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_ ii 1. Introduction

• :- ,, _. The purpose of this databook is to document the analysis performed to determine
<:,_• - characteristicsof a proposedalternateSpaceStation assemblysequence. The proposed i,

?',_:i :_: assemblysequence (referredto as Tier2) assumesthat Russianparticipationhasbeen ,._
- :........_., ,. eliminatedand that the functions thatwere once suppliedby the Russians(propulsion,

>,,!,"'_i:,• resupply, initial attitude control, communications, etc.) are now supplied by the United
_:%,,,,,,":;" States. The proposedassembly sequenceutilizestheLockheedBus-1to replacemuch of

- ,_-:..... the missing Russian functionality. The information presented in this databook characterizes
, ' ,_i.._" on a stageby stage basis the impactsof utilizingthe Bus-1on configurationmass

properties,functionality,resource balances, operations, logistics,attitude control,
micmgravity environment and propellant usage. It should be noted that at the time of this

.....: _°"_ writing, the characteristics mentioned axe not yet fully defined for each stage of the baseline
_:oo,.,_::_,:,_, International Space Station program; therefore some characteristics will be based on or

-, ,__ <,.__: compared to a TBD/estimated baseline value.

,::,,_eao-> The Tier 2 assembly sequence was defined by the JSC International Space Station program
-",,_._,,_._._, office as a first iteration with the understanding that subsequent iterations wguld probably_;:,,, ._,-,,_iz,_ .

_._:,_,,°i_,, be required to address some of the issues that this analysis would identify. The databook
_,_:_'_2........., includes identification of Tier 2 assembly sequence issues along with suggestions for
_.:_,,_" • resolving the issues. Changes to the proposed Tier 2 sequence were minimized during this

-. _,:_:_4. ftrst analysis cycle.

;:=o:,_ Several significant issues were identified during this analysis cycle. Many of the earlier
-:t, assembly fights had less than 90 days of orbital lifetime at the designated assembly

!" _ii:;_°_:i:I rendezvous altitude. There is a shortfall in assembly and maintenance EVA available. Themass properties of the stages during the In-sthalf of the assembly sequence lead to large
=-,::i • ' flight attitude angles and poor microgravity environments and will require the development
....", ' • =:_"_ of new CMG momentum managers. There is not enough reboost propellant manifested

= ::/:_ assuming a +20 atmosphere. There are significant delays in reaching program milestones.
' i:i_' _: Many of these issues can be resolved but at the cost of possible baseline modifications and

="_;'__.:iii':i: revisions in the proposed Tier 2 assembly sequence.

' kaaxt _....
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2. Groundrules and Assumptions

_ __-: Assembly Sequence Groundrules and Assumptions

' ,:_ _ One of the most significantgroundrulesestablishedfor the Tier 2 sequence is assembly at
_ an orbital inclination of 51,6°. This requirementwas establishedso that the Russians could I

:_ " re-enter the programif they chose to do so at some later time. Assembly altitudeis
_:, restricted to an altitudethat will providea minimumof 90 days lifetime to 150n.mi. A
,,: maximumof 6 Shuttle flightsper year for assembly wasgroundruledto reduce the Shuttle

.... :. flight ratewhile allowingthe possibilityof insertingan additionalyearly Shuttle flight to
_,i:,. supply EVA andfuel logistics. A FEL date of February 1998was chosen so that the first

-_, ,,, _ node delivery wouldnot be accelerated(assuminga Shuttle flight everyothermonth)and to
: accountfor some delay due to Russiannon-participation.All flights weremanifestedwith

_°_ :, margins, reservesandoverhead similar to baseline flights. Although a goal was not to

-_ _ significantlydeviate from the baseline assemblysequence,the proposedTier 2 sequence:._:._,:, changes the order of many flightsand rearrangesso_x_,eof the cargo elements.

=_i'_2':i_',ii_ Systems Functionality and Operations Groundrules and Assumptions
= .... ,!,, Assemblyof the Tier2 SpaceStationConfigurationwill requireanextensiveamount,of
: ,_,i:__,_ Extra-VehicularActivity (EVA). In orderto performan assessmentof what EVAresources

_:_o. were necessary to completethe assembly, the followingassumptionswere made:

• The SSRMS checkout will occur on the flight that it is delivered to orbit,
i,,_. ensuring its availabilityfor use on the followingflight.

,.

" ....:_ i. * All EVAs will be performed from the Shuttle during assembly phase.

: _::......, • There are 2 EVAs available per flight (baseline). Additional EVAs will be
....... •_ availableby manifestingextragases in Shuttle bay.

:' " The EVA groundrules that were used as a baseline for this study are:

°_ .... • EVA maintenance tasks will not be addressed during this version of the study.

o_,_!_,, • No EVA will be scheduledduring UtilizationFlights.

--_,,., Flight Characteristics Groundrules and Assumptions

°, • Electronic I-DEASmodelsof the baseline9/28 assemblysequencewereobtainedfromJSC
jL, and modified to match the Tier 2 sequence. Thesemodels were used to derivemass and

aerodynamicpropertiesfor the flightcharacteristicsanalysis. The mass of each stage
: model is typically withina few percent of the actual manifestedon-orbit total. Projected

" areas arederived for each stageby performingray tracing. A drag coefficientof 2.3 was
" _ assumed for all drag calculations.

_,' Several atmospheremodels were used to assess theflight characteristics. CMG and RCS
,, attitudecontrolsimulationswere performedusing a peak solar cycle worstcase atmosphere

_,: (flux=230, Ap =140). Microgravity analysisassumeda +2a atmosphere with a two year
: _• , shift in the solar cycle to providea moreprobabledensity profilethat wouldaccompanya

schedule slip. Steady-Stateenvelopes for one, two and four lagwere plotted along with
corresponding US Lab rack values. The reboost analysis used the sameatmosphere as the

..... - 2-1
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microgravity analysis as well as two other atmospheres. See Appendix A for atmosphere
•"i _.," tables.

•:, ! Attitude control analyses without an attached Shuttle were performed on all stages. Attitude
_=>_.. control analyses were also performed on Stages 5 and beyond with a Shuttle docked to the i

station (the Shuttle maintains control of the combined stack till Stage 5). CMG control of If
_ _ ' the station is performed with the Bus CMGs until the activation of the Z1 truss at which

: "; i,. time the station CMGs (4*4745 N-m-s) are utilized. A range of CMG control !
_-. ' " laws/momentum managers were utilized depending on stage properties.

i ,':-,,. _:i.,: An optimizer was utilized to calculate reboost efficiency as a function of engine gimbal
° _' " angle, flight attitude, thruster geometry and configuration mass properties. All stated

efficiencies assume a reboost engine gimbal angle of less than ±10 degrees and a flight

=:,:!:_i::_iilliI:. attitude within ±15 degrees of LVLH. A modified Freedom CDR RCS control algoritiwnwas used for simulating station maneuvers with the Bus.
- ;_:_._a_:.i,_2..

- ,..._:,,_,_. _, •

__,._.:_,_,_,_.."""...... Logistics Analysis Groundrules and Assumptions:

:,,_.?_-.,.. The US will provide propellant resupply for the ISSA using the Bus- 1 and will provide
i_,_,_a::..: ECLSS for the ISSA using an as yet undetermined delivery mechanism aboard the Shuttle.

.... Using the neutral atmosphere definition as defined in Section 3.2.6.12 of SSP 41163. The
_.i !:;-:_:,.: altitude strategy is defined as follows:

_7;_:::_:;_;"_' * For the Assembly Phase: the minimum operational altitude for the on-orbit

" _'' _" h_ _ r_" _: space station shall be the altitude that provides 90 days of orbital decay to 278(150 n.mi.).

•. * Post Assembly Phase: the minimum operational altitude for the on-orbit space
......,, station shall be the altitude that provides 180 days of orbital decay to 278 Krn

' _'_o_,/' (150 n.mi.) and satisfies the quasi-steady microgravityrequirements.

! .._::":"_,.,;- * For the Assembly Phase and the Post Assembly Phase: the on-orbit Space
_ __:_.":.,'"' .::. Station shall have sufficient skip cycle reserve propellant for reboost to an "'
i _ ,,. i altitude that results in at least 360 days orbital decay to 278 Km (150 n.mi.)

: under nominal operations.

i _ _ ."

: _ , '

: : r
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:, 3. Systems and Logistics Impacts
:. ?, , .

'o L

: _"!_" 3.1 Revised ISSA System Capabilities !
(,

=' 4[j _ [ '_'dJ 3.1.1 Command and Data Handling '_

"__*i Baseline CapaOility - Russian Services

ii:';_ The baseline Comrnand and Data Handling system is a"hierarchical architecture consisting
_=L _ of data processing components connected using MIL-STD-1553B data buses". The main
= . • computational device is the Enhanced Space Station Multiplexer/Demultiplexer

_2_ i (EESMDM), and the main input/ouput device is the Space Station
_-°:"@:' Multiplexcr/Demultiplexer (SSMDM). The crew interface to the Command and Data

_.__ _ Handling system and payloads is through the Portable Computer System (PCS), which is
based on commercially available hardware and software. Three computers are located in

_: the Russian Segment (RS) elements. These computers provide command and data
_"_,_o_'_:_ handling of the RS GN&C equipment and other system equipment. Those computers
_= ' .....o:., directly supporting the RS GN&C equipment are eventually connected to the U.S. GN&C

_:L," MDMs that are responsible for controlling the rate gyros, CMGs, and the GPS equipment.

,, "_o, TIER 2 Capabilities

LI;:'_':: The Tier 2 Configuration makes no significant changes to the baseline C&DH system
_"_, i architecture. The Bus-1 replaces the early computing capability that was provided by the

: Russian FGB and Service Module elements. By definition, the three Russian Segment
...... (RS) Central Computers in the baseline configuration will no longer be available. All initial

.... •_ computing capability, including the necessary GN&C support functions, will be provided
_ _ ,:.,- by the Bus-1. As in the baseline, the station C&DH system will ultimately assume control

,_, of the station systems and payload operations.

L_.... 3.1.2 Communications and Tracking
?? ,,

:-_, Baseline Capability - Russian Services "

", : : Prior to Houston control of the station via the U.S. Lab & TDRSS, all communications
_' with the station involvtz:l some aspect of Russian involvement. The initial stages of the

_i: ,, i build-up involve four different scenarios of communicating with the station:

"': " ' 1. TelemetryandcomnnandsviaMCC-Moscow(initiallyHoustondirectsMoscowby voice,late
::'I:'_i MoscowroutesHoustoncommands)

:: _ " 2. FGBtelemetrydownlinkedto HoustonviaNASAmodifiedcommsites
::,L,' : 3. FGBcommandandtelemetryat HoustonviaRussian-providedcommunicationsinU.S.

.:_ _ 4. NASAonboardcrewmembercontrol(followingFlight2A)

0-o-,," Houston control of the station occurs following Night 4A, although the ability to
- communicate with the station to/from Moscow remains via the Service Module.

d,-, .

02, . ."
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,_..,:,: TIER 2 Capabilities

! _ : All telemetry and commands prior to the activation of the TDRSS antenna and control !1
_::. equipment will be routed through the Bus-1.

3.1.3 Environmental Control and Life Support

BaselineCapability-RussianServices
_, : The baseline ISSA ECLSS functionality consists of Russian- and U.S.-provided services.
-._!_i_...... The phases of ECLSS functions can be described in terms of: 1) the period prior to U.S.
_i, -- Lab activation (i.e., Flights 1A - 6A); 2) the time period between U.S. Lab activation and

_:,i initial U.S. HAB activation (i.e., Flight 7A-17A); and, 3) the time period following U.S._!_ Hab activation (i.e., Assembly Complete).

•_:!_i_,_,"i_ Prior to U.S. Lab activation, the Russian Service Module provides the primary ECLSS
• _i_,. functionality to all elements. Those functions provide life support for a crew of three and

_; consist of:i :_ .... • airstorage • tracecontaminantremov#.
i _7_: • oxygengeneration • urine/fecalcollecuon

!=i' ! • potablewaterprocessing • firedetection/suppression• temperatureandhumidity s pressure/temperaturesensing

_ ,. control/filtration • gasmonitoring- CO,,O2,H,Oi ...... . contaminationremovalfiltration • CO2removal

,_r ._., During the second phase, the Russian elements continue to provide Urine
,i__ Collection/Processing and Fecal Collection in the Service Module. Following activation of
!i_,' the U.S. Hab, the Russian elements provide ECLSS redundancy.,_ !L .

L;._:*_ TIER 2 Capabilities

•_ _ Utilitization of the Lockheed Bus- 1 prior to activation of the Lab results in a complete lossi t) ',

of the ability to support crew on the station at an earl)' stage. In the Tier 2 scenario, this is
: _! iaolonger feasible and therefore the loss of these functions will not impact the revised
:_ sequence, except for the fact that there will be no station-based crew to assist with

_: , assembly and maintenance EVAs. Entry of Node 1 will occur when the orbiter is docked
_ _ and providing ventilation and atmosphere control. High Pressure gases (02 and N2) must

i- ' • - be manifested early in the sequence to provide for gas leakage in the Node 1 and Lab.

........ During the second phase, the U.S. Lab w_.Uprovide the U.S. elements with Atmosphere
Control and Supply, Atmosphere Revitalization, Fire Detection and Suppression,
Temperature and Humidity Control, and partial Water Recovery and Management (no
potable water processing and monitoring). Waste Management functions will be provided

i rL by the Shuttle during the assembly missions.
i:

Levels of redundancy must be investigated to ensure that a fail-safe/operational system is in
, : place without the Russian hardware.

: r
L,

: i

i .

!

_" 3.1-2
7

00000001-TSA09



_<' 3.1.4 Electrical Power

__._!,
=:=:.', " Baseline Capability - Russian Services

"_ Prior to delivery and activation of the P6 segment on Flight 8, the Russian FGB element
provides 119 - 126 Vdc to the United States On-Orbit Segment (USOS) for Node 1, PMA,

i and Z1 equipment heaters. The current plan is for the Russian segment to provide 1.2 kW
: :. of power during the early build-up (Flights 1 - 8).

: TIER 2 Capabilities! o , '

! _'/: The Lockheed Bus- 1 will provide the 1.2 kW prior to activation of the P6 power segment
: .i. on Flight 4. In order to meet this power requirement, Stages 2 and 3 will fly in solar
=--_7 _: inertial flight modes. The Bus-1 produces power at 28 Vdc, requiring a convener on the

:'-,..... Bus-1 extender truss to convert to the 119 - 126 Vdc used on the station.

3.1.5 Extravehicular Vehicular Activity/RoboticsL ,.'. ......

r-. _ "_ . There are.no changes from the U.S. baseline capabilities, except that all of the EVAs that
......... were planned to be performed with a station-based crew in the baseline program are now

[,: _":- Shuttle-based, and they occur during the assembly flight.

!

3.1.6 Guidance, Navigation, and Control
i4 =i i:
! , ,,_,' Baseline Capability -Russian Services
! o • .

_ _.i":i:iI The Russian Segment capabilities consist of the following:
• Determiningstatevectorand * Maintainingattitudenon-

_ _ propulsively(redundantw/U.S.)_i : attitude(redundantw/U.S.)
" • Generatingpointingandsupport • Executingtranslationmaneuvers

:' 8:_:,; * Controllingattitudepropulsivelydam (redundantw/U.S.)
L,,. :. * Providingdesaturationtorque

f;

: -,-: , : The equipment providing these capabilities that will no longer be present is:
;11 * FOB:
" : * ^a_usv---:-accelerometers
,:: * Two-axisinfraredhorizonsensors(2)

_i '}}_:/{i • Singleaxis rategyros (3) I• KD'RSrendezvousradar
' : * Flightcomputer(internallytripleredundant)
; _:c : * ServiceModule
,= . .... -

"" * Slattrackers(2 narrow,1 wideFOV)
: • Sunsensors (4)

• Horizonsensors(3)
.... • Magnetometers

• Rategyros -- (1)3-axishighand(1)3-axismoderateaccuracy
• GLONAS$navigationsensors

: * Flightcomputerssuppliedby ESA (3)
o_, ;-

_'- * SciencePowerPlatform-1
• G_odynes - (qty6)

2

' " 3.1-3
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_- • Cross-strapping between the U.S. and Russian computers passes information on position,
...." velocity, attitude, ,andattitude rate, Commands for momentum chm_ge, pulse patterns, and

_._. thruster firing confirmation are also transferred between the U.S. Lab and the Russian
Service Module.

:_ TIER 2 Capabilities

"_;, . All Russian capabilities will be replaced by the Bus-1 during the early assembly stages of
_ ': ...., the station. See Section 3.3 for a description of the Bus- 1 capabilities.

•,o:,,,.• 3.1.7 Propulsion

_,,,,::,,_ Baseline Capability - Russian Services

-__:_i_;::: The baseline propulsion capability is provided solely by Russian elements, all of which
_:.,.,,--_,..,: have been flight proven during numerous Russian space activities. The elements consist of

_'"_":"" • FGB universalblockwith-5700kgofpropellantstoragecapacity

-:_,,_,_,_, : * Service module with -900 kg of propellant storage capacity
:-"':_:_:"i:'_,_' • Progress M with -1800 kg of propellant storage capacity
_: ,.

_, ,.,g ._:.

_: , _': The vehicles will be used in a phased approach that is competed with the delivery of a
,,,o:,,o Progress M, The FGB will inttially provide attitude control and delta velocity capability

.... :_ : until the Service module is attached. Following delivery of the Service module, the FGB
_ ,, '_!!"_-_' will provide propellant storage/transfer only. The Service module will provide attitude
,i',, control and delta velocity capability until a Progress M is attached, which will ultimately be

the vehicle that provides the primary capability for attitude control and delta velocity. When
= _ ,_:_,. propellant in the Progress M vehicle is depleted, a new Progress M will be launched and

= _,i.' _ the depleted vehicle will be de-orbited.

-_ " TIER 2 Capabilities
.:._L:_,,,.___....... The propulsive capability of the Tiers 2 configuration is provided solely by the Bus-1

vehicle. The fast element launched consists of a Bus-1 vehicle and a space truss that
functions as: 1) a spacer between the module cluster and the Bus-l; and, 2) a location for

._i,,_:_i;i_:,' the solar cells that generate power for the Bus-1 and the early stages of the Space Station.
__._:_,_',_:_:_,:........ During the early stages of the assembly sequence, this Bus-1 will be located aft of Node 1
_':-._, (the primary location) and will provide all attitude control and delta velocity capability.
gg_ : Stage 10 delivers a second Bus- 1 which is located on the zenith face of the P6 Power_:_
_,,_:_ Module. This second Bus-1 provides a redundant proplusive capability.

_':_'_:_" " The Bus-l's will be replaced as required to ensure a sufficient level of propellant is stored
on-orbit.

i i.::":::':_;,- 3.1.8 Thermal Control

, ,: . There are no changes from the baseline capabilities,

' 3.1-4
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3.2 Logistics Impacts

, - The Environmental Control and Life Support System (ELCSS) for the ISSA is highly
>. dependent upon the Russians to provide gases to maintain the crew in a safe and habitable

environment. These gases will be supplied using the Progress resupply vehicle using a
• number of high pressure storage tanks. Water will Ix:resupplied by reclaiming potable

water from crew waste water. The U.S. side of the ISSA, at Assembly Complete, will
o include sufficient equipment to provide the six major ECLSS functions required to sustain a
::_, six person crew. These functions are : 1) Temperature and Humidity Control, 2)

"_:_: Atmosphere Control and Supply, 3) Atmosphere Revitalization, 4) Fire Detection and
• _ Suprcssion, 5) Water Recovery and Management, and 6) Waste Management.

:_ If the Russians decide not to support the ISSA program, the existing equipment included in"i}_
:, ; theU.S.ECLSS wouldremainthesame,butwouldrequirethatadditionalgasesbe
:, provided to the pressurized Station elements. These gases would most likely be delivered

s/:_;_ using modified Gas Conditioning Assembly (GCA) tanks mounted to an Extended
_%} Duration Orbiter (EDO) type pallet.

__ :" A summary of the gas supply required before Tier 2 Assembly Complete can be achieved is
_ _ givenintable3.2-I.The totalgasresupplymasstoorbitbytheendofAssembly
_,_ ,: Complete is required to be 13,990 lbs.
Z 4, ,, .;

g_ ;

-- _,'Jo'/'

o'YZ,,'f
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_:_,i::,- Table 3.2-1 Gas Supply Analysis at Assembly Complete

....,." ::::::::"::-:t :,!,.::.: :::::.:::":::::::::=======================:::::::!: ::Hii_ii_ssure:OaS::...................".....
E_f:;:!_i:': ::i"i>:i"!_:::::_::i!_:!:::-!i:::::_::::::::.::.>::1:::::_::.i': I:.::-: :_-:-::::.:::.i:. ::.: .:. l_uanti_ :. • :Ma_,_(Ihs) ::
i.-:i:' _,:" 90-Day Resupply Gas 440

NzTanks 2 480
01Gas _ 1320

:, 0 i Tanks 6 1.440
Carriers 21 1340

_, Carrier/Pallet 8 800
_- Hookup/DebrisShields

Sub-total 5820

Repressurization& 45- N2 Gas 440
Day Skip Cycle

NzTanks 2 480

,i O_Gas 660
. O_Tanks 3 720
2-FaultTolerance Nz Gas 220

!:::: ,,! : N_Tanks 12 240
-.,, °,," •'<:" O_Gas 220

"......': O_Tanks 12 240
= ?:_ 21
°.::,,_::_.. Carriers 1340

.,:,:: Carrier/Pallet 7 700
Hookup/DebrisShields

__"'.'.'i;!i Sub-toml 5260

.....:., AssemblyPhase N2Gas 660
._ ,:,:. ElementLeakage
!.."!_: N_Tanks 3 720

:...... ' 0 zGas 220
.....• OzTanks I 240

="":'.,,_,,' Carders I_ 670
Cm'rier/Pallet 4 400

o: ":-:' Hookup/Debris Shields
.: o:, Sub-total 2910

=, _ I Tota_ I 13,990

_'::"""':.. _ Each carrierholds4 Tanks
.., >:.: Carriers= 11' x 4' x 7' = 308fts

__ , .. Tank - 38" diameter -- 15 ft_

_ , 2 1additional N 2 & O 2 Tankeach requiredto implement2-FaultTolerance

r;.

3.2-2
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3.3 Bus-I Functionality

! = ' A purpose of this stud,ywas to help define the needed functionality that the Bus-1 (s) would
; _'7 provide in order to assist in the assembly and operation of tile internationalSpace Station.

For this first iteration, the Bus-1functionality was assumed to be as close as possible to 'i
currently existing "off the shelf.' hardware functionality. For manifesting purposes, the

L ',i.. ;'- buses used in this Tier 2 assembly sequence were all identical although the first Bus-1 l
, ,,,, deliveredto orbit is the only one that needs to have full spacecraftfunctionality. The

: :. remaining buses delivered to orbitwould only requirepropulsion tank/thruster
_-_o "_ ,.-: functionality. These buses could be modified to have a larger propellant storage capability
'_'_", : than the first Bus-1 in order to minimize potentialpropellant shortages.

._,: Data Sources
,_:_'", The followingdocumentsand studieswere used to obtain technical informationon the Bus-
.......__:: 1vehicle:_,_.,..

1. Bus I •Technical Data Book - July 1993; L_kheed 1Vdssilesand Space
•:,,,: o _ company

° '_-_:'-_ 2. Bus 1 Implementation Concept for Space Station Alpha - 25 November 1993;
_i,,:_: Lockheed Missiles and Space Company

?_!,_,,
:,,, 3. BUS1 Study Review, FY94 & FY95 - September 2, 1994; l.,ockht,ed

:: ._- Configuration (see figure 3.3-1)

i _::i _. * Diameter:. 159in.
.?,,

' " :_,' * Length: 105 in.
r ,

_-__ :- * 24,000 lb (includingpropellant)- _-_t#'_ "

i ...... ,
:,;: * 11,660 lb propellant capacity

• ==> 12,340 lb of hardware, software, etc.

: _ ,::o Data Management System

, . _.' • Approximately 1.4 MIPS aggregate/CPU box (3 processors)

" _i,' i: • 96K word addressablememory - 24 bit word length

_° _':._.i;'.i: • 3072instrumentchannels for 3 RDMs

_'"_ • 768discreteoutputsfor3RDMs
i , ,

! ,_.:_"_ :

i :

•-. 3.3-I
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, : _ 15_1n, 1
i, ,

! i '

o .

_ 4t °"

! ,. __1051n.

/
_ . |

...... ! Figure 3.3-1 Bus-I configuration.

_, : Attitude Reference System

..... • 9 rate gyros provide attitude reference knowledge

• ,i : • 5 active at any time (4 spare)

: _ i. * 0.03 deg/hr drift stability
! :,

:, • * 3 scanning star sensors provide periodic updates to the attitude reference
} _: .. system

. • <5 arc-seconds accuracy

: :- • 4.8 deg FOV
i

,, • 2 3-axis magnetometers
:

r , " * "Secondary attitude reference based on magnetometer and rate gyros.
Corrects primary reference if primary reference is not healthy."

. 3.3-2
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• Control Sun Sensor

i'_, ; • "Can provide attitude correction in sun pointing attitude only." !• ", • "Used as back-up only when star processing and magnetic reference
:ii ( algorithms are not healthy," I_

, , _;, .- • "Ephemeris determination is accomplished by use of the Bus- 1 Position
'...." _,1.::i. Reference Subsystem which utilizes a single channel GPS receiver and ground

" . ,.: ...=......1oo,*hms,"

:,_ :.. Momentum Management
•_,_:,_-_:!_,, • 6 - single-axis CMGs used to maintain station attitude until activation of Station

CMGs

• Each CMG provides 1700 ft-lb-sec of angular momentum capability

_-........, • System Spherical Momentum Capability
,: .... " • 6 CMGs (3H = 5100 ft-lb-sec)

_i:i__". _i • 5 CMGs (2.4H = 4080 ft-lb-sec)

__,>_ • 4 CMGs (1.6H = 2720 ft-lb-sec)

_/. ,:._;_:i. • Geometric momentum capability is up to 9250 ft-lb-sec in some directions
"_"°,,'>:_. (capability not currently used)

_ •
...... Propulsion System

• ,;_?::: Information pertaining to the exact thruster layout of existing Bus- 1 hardware was not
....,_ ' available. A Space Station specific thruster layout that was designed to reduce plume

o impingement on the station radiators and other surfaces was utilized. Figure 3.3-2 shows
the attitude thrusting directions for both Buses on the Stage 36 station configuration. The

_:'_•, cant angle of the thrusters minimizes plume impingement for aft Bus-1 on station' , ,-q .

- ; subsystems such as the TCS radiators. The zenith Bus-1 attitude thruster plane is also
_:_ _ shown in this figure. For Stages 10-21, the zenith Bus-1 is located even farther away from= .., .... (_V"

the station core body, due to the P6 mass segment being incorporated into the z-axis truss
--' __ : _ extension. Figure 3.3-3 demonstrates the Bus- 1 reboost engine gimbal range in relation to
%;, .... the station solar arrays and TCS radiators. The two Bus-1 reboost engines are oriented
_,.,_, alongthestationbodyx-axisandarecapableofgimbaling+I0degrees.Thereappearsto
,_,_i.__,.... be sufficient clearance between the reboost thrust direction and station components. The
"_ _:• resulting thruster plume effects should be minimal.

% ,

F

3.3-3
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, • It was assumed that the reaction control systems of the aft and zenith buses were not coupled
., . together which leads to worst case fuel estimates for station maneuvers. The higher fuel

, consumption results from the a small roll moment arm on the aft Bus-1 and a small yaw momentarm on the zenith Bus-1.

' • Bipropellant system MMH/N204 ')

• 2 main thrusters operating at 140 lbfto 300 Ibf (:1:10degree gimbal angle) t
• ISP=295 see

.i. _,. _ • • Total impulse per engine = 3,000,000 lbf-sec

.........,, iii''_.-. .. * Minimum impulse bit = 3.5 Ibf sec

=,,"_',..',' ,. • 247 W power requirement
-7, "_" ">_

. i • 2 sets of attitude control thrusters (total of 12) operating at 10 lbf to 22 lbf

,,o..,_._,,:._;.. • Avg. ISP ---265 sec (pulse mode); 280 sec steady state (>10 see.)
-:., ,._._.. * Total impulse per thruster = 134,000 lbf-sec

., :; • Min. pulse width = 0.1 see.

. . _;r_> .... Power System

° _ °i_i " • Maximum power = 3200 W of 28 Vdc (nominal) power (@51.6 deg.)

......_, • 6 NiI_ (22 cell) batteries with 15 amp-hours rating at BOL (90 amp-hours total)

• I12 lb

• GaAs solar cells on a Germanium substrate are mounted to the stinger
p

,.,,_ : Thermal Control System

_.",.., • Passive:

'..,''r,..' * Tapes, paints, MLI

,.: r"-:" Active:

-_--,. _, ' -- - • Propellant subsystem, battery variable conductance heat pipes, GMA,
• .. > i GPA/GMA gyros and star sensors utilize heaters.

r,

':_ °...... Communications System

,,.-,-<"." • S-Band transponder (dual channel)

_._,,.,_. -, * 1 Kbps UP, 32 Kbps Down (direct to ground)

,._.o-._".,- * Uses the Space Ground Link Subsystem (SGLS) with USAF Ground Stations

• Four switched antennas

•._ • 26 lb
'r

" - 3.3-6
.=
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. Launch Packaging

" The firstBus-1 launchedrequiresanattachedextendertrusswhich has severalkey functions. The
i + + primaryfunctionis tomove thereactioncontroljets andreboostenginesas faraspossible from

,< spacestationsystemsto minimizeplumeimpingement.Anotherfunctionis to providespaceto
:, _ attachsolararraysandapowerdatagrapplefixture. Theextendertrussalso actsas aninterface
... . betweenthe Bus-1 andthe stationattachpoint. Figure3.3-4 depictstwo optionsfor the aft Bus-

1/extenderwhich is the first element launchin this sequence. The Long ExtenderOption assumes
",_.... " that the outfittingof the last orbiterwith the OrbitalDocking System(ODS) has beendelayedpast
.....: ", FEL. This allows over8 feet of additionalspacein the cargo bay for a longerextender truss

-_' _'iii'i,i:i,i resultingin almost no plume impingement. Delayingthe installationof the ODS could have
,_+;_,+ significantscheduleimpactson the remainderof the assemblysequencethus the ShortExtender

----,__+,_,+- Optionwas usedin this iteration of the analysis.All analysisassumedthe Short ExtenderOption
r'_" 'k '::' _ the exception of the robotic/kinematicanalysiswhich assumed the Long extender Optionas a

_:::_;:..... : worst case scenario. CompositeShuttlepayloadcenter of mass calculationsare TBD butshouldbe
,,. L_:,+ w,thin operationalconstraintsdue to the large amountof mass associated with the Bus-1 in the aft
,.,,,,.,..... end of the Shuttle.

- _/_+

,C, ,i_,i

: + .+

-- 2.

:>+
>o

k

,, +,

L_ y

" 3.3-7
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•• 4. Assembly Sequence

° The Tier2 AssemblySequencewasprovidedto LaRCSpacecraftandSensorsBranch(SSB) by ISC
.:o IntcmationalSpaceStationProgramOffice. TheLaRCTier2 Databookteammadeslightmodifications

to thesequencein orderto reduceEVA assemblyrequirements.The flightnames wererenamedin effort
.... to maintainconsistencywith the baseline(9/94) ISSAAssemblySequence. Forexample, thecentrifuge

comes up on flight 14A in the baseline, therefore it was called flight 14A in this alternate assembly
• sequence. "New" flightswerenamed afterthepreviousflightwith an + sign as an identifierthat thiswas

an additional flight over that in baseline. These additional flights were necessary to provide additional
....."' EVA timeto assemblethe station.The baselineprogramhas crewon-boardStationearlyinthe sequence,

• and uses this crewto provideEVAwhen the Shuttleis not present.The stagenumbersareused to
_ _i::i}i_i identifythe sequentialorderof theflights.

, ,): : Table4-1 providestheTier2 AssemblySequenceSummary.Thetableprovidesthe stagenumber,the
< _ launchdateused foranalysis,theelementsdeliveredto Station,theassemblyaltitude,netmass to orbit,

_._.6:_ Shuttlemissionduration,the numberof Shuttlecrew,and thescheduledEVA missionsforeachassembly
_=_'2 " r flight. ThedetailedShuttlemanifestsforeachassemblyflightareprovidedin theirstage specificSection
:; ._"._,/: 5.1.

" The masspropertiesof Stages1 throughStage36 arelistedin table4-2. Table4-3 lists the mass
propertiesof Stages 1through36 with the Shuttleattached. Thetablesincludemass,centerof gravity

>:':...... (measuredin meterswith respecttotheoriginlocatedat thecenterof theSOtrusssegment),principalto
- _;:_.,_.; _ body axisEulerangles,andthe principalmomentsof inertia. _tagecharacterizationtrendanalysesare
.... "_, " presentedin Section6.

_' r "

_ . kl, _

r

..

?

4-1
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5. Flight Characterization by Assembly Stage

[

[ , : 5.1 Stage I Flight Characterization

,,_i_: S.l.1 Stage 1 - Flight IA Shuttle Flight Manifest

_';_: The Space Station assembly sequencebegins with the launchof Bus-1. Table 5.1.1-1lists
o. the ShuttleFlight Manifest for Stage 1 - Flight 1A. In the firstsection of the table, the

first columnlists the stationhardwarelaunched,thesecondcolumn gives the hardware
mass, andthe thirdcolumn lists anyadditionalFlightSupportEquipment(FSE) required

_ , : to launchthe Stationhardwarebutnot left on-orbit.The total massof the station
,:::-: hardwareto orbitis 31221 Ibs. The second section of table 5.1.1-1 shows the Shuttle
"_::::- Performance and hardware/consumables required for the mission resulting in the net

=_.':,.:_ Shuttle Lift Capability of 31296 lbs to 217 n.mi. at an inclination of 51.6 °. Subtracting

_)_.i the hardwareand FSEsubtotals fromthis amountgives a mission f,:ght marginof 75
lbs.

°_ _ ;

=:':..... $.1.2 Stage 1 Configuration

=:_ An isometricpictureof Stage 1 is depictedin figure5.1.2-1. Referto figure5.1.2-2 for
: the front,side, top andisometricviews of the Stage I configuration.

L:r_ "

_-:. 5.1.3 Flight 1A Assembly Operations Description

_i". Bus-1 anda PV arraymountedon thespacertrussarelaunched. A CBM (Node 1 truss
adapter) is mounted on end of truss to connect to Node 1 on Flight 2A.

[ ':r.

0 The SRMS removes the Bus-1 assembly from the Shuttle payload bay. The Bus-1 is
_ _ orientedaft, spacer trussis forward. Flightmode is arrowan6 no reboostrequireduntil

next assembly flight. The assembly altitude will be such that Stages 1, 2 & 3 will meetF-

i-_: : Flight4A'sassembly altituderequirements.

[

' _ " System Resource/Functionality

i .... First element launch provides the Bus-1 capabilitiesdocumented in Section3.3.

i • ¢;

t : •
I
I
i

" 5.1-I
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. Table 5.1.1-1 Stage I. Flight 1A Shuttle Flight Manifest

, • .,Hardware Mass (Ihs) ,,, FSE

_:'_'),..:. Bus -1 2501Ill
Bus PV 2211

_ _" batteries 8411
.....<, Node 1 to truss adapter 220
'_ " Spacer 4941

' subtotal 31221 0

" _ m e ss (Ibs),_,....... Shuttle Perfor anc Ma

_-,/(' ,<, ...
."_ ._... Capability to 220 n.mi, at 51,6 deg Inclination 24685

Enhancements 13000
Assembly Altitude delta (100 lbs per n.mi,) 300

__ ...._.:. Variable Integrated Hardware 0
_ : VariableShuttle Consumables -55

-_/: :_;::.o Food and Gear (-55 lbs/day > 6) 55
-t_i.?i_:::..: MiddeckLockers -160

=. _.;... Generic IntegratedHardware -5474

-i ji::'i External Airlock 3000
......... .. 4th Cryo Tank Fluids 866
...._,• 3rdEMU 300
i;.;, SAFERs (2) 200

= Misc integrationhardware 118
Attach Hardware 990

_ r '_r l_q I 5474

_ _:=- Weight Growth Reserve -1000

L=: _. r.CK_ iII_ :, '" Total Shuttle Lift Capability , , 31296

""'" I ,, Mission Fliltht Marllin I I 7S I

.(

,, 5.1-2
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The controlcharacteristicsof Stage 1 underdesign atmosphereconditions are displayedin
figure 5.1.4-1. Table 5.1.4-2 summarizesthe controlcharacteristicsdepictedin the plots.
Controlrequirementsfor Stage 1 requireonly a sm,'dlfractionof the capabilityof the bus
CMGs.

Table 5.1.4.2 Control Characteristics Summary

_i_iiiiiiii_i_i_iiii!!!_!_ii_iii_i_!_:_iii_i_i_ii_i!_i_:_i_i_:_!_i_;_i_i_i_!ii:_i_iii_iiii_i_i_i_,!ii!i,_!!,,!i!,,_ii,_iiiii,,i_,i_i_,i_,,_,iiiI
::i!iiiiiiiiiMi!ii_i!_ii!i!iii_ii_i_i_!_ii_!_ii::Lii_:!_i_i_:iiiii_:!_:_!_:i_:i_:_!ii_i_ii::_i_i_i_i_i_i_iiiiii_iii_ii_M_:_:i_:_i_i!i_:_t_ii::_:_iii_i_i_!_:i_i_ii_i_i!i!_iiii_iiiiiiiiiii!_!_iiii_!iii_::i!iiiii!iIi:_!iii!iiii__i_:i_!i_I _.o_= I O.Od_=_I -1.25_e_=,I ......._2.o_,o:.,1<_20N-m-,I

i .

5.1.5 Issues and Concerns

None.

5.1-5
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5.2 Stage 2 Flight Characterization

5.2.1 Stage 2. Flight 2A Shuttle Flight Manifest

The second assembly flight delivers Node 1,equipped with two stowage racks and the
. Pressurized Mating Adapters 2 and 3 (PMA-2, PMA-3). Table 5.2.1-1 lists the Shuttle

Flight Manifest for Stage 2 - Flight 2A. The total mass of the station hardware to orbit is
27631 lbs. The second section of table 5.2.1-1 shows the Shuttle Performance and
hardware/consumables required for the mission resulting in the net Shuttle Lift

:_ Capability of 30338 lbs to 213 n.mi. at an inclination of 51.6°. Subtracting the hardware
....... and FSE subtotals from this amount gives a mission flight margin of 2707 lbs.

° _ 5.2.2 Stage 2 Configuration

......... Figure 5.2.2-1 displays the isometric view of Stage 2 after the Shuttle departs and the
=:, scheduled assembly is completed. Figure 5.2.2-2 shows the front, side, top and isometric

° _ views of Stage 2 with the Shuttle attached.

_ 5.2.3 Flight 2A Assembly Operations Description
:. PMA2 and PMA3 are launched preattached to Node 1. The SRMS grapples a Flight

Releasable Grapple Fixture (FRGF) on PMA-2, removes Nodel/PMAs element from the
° _. payload bay, and pitches it 90 degrees relative to the Shuttle. The operation is

=_ _. completed when Node 1, via PMA2, is attached to the Shuttle docking system (ODS).
The SRMS removes PMA3 from the Node 1 axial port and attaches it to Node 1nadir
port, which is located in the +x-axis (shuttle coordinat_'_direction. The Shuttle then

r _ performs an R-bar approachto Stage 1. The SRMS grapples the Bus-1 assembly at the
• Power Data Grapple Fixture (PDGF) located on the stinger and attaches it to the common

"_ _ r ' berthing mechanism on the Node 1 axial port.
....' Following separation, the Stage 2 flight mode is solar inertial with the body x-axis (n.e.,
_' along the Bus-l/Node 1 assembly) in the plane of the orbit perpendicular to the sun line.

_, System Resource/Functionality

. Stage 1 functionality, plus:

• • Shuttle pressurized access via PMA2

• • Node 1 remains in "keep-alive" state

Resources Available: Power: 3200 W (Bus-l)
• Thermal:

EVA: 24 crew-hours

-. Resources Required: Power: 868 W (U.S, Housekeeping)
., 1600 W (Bus- I Housekeeping)
• Thermal: TBD
:" EVA: 17:20 crew-hours

. 5.2-1
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Table 5.2.1-1 Stage 2 - Flight 2A Shuttle Flight Manifest

..... :, Hardwar, el, Mass (!bs) I,'SE ,,,

=, .. Node 1 19572
= ",, ii_ US Stowage Rack 3 1198

: :. APM/US Stowage Rack 4 1128
.: .... PMA2 2867

: ..... PMA3 2867

I II I

=_ii* subtotal 27631 0• _:_ , ...... :.....•

=--*,:-;._i. Shuttle Performance . Mass (ibs)

Capability to 220 n.mi. at 51.6 deg Inclination 24685

ii:_i,/, Enhancements 13000
::o. Assembly Altitude delta (I00 lbs per n.mi.) 700

_: [ Variable Integrated Hardware 0
"?_' " Variable Shuttle Consumables - I 183

i i.

......' !r: Food and Gear (-551bs/dayover 6) 55N2,nk 128
: : _ OMS 1000
':':': 1183

- _".... MiddeckLockers -390

• GenericIntegratedHardware -5474
_:_L..:I External Airlock 3000

= - 4th Cryo Tank Fluids 866
• _" 3rd EMU 300
:;o" ' ( SAFERs (2) 200

= . Misc integration hardware 118

?_" i !i: Attach Hardware 990
: 5474
. Weight Growth Reserve -1000

, J i

.... • Total Shuttle Lift Capability .... •..... 30338

,," : ."" ] Mission Flight Margin I ] 2707 ]
L

2' "i_ .

r

" 5,2-2
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- 5.2.4 Stage 2, Flight 2A Performance Characteristics

Stage 2, Flight 2A is inertially pointing with the body x-axis in the plane of the orbit
perpendicular to the sun line, and a roll angle attitude about the body x-axis equal to the

- solar beta angle in order to obtain full power from the body fixed PV array. Flight 2A is
" launched to an altitude of about 213 n.mi., the exact value depending on the decay rate and

.....i atmospheric density conditions for Stage 1. Nominal launch date is April, 1998.

Stage 2 is not intended to provide microgravity science.

: Table 5.2.4-1 summarizes the lifetime characteristics of Stage 2 assuming +2o atmosphere
.... conditions, an early solar cycle (July 1995 start), and a ballistic coefficient of 36.9 lbs/ft 2.

..... No reboost was performed for this stage as it is required to decay to 204 n.mi. in order to
_ rendezvous with Stage 3. For this stage there is sufficient propellant reserve on board the

,-,. station to meet the skip cycle contingency reboost requirement.

_: : Table 5.2.4-1 Lifetime Characteristics

>_ iiiiii___i_i_i_il_i_',_i',_i_,_i_',_',_',i_i_i_i_i_i_',_'_'_I:,_i_,i_'___,iiiiiiiiiiiiiii_i_!_iiiiiiiiiliiiiiii_i_iiiiill
i_iiii0ii!!iiii_!ii_!i!iiii]iiiii!:iiii!!i_i_iMi!ii0iiiiiii_!_iii!_iiiilli!iii!__i_iiiiiiiiiiiiiii!iiiiiii_iiiiii_i!ii_ti ii__iiiiii!il

,(>°:: _ii_!ii_!!_Mi_iiii_i_i!!iiiiiii_!iii!_!i_!#ii!_iii_i_iiii!i!_iii_i_iii_#iiii%M_M_ii_iiii#_::_::_:_M_::_!!M_!i!_iiii_iii_:_ii_i_!_i_::_!_i_!__!_!!_::!!!__#_:i_!!i_¥_i_i_:_!_!i:ii_iii!_!_i_ii_#_iiii_
:= _'_"?.. 213 I N/A N/A I 11,600 N/A I 223 I

o

=_ 'i In a +2o atmospheric density environment, the minimum control yaw attitude varies
- , , between :t.2degrees depending on the solar beta angle. The roll attitude is equal to the solar

-: :_ beta angle, and the pitch attitude is such that the PV array is pointing to the sun. This
. results in a ballistic coefficient which varies from 170 to 190 Kg/m" depending on the day

• • of year and orbit ascending node. No microgravity experimentation is planned for Flight
:" ..... 2A.

,c .

•., --- Table 5.2.4-2 summarizes the control characteristics of Stage 2 in a design atmosphere
-::'_(:::' environment. Since the configuration is held in a nearly inertial attitude, an accumulation of

: .. angular momentum will occur, which will require periodic jet desaturation about once a "
.... week.

h ,i, ....

_. Table $.2.4.2 Control Characteristics Summary ,
r O '

r "

i!i_i_:,_ iiIiii!iii!i!i!_i_iiiiiiiiii'_i',iiiil!iiiii!iii!iiiiiiiiiii!!__iiii_!iiiiili!':,_,'__': _ !:_':',|_i__i_,ii!_!i_:?_ili_i_',',i!!ii',iiil'_iii
• _:i_::i!ii!ii::iii!_ii:_i::i_iiM_ii::?::iii_:i_:ii_:i_i:_i_i::i::i_i_ii:.i!_::i_i_:::_::i_i::i_:i_:_._:._:_i::i::_2:2:i_:_ii::_:::.::_i:.:._i_:::_ii:-iiiii::i_::il_iii!ii_A__i::iiii:i:::::__!::i_:,

....'>. I 0.0degreesI -l.3degreesI '<±0.1deg_es'"'l'"7N.m.s/orbit'I'""_j.0'IKg/day"
r IJ 4" " I 75.0 desrees I 0.7 de_rees I ,: + 0.1 del_,es I 39 N-m-s/orbit I 0.23 Kg/day

h '.,

7

' ' $.2.$ Issuesand Concerns

., Solarinertialflightmode:
Currentlyalsoanissueinthebaselineduetothermalconcerns.A lesssevere

.. thermal environment could be obtained by flying this stage in an LVLH/arrow
mode but larger and more complex single axis articulating arrays would be

:,.. reouired.

5.2-5



5.3 Stage 3 Flight Characterization I

: 5.3.1 Stage 3 - Flight 3A Shuttle Flight Manifest

The thirdassembly flight delivers the Z1 truss segment with the Control Moment Gyros
/: (CMGs) and the Ku-band antenna, the Extra Vehicular Activity System (EVAS) and the

_....r-- High Pressure N2 & 02 tanks on a spacelab pallet. Table 5.3.1-1 lists the Shuttle Flight
Manifest for Stage 3 - Flight 3A. The total mass of the station hardware to orbit is 14004
lbs (not including high pressure gas carriers). The second section of table 5.3.1-1 shows

: the Shuttle Performance and hardware/consumables required for the mission resulting in
_, ;. the net Shuttle Lift Capability of 26871 lbs to 204 n.mi. at an inclination of 51.6 °.

" Subtracting the hardware andFSE subtotals from this amount gives a mission flight
o:',_,, margin of 10457 lbs. This margin should be sufficient enough to allow for manifesting

: i_, high pressure gas to be used for repressurization and leakage make up.

-_" 5.3.2 Stage 3 Configuration

/: Figure 5.3.2-1 displays the isometric view of Stage 3 after the Shuttle departs and the
_ _: scheduled assembly is completed. Figure 5.3.2-2 shows the front, side, top and isometric

_-...... views of Stage 3 with the Shuttle attached.

_ .: $.3.3 FHght 3A Assembly Operations Description

_ Rendezvous of the Shuttle with the Stage 2 occurs along +R bar at an altitude of 204
n.mi. Station rendezvous attitude is +ZVV and +X Nadir. The shuttle docks with PMA2
on the forward CBM of Nodel with the Shuttle nose in Station nadir direction and into

, the velocity vector.
_ The SRMS removes Z1 truss from payload bay and attaches it to the Node I zenith

CBM (active CBM). The SRMS removes the High Pressure gas tanks from the Spacelab
_ Pallet (SLP) and atta 'hes the tanks to the port and starboard faces of the aft bus stinger

o _ (Note: this will be done for both sets of tanks, requiring two days of operations and .o
.... installation.) •

System Resource/Functionality

..... • Stage 2 functionality, plus:

• CMGs (inactive)

: * Ku-band Communications (inactive)

• * PMA3 docking capability

• U.S. O2/N2Source Available
7'

: ResourcesAvailable: Power: 3200 W (Bus-l)
:: Thermal:

EVA: 36 crew.hours

:, Resources Required: Power: 1229 W (U.S. Housekeeping)
i_ 1600 W (Bus-1 Housekeeping)

Thermal: TBD
EVA: 27:50 crew.hours

5.3-1
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, _ Table 5.3.3-1 Stage 3 - Flight 3A Shuttle Flight Manifest 1

.....: :na_w.re........_'" ..................:77: ...............::.........: _Us(!b_)':...........i_SE..... I

_. Z1 truss 8379
.,..

" CMGs 4190

", ,.: Ku-band Antenna 550

Spacelab Pallet - A 1531
:_ , EVAS 885 880

",_'_' High Pressure N2 tank TBD
_' :. High Pressure 02 tank TBD

:, r:_

:_.... !ii:ii_i_i_i_}!_ii_!_i_.!_._!_!Zii_i_ii!_ii_!_i_iiii_ii_i_ii_ii_!ii_!_?ii_ii_ii!iiiiiiii_ii_iiii!i_._i'_iiiiii!!iii!iiii_i_iii!iiii_iii_iiii!ii40_i!!iiii_ii!iiiiiii',i!iriiiii!i_':ii!iiii_i_iii_41_i!:,_
"3 .,?_: i .................................................. , ........ _........................... ?...... .,............. -.............. ............ _....?... ...-.._................ _ ..............

.:_:"_... _iis_i_/_i_ee__iiiiiiiiiii3i!_iii_iiiii_ii!iiii_:iii!iiiiiiiiiiiiiiiii_iiiiiiiii_ii_i:ii_:ii!iiiiiiii!ii_iiiiiiiiiiiiiii::ii!i:_iii_:i_:ii_iii_iiiii_:!ii_iiii_i_:_)__:_i_

,_ 3:_', Capability to 220 n.mi.i at 51.6 deg Inclination 24685
-:" :: Enhancements 13000

Assembly Altitude delta (100 lbs per n.mi.) 1600
Variable Integrated Hardware -1704

:':i"_" APCU.I 714
: ...... Additional Attach Hardware 990

_- ..... 1704
_ ::_ Variable Shuttle Consumables -3496

....... : Food and Gear (-551bs/day over 6) 165
• : ' " 5th & 6th N2 tank 256

-: /' 5th Cryo tank & Fluid 1575
:..... OMS 1500

_- .... .. 3496
Middeck Lockers -390

_=J": Generic Integrated Hardware -5474
'- External Airlock 3000

_,_ 4th Cryo Tank Fluids 866
_- : 3rd EMU 300

' "P SAFER (2) 200
Misc integration hardware 118

_:,, Attach Hardware 990
_,

• 5474

':7 Weight Growth Reserve -1350
:'.:: :: ":..::.": :.:::::.....':":.;:-'-;::.::::::.,' ' :::.'.:7 ":.'._.',"::'.:.'..'.-:::'".';:.'," :::_..".'::-'.' .'.:,'-:: :..:" "-'l:"' "::: "':*:-':'" _-'"':"::'::':':::"'." "::':: :'::'.:-'":'::': ..... " " :

.... i_:::_:i::::i:::_!!31i_i:_;i::i:::;i'::_.ilT0_:$hu_.U_:;Capab!Hty:: :i if:_::::::_ii!:!_i_i_!i!:i:!:i::_::!:i:1:::i!ii:_i:;iili_!,:_!_6871

" [:i!!ii::,i:i::/:::i:_/::::_::_(:.ii_i,i:i:i:ii::.:_.il;+.:!ii_,;i!i_!:ii!ii:i.li:ii!M_ied+_:.F!i_t:Ma_!::::[ : i!. .:104S7 ]
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$.3.4 Stage 3, Flight 3A Performance Characteristics

'_. Stage 3, Flight 3A is inertially oriented with the body x-axis in file plane of the orbit
perpendicular to the sun line, and a roll angle attitude about the body x-axis equal to the

,.. solar beta angle in order to obtain full power from the body fixed PV array. Flight 3 is
- launched to an altitude of about 204 n.mi., the exact value depending on the decay rate and

' atmospheric density conditions for Stage 2. Nominal launch date is June, 1998...

Stage 3 is not intended to provide microgravity science.

.... ,7 Table 5.3.4-1 summarizes the lifetime characteristics of Stage 3 assuming +2a atmosphere
,,,_ conditions, an early solar cycle (July 1995 start), and a ballistic coefficient of 42.8 lbs/ft 2.

-,:" No reboost was performed for this stage as it is required to decay to 190 nmi. in order to
7 _" rendezvous with Stage 4. For this stage there is sufficient propellant reserve on board the

:_:_ _. station to meet the skip cycle contingency reboost requirement.

,:i Table $.3.4-I Lifetime Characteristics

iii iiiii  ii[ iNti%!!i!i!iii!::[  iii;i!iiiiii   N ! ii i:i:i!ii|iii i iiiii!!i!iiiii      i  i !ii iiii!  iiii iiiiii iiii   i  i!i i iiiiiii¢: !!:iNNNN[ !

_.:!:"": 204 I N/A I N/A I 11,600 I N/A I 160 '

_r=;:!::: In a +2o atmospheric density environment, the minimum control yaw attitude varies
::-:_ between ±4 degrees depending on the solar beta angle. The roll attitude is equal to the solar

L_ ;__:_ beta angle, and the pitch attitude is such that the PV array is pointing to the sun. This
_ ° results in a ballistic coefficient which varies from 200 to 218 Kg/m_ depending on the day

of year and orbit ascending node. No microgravity experimentation is planned for Stage
i-:_., 3A.

" environment. Since the configuration is held in a nearly inertial attitude, an accumulation of
g,/,,i ::_::i- angular momentum will occur, which will require periodic jet desaturation approximately
-_ i : onceaday.• _l..

_, _,:, Table $.3.4-2 Control Characteristics Summary
7'Y ...._ •

: <_Y I 0.0degrees I -1.5degrees I < ± 0.1degrees I 33N-m-s/orbit I 0.06Kg/day I
' I 75.0de_.es I -3.8de 'eesI <±0.1desrees [ 220N-m-s/orbit I 1.23K_day I

?,

: S.3.$ Issues and Concerns
i

" Solar inertial flight mode as in Stage 2.

! Development of high pressure gas carriers and associated interfaces.
7
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• 5.4 Stage 4 Flight Characterization

[;.4.1 Stage 4 - Flight 4A Shuttle Flight Manifest

The Shuttle delivers the P6 segment. Table 5.4.1-1 lists the Shuttle Flight Manifest for
-- Stage 4 - Flight 4A. The total mass of the station hardware to orbit is 32956 Ibs. The

second section of table 5.4.1-1 shows the Shuttle Performance and hardware/
- consumables required for the mission resulting in the net Shuttle Lift Capability of 34075

lbs to 190 n.mi. at an inclination of 51.6 °. Subtracting the hardware and FSE subtotals
from this amount yields a mission flight margin of 1119 lbs.

. 5.4,2 Stage 4 Configuration
,; Figure 5.4.2-1 displays the isometric view of Stage 4 after the Shuttle departs and the

_ f_",.: scheduled assembly is completed. Figure 5.4.2-2 shows the front, side, top and isometric
_ :_,;, views of Stage 4 with the Shuttle attached.

....:": 5.4.3 Flight 4A Assembly Operations Description

Rendezvous of the Shuttle with Stage 3 occurs along +R bar at an altitude of 190 n.mi.
:_ i_ • Station rendezvous attitude is -XVV and +Z Nadir. The Shuttle docks to PMA3 on the

nadir CBM of Nodel with the Shuttle nose in the -X direction (+V bar).
c

,J .

= _i_:: Flight 4A is scheduled to be an 8 day mission with 2 EVAs. Prior to installing the P6
_ ITS on gl, the S-band antenna is attached to the P6 IEA (Note: the S-band RF group is

= : relocated to P1 ITS on Flight 1 J/A). The SRMS grapples an FRGF on the P6 truss,
_ _ removes the segment from the Shuttle payload bay, and installs it on the zenith face of

the Z1 truss. The P6 radiator and PV arrays are deployed and activated utilizing both
:/_,'_: EVA and IVA operations. The temporary EEATCS radiators are not deployed.i-

. At the conclusion of this flight, the equigment located on the Z1 truss segment is
receiving power from the P6 power module. Following separation, Stage 4 flight mode

[ 2a: _'_" is LVLH with the Bus-I/Node section aligned along the velocity vector.

-- ,

r_ , _"

-- , ' ...

5.4-1
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i.,::!i_:.:, _ystem Resourcc/Functi,malitv

::,:L, Stage 3 functionality, plus:

_t_i: • Active P6 PV module (In temporary !ocation on Zl Zenith)

_;_';'" * Active S-band (low data rate)

• 2 P6 EEATCS PFCS checked out

• 2 Temporary Thermal Radiators on P6 (Not deplayed and activated until
::, flight 5A)

,:, Resources Available: Power: 1200 W (Bus-l)

i . 3600 W (P6 Power Module)*
Thermal: TBD

EVA: 24 crew-hours
"!

,,.,, Resources Required: Power: 888 W (U.S. Housekeeping)

_ii I. 1600 W (Bus-1 Housekeeping)
:,.._._,. Thermal: TBD
_'_.... EVA: 20:20 crew-hours
)_.. _'

;!_!i,": * Assumes worst case solar geomet_. (i.e., 75 deg. beta angle)
:.o,..

, • ' j •

I ! ,"

- _.if,

'y-=2,,,....

r ...,; "

" ".

2_

, 5,

o

!

2'
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- Table 5.4.3.1 Stage 4. Flight 4A Shuttle •Flight Manifest
r P. Hardware Max_ (Ibs) FSE

P6 structure 9702
_: : BG I)i_PLOYEI) 1338

, .,(' lEA RAI)IATOR I)i_PI,OY 1486
, _, ,,

_,;,,_,',- 1'6 IW SPACER 6615

. .... lEA BA'FIt£RIES (4 Battery sets) 4968
,7_ POA PV Array 2640

_:" POF PV Array 2646
.: . :..,... $4 lEA Radiator Assembly 1824

$6 lEA Radiator Assembly 1474
S-band 256

..... _.... subtotal 32956 0

_:'_"" ': Shuttle Performance ,..... Mass 0bs)

-_.• ° , Capability to 220 n.mi. at 51.6 deg Inclination 24685

..... • : _. Enhancements 13000
:- Assembly Altitude delta (100 lbs per Nm) 3000

-_,_< . Additional Shuttle Performance Enhancements 1300
• Variable Integrated Hardware -893

i' ,,.! APCU-I 714
. : Misc. hardware 179

" 893

= o _ _ : Variable Shuttle Consumables -238
...... Food & Gear (-55 lbs/day over 6) 110

.... :_ : 5thN2tank 128
238

"i: Middeck Lockers -305

.... : Generic IntegratedHardware -5474
," , ,. ,o

': External Airlock 3000 ',
, ,(,.

:; ..... 4th Cryo Tank Fluids 866
"o ' 3rdEMU 300

° ,i i

SAFER (2) 200
Misc integration hardware 118

-,_"=: " Attach Hardware 990
.... 5474

Weight Growth Reserve -1000

........... Total Shuttle Lift Capab!!!ty. 3407S
i,

• [ Mlssi°n FiiBhtMargin I I 1119 I

,, 7"

,. J

., 7"

. 5.4-3

• . r

"_ i'" _"_:2-'_'_ ,.4, _ _ ._--_
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-: 5.4.4 Stage 4, Flight 4A Performance Characteristics
r, .,

.... :: Stage 4, Flight 4A is assembled at a 190 nautical mile altitude in an LVLH flight mode with
: the bus-to-node section aligned along the velocity vector, and 2feathered PV arrays

-: ::::_::_" : perpendicular to the orbit plane. The nominal launch date is September, 1998. ':

-: f :,:i Stage 4 is not intended to provide microgravity science.

, o_:.: Table 5.4.4-2 summarizes the reboost lifetime characteristics of Stage 4 assuming +2a
_;_-_ :_.... atmosphere conditions, an early solar cycle (July 1995 start), and a ballistic coefficient of
....... /.. 37.9 lbs/ft 2. The reboost was performed using the aft bus, which currently has a reboost

efficiency of 86.7%. For this stage there is sufficient propellant reserve on board the

,_, o _,!_¢ station to meet the skip cycle contingency reboost requirement. This stage violates the 90=: _,: _ _! day decay to 150 n.mi. lifetime requirement.

__>. • ,

_ i.,.?(,. Table 5.4.4-2 Reboost Lifetime Characteristics

...._...... ',::_,_i_'_i_N_iii!i ,,,_,,,,i,_,,_,N_i',',',','_'_',!',ili',ii'_','___ii_,iii _!!ii_i_ii_!_i_ii_ii_i_iii_ii!_!_i_ii_!i_iiii_i__!i:::I

-': ::' :"'::: 190 216 / 1,338 / 10,262 I N/A I 8o I

2_: _' The control characteristics of Stage 4 ,;nder design atmosphere conditions using the PDR
_ _i,i? nominal controller (attitude emphasis) are displayed in figure 5.4.4-1. The CMGs were

,, .... augmented with a 5000 N-m-s momentum wheel. Table 5.4.4-2 summarizes the control
, ? characteristics depicted in the plots.

:_ " Table 5.4.4-2 Control Characteristics Summary

:i:,:::: I "2.0del_Jees I "44.4delvees I 2.ide_.es I........-+Z3de_reesI 225N'm's'1

=_ ,_, , ,.. 5.4.5 Issues and Concerns

.... _ This stage violates the 90 day to 150 n.mi. altitude lifetime requirement. An increase in
• rendezvous altitude could alleviate the problem but additional Shuttle lift capability would

, . be required.
r

This stage has a pitch flight attitude that exceeds ±15 degrees (without an attached Shuttle).
The large pitch attitude results from a combination of inertia properties that are nearly
identical in all axes and large pitch aerodynamic torques resulting from the P6 solar power

• unit. Significant configuration changes would be required to eliminate this problem.

'/ i"

• 5.4-6
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...._ 5.5 Stage 5 Flight Characterization
.-= , •

...._,_ 5.5.1 Stage 5 - Flight 5A Shuttle Flight Manifest

._, _.:. The Shuttle delivers the U.S. Lab. Table 5.5.1-1 lists the Shuttle Flight Manifest for
..... . Stage 5 - Flight 5A. The total mass of the station hardware to orbit is 29765 lbs. The i

............_ _" ._ _ second section of table 5.5.1-1 shows the Shuttle Performance and

__:_'::'r'P_"l_' hardware/consumables required for the mission resulting in the net Shuttle Lift
,o_.!ii_!7_! -

- .__.,_ Capability of 30218 lbs to 205 n.mi. at an inclination of 51.6 °. Subtracting the hardware
and FSE subtotals from this amount gives a mission flight margin of 453 lbs.

_ _:..... $.$.2 Stage S Configuration

..........:: Figure 5.5.2-1 displays the isometric view of Stage 5 after the Shuttle departs and the_,; _......

-_'"_"_":'". scheduled assembly is completed. Figure 5.5.2-2 shows the front, side, top and isometric
"_-_ ': views of Stage 5 with the Shuttle attached.

" ,/ " $.5.3 FHght $A Assembly Operations Description

_-'_-":_ Rendezvous of the Shuttle with the Stage 4 occurs along +R bar at an altitude of 205
, n.mi. Station rendezvous attitude is -XVV and +Z Nadir. The Shuttle docks to PMA3

::': ' on the nadir CBM of Node 1 with the Shuttle nose in the -X direction.

:i!, _,. Assembly Flight 5A is a nine day mission with 3 EVAs. Following the disconnection of
.... ,,,o the PMA2-to-NOdel umbilicals, the SRMS relocates PMA2 from Nodel forward to the

i_(.._ :.i Z1 truss CBM. The SRMS then removes the US Lab from the Shuttle payload bay and,
r ..... . after flipping the Lab end over end, berths the element to the Node 1 forward CBM. The

=,: _ _'-. EEATCS radiators located on ITS P6 are deployed and, along with the CMGs, activated.
•/:_ PMA2 is disconnected from the Z1 CBM and relocated to the Lab forward port.
_ r

r,_

_ Following separation, Stage 5 fight mode is LVLH with the Bus-l/Node section aligned ""
o along the velocity vector.

--o _ ...'

r

r .

• .

i
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_ .... System Resource/Functionality

: : ,, Stage 4 functionality, plus:

• Lab Core Systems Active in the following racks:

' : • U.S. Lab Cabin Air / Moderate Temperature Thermal Control System t
rack

" • U.S. Lab Cabin Air / Low Temperature TCS rack

i:" • U.S. Lab Avionics #1 rack
• U.S. Lab Avionics #2 / Condensate Water Storage rack

.......... • PMA2 relocated to Lab forward CBM (provides docking ability on following
= ' flight)

_:_ "' • Active P6 mounted EATCS

," ' • Station CMGs providing attitude control

_/:,_i,_ Resources Available: Power: 15,800 W
__". Thermal: TBD

,_, EVA: 36 crew-hours

Resources Require& Power: 5,716 W (U.S. Housekeeping, including
o . .... 400 W to Bus from station on this

, and all subsequentflights)
i TBD W (Payload)
. Thermal: TBD W

: _: EVA: 31:00 crew-hours

• .

!

%

, ,, c

• _'_ ..

Y

A___=.__,__ s_ _.:_._.. .... .___- -" • ' "_' _,'i "'" ," - • " "-' ' - '_' .......... '.
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• Table 5.5.3-1 Stage 5_ Flight 5A Shuttle Flight Manifest

Hardware Ma,_ (Ibs) FSE- -

: Lab 25860
LAF3 - Avionics Rack 998

" LAC6 - Avionics/CWS Rack 1056
" I,AP6 - CA/L1' I"CS Rack 921
" LAS6 - CAJMT TCS Rack 93{1

°: .

, subtotal 29765 0

=---=,:i :' Shuttle performance , Mass (Ih_)
=_i" _.

,/_: Capability to 220 n.mi. at 51.6 deg Inclination 24685
= ,- Enhancements 13000

.,_7 Assembly Altitude delta (100 lbs per n.mi.) 1500

:. _\_: Additional Shuttle Performance Enhancements 0
_,. Variable Integrated Hardware -714
,:. APCU-I 714

- _ 714

_,, ' Variable Shuttle Consumables -549
,_: Food & Gear (-55 lbs/day over 6) 165

:' " 5th, 6th & 7th N2 tanks 384
f, ,

: _,,,, 549
: Middeck Lockers -300

Generic integrated Hardware -5474
External Airlock 3000

' 4th Cryo Tank Fluids 866
: 3rd EMU 300

'_ SAFER (2) 200

,_,. Misc integration hardware 118
Attach Hardware 990

" :_ 5474 "
- : o: Weight Growth Reserve -1930

- ,)#

• ' Total Shuttle Lift Capability• 30:118? ............... , ....

:<i I Mission Flight Margin I I 4ssI

7
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5.5.4 Stage 5, Flight 5A Performance Characteristics

• Stage 5, Flight 5A is assembled at a 205 n.mi. altitude in an LVLH flight mode with the ,
bus-to-node section aligned along the velocity vector, and 2 single axis articulating PV

. arrays perpendicular to the orbit plane. The nominal launch date is November, 1998.

Stage 5 is not intended to provide microgravity science.

Table 5.5.4-1 summarizes the reboost lifetime characteristics of Stage 5 assuming +2a
i atmosphere conditions, an early solar cycle (July 1995 start), and a ballistic coefficient of

_. 10.0 lbs/ft 2. The reboost was performed using the aft bus, which has a reboost efficiency
_,Y. of 96.5%. For this stage there is sufficient propellant reserve on board the station to meet

_ the skip cycle contingency reboost requirement. This stage violates the 90 day decay to
150 n.mi. lifetime requirement.

Table 5.5.4-1 Reboost Lifetime Characteristics
!!

_ i}iiii__i_,iii',[',iiiiii',_iii!i_ii',_liiii',_,ii_,i_,_,i!ii_iiiii',iii_i_iii__!iii_',_iii_i_!_!_il;_,i',',i_li_ _
l ' 'l: ' _ _ __ _ _ _I _ _ _ __ _I __ _ _ _ _ _ _ } _ }__}_}_I_}}}}___ _ _ _ _ _ _ _ _ _ {[_ _ }__}_:_

- :.:.:r: i}}i}ii}ili}!ii}ii_ii!!iiii!!i_',!i#iii!}i!i}..- .}!ii!!}ii}}',',',}}i',}iii'}i!!!i!#}}!i}}}},}}}}iiiii!i}}}}}!!!!_!i',i!i},iii}_:_i!',i}i}iiiil}ii}liiii':i!ii',i!iiii_!_',!iii_,_iili!!i_!l!!i,:i,:,,_{i_f ii!!!_l_i,,_,,,,,,i!i,.}_,_i,_,,,_!_i!i,,i!_,,,_,,:!ii_:_i
:0s I I ,s09 8,753 I N/A I

'i _ o .

_..,_f: The control characteristics of Stage 5 under design atmosphere conditions using the PDR
:?: nominal controller (attitude emphasis) are displayed in figure 5.5.4-1. The CMGs were

_-_ : augmented with a 5000 N-m-s momentum wheel. Table 5.5.4-2 summarizes the control
characteristics depicted in the plots.

_::'_. Table 5.5.4-2 Control Characteristics Summary

I -0.1de/_rees I l "54"ldeh'rees I II0"ld_ _'e_ I ---3.8de/9"ees1 3600N-m-s I

None of the PDR or CDR CMG control algorithms were able to maintain the attitude of the
combined Stage 5/Shuttle configuration while managing the angular momentum build-up.

_. ,. This would suggest that a customized control algorithm might be required.

• 5.5.5 Issues and Concerns

" i This stage violates the 90 day to 150 n.mi. altitude lifetime requirement.

:" This stage has a pitch flight attitude thatexceeds +15 degrees (without an attached Shuttle).

. The CMG control simulations for the mated stack all eventually went unstable. The
currently existing control laws can probably be tuned to the unique inertia properties of the
mated configuration to obtain a stable CMG control simulation.

5.5-6
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.... There is a possibility of some indirect plume impingement of the aft P6 radiator from the aft
bus attitude control thrusters. The potential of plume impingement could be lessened by
utilizing a longer extender section (see Section 3.3).

,.o

j*• :"

_L_j_'i__'*-

2 : _,A!:J'"
o ....

'.:;; j,

_ o ' "'7

, o

,o ,
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: 5.6 Stage 6 Flight Characterization

-/i_ 5.6.1 Stage 6 - Flight 6A Shuttle Flight Manifest
=:_ The STS delivers a MPLM with US Lab system racks. Table 5.6.1-1 lists the Shuttle Flight

" Manifest for Stage 6 Flight6A. The totalmass of thestationhardwareto orbitis 12852 lbs and
-_:' FSE mass of 13126 lbs. Thesecondsection of table5.6.1-1 shows the ShuttlePerformanceand
:_:i_::&: hardware/consumablesrequiredfor themissionresultingin the netShuttleLift Capabilityof
_ 26635 lbs to 215 n.mi. atan inclinationof 51.6°. SubtractingthehardwareandFSE subtotals

r_ fromthis amountgives a mission flight marginof 657 lbs.

• 5.6.2 Stage 6 Configuration

Figure 5.6.2-1 displays the isometric view of Stage 6 after the Shuttle departs and the scheduled
assembly is completed. Figure 5.6.2-2 shows the front, side, top and isometric views of Stage 6

)

i: with the Shuttle attached.

5.6.3 Flight 6A Assembly Operations Description
r.'i

Rendezvousof theShuttlewiththe Stage5 occursalong +V baratanaltitudeof 215 n.mi.
_,S:' Station rendezvous attitude is +XVV and +Z Nadir. The Shuttle docks to PMA2 on the forward
_ii_:... Lab CBM in a tail down orientation.

_i!:%:.
_:,_: Flight 6A is a 12 daymissionwith3 EVAs. Installationof theLab CradleAssembly (LCA) on
_:_::,,.: the Lab occurs during the first EVA. The SRMS relocates PMA3 from the Node 1 nadir port to
it_i._"i;_ i the Node 1 port ClaM. The SRMS removes the SSRMS/SLP from payload bay and installs it on

i the LCA. During EVA operations, the:UHF antennais installed on Lab nadir, and the SSRMS
_fi:i_: to Lab umbilicals are installed. The SSRMS is deployed, checked-out and powered to a keep-
_-:::_' alive state. The SRMSunberthstheMPLMfromthe Shuttlepayloadbay andattachesit to the

_-"'_: Nc,de 1 nadir port. Following mating of the MPLMmtO-Node1 utility lines, the MPLM is
: activated. Followingtransferof the MPLMcontentsto the Lab, theMPLMand SLPare

returned to the shuttle payload bay.

Following separation, Stage 6 flight mode is LVLH with the Bus-l/Node section aligned along
the velocity vector. J

5.6-I
I
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_,:_ System Resource/Functionality
Stage 5 functionality, plus:

' ' • Additional Lab racks delivered (7 racks)

• U.S. Lab Avionics 3 Rack
• • U.S. Lab Fluid System Service/Stowage Rack
,( • U.S. Lab Air Revitalization System Rack

•" _, • U.S. Lab DDCU/Avionics Rack

.....:,:.....- • MSS/Av/Lab MSS Console/Storage Rack,_ j_,,,._..i_. .

• _
::.:.!'! • MSS/Av/Cupola MSS Console/Storage Rack

_,_ • Temporary CHeCS Rack

,--i:_::_+,_,_.:. • One additional Stowage Rack delivered

_.,,,,_.,_, • UHF antennas on Lab are functional

,-,.<..;,_i,,'.:_ • SSRMS is operational

i)i;_ • External Node 1 camera is functional
....... • RF link

' °' • Ku-band system is checked out after shuttle departure

:=' _ _ ' • Payload racks activated and checked out after shuttle departure

_:. ....... Resources Available: Power: 15,800 W
' " . Thermal: 14 kW

.,: EVA: 36 crew-hours

....._: ' Resources Required: Power: 7,334 W (U.S. Housekeeping),,> ,.

o TBD W (Payload)
_ "" 409 W (CSA) .,,
_ i_' _!i°. Thermal: TBD WL

_ :_ EVA: 23:20 crew-hours

_- ; i'I<:i,,¢,I,.DS.

" ,i,'i_ '7 "
) ......

o

_._i''1 , .
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,_ - Table 5.6.3-1 Stage 6. Flight 6A Shuttle Flight Manifest

...._ .. ,,,Hardware .................... [ Mass0bs ) - FSE "

_, MPI.M- I 10626
=,:-,,_., I,AF2 - Avionics 3 Rack 1349

' ' _,: -. LAF5 - FSS/Sowage Rack 863! •

':'_'• I,AF6 - ARS Rack 1196
i i ..

: : ':.ii I,AFI - DDClJ/Avionics Rack 807
..... I,AP5 - MSS/LABConsole/Storage 1310

i ._:_i " LASh - MSS/CupolaConsole/Storage 1212
=.,, TI,AF4 - Temp CtleCS 986
•"'_ _i" APM/US StorageRack 1 930

: ,_, .... Spacelab Pallet 2 1850
!:__o:,_i_ Module to TrussCommon ,_ttachStructure 800
_--" UIIF Antenna 91

! .....:" " SSRMS 3308 650

• - ..... .; .......:. subtotal 12852 " :: 43126

! _!:,r"_:. Shuttle Performance :- ."::.::::: : :: Mass 0bs),,_ ._ ,:, . .............................. ...............

i °.i: :i_: Capability to 220 n.mi. at 51.6 deg Inclination 24685
._.:, Enhancements 13000

... ,,_. Assembly Altitudedelta(100 lbs pern.mi.) 500
r AdditionalShuttlePerformance Enhancements 0
. • ,,_. • VariableIntegratedHardware -1704
! -'_:) APCU-I 714
: " _ Additional Attach ttardware 990
L .,

i :_' . 1704
! °:": Variable ShuttleConsumables -2417
.... _"_ Food & Gear(-55 lbs/day over6) 330
..... _" 5th, 6th, 7th & 8th N2 tanks (@128 lbs/N2) 512

:-_, 5th Cryo Tank& Fluid 1575
, .- 2417

=.,:.,,, MiddeckLockers -305
: '..... : Generic IntegratedHardware -5474

i_i_ i. External Airlock 3000 d
: 4th Cryo Tank Fluids 866
'" 3rd EMU 300

.:_ . SAFER (2) 200
Miscintegrationhardware 118

:i_. Attach ttardware 990
•" 5474

.: Weight GrowthReserve -1650

• - ....... Total Shuttle Lift Capability 2,6635

i Mlsshm Flight Margin [ [ 6$'/]

j, *
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_, 5.6.4 Stage 6, Flight 6A Performance Characteristics

.... Stage6, Flight 6A is assembled at a 215 n.mi. altitudein an LVLH flight mode with 2
' - singleaxis articulatingPV arrays perpendicularto the orbitplane. The nominal launchdate
o: :. is December, 1998.

, Stage 6 is the first flight intended to provide the science userswith a microgravity
:: "°_ environment. In a +2¢ratmosphere(solar flux = 233.7, geomagnetic index =20.1) this
"_:....,. stage hasa flight attitude of yaw= 0, pitch= -38.4, and roll = 0. These characteristics 1tresult in a mierogravityenvironment as depicted in figure 5.6.4-1. Table 5.6.4-1 list the

U.S. Laboratoryracks,theirtype, and the maximum steadystatemicrogravitylevel sensed
during the orbit in the given +2a atmosphere. For this configuration there arc no ISPR
racks in the I l.tgenvironment.

Table 5.6.4-1 Stage 6 US Lab Rack Steady State _tg Level
- .,_ _,"._ ...).............................

-- _',,,:_'_. LAS-1 ISPR 3.5
.......... - LAS-2 ISPR 3.2

J_ ":- >' LAS-3 ISPR 2.9
_'_': ;":" LAS-4 ISPR 2.7
!:°:i_' " LAS-5 SYS 2.4
_' '_"'" LAS-6 SYS 2. I

"-_-,_ LAF-1 SYS 4.0
_:iffo,_ LAF-2 SYS 3.7
,, :", i LAF-3 SYS 3.4

.-__ .,':_,_ LAF-4 SYS 3,1
" LAF-5 SYS 2.8

_,'::'_ ...." LAF-6 SYS 2.6
_: " LAP-1 ISPR 3.5

,_' " LAP-2 ISPR 3.2
°_ , LAP-3 ISPR 2.9

:,- LAP-4 ISPR 2.7
' LAP-5 SYS 2.4

..... LAP-6 SYS 2.1
= "::,'_: LAC-1 ISPR 3.0

LAC-2 ISPR 2.7

,,_.._,,' . LAC-3 ISPR 2.5
LAC-4 ISPR 2.2

"i.: LAC-5 ISPR 1.9
...... LAC-6 SYS , 1.7

o -

5.6-6
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: Table 5.6.4-2 summarizes the reboost lifetime characteristics of Stage 6 assuming +2a
....: atmosphere conditions, an early solar cycle (July 1995 start), and a ballistic coefficient of

= _ 10.8 lbs/ft2. The reboost was performed using the aft bus, which has a reboost effidency
" of 98.5%. Fol"this stage there is sufficient propellant reserve on board the station to meet

°' _o the skip cycle contingency reboost requirement. This stage violates the 90 day decay to
_ , _ 150 n.mi. lifetime requirement.

Table 5.6.4-2 Reboost Lifetime Characteristics

i_'_ ). i:-:i:_:_-'f:_,,', ....... !..;_-,::_:.:.i ::iiii_il...............'"...........................ii':_ili_

= .-o; " !_iii!iiii'i!i!ii:'.'i...... -::ii_iii!!ii! ii_i
: . . l::!i_ii_ili_i_iliiii!i/!'_..............................,....................,............... .........,..........._...................................,........................................:_:_:.:_:_::::,--_:_._:?,.., ::,::::::::::::::::::::::::-3!>,:::::• • . : ., • ,:;:::!:!..:.:::::

= ,:,;__,,.... 236 1,361 i "/,393 I N/A i 59

.... _ The control characteristics of Stage 6 under design atmosphere conditions using the PDR
nominal controller (attitude emphasis) are displayed in figure 5.6.4-2. The CMOs were

=_.__,ii;:' augmented with a 5000 N-m-s momentum wheel. Table 5.6.4-3 summarizes the control
_,_o characteristicsdepictedin the plots.

=., •

o--:-, Table 5.6.4-3 Control Characteristics Summary

'_ ', i i i i_ i:i:i:i::_:i::_':: :::: : :::: :::: :'::: :;"::::::::::::::::::::::::::::::: :i:_::::: :::: :i:_: :i::i:i::_:";:":::';_:;:::i_'" :::i:i:i:::i:i:i:-;x,::i" !:::.:/i::i:i: :!: :i:i::":!::":::i::'::il::i:;":::::::::::::::::::::::::::

_:::'..I.:_!I_!E_,:'..-."!i_.ii!if:;:i_i_ii.. ..::._!!!:::_iEsJiiii!_iiP';:!_iiiii!_:.'..i......_::i!:ii:..:_ii!iii!!!iiiiij!i_:i!_iii:_iii!iii!_iiiii!ii!::::::i!:I:::::::Eiiii!i_i!!iii?!ji..'.
I.::::_:::: .::::_.::::::.::::::::::::::::::::::::::::::::::::._.,:::::::::._::::::::::::::::::::::::::: . .:....::....._...._: ............. . : ............... i!_iiii::::::::.ii_i_iii!i:!:i::::_i'..i!!!_::ii_!_!ilil

_;"_ i I no STS I 0.0 degrees I -44.5 degrees I 0,0 degrees ± 3.5 degrees 2600 N-m-s

'_:_'.i _ I w/STS I 1.0de_rees [ ,,-31.Sdegrees l= O.ldelg"ees ±0.4de_'ees 5500N-m-s

' "_: The control characteristics of Stage 6 (attached Shuttle) under design atmosphere conditions
.... using the PDR nominal controller (attitude emphasis) are displayed in figure 5.6.4-3. No

_, momentum wheels were required. Table 5.6.4-3 summarizes the control characteristics

..... .,. depicted in the plots.

5.6.$ Issues and Concerns

-_:"_,,' . This stage violates the90 day to 150 n.mi. altitude lifetime requirement.

,:::?_)' This stage has a pitch flight attitude that exceeds ±15 degrees (with and without an attached
• ,o: _ Shuttle).

o

...." : There is a possibility of some indirectplume impingement of the aft P6 radiatorfrom the aft
. _ ' bus attitudecontrol thrusters.

_,_, This stage does not provide a good micmgravity environment. The combination of flight
: attitude, center of mass and low ballistic coefficient yields greaterthan one micro-G of

,.., " sensedaccelerationinmostoftheUