULE. For manned missions the operational functions that were

derived for the module, for the purpose of identifying technologies that need

to be developed, are listed in Table 2-25. The operation is based on the

"maintenance module'" facility configuration shown in Figure 2-9. This

configuration was used t~ develop the operations because it shows direct 3
access to the crew module and provisions for storing the module. The &
"maintenance module" is not essential to the operation, but the berthing A
arrangement is important. It allows shirt-sleeve ingress/egress between Space
Station and crew module for a more efficient crew transfer and internal =
maintenance activities. The maintenance operations are accomplished on the .
crew module elements listed in Table 2-26. These element descriptions were 'y
taken from Reference 3. The Manned Geosynchronous Mission Requirements and :
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Table 2-25. Crew Module Operational Functions at the Space Station

BERTH OTV

RENDEZVOUS OTV/CM NEAR STATION
RENDEZVOUS AND DOCK OMV WITH OTV/MM
MANEUVER OTV/CM TO STATION WITH oMV
CAPTURE OTV/CM AT STATION WITH RMS

BERTH OTV/CM IN MAINTENANCE DOCK WITH RMS

EXTEND SHELTER TO COVER OTV

TRANSFER CREW TO STATION

o EQUALIZE CREW MODULE TO STATION PRESSURE
® OPEN MANNED MODULE AND STATION ACCESS DOORS
® TRANSFER CREW FROM MANNED MODULE TO STATION

DISENGAGE OTV FROM MODULE

® UNLATCHOTV MODULE INTERFACE
¢ DISENGAGE OTV FROM MODULE

REMOVE WASTE MATERIALS FROM MODULE

o DETACH WASTE MANAGEMENT SYSTEM FROM MODULE
® MOVE WASTE SYSTEM TO EARTH RETURNABLE
LOGISTICS MODULE

INSPECT MODULE

e PERFORM VISUAL INSPECTION
~ TV INSPECTION (MODULE EXTERNAL)
—|VA DIRECT INSPECTION (MODULE INTERNAL)
¢ DETERMINE MODULE STATUS
® WHEN FAULT OR DAMAGE IS DETECTED
—PERFORM DAMAGE ASSESSMENT (TV/EVA)
— FAULT ISOLATE TO REPLACEABLE UNIT
® FORMULATEINTEGRATED MAINTENANCE PLAN

PERFORM MODULE MAINTENANCE

® PERFORM SCHEDULED/UNSCHEDULED MAINTENANCE TASKS

¢ PERFORM SYSTEM OPERATIONAL TESTING

® PLACE MODULE IN STORAGE {IF NOT REQUIRED AT THIS TIME)

STORE MODULE

DEACTIVATE AND SECURE ALL MODULE SYSTEMS
GRASP MODULE WITH STATION RMS

DISENGAGE MOOULE FROM STATION AIR £{CK
TRANSLATE MODULE TO STORAGE AREA AND
SECURE

RELEASE AND STOW RMS
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ROTATE AND MOVE OTV/CM TO ENGAGE STATION A|R LOCK

ACTIVATE MODULE FROM STORAGE

ASSURE STATION AIR LOCK IS CLEAR

GRASP MODULE WITH STATIGN RMS
RELEASE MODULE F2nNM STORAGE AREA
TRANSLATE MOD'i,4 1 Y STATION AiR LOCK
ENGAGE AND LATU:: ¥1: YJLE TO STATION
AIR LOCK ‘
ACTIVATE MODULE SYSTEMS

EQUALIZE MODULE TO STATION PRESSURE
OPEN MODULE AND STATION ACCESS DOORS
RELEASE AND STOW STATION RMS
PERFORM MODULE FLIGHT VERIFICATION
CHECKS

REPLENISH CREW EXPENDABLES
MATE OTV TO MODULE

® MOVE OTV TO MODULE

® ENGAGE AND LATCH OTV/CM INTERFACE

e PERFORM OTV TO MODULE INTEGRATION
TEST

TRANSFER PROPELLANT FROM STATION TQ OTV

® VERIFY STATION TO OTV INTERFACE
INTEGRITY

® PERFORM PROPELLANTS LEAK CHECKS

® TRANSFER PROPELLANT FROM STATION
TOOTV

LAUNCH 0TV/CM

® TRANSFER CREW TO MODULE

® PERFORM PRE-LAUNCH CHECKS

® DISENGAGE OTV/CM FROM STATION AIR
LOCK

RETRACT SHELTER

ROTATE OTV/CM TO DEPLOYMENT POSITION
GRASP OTV/CM WITH STATION RMS

MATE OMY TO OTV/CM

DEPLOY OTV/CM/OMV WITH RMS

AND RELEASE

® MANEUVER OTV/CM TO LAUNCH POSITION
WITH OMV ~

267,625-74
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Table 2-26., Basic Crew Module Elements

STRUCTURE THERMAL
. U 0

CREW EXPENDABLES ‘ o ',,",f,,,;‘}‘gng‘

® WASTE MANAGEMENT & PERSONAL HYGIENE e CONTROLS

e CLOTHING

e FOOD ECLSS

® LiOH ® STORAGE TANKS

® OXYGEN & EMERGENCY OXYGEN o PUMPQ ‘

® EVA & CABIN SUIT EXPENDABLES e FILTERS

e NITROGEN

ELECTRICAL POWER SPACE STATION INTERFACE
® BERTHING RING
BATTERIES

I,I:)'EJSETLHfE?LlJ’TLISON AND CONTROLS HISSION EQUIPMENT
' ' o MAN!PULATORS

AVIONICS ® GRAPPLER, TOOLS

CONTROLS AND DISPLAYS

NAVIGATION AND GUIDANCE

RENDEZVOUS RADAR

COMMUNICATIONS, COMMAND AND CONTROLS
DATA MANAGEMENT

TV SYSTEM

267,625.75

Systems analysis Study conducted by Grumman aerospace for Nasa/JSC.
(Discussion was held with Grumman personnel involved in this study.) No
apparent new technology development requirements were identified. The module
internal elements for life support and crew accommodations are also required
on the Space Station. The external elements can be maintained in a manner
similar to the OTV, using the same techniques and equipment. However, a LEO
demonstration mission using the OMV to maneuver the crew module is recommended
before commitment to a manned GEQ mission on the OTV.

2.3.5 SPACE STATION ACCOMMODATION CONCEPTS. Table 2-27 lists the Space
Station architecture provided by NASA to use in the study. It identifies the
initial Station and growth Station: elements. We have used these guidelines in
integrating the OTV servicing facilities with the growth Station and
determining the required scar provisions on the initial Station to accommodate
the OTV TDMs and the growth to the full operatiomnal servicing capability.

2.3.5.1 Initial Space Station. Figure 2-22 shows a layout of the initial
Station with the servicing structure attached to the MBA supporting the
facilities for OMV and satellite servicing. It also shows an additional
servicing structure attached to the MBA supporting the proposed OTV TDMs
generated in Phase I of this study. In addition to the OTV TDMs, it shows a
Shuttle/Centaur attached to the servicing structure by means of a Centaur
integrated support system that is used in the Shuttle. Phase II of the study

is going to analyze this approach using the Shuttle/Centaur for development of
space-based 0TV capabilities in Task 2.
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Table 2-27. Space Station Program Architecture

1991 10C 1995 Growth
e Core modules - 1 resource, * Core modules - 2 resources,
1 MBA, 1 HAB, 2 lab, 2 MBA, 2 HAB, 3 lab,
1 log 1 log
* 6-8 crewmen e 8-12 crewmen
e 60 kW user power (75 kW * 120 kW user power (150
to bus) KW to bus)
¢ 300 megabit per second ¢ 300 megabit per second
downlink downlink
¢ 120 cubic ft of laboratory volume * 180 cubic ft of laboratory

volume

2 space platforms (28.5 deg ,
& 90 deg) ® 2 space platforms (28.5
deg & 90 deg incl)

o TMS, OTV, satellite
servicing

¢ Station-based TMS & OTV

TMS, satellite servicing

Station-based TMS (“smart”
front end)

Ground support
$7.58 to $9.0B cost ¢ Ground support 27103768-8

267,625-36

The objective of this layout is to show the size of the maintenance facilities
development missions equipment in relationship with the rest of the station
and what scars are need to accommodate evolution to the grcwth Station.

An observation that is important to the Space Station architecture is that the
servicing facilities and TDM facilities for OTV/OMV/satellites are of equal
magnitude with the rest of the station and are a major design driver.

2.3.5.2 Growth Space Station. Figure 2-23 shows a layout of the growth
Station with two OTV maintenance facilities attached to it. We have used the
maintenance module concept, described earlier in the report, to illustrate a
candidate installation. This arrangement is meant to show the relative size
of the required OTV maintenance facilities in relationship to the rest of the
station elements and how they might be integrated into the station to keep the
cg travel to a minimum.
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la————e— 30 FT DIA
SATELLITE
, SERVICE SATELLITE
% FACILITY SERVICE
5
- SMALL FACILITY
, 7 sateLure "M%
v AREA X
' RESOURCE —
. MODULE | -
% 110
f " T 0MV LAB
A
3 SERVICE
: STRUC. = MBA \ OMV PROP
30 FT DIA TANK MOD
. o " oMV v
o I~ MAINTENANCE
‘ CENTAUR : PROPELLANT MANTENANCE FACILITY
‘ FACILITY
EARTH
(PREFERRED)
SiDE VIEW END VIEW SIDE VIEW
2 otv Tom
27103768-26
T SHUTTLE /CENTAUR 267.625-37

Figure 2-22. 1Initial Space Station with OTV TLM, Satellite and OMV
Servicing, and Shuttle/Centaur

One facility is attached to the service structure required on the initial
Station. The OMV/satellite servicing facilities are still required on this
structure. The OTV TDM and Centaur integrated support structure will not be
needed on the growth Station. They will be dismantled after their missions
have been performed. Some of the OTV TDM equipment such as the servicing
beams and shelter components could be used to build up the operational
maintenance facility. This area on the service structure could be used for
other activities after the operational facility is completed.

The second OTV maintenance facility is assembied off a service structure
attached to the second MBA in the same manner as the first facility. This
service structure would be available for other activities except for the ET
tanker docking port on one end (as shown in previous charts).

An observation that is important to the Space Station architecture is that the

servicing facilities for OTV/OMV/satellite servicing are of equal magnitude to
the rest of the station and are a major design driver for the station concept.,
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27103768 24
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Figure 2-23. Growth Space Station with OTV Maintenance Module

Figure 2-24 shows a layout of an alternative initial Station with a single
servicing structure attached to the MBA supporting the facilities for OMV,
satellite servicing, and the proposed OTV TDMs generated in Phase I of this
study. In addition to the OTV TDMs, it shows a Shuttle/Centaur attached to
the servicing structure by means of a Centaur integrated support system that
1s used in the Shuttle. This phase of the study is going to analyze using the
Shuttle/Centaur for development of space-based OTV capabilities in Task 2.
This arrangement is directed at using the servicing facilities to provide
gravity gradient stabilization for the station.

The objective of this layout is to show the size of the maintenance facilities
and development missions equipment in relationship with the rest of the

station and what scars are needed to accommodate evolution to the growth
Station.

As was the case with the previous concept, the servicing facilities and TDM
facilities for OTV/OMV/satellites are of equal magnitude with the rest of the
station and are a major design driver.

-
- — SO - s | W damaa e oo ST TR o oun



ORIGINAL PAGE 19 y

CH0-iR=93-08] OF POOR QUALITY
RESOURCE HAB LAB
MODULE -

we—

—_—

T MeA T

A
T wnea

SATELLITE
///umwuu
AREA

‘ EARTH

END VIEW SIDE VIEW

0tV oM

27103768-27
[ SHUTTLE/CENTAUR 267.625-39

Figure 2-24. 1Initial Station (Alternative) - Satellite/OMV Servicing
Plus OTV TDM/Shuttle Centaur

Figure 2-25 shows a layout of an alternative growth Station with two OTV
maintenance facilities attached to it. We have used the maintenance module
concept, described earlier, to illustrate a candidate installation. This
arrangement is meant to show the relative size of the required OTV maintenance
facilities in relationship to the rest of the station elements and how they
might be integrated into the station. This arrangement is directed at using

the servicing facilities to provide gravity gradient stabilization for the
station.

The OMV satellite servicing facilities are still the single servicing
structure from the initial station. The OTV TDM and Centaur integrated
support structure will not be needed on the growth Station. They will be
dismantled after their missions have been pertormed. Some of the OV TDM
equipment such as the servicing beams and shelter components could be used to
build up the operational maintenance facility. This area on the service

structure could be used for other activities after the operational facility is
completed.
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Figure 2-25. Growth Space Station (Alternative) 0TV
Servicing - Maintenance Module

A second servicing structure is attached to the second MBA to support the two
OTV maintenance facilities including the two maintenance modules.
would be required in the servicing structure so that the crew could reach the
There would be an ET tanker docking port at the end

The propellant tank modules are also attached to
the servicing structure and the junction with the maintenance dock structure.

maintenance module IVA.
of the servicing structure.

Again the servicing facilities for OTV/OMV/satellite servicing are of equal
magnitude to the rest of the station and are a major design driver for the

station concept.

2.4 MISSION TURNAROUND OPERATIONS

The turnaround operations required to totally support a space-based OTV at the
Space Station are defined and analyzed in this section.

Figure 2-26 shows how we approached the space-based OTV operations analysis to

make sure that we were thorough and complete in identifying functional
requirements.
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20073050-468

267,625-41

Figure 2-26. Space-Based OTV End-to-End Mission Operations Approach

The space-based OTV operations flow diagrams, which were blended with OTV and
Space Station conceptual designs and architecture in an iterative manner,
provided a means for identifying the OTV system functional task requirements.
These functional tasks included maintenance operations that were expanded. and
refined as the system concept matured. The maintenance functions are one of
the major elements of the space-based OTV operations involving IVA and EVA.
Our approach to identifying these IVA/EVA operations and supporting crews,
skills, equipment, and processes was directed at matching similar ground-based
vehicle operations with our space-based OTV maintenance operations to assure a
complete task breakdown. These tasks, in conjunction with a maintenance
philosophy and EVA ground rules supported a comprehensivwe space-based OTV
maintenance operations analysis.

The objective of generating this data is to identify the technology required
to develop the capability of maintaining/servicing an OTV at a Space Station.
The technologies required to be developed from the analyses performed in this
task are identified in Section 5.

The operational ground rules for EVA listed in Table 2-28 are a combination of
EVA ground rules, Space Station philosophies, and NASA references in the RFP,
They formed the basis for determining EVA involvement in support of servicing
and maintenance operations during this study.
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Table 2-28. Space-Based OTV Operational Ground Rules for EVA

® ATRANSPORT SYSTEM WILL BE AVAILABLE FOR EVA CREW TRANSLATION TO WORK AREA
EVA PERSONNEL CAN OPERATE SAFELY AROUND OTV & PROPELLANT TRANSFER AREA

ON-SITE PROPELLANT LEAK DETECTION SYSTEM WILL PROVIDE DIRECT INFORMATION TO
EVA PERSONNEL

PLANS & PROCEDURES STORED IN COMPUTER

INFORMATION UPDATES PROVIDED VIA HEADS-UP DISPLAYS

ONE EVA (8-HOUR MAX) MISSION PER DAY PER CREW MEMBER
MONITOR & CONTROL FOR EVA PROVIDED BY SPACE STATION CREW
2-MAN EVA OPERATIONS |S A REQUIREMENT

EVA CONDUCTED IN BOTH LIGHT & CARK ENVIRONMENTS

27103316-148
267.626-42

The servicing and maintenance operations capability will be dependent on Space
Station IVA and EVA operations, and subsequently influenced by 1) the extent
and capability of IVA/EVA personnel, 2) the extent and capability of the
remotely operated handling and surveillance devices, and 3) the man/machine
interface compatibility.

These ground rules therefore emphasize the availability of an advanced
extravehicular maneuvering unit (EMU) with the following features:

a. No prebreathing requirement

b. Nonventing/regenerative thermal control
Ce Rggenérative CO2 control

d. 100+ recharge battery

e. EVA computer information system

f. Head-up display

g. On-orbit maintainable

h. Advanced glove

An OTV maintenance philosophy encompassing Space Station operations was
developed to help us focus on the essential elements of maintenance support
requirements. This OTV maintenance philosophy is highlighted in Table 2-29.
The maintenancé philosophy is based on the three levels of maintenance
described below.

Level I maintenance consists of the scheduled and unscheduled activities that
occur on the vehicle while it is berthed in the Space Station maintenance dock.
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Table 2-29. OTV Maintenance Philosopby

Three-revel maintenance — based on leval-of-repair analyses
s | OTV local maintenance
» |l Space station maintenance of replaceable units
* |il Return-to-earth maintenance

Stock spare parts based on reliability, criticality & cost
* Stalion storage vs Shuttie delivery

Stress modular construction for replacement capability

Provide operational flight instrumentation & built-in test
¢ Fault isolale to replaceable unit

Optimize EVA vehicle maintenance operations
¢ Consider safety in hazardous situations
s Tradeoff EVA vs support equipment
- TV inspection
~— Robotic remove & replace 03063050-788
267.625-43
Level II maintenance encompasses the off~vehicle repair of replaceable OTV
components conducted at the Space Station. The OTV replaceable units will be
dispositioned for return to Earth or repaired at the station to the extent
possible within the test equipment, spares availability, and economic
constraints.

Level III maintenance will involve normal Earth-oriented disposition for
repair. An extemsive analysis will ultimately provide the necessary repair o
discard decision criteria.

Although three levels of maintenance were defined to understand the
interrelationship of activities, the scope of the contract for this study
requires that we look only at Level I maintenance activities at the Space
Station. These Level I maintenace operations analyses provided sufficiently
detailed data that was needed to drive out the Space Station accommodations
and technologies required to support the space-based OTV.

The maintenance philosophy also stresses important maintainability features
that a space-based OTV must have, and these features affect the operations
analysis with respect to task definitions and the time it takes to do them.
Theseé maintainability features have been incorporated into our conceptual
designs of the space-based OTV and Space Station, which include the modular
concept for simple replacement of components. The modular configuration
concept requires quick-disconnect interfaces and adequate built-in test
capability to allow fault isolation to the replaceable unit.

We compiled an operations analysis data base as the study progressed.
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[he task analysis worksheet provided the medium for documenting and forming
our data base used in the assessment of Space Station assets and technologies
required to support a space-based OTV. Table 2-30 lists the basic information
that was gathered and compiled in our task analysis worksheets.

Table 2-30. Information in Task Analysis Worksheets

¢ Equivalent ground tasks

— Reusable stage (1975 state-of-art)
— Centaur

Space station tasks
Support equipment requirements
Task duration
IVA crew requirements
EVA crew requirements
Man hours
— Total z2r task

— EVA per task 10103768-53
267.626-44

*

As the functional tasks for 0TV space-based operations were identified, the
tasks were entered on the worksheets. The Space Station tasks were compared
with equivalent ground tasks, where they existed, to assure the completeness
of operational activities. Support equipment requirements, along with IVA and
EVA crew requirements were established, then the task durations were estimated
for each activity. The equivalent manhours were calculated and recorded and a

separate listing was created to identify EVA manhour expenditures.

+ L3
i

The analysis involved the examination of operations for the '"shelter' aud
"maintenance module' configurations of the Space Station maintenance

facility. After careful evaluation of the four alternative maintenance
facility configurations, presented earlier in this report, the alternatives to
be included in the operations analysis were narrowed by eliminating the 'no
shelter" and "pressurized hangar' configurations. We feel that these are not
viable approaches for the space-based OTV maintenance facility. The reasoning
behind the recommendation of the '"shelter" and "maintenance module"
configurations will be presented later, in Section 3.

The full complement of task analysis worksheets used in the operations
analysis are in the appendixes. The functional tasks that make up the
space-based 01V operations analysis at the Space Station are listed in Table
2-31. Task analysis worksheet examples have been extracted from our data base
in the appendixes to use here in the text. We selected examples where the
greatest task differences occur between the '"shelter" and "maintenance module"
configurations; that is, engine changeout and avionics removal and
replacement., The examples that were selected for inclusion in the text are
highlighted with an asterisk in Table 2-31.
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Table 2-31. The Operations Analysis Functional Task Description

INITIAL MAINTENANCE FACILITY INSTALLATION
SHUTTLE MISSION 1 —~ MAINTENANCE MODULE INSTALLATION & ACCESSORIES KIT OFFLDAD
SHUTTLE MISSION Z ~ TRUSS STRUCTURE INSTALLATION
SHUTTLE MISSION 3 — SHELTER STRUCTURE & SUPPORT EQUIPMENT INSTALLATION
SHUTTLE MISSION 4 — PROPELLANT FACILITY & REFRIGERATION/CONTROL UNIT INSTALLATION
SHUTTLE MISSION 5 — PROPELLANT MODULE INSTALLATION

INITIAL OTV DELIVERY & ASSEMBLY
NORMAL SPACE-BASED OTV TURNAROUND

PERIODIC MAINTENANCE

* REMOVE & REPLACE FUEL CELL — SHELTER/MAINTENANCE MODULE CONFIGURATIONS
REMOVE & REPLACE ENGINE — SHELTER CONFIGURATION®
REMOVE & REPLACE ENGINE — MAINTENANCE MODULE CONFIGURATION*

UNSCHEDULED MAINTENANCE
REMOVE & REPLACE AVIONICS MODULE ~ SHELTER CONFIGIJRATION*
REMOVE & REPLACE AVIONICS MODULE ~ MAINTENANCE MODULE CONFIGURATION®
REPAIR AERCBRAKE —~ SHELTER/MAINTENANCE MODULE CONFIGURATION
REMOVE & REPLACE TANK MODULE ~ SHELTER/MAINTENANCE MODULE CONFIGURATICN

*TASK ANALYSIS WORKSHEET EXAMPLES PROVIDED IN THE TEXT 267.626.83

The worksheets reflect sufficient detail for identifying equipment
requirements and establishing task durations. IVA notations are defined as
follows:

o IVA-Direct: Hands-on envolvement with the IVA task to be accomplished.
o IVA-Remote: Remote control of equipment from within the IVA environment.

0 IVA-Support: Observation, communication or any othex function required
in support of EVA or IVA task accomplishment

The EVA notations of "active" and "standby" appear to be self-explanatory.

The total time and manhours required to accomplish each functional task are
included on the worksheets. The total times are enclosed in a box in the
appropriate column at the beginning of the worksheet for each functional task.

The worksheet examples appear in the operational analysis section for both the
shelter and maintenance module configuration, which follow.

2.4.1 OPERATIONS ANALYSIS - SHELTER CONFIGURATION. The operations analysis
for the space-based OTV maintenance facility, shelter configuration, that was
conducted to determine the turnaround requirements for the OTV at the Space
Station is presented here. To show how the operations analysis was conducted,
we will present a sample of the data base that was compiled on the task
analysis worksheets and the timelines that were derived from the data base.
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2.4.1.1 Operations Task Analysis. Task analysis worksheets were used to
collect and organize pertinent data as the tasks were identified, assessed,
and developed. Figure 2-27 provides a sample worksheet that was used to
determine requirements for engine removal and replacement. However, the
worksheet shows only the engine removal operation, since it is a sample
worksheet that is intended to show how the analysis was performed. All of the
actual worksheets that were used in the analysis to determine the turnaround
requirements can be found in the api.endixes. The engine removal and
replacement worksheet was selected as a sample because that operation provides
the greatest difference in turnaround time and requirements between the
shelter and maintenance module configuration.

In the shelter configuration the engine is replaced in the nonpressurized
environment of the maintenance dock/shelter area using remotely controlled
equipment with EVA asgistance. In the maintenance module configuration, the
operation is accomplished totally within the shirtsleeve environment by
hands—on crew involvement using directly controlled equipment.

The tasks were defined in sufficient detail to allow identification of
necessary equipment and the assessment of time expenditures. We attempted to
be conservative in the assignment of function durations. For example, when we
estimated that a remote manipulator would operate at a speed of 1 foot every 2
seconds for a distance of 60 feet, we assigned 15 minutes to the function
duration, not 2 minutes. We took into account the probable coordination and
communication time that might be required by human operators. We also
provided time, where it was possihble, for removing the EVA crew to a safe
area, while potentially hazardous equipment was being operated.

The avionics removal and replacement operation depicted in Figure 2-28 is
another furnctional task that provided time and requirement differences between
the recommended maintenance facility configurations. The avionics modules are
removed and replaced using remotely controlled equipment without EVA
involvement in the shelter configuration. In the maintenance module
configuration they are replaced directly by the IVA crew within the
shirtsleeve environment.

2,4,1.2 Operation Timelines. The timelines for the shelter configuration
were derived from the information contaiped in our task analysis worksheet
data base. A normal space-based OTV turnaround timeline is presented in
Figure 2-29, A normal turnaround is one where the vehicle returns to the

Space Station from a good flight without faults and does not require periodic
maint¢nance.

The normal OTV turnaround timeline begins when the OTV approaches the Space
Station within a specified distance (we are currently using 1 mile as the
distance) to allow OMV rendezvous and docking with the OTV. The OMV will
maneuver the OTV for capture with the station RMS, which will be used to place
the OTV in the berthing structure.

The complete OTV turnaround at the Space Station will require 4 working days

and dedicated IVA crew. EVA will not be required for normal turnaround
operations. The total elapsed task time is 34 hours and 50 minutes.

2-69

S e e e e

o

KT

Tt

T
W,

So g

e e
s

R

3

&

A, S b

et

A A

o

o

AR

-.m_v,.
Gy
K P

s

. L
T e e o———-ia—y
o sl




ORIGINAL PAGE 18
OF POOR QUALITY

GDC-Sp-83-067

(Z 30 1 2399ys) 19319Ys ur 2urBuy 20eTdoy pue sacuway A0J 199ysdIoM STSATeuy YSe]

*{T7—-7 21n3Tg

L S-629°L92
9v 89LEOLLE sainpasod inejuag,
; aue:d uym jybism
W_ aujfiua yeddng —
131depe aujfua au|fiva uo jony
001 | oeL I L (1] Buipuey ‘auera sossiag 0} 3ueld yaelly — Suypuey jeisuy —
eaie yiom aujdua o} yaeq aj} p sbnjd
oL 1 4 : q0: M312 YAT aejsues] — 21 193uuoss|g —
a)jeigoIae yym 013z 0} amnssaid
1] 8 0z: 2 L 14 Go: ssHi} jie1 puaixy — aJnpar B sauyj vjeig —
2aIe 3jes 0) Buinm (esmisa)e 3
oL G1: 4 i 0: MaId VAT atejsues} — Bujquinid anoway —
: : : sayaye; adk ALQ woy)
0oL | 0EL 4 L 0t yde] adAl YAl ayeIqoiae aseajay —
. . . 2yeiqoiae o) 13p
: : : JAPUIXI SSNI) [T
oe 4 ¢ - 8l pusl b I -U3Xa ssnij (el yaeny —
SUaliRIUNUWILOD
‘ALD9 “Bupyty Bale HI0M 0) aujbua
oe: ob: Z L gL ‘wayshs 1axayd Auayg M3I3 YA alejsupl] — 13A0 3uBID UGH|SC4 ~—
§j00} VA3 s)s2] auRID pRAYIAAD Yym
L 2z 001 ‘wayshs ¥aoue ‘A3 VAZ-aid wiopad — | jooy Bugpuey dn a4 —
__ __ . wawdnba
sjaued jonjuoa Ayyjoe; uojsod  auy uo 1aded
0oy 1 L 0oL ‘wa)shs 19)ndwog swaysAs e Supg — Bujuued weiqp —
: uejd aaueuajuiein maja
ooy e 001 waysAs 13indwoy -31 % Jandwsoa Asonp — sampasord majasy —
LYE00-L
SdH ampaaoig,
wajsAs uosindoid
aguBuaueL!
u panpayas
E E aujfua yry o ysydwoasy L1p°L
VA3 leloj |Aqpueis| aayay |uoddng | ajoway | joang ueelng sjuawaznhay Nsej ysej
SInoy-uey VA3 VAl uoyoung uawdinba poddng uepels aseds punoiy

2-70

M




8

ORIGINAL PAGE
OF POOR QUALITY

GDC-SP-83-067

(2 30 ¢ 399ys) x0370ys ur ourlug ooeydey pue PAOWRY 10J 399YSHIOM STSATRUY HSEJ

PO SIS LR A

‘[T~ @an3tg

i W

< Sy GZ9°'29C
LY 89LEOLLT
surajshs e
L L gl: aInJas ¥ sjeajoeaq —
i | syse}
SkLg L 4 0oL YA3-1sod uopag -
uojejs oy ansg
0E: Sh: z L glL: Ma1a YA alejsualy — | yseiq jequill 1anog —
. Bale sauy janj § 297
00k | get pA 1 0e: ) HIGM &IN33s B uRa|) — 0} yoddns eysuj —
. SINY aseajal
- B ainxy Bupjoy 13jjen
00:L | 0g1 4 I oe: uj aujfus amaag — 0} aujfua amaag —
ainyxy Sujpjoy
or: 0zZ:L ¢ 1 i 0z: uj aujua uopysod —
ea1e afeioys aujbua o)
4 0¢: M3I3 YA slejsusyy —
1 aimxy Bupjoy
oF: 0z:L 4 i i 0z: amyxy Bupjoy aujbug o} aujfiua aejsuesy —
asepay A1Q 10adsul
2 B3IR YI0M 9§
r4 11 0¢e: M3I2 YAT alesuel] —
1 H SWH 0 19)sue} 13jex; uo sanyd
en:L | op:2 Z L L ge: SWH » aujfua ancway — % aujfua aspey —
Bupsioy 10}
a1y aujfiua Ajpap —
gaIp 3Jes 0} sijog Supunow
oL Gl: rd L c0: M313 YAY Aejsues) — auibua ¢ anoway —
$3Yaje| aaspay| siojenyag
002 | oo:¢ ¢ 1 00:1 123uuoasip %ajnb yA3 ALp/aujfus aseajay — ¢ 3noway —
VAI | (2101 |Aqpueig| amndy |uoddns | ajoway | 19aug | wopeing syawannhay . ysey Nsel
sinoy-uey VA3 VAl uopaung yuawdinby poddng uojiels asedg punoiyg

2-71




ORIGINAL PAGE i9
OF POOR QUALITY

GDC-SP-83-067

(Z 3o 1 393Yyg)

493T9YS uT I[NpoR sdTuorAy ooeTday PUE 2s0Way 103 o9y

-(A0M STsLTeuy ysey

‘87— @andyy

1-9v 5z9°19Z
vy-89L80L LT
S|npow pajie} mojs
0e: L i gL: amxy Buipjoy ajnpoy _ ¥ V2y alejsuesj —
agepauy
oL: 2 o A199 sinpow AJQ Joadsuy —
3npow
0z: L L oL: SJ|UDje SAOWAY —
jaued
0z: L L oL: 1a1depe ygy _uopensu) aaoway —
3npow
oL: 1 ! g0: , 9} YOH puaixy —
Benuybi ‘AL9 | yuespenb soyays ajepd
0z: - L L gL: ‘joued jonuoa B yoy -oidde uj ygy Juapg —
ued
JJUBUBJURIL MIJAAL
oe: : 1andwed Asang —
3 L i Gl JA— % 1) 0
1 Aliioe) saueuajujew au)| uo
0e: 1 1 gL: ‘walsAs sayndwioy swajsAs e Bupg —
: d|qejjese jou jiejag
SiaysAs fie ysigmnas
ainpow sajuojae
E E PO SIUOIAE By o P agueuajuew
adjuruauieUl pajnpayasur
PajnpaYyasun wWiohay e unopad L'y
VA3 | 1BioL |Aqpueis! aapoy |uoddng | sjoway | jaang uoyeig sjuawannbay wsej Ase)
SInoy-uey VA3 VAl uojaung juawdinby poddng uotjejs asedg puncig

2-72




(Z 3o 7 1393Y4S) 19372YS UT STNPOK SOTUOIAY 20e1day pue 2a0WRY I0JF 199YSHIOM SIsATeRUY YSB] °87-C 2an3tjg
96299z
r@;w. W; SP-BILEOL LT
E ) .
o=
a3 ,
~d
I3
=95
Oa
Q@ oy '
o0 saliae)
0L L G0: 13)jays ajeAjlaesq —
ueyd
ajueuauew uj yse}
° oL L L g0: pajajdwog 1oz —
o
w gz: L I oL Va4 mois @ Joenay — %
ww 02: L i oL IN0YI5YD wiopsd — o~
m.w jaued
© ‘02- L L oL uopjeinsu) asejday —
ajnpow
0e: 1 1 G: Juawasejdas yeysu) —
ajnpew
ge- L L oL: UM you puaixg —
jueipenb
dde
: L L L 13)jays ajepdo:
n 0 U ¥y waug —
ajnpow yuawagejda:
0i: L L 50: - WM Vau peoy —
2101 |Aqpueis| aansy |uoddag | ajowsy | 193510 | wopeing sjuawasnnbay xsel xsey
<m>~w5=.=ms ; VA3 VAl uejjoung wawdnby poddng uojje)s aaedg punoiy




—Sp-gi- ORIGINAL PAGE 18
GDC-SP=-83-067 OF POOR QUAL‘W
TASK ' TINE (HOURS) ™
1{2]ale]s[s]s ]alqw]11hzﬁaluln]uln]ulu{zﬂn{u{za]zﬂzs[zﬂzrﬁnjﬂuh:]:z]aaLu a5
Rendezvous &  |saol, 6:00
capture
1:00

Berthing - 2;00

Residual propellant 3:30

transfer

Inspection & 5:30

planning -

R/R ACS modules 17:10

System: test 1:30

Payload integration 10:30

Propetllant 12:00

transfer

Prelaunch 8:00

1:45

Launch m— | 3:30 .

69:40

27103768-13
267.625-47

Figure 2-29, OTV Normal Turnaround for Shelter Configuration with No EVA
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The prelaunch and launch times were derived from the actual timelines
established for the Shuttle/Centaur International Solar Polar Mission (ISPM),
The ISPM nominal flight operations sequence of events for Centaur deployment
and applicable free flight can be found in the appendixes.

Figure 2-30 reveals the timelines for OTV periodic and unscheduled maintenance
for the shelter configuration. The timelines are for maintenance tasks that
are not considered as part of the normal turnaround cycle because they do not
occur on each and every mission. 'Periodic maintenance will occur on a timely
basis; e.g., engine changeout after 10 missions or some predetermined time of
operation, fuel cell servicing after five missions, etc. Unscheduled
maintenance is performed as a result of equipment failure or damage and occurs
generally on a random basis. The operations analyses were based on serial
operations. Parallel operations would increase manloading, equipment, and
power requirements depending on the mix of maintenance tasks to be
accomplished. Parallel operations would also increase levels of concern for

area at the same time.

The analysis reveals that engine and tank module changeouts will each require
2 days to accomplish the task with EVA involvement. Aerobrake damage repair
times are difficult to establish; however, we have estimated that 1 day of EVA
operations would provide for minor damage repair. In any case, the aerobrake
could be removed and replaced within a 1 day operation. The fuel
cells/batteries and avionics modules can be réplaced utilizing IVA remotely
controlled equipment and can each be accomplished in less than 3 hours.

2.4.2 OPERATIONS ANALYSIS - MAINTENANCE MODULE CONFIGURATION. The operations
analysis performed on the maintenance module configuration to determine the
turnaround requirements for the OTV at the Space Station is contained in this
section. We have provided a sample of the data base that was compiled on the
task analysis worksheets and the associated timelines.

2.4.2.1 Operations Task Analysis. A sample task analysis worksheet for
engine remove and replace operations for the maintenance module configuration
is contained in Figure 2-31. The tasks progress through the engine removal
operation to reveal some of the differences from the shelter configuration
operation. The OTV must be mated with the maintenance module interface to
allow IVA access to the engine work area, where the engine is removed in the
shirtsleeve environment. The operation does not require EVA assistance.

The avionics modules are replaced within the same shirtsleeve environment as
shown in Figure 2-32,

2.4.2.2 Operation Timelines. The timeline for a normal space-based 0TV
turnaround operation is contained in Figure 2-33.

The normal OTV turnaround timeline for the maintenance module configuration is
essentially the same as that for the shelter configuration, and varies only by
3 hours and 20 minutes. This additional time is required for OTV/maintenance
module mating and demating. Four working days are required for space-based

OTV turnaround at a Space Statiom and, again, EVA is not required for normal
OTV turnaround.
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Task 7 Time (Hours) Man=hours
112{a]a|s]e]7[s]af1ojihalrasalsshefs7l1alssl20] | Totai | EVA
Periodic maintenance
2:50
R/R fuel cell/battery —— 5:40 0
8:15 ay 2 10:25
/ . .
R/R engine ——Tau,r 65:30(25:20
Unscheduled maintenance
2:45
R/R avionics module — 5:30 0
Repair aerobrake .38 26:20] 9:10
R/R tank module EECRY LETENEAT 58:15(20:30
27103768-14
267.626-48
Figure 2-30. OTV Periodic and Unscheduled Maintenance ’
for Shelter Configuration
Figure 2-34 presents the OTV periodic and unscheduled maintenance timelines
for the maintenance module configuration.
The maintenance module configuration eliminates the need for EVA operations on
engine changeout and reduced task duration time from 2 days to 1 day. The ¢
avionics module remove and replace times are reduced. from 2 hours and 45 P  ;
minutes to 1 hour and 40 minutes. All other times and EVA involvement remain , o

the same as that for the shelter configuration.

2.4.3 INITIAL OTV DELIVERY TIMELINES.

initial OTV delivery and assembly at the Space Statioxn.
derived from the task analysis worksheet data base contained in the appendixes.

Figure 2-35 prasents the timelines for ;-
The timelines were

The timeline shows the vumber of days, tasks, and manhours required to

assemble and check out the OTV on initial dellvery to the Space Station in the
vertical columns and presents the direct task times in hours on the horizontal
axis. The space~based OTV can be delivered on one Shuttle flight and rendered

operational within 6 working days.

The initial OTV delivery operations will

be essentially the same for both the shelter and the maintenance module
configurations. The total manhours required to accomplish this delivery task
The longest operational

are 178:00 manhours, including 58:30 manhours EVA.
day is dedicated to engine installation and the length of the operation is due i

in part to the aerobrake installation.
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Time (hr)
Task a8 |12]16)20|24]28]22]36]40 Wan-hours
Rendezvous & capture puman 3:00 6:00
150
Berthing 220 5:40
Residual propellant transfer 1;‘.‘.5 3:30
Inspection & planning 2:45 Dayl 5:30
Day 2
R/R ACS modules 8:35 17:10
System test 1:30
Payload integration 13:30
Propellant transfer 12:00
Prelaunch 8:00
Launch &5 | 830
76:20
267,625.51

Figure 2-33.

Configuration with No EVA
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TASK TIME (HR) MAN-HOURS

1{2{3als5[e]7 8l 9Tic[1112[1a]1a[15{16]17| TOTAL| EVA

PERIOD!C MAINTENANCE
A/R FUEL CELL/BATT |eiiienn : 540 | —

9:05

R/R ENGINE 18:10 | e

UNSCHEDULED MAINTENANCE

R/R AVIONICS MODULE r”—o 3:20 | —
: |
7:35
REPAIR AEROBRAKE 26:20 | 9:10
A/R TANK MODULE 58:15 | 20:30
267,625-52

Figure 2-34. OTV Periodic and Unscheduled Maintenance Timelines for
Maintenance Module Configuration

2.5 COMPARISON OF GROUND-BASED VERSUS SPACE-BASED TASKS

We will now compare the space-based OTV turnaround operations with that of a
ground-based vehicle turnaround operation. The assessment of ground-based
operations were presented in Section 2.2, which revealed the tasks and time
required to turnaround a ground-based vehicles In Section 2.4, we presented
the detailed analysis for spa:e-based OTV operations as documented on our
worksheets, which provided the data base that was neces$sry to produce the
space-based OTV timelines. This gpace-tased 0%V infurimatien is now listed in
Table 2-32 to correspond with ths sumary ground-based-tasks to show a
comparison between the two differgnt modes of operation.

It becomes apparent that all tasks do not correlate directly and that they are
not accomplished in the same manner because of the obvious time differences.
For instance, Task No. l.l.l1 takes eight men 8 hours to analyze data and
prepare a maintenance plan on the ground, whereas the space-based OTV concept
provides built-in test equipment on the vehicle and the onboard computer
system determines the fault status and transfers the information to the Space
Station. At the Space Station, a predetermined basic maintenance plan is
displayed, based on the acquired fault status data. The basic plan can be
modified by the crew through data en%ry terminals, but the basic plan haz
already been thought out and is presented as a menu. A standard maintenance
plan would be presented for a normal turnaround. When faults are detected,
the plan would incorporate appropriate unscheduled tasks as required.
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TIME (HOURS) MAN HOURS
oAY TASK 1 | 2 | 3 1 4 (5 i6 |7 i 8l 101 | Total EVA
1 | Shuttie/station operations —2 00 6.00 0
Offioad & position OTV 50
core section — 1:35 0
Assemble tank trusses 5:35 v
: to core section e e = ) 16:15 6:40
: Transter core section 2.00 v
i to maintenance dock —— 4:00 0
¥
2 |Assemble 1st tank 9:20
! module to OTV po— 32:30 § 12:10
' 3 |Assemble 2nd tank 920
module to OTV — T m—— 32:30 | 12:10
Deploy asrobrake — . T — ) 28:00 8:20
5 |Assemble engine & 10.35 . 4
aerobrake to OTV m— 37:55 | 15:10
6 |Inspect OTV assembly . 13:45 4:00
Extend shelter to 15
cover OTV - .30 0
Perform system 2:00
operational testing —— 4:00 0
Deactivate & stow 30
all systems ) ——— _—’1 .00 0
178:00 | 58:30
27103768-12
267,625-53

Figure 2-35. 1Initial OTV Delivery Timelines for Shelter and
Maintenance Module Configurations

Another labor intensive example is provided in Task 1.1.3, where the
ground-based vehicle is transferred to the maintenance-test stand after it has
been downloaded from the Shuttle. The space-based OTV, on the other hand,
doeés not require this time consuming labor intensive handling; it figuratively
lands at the maintenance facility. The Space Station berthing interface also
provides automatic mating of quick-disconnect electrical and fluid lines to
provide for data acquisition and propellant transfer.

These examples of differences between ground-based versus space~based
operations provide some insight as to the efficiency of the space-based 0TV
operation that is provided by careful design. Other differences between the
two operations will be examined later when we make a space-based OTV
turnaround assessment to be compared with the ground-based assessment
presented in Section 2.2.

A summation of the total task times for both operations is provided in Table
2-33.
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Table 2-32.

Time
Task No. Reusable Ground-Based Vehicie — Task {thr) MH

3.1.1 Safe slage :30 2:30
3.1.2 Purge main propellant tanks 6:00 48:00
3.1.3 Remave llight data recorder tapes :30 1:00
3.2.1 Remove stage from orbiter 8:30 110:30
3.3.1 Transfer stage to maintenance facllity 2:00 18:00
111 Analyze data & prepare maintepance pian ., 800 64.00
113  Transfer stage from pallet to maintenance i 500 36500

& tesl stand
114 Remove slage access doors & connect GSE 300 6800
1151 Inspect structural elements & thermal control
1152 Inspect tanks. supports & interior
1153 Ilaspect MLI & thrust structure
1 154 Inspect docking mechanism )

11 00 288 00
1155 Inspectavionics & flight control units
1156 Inspectengine fluld & pressure lines
-1 157 Inspectfuel cells

1161 Perlorm scheduled checkoul & faull 1solate 400 3200
1.1.6.2 Perform leak check on LHp & LOg 16:00 79:00

tanks & engine
1.1.6.3 Inspect stage/orbiter interface

{post-flight fault ISO}
1.1.7 Review inspection & checkout results 8:00 80:00

& complete maintenance plan
1.1.8 Perform unscheduled maintenance 8:00 160:00
1.1.9 Perform scheduled maintenance

— structures
1.1.10 Perform scheduled maintenance 20:00 842:00

- avionics
1.1.11  Perform scheduled maintenance

- propulsion
1.1.12 Perform scheduled maintenance

— thermal control
1.2.1 Mate stage & stage/orbiter adapter 1:00 8:30
1.2.2 Check out docking mechanism 5.00 50:00
2.15 Prepare for storage
2.1.6 Monitor stage in storage .
217 Remove from storage Notin.time line
2.1.8 Accomplish mission-peculiar

preparations
2.1.9 Perform systems test 16:00 320:00
2,1.10 Correct faults Not in time line
2.1.11 Reverify system after correction Not in time line
2,1.12 Secure from system test 7:30 77:30
2.2.5 Mate stage & spacecraft 3:30 52:30
2,2.6  Verity stage/spacecraft interface 1:00 8:00

Not in

2.2.7  Perform integrated system test time line
2.3.1 Transport payload (stage & spacecraft) 3:30 21:00

to orbiter 6:30 77:00
2.3.2 Install in orbiter 2:00 24:00
2.3.3  Verify orbiter/payload interface 5:00 26:00
2.3.4 Conduct integrated systems test (ORB/PL) 1:00 4,00
2.3.5 Check status — stage/shuttle interface

(after shuttle up-foad)
2.4.1 Conduct orbiter/payload jntegrated test 3:00.- 12:00
2,4.3 Conduct launch readiness test (stage) 1:00 4:00
2.4.4 Load propellants & pressurants 4:00 20:00
24.5 Conduct terminal countdown 0:25 1:30

* Not in normal turnaround
* * Incorporaled in other task
2-84

Comparison of Ground-Based Versus Space-Based Tasks

Space-Based OTV Time
Equivalent Task {hr)
Transter OTV propeliants to station 1;45

Query computer about fault status 15
OTV docks 1t maintenance facility 3:40
(includes rendezvous & capture)

Automatic connection through v
berthing interface
Visual inspection (TV]) 2.00

Visual nspection (1V)

Visual inspection {TV)

Visual inspection during capture
before docking {TV)

Visual inspection (TV)

Visual inspection (TV)

Visual inspection (TV!

frihiate test routine & fault isolate

e

Monitor for propellant leakage 15
30:45
Formulate integrated maintenance .30

plan (partiaily automated function} Avg

Perform unscheduled maintenance *(2:45)
Perform scheduted maintenance 8:35
Deactivate & stow all systems ..
Activate OTV & maintenance facllity ..
(Not defined at this time)

Perform system operational testing 145
Perform corrective maintenance *
Perform system operational testing M

after corrective maintenance

Mate payload to OTV 4:15
Verify OTV/payload interface RE

Perform paylead/OTV integration test  :30

Perform prelaunch operations 4:00
Transfer propellants from station 6:00
to OTV

Launch OTV/payload 1:45

10113534-23A
267.625-54

MH

3;30

1:00
Avg
(8:30)
17:10

1:30

8:30
30

8:00
12:00

3:30
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Table 2~33. Comparison of Ground-Based and Space-Based Total-Task Times

TOTAL NO, OF
AVERAGE NO, OF | MEN REQUIRED
ITEM TASK-TIME { MANHOURS MEN PER TASK | FOR ALL TASKS

ﬁILL GROUND-BASED OTV TASK-TIMES 152:45 2534:30 16.6 35
STED

SPACE-BASED 0TV AVG TASK-TIMES 40:01 85:50 2.2 4
FOR NOMINAL 20 MISSION YEAR

GROUND-BASED OTV TASK-TIMES 90:45 1097:00 12.1 35
THAT CORRELATE WITH SPACE-BASED
OTV NORMAL TURNAROUND TASKS

SPACE-BASED OTV TASK-TIMES FOR 34:50 69:40 2.0 2
NORMAL TURNAROUND
(SHELTER CONFIGURATION)

NOTE:

F-16 FIGHTER AIRCRAFT NO-FAULT 1500
TURNAROQUND (INCLUDES FUELING &
MUNITIGN UPLOAD)

F-16 FIGHTER AIRCRAFT NOMINAL 7:30
TURNAROUND

267.625-55

The accumulative task times that are required to perform a turnaround
operation on ground-based and space-based vehicles are presented here with the
associated manhours and average manloading requirements. A colummn to show the
total number of men required to perform all tasks has been included, which
takes into account the peak loading and total skill level requirements. The
153 hour task time includes all tasks required for ground-based operations,
whereas the 40 hour task time was derived as an average for a nominal 20
mission year. We have incorporated expected periodic and unscheduled
maintenance activities in the nominal 20 mission per year model and the time
presented in the figure is the average of these space-based 0TV task times.

All ground-based tasks are not required for space-based OTV operationms;
therefore, we have also presented ground-based task times that correlate with
space-based OTV normal turnaround tasks to provide for a more realistic
assessment. As stated earlier, a normal turnaround is accomplished on a
vehile that is fault free and does not require periodic maintenance. The
space-based OTV normal turnaround task time is about 38% of that required for
corresponding ground-based operations and can be accomplished with two men, as
compared with the 35 men allotted for ground-based operations. The
space-based personnel, however, are not alone. Table 2-34 shows that a crew
of 35 is required to support the space-based operations. This does not
include indirect support personnel. The ground personnel requirements were
arrived at independently and the results were found to match the Ground-Based
reusable Vehicle Study (Reference 1) program support personnel requirements.
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Table 2-34. Space-Based OTV Ground Support Personnel Requirements
No. of

Discipline Support Crew
Structures Engineer
Thermal Engineer
Propulsion Engineer
Avionics Engineer
Mission Planning
Maintenance Planning
Logistics
Mission Operations Support
Payload Interface Specialist
Maintenance Facility Specialist

w
OI‘I\JF\)O’)O)NOJO)I\D—*—*

Total ground support crew
10113768-68

267,625-56

The F=-16 fighter aircraft turparound times have been included in Table 2-33 to
show what is being accomplished today with current operational fighter
aircraft that have been designed with some attention toward maintainability.
The no-fault turnaround time of 15 minutes applies if the aircraft is fueled
and uploaded with munitions at the same time and 30 minutes if they are done
separately.

The disparity between the task times and man level requirements to perfurm
ground-based and space-based operations has been partially accounted for in

the examples for task comparisons. Further examination of the differences is
now provided in the space-based OTV turnaround assessment listed in Table 2-35.

The assessment of Space Station operatiuns, maintenance philosophy, and space=-
based OTV design features was conducted to determine what the differences were
from a ground-based system that affect the turnaround times and crew require-
ments. The results of the assessment are presented to provide some of the
reasons why a space-based OTV turnaround operation can be accomplished in less
time and with considerably fewer men than a ground-based operation.

The rationale presented in Table 2-35 aligns almost directly with the

ground-based vehicle turnaround assessment in Table 2-36, although the two
methods of operation are contrastingly different.
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Table 2-35. Space-Based OTV Turnaround Assessment

e Vehicle is fully checked on ground with planned assembly at the space station
e Turnaround operations are optimized by restriction to Level | maintenance

¢ Maintainability is a primary vehicle/system design requirement
— Accessibility for remote & EVA operations
— Modular construction of space-based OTV simplifies & speeds up
replacement process

e Checkout accomplished with vehicle built-in test capability
— Vehicle computer system evaluates & registers fault during mission
— Vehicle status relayed to station via RF datalink or through data bus
interconnect after berthing
— Interfaces automatically connected during berthing operations

e Computer system analyzes & displays vehicle status & presents basic
maintenance plan

¢ Majority of maintenance tasks are accomplished by semiautomatic (¢ robotic)
equipment

¢ |nspection by TV without tear down operation

e No shuttle interface operations required 2yond initial delivery

* Vehicie is not subjected to space—FEarth transition environment

¢ Vehicle berths at maintenance facility

* Operations philosophy assumes vehicle is operational after good flight with aid of
instrumentation & computer assessment

® Vehicle does not need to be dismantled after each mission, which minimizes

damage due to maintenance operations 10113768-57
267,625-57

The space-based operations philosophy supported by the corresponding design of
the space-based OTV system accounts for a large portion of the disparity. The
vehicle is assumed to be operational after a good flight and does not need to
be dismantled for inspection and further maintenance unless the onboard
instrumentation indicates a fault. Then,; Level I maintenance is performed to
remove and replace quick-disconnecting modules. The majority of these
maintenance tasks is systematically accomplished remotely, utilizing
semiautomatic or robotic equipment.

The space-based OTV also does not require repetitive upload and download
operations with the Shuttle. The space-based 0TV is initially received at KSC
where it is checked out and prepared for launch on-board the Shuttle for
delivery to the Space Station. However, once the space-based OTV has been
delivered and assembled at the Space Station, the vehicle does not return to
Earth. This means that the space-based 0TV is not continually subjected to
space-Earth transition environments before and after every mission. The OTV
remains in the relatively benign environment of space.
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Table 2-36. Ground-Based Vehicle Turnaround Assessment

* Ship, integrate & launch status has not been attained
— Tendency to ship short & assemble missing parts later
— Requires some disassembly & component checkout
— Assumes man can compensate for system shortcomings

¢ V\ehicles designed primarily for performance optimization
— Maintainability & accessability not a design driver beyond providing
access panels

¢ Checkout accomplished with GSE external to vehicle
— Requires muitiple interfaces (manual connection)

e Personnei required to analyze data & write maintenance plan

* Preventive & corrective maintenance accomplished manuzlly

¢ |nspection requires dismantling to verify vehicle integrity

e Operation requires download, upload & integration with shuttle

e QOperation requires transport & interface with maintenance facility

¢ QA & safety support required because of dismantling process &

personnel involvement 10113768-54
267,625-58
2.6 ACTIVATION OF SERVICING FACILITIES PRIOR TO IOC

Our analysis of the Space Station operations encompassed the installation of
the maintenance module configuration of the OTV maintenance facility, which is
contained as part of the data base on the task analysis worksheets in the
appendixes. The results of the operations analysis on QTV maintenance
facility installation are listed in Table 2-37. The list provides information
on the number of Shuttle flights required to deliver the facility, definition
of the Space Station components to be delivered, the number of days the
Shuttle will be committed for each mission, the total offload and facilities
installation time required, and the expected Shuttle load factor for weight
and volume. It was assumed that all maintenance facility components would be
delivered from Earth. However, it is acknowledged that some components of the
space-based OTV TDM may be used to make up the operational configuration of
the maintenance facility.

It has been estimated that delivery of one OTV maintenance facility to the
early Space Station will require five Shuttle flights and a total Shuttle
commitment of about 11 days. It is envisioned that an equipment accessories
kit will be delivered on the first flight, along with the maintenance module.
The accessories kit will contain support equipment to be installed in the
maintenance facility, later on flight 3, once the shelter structure is in
place. The accessories kit may later be used as a storage structure for OTV
components.

The OTV maintenance facility will require about 21 working days for
instaliation.
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Table 2-37. Pre-IOC Space Station Maintenance Facility Installation

shuttie | . Shuttle Total Offload | Shuttle Load
Flight Station Componaents Commitment ; & Installation Time | Factor
(days) (days) Voll% Wt (%)
1 Maintenance module 1 2 66| 28
& accessories Kit
2 Truss structures 2 2 70 9
3 Shelter structure 6 12 751 10
{ & support equipment
installation
4 Propellant module 1 3 100|100
& refrig/control unit
5 Propellant module 1 2 66 | 100
‘ 27103768-41

267,625-59
2.7 FLEET OPERATIONS REQUIREMENTS

A review of the operations analysis data base allowad the formulation of
space~based OTV fleet operations requirements. Table 2-38 lists OTV fleet
operations requirements and shows how many fiights per year that one
space-based 0TV can accommodate.

It is estimated that one OTV can perform 24 misvions per year, based on the
4-day normal turnaround time established in our analysis. Two days are
provided for OTV maintenante, either periodic or unscheduled, and 1 extra day
for contingency operations. The maintenance operations timing depends, of
course, on spare components being available at the Space Station when
maintenance is required. The 7~day total turnaround time at the Space
Station, coupled with a 7~-day mission will support 24 flights per year.
Therefore, one OTV could support the STS Rev. 6 mission model requirements,
provided that the missions can be scheduled to coincide with the OTV
turnaround cycle. ’

The solar system missions are a critical factor in the scenario and may
require one additional OTV at the Space Station to meet reusable mission
requirements.

The Shuttle/Centaur vehicle should be considered for usé¢ on solar system
expendable missions.

Table 2-39 lists our recommendation for a two OTV fleet commitment to the
Space Station in support of all reusable missions. Rescue and retrieval
missions have not been clearly defined; however, it is apparent that some
vehicle should be on standby during manned missions to provide for rescue
operations. An OTV on a normal unmanned mission, unable to return to the
station, could also be retrieved with the second OTV.
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Table 2-38. OTV Fleet Operations Requirements

¢ One OTV can accommodate 24 reusable missions per year
— 7-day space station turnaround (assumes dedicated crew and
allows 2 days for engine or tank remove & replace)

¢ STS Rev. 6 mission model requirements

Year 1994 1995 [ 1996 [ 1997 [ 1998 | 1999 | 2000

Mission .
totals 21115119 119120 | 9 | 18

Solar

system

missions| 2 1 1 1 1 1

* Assume missions can be scheduled to fit OTV
turnaround routine

* Solar system missions require critical window launches
H H 27103768-52
and may require expendable delivery 287,626.60 .

Table 2-39. OTV Fleet Recommendations

Two-OTV fleet to support reusable missions
* One OTV to accommodate basic missions
* One OTV for contingency operations
—- Critical window support
— Rescue & retrieval

Two-OTV space station facilities 5
* One full-up maintenance facility !

* One docking/storage facility
- 27103768-5
267.625-6:

A fleet of two OTVs would require two OTV Space Station facilities to
accommodate the vehicles. One of the OTV facilities would be a fully

functioning maintenance facility as described in this study. A second OTV ¢
facility would be needed to provide for storage of a second OTIV. This would i
be a dormant OTV facility that would consist of a bare truss structure to hold P
the OIV and a shelter to protect it. The dormant facility would not have the *
full compliment of propellant transfer and maintenance support equipment. The b\

&

OTV at the storage facility would be transferred to the full-up maintenance
facility in preparation for a mission.
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SECTION 3
OTV MAINTENANCE/SERVICING FACILITY EVALUATION/RECOMMENDATION

It is irappropriate at this time, to select the final maintenance/facility
approach for servicing an OTV at the Space Station. However, we must make
some recommendations as to which approach(s) is viable so that the
technologies to develop this capability can be identified. The text presents
GDC's recommendations for viable approaches; the technologies to pursue these
are presented in Section 5.

3.1 MAINTENANCE FACILITIES

Figure 3~1 presents the major pros and cons of the four alternative OTV
servicing facilities concepts. We have tried to cover the range of major
evaluation parameters but don't have the resources or time to perform the
complete tradeoff analysis to make a recommendation as to the way to go. It
would also be premature to do that at this time. From this evaluation we are
trying to ascertain the most viable approaches to OTV maintenance/servicing so
that we can identify the technologies to be pursued. The recommendation to
meet this objective is summarized in a Zollowing table.

A parameter to be noted on this chart is the EVA activity and crew time.
There is no EVA activity required oa a normal turnaround for any option.
There are different EVA times for periodic and unscheduled maintenance for
different options. Over a year's operating, however, there is not a
noticeable difference in the total crew time between the options. Table 3-1
lists this information.

Table 3-l. Manhour Comparison for 20 Mission Year

Predicted Task Shelter Maint Module
Requirements per Year Total EVA Total EVA
20 turnarounds 1393:20 - 1526.:40 -
4 fuel cell R/R 22:40 — 22:40 —_
2 engine R/R 131:00 50:40 36:20 —
5 avionic R/R 27:30 - 16:40 -
1 aerobrake repair 26:20 9:10 26:20 9:10
2 tank R/R 116:30 41:00 116:30 ] 41;00
Total man-hours per year | 1717:20 | 100:80 | 1745:10| 50:10
Percent EVA per year 5.87% 2.87%

27103768-50
267.625-64
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A nominal 20 mission year was formulated and summarized to provide a means for
asessment of crew manhour requirements per year at the Space Station to
support the OTV. Tii information gained allows for manhour comparisons
between the shelter and maintenance module configurations. The chart also
presents the expected amount of EVA involvement, which amounts to less than 6%
of the total Level I maintenance effort.

Preventive maintenance changeouts were selected on the basis of fuel cell
replacement every fifth mission and engine replacement after 10 missions.
Unscheduled maintenance items and frequency of replacements were selected
arbitrarily to show avionic, aerobrake, and tank module replacement activities
throughout the year. Tank module changeout could also represent a
configuration change for a manned mission.

The objective of GDC making a recommendation on OTV maintenance/servicing
facility options at this time, in this study, is to ascertain the most viable
approaches so that we can identify the technologies to be pursued.

Table 3-2, using the evaluation data previously displayed, summarizes GDC's

recommendations and the rationale for them.

Table 3-2. OTV Maintenance Facility Selection to Identify Servicing
Technologies to be Developed

No shelter Not recommended because there Is no
protection for crewmen & OTV

s bt

Full Pressurized Hangar  Not recommended because of construction &
operational complexity & cost. Other
maintenance approaches are effective

+ Shelter Viable approach — most effective overall if
OTV replacement modules have good access
& simple remove & replace provisions for both
EVA & robotic arm. EVA minimized to only
complicated operations requiring man's
presence

v Shelter/ Viable approach — only advantage
maintenance module— over shelter is IVA engine removal
{possibly major engine power component
module removal). Avionic packages proposed
for robotic arm removal (doesn't neet shirt
sleeve environment)

v Selected 27103768-10
267,625-65




[

o

rE

GDC-SP~83-067

We don't feel that a facility without a shelter is a viable approach because
it does not offer protection for the OTV or the crew. A penalty for long term
meteoroid protection on the OTV would reduce its performance and economic
benefits.

GDC doesn't recommend a pressurized hangar because of the construction and
operational complexity and cost. From the analyses, we feel the two
recommended approaches are equally effective.

Both the shelter and shelter/maintenance module are viable approaches and a
choice between them should not be made at this time. There isn’t a lot of
difference between them and essentially the same technologies are required to
develop either capability.

3.2 PROPELLANT STORAGE/REFUELING FACILITIES

Table 3-3 lists some observations conterning the location of the propellant
storage tanks.

Table 3-3. Propellant Transfer/Storage Facility Location Evaluation

* Phase | hazard analysis identified “foreign object collision
puncturing a cryogen storage tank causing unbalanced
reaction forces” as the major hazard to the station from
propellant tanks

~ Recommended solutions
¢ Shielding of tanks
* Provide opposite reaction forces with RCS
* Place tanks near center of gravity

* General Dynamics believes propellant storage tanks on the
station can be adequately protected — not weight-critical
* May be a problem with center of gravity control & station

attitude, which make propellant tanks on a separate platform
more desirable

Generzl Dynamics believes that, no matter where
propellant tanks are placed, there is a requirement
to transfer cryogenic propellant in zero-g

27103768.31
267,6265-66
In the Phase I study, we performed a hazard analysis to identify hazards and
methods to eliminate them. The major hazard that was identified is shown in
the table. Since the propellant storage tanks are not weight critical, GDC
believes that they can be adequately protected with bumpers and shields.

The question of cg control is something that needs to be investigated. This
is to be addressed by the Concept Development Group (CDG) at NASA Headquarters
in the near future. Having a tethered or free flying depot has operational
problems that must be solved.

However, GDC believes that no matter where propellant tanks are located, there

is a requirement to transfer cryogenic propellants in zero-g. Therefore, this
is a technology that should be developed.
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SECTION 4
SPACE STATION FACILITIES/SUPPORT REQUIREMENTS FOR OTV SERVICING

This section identifies the OTV Maintenance/Servicing facilities for the
maintenance module/shelter configuration, one of the viable approaches. It
also identifies the Space Station requirements to support either the shelter
or the maintenance module/shelter configuration.

4.1 OTY SERVICING FACILITIES

Table 4-1 identifies the major maintenance facility elements for the
maintenauce module configuration along with their predicted weights. The
layout of these facilities is shown in Section 2.3.3 and the number of Shuttle
launches to transport them to orbit is shown in Section 2.6.

You need to subtract 8630 pourds for the standard pressurized module structure
and another 800 pounds for the OTV interface to get the weight of the
equipment that is contained in the maintenance module, namely 3350 pounds.
This equipment must be housed inside the. Space Statjon for the shelter
configuration.

4,2 SPACE STATION SUPPORT REQUIREMENTS

Table 4-2 lists the Space Station interface and support equipment that will be
required to accommodate the space-based OTV facilities and operations. The
direct Space Station interfaces occur at the maintenance facility truss
structures, propellant modules, and refrigeration/control unit attach points.
A maintenance module interface will also be required if that configuration is
selected. The space~based OTV operations depend heavily on the translating
station RMS, OMV, and payload handling equipment. The station RMS is used
during the initial installation of this maintenance facility, during the
assembly of the OTV at the Space Station, and other transfer operations. The
OMV is an essential element for OTV launch deplovment and capture operations.

The Space Statinsan configuration should allow at least 60 £t3 of space for

OTV and maintenance facility control equiment, plus some space for attendant
cooling hardware. A workshop facility of 120 £t3 inside the Space Station

is needed to provide for simple repair activities. This workshop area can be
shared with other Space Station functions. An air lock for the EVA
maintenance crew is required, along with translation equipment. A shirtsleeve
access to a manned module will also be required. These volume and crew
requirements are for the shelter configuration - a maintenance module
configuration would provide these accommodations.

About 1200 watts of electrical power will be required for maintenance Ffacility
operations, with an additional 1500 watts dedicated for propellant
conditioning and control.

The skills and lgvels for the crewmen are indicated.
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Table 4-1. OTV Maintenance Facility for Maintenance Module/Shalter

Configuration

Maintenance dock — 5,840 Ib

Main truss support structure

OTV berthing interface, structure & translating and rotating mechanism & carriage
Electrical interconnects between berthing interface, maintenance module & power
source interface

Fluid lines from quick disconnect panel to propellant storage control interface
Support structures for shelter

Rail/track system for shelter & berthing carriage

Electrical interconnects between shelter interface, maintenance module & power
source interface

Handling device to provide EVA mobility & restraint, equipped with TV system &
communications: RMS/robotic capability

Electrical interconnects between handling device & maintenance dock interface

Maintenance shelter — 6,820 ib

Main shelter structure

Shelter to maintenance dock structure rail/track interface

Shelter mobility control motors

Lighting installation

Electrical interconnects between lights & maintenance dock interface
Exterior RMS support with rails/tracks

RMS including TV, lights, end effector/tool adapter

Electrical interconnects from RMS to maintenance dock interface
Tool storage fixture for handling device/robotics & RMS

Possible antenna installations e e e e

Propellant storage — 9,340 |b dry with 130,000 Ib propellant
(7,440 Ib dry without refrigeration unit for 2nd tank)

Main support structure

Hydrogen storage tank

Oxygen storage tank

Control & interface unit, valves, controls, etc

Fluid lines from tanks to control interface

Refrigeration unit & plumbing

Electrical interconnects between control unit, refrigeration unit, maintenance
module & power: source .

Radiators

Maintenance module/control station (standard module) — 12,780 Ib

o & o & ¢ & o o

Pressurized compartment

Airlock for EVA operations (serves as observation module)

Pressurized hatch & OTV interface

General purpose computer system

Dedicated control equipment including OTV docking, berthing & handling
Communications & data links

Observation & inspection equipment monitors (include TV, propellant sensors)
Tools, maintenance & check out equipment & maintenance area

Pressurized hatch for IVA regress/egress to manned mission module

Spare parts storage volume to contain avionics ORUS, an engine, etc

Storage nacelles 2 each (1,440 Ib included in shelter)

Spare parts storage platform & holding fixtures with lights to contain 3 tank

4=2

L et T ottt . X X 10113768-60
modules & a manned GEO mission module 267.625.57
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Table 4~2. Summary of Space Station Requirements to Support OTV Servicing i

Support Requirements Configuration 7

Shelter | Module

¢ Translating RMS & associated controls - o 4
~ RMS cherry picker adapter & adapter holding fixture

* Station interfaces for 2 truss structures, 2 propellant modules & 1 refrig/control unit W) v

— Mechanical attachments i
-~ Electrical interfaces
— Fluid interfaces

* Maintenance module interfaces & utilities support v

¢ Electrical power . w
~- B00W maximum continuous +1,500W during reliquefaction® & iilumination (60QW)

s Communication system
— Ground & servicing installation & {radio frequency & hard line) 4

* Control station volume requirements 60 cu ft for equipment plus cooling system

\
\

v
* Pressurized workshop 120 cu ft (can be shared) - .
¢ OMV with contrul station & basing provisions o~ e i
¢ Payload handling equipment ) ,/ -
* (4) EVA suits with EMUs, including helmets with heads-up displays plus cleaning & — -
storage facilities
? . :
o ¢ Airlock for EVA egress & Ingress & translation system for EVA crew access to W~
e servicing installation
‘ * Shirtsleeve ingress/egress to manned GEO crew module v i
' * Crew skills:
— 2 spacecraft systems professionals (skill 7, level 3) v v ¥
— 2 engineering technicians (skili 5, level 2) i
10113768-62 o,
'267,625-68 Copet
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SECTION 5
TECHNOLOGY REQUIREMENTS

This section presents the results of Task 1 derived from the analyses that
were performed. The tables identify the technologies that must be developed
so that an OTV can be maintained and serviced on orbit. This data will be
input to Task 4, Integrated Technology Development Plan. Task 4 will produce
the development plan to mature the technology through ground, Shuttle sortie,
and initial Space Station development tests.

Table 5-1 lists the five major SBOTV activities. The technologies for the
on-orbit maintenance/servicing/mission build=-up are identified in the
following tables.

Table 5-1. Space-Based OTV Technology Requirements

Activation/checkout of operational OTV
maintenance/servicing facilities
¢ Construction of sheiter structure
¢ Deploying/handling/mating/interfacing/aligning servicing
structure & equipment

Initial OTV delivery/assembly on-orbit
¢ No additional technology over maintenance/servicing

On-orbit maintenance/servicing
e See foliowing charts

Mission build-up N
¢ No additional technology over maintenance/servicing

Fleet operations/integrated logistics support
(ILS)Irescuelretrieval -
¢ No additional technology over maintenance/servicing

27103768-33
267,625-69

The activation/checkout of operational OTV maintenance servicing facilities
requires the development of the technologies shown in the table. The other

major activities don't need additional technologies over the maintenance/
servicing ones.

Tables 5-2 and following identify the technologies to perform the maintenance
and servicing operations. The table lists the technologies for docking and
berthing. Of particular interest is the proximity operation of the OTV around
the Space Station. For this operation, the OMV and/or RMS will certainly be
involved. An automated docking system needs to be developed.

5-1
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Space-Based OTV Technology Requirements for <n-Orbit
Maintenance/Servicing

OTV payload integration operations

Docking

¢ Stability & control system

¢ Monitor & control system

¢ Communications/radar

® Connecting up (OMV and/or RMS)
¢ Automated system/manual back up
* Space station proximity operations

Berthing

* Alignment sensors

* Contact sensors

¢ Coupling

s Repositioning/rotating

Maintenance
¢ Handling (concepts & equipment/EVA integration)
* Visual inspection (TV/EVA)
® Fault detection/isolation (down to R/R modular level)
* Remove & replace
— Extravehicular Maneuvering Unit* (EMU)/EVA
operations
-~ Remote control arm operation
— Automated operations
* Man-machine allocation
¢ Service Enclosure Operations
¢ System checkout

* See next chart for breakdown 27103768-36
267,625-70

Table 5~2 lists also the technologies to be developed for the maintenance
function and OTV payload integration operations. A further breakdown for the
extravehicular maneuvering unit (EMU)/EVA operations is listed in Table 5-3.

Table 5-3. Space-Based OTV Technology Requirements for EMU/EVA Operations

Extravehicular Maneuvering Unit (EMU)

» No prebreathing/quick EVA preparation/quick-turnaroud

e Hard suit (higher operating pressure) with hard joints

¢ Rugged EMU — withstands sharp edge puncture,
propeflant contamination, radiation & extended wear
Nonventing life support system

® Headsup display — real time access to data transfer
from station or earth

: EVA Operations
! e Crewmen support/mobility/access

* R/R module attachment/release mechanisms

e Tools/support equipment/handling devices

* Procedures/timelines 27;607?:;32:3?
5-2
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Table 5-4 identifies the technologies to be developed for zero-g cryogenic
propellant handling. Because of the cost of delivering a pound of propellant
to orbit, boiloff should be kept to a minimum and recovery of any boiloff
should be accomplished through reliquefaction. To reduce the cost of
delivering propellant to orbit, scavenging from the ET on Shuttle missions
should be investigated. Also, using the ET as a tanker needs to be
investigated to provide the resupply capacity required in the middle/late 90s.

Table 5~4. Space-Based OTV Technology Requirements for Zero-g Cryogenic
Propellant Handling

Propellant transfer
¢ Leak free fluid couplings/quick disconnects
Standard interfaces
Acquisition devices
Chilidown
Gauging
Leak detection

Long-term propellant storage
¢ Insulation/shielding
* Meteoroid protection
¢ Stratification, pressurization & mixing
e Venting

Reliquefaction
¢ Cycle selection
¢ Gas-free liquid expulsion

Propellant Resupply
® Scavenging

e Tanker Same technology as above .. 0. .. -

267.625-72

The technologies identified in Table 5-4 are the most critical and have the
highest priority for development as indicated in our Phase I final report.
Work in these areas must be accelerated immediately to meet the IOC dates.

An integrated technology development plan for the technologies identified in
this section will be developed as the next step in the study (Task 4) and will
be put into a report at the conclusion of the task.
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SECTION 6
SUMMARY

Table 6-1 summarizes the study to date and what will be accomplished in the
future. ’

e - it s SR PR TR M O R 6, 1 SR 16 L s

Phase | study has
e Driven out preliminary requirements for OTV technology development
missions (TDM) on the initial station
¢ Defined the TDM hardware & initial space station interfaces & support

= R

R SR SRR

First half of Phase Il study wil!
¢ Define OTV servicing technology requirements frcri analysis of P
operational OTV on the growth station !
¢ Determine requirements on initial space station to support evolutionary |
space-based OTV development , :
¢ Determine technology development tests required on the initial space
station from integrated development plan

Ca I A

Second half of Phase |l study will, from resuits of above tasks,
generate new

* TDM requirements along with concepts & operations

e Space station interface/support requirements for TDMs

* Precursor technology & TDM developement schedules & costs

=
P

K]
LN RN

[R4

R T R
Lk

OTV servicing requirements are a major driver for both

the initial & growth station 2710376838
267,625-73

g
I

.

o

)
e el

s

The Phase I study drove out preliminary requirements for OTV Technology
Development Missions (TDM) on the initial station and defined the TDM hardware
and station interfaces and support.

oy o

T e

e

We have just completed defining the OTV servicing technology requirements from
analysis of an operational OTV on the growth Station. The remaining two tasks
in the first half of Phase II will be completed and reported on by the next
interim review.

t
-
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The second half of Phase II will accomplish the tasks shown. This will be the
important data for the Space Station program.

ey
Dot B4
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It should be noted here that our study to date has pointed out .that OTV
servicing requirements are a major driver for both the initial and growth
stations.
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APPENDIXES I — V
TASK ANALYSIS WORKSHEETS

The task analysis worksheets in the appendix back up the data presented
Section 2.4. .
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APPENDIX VI
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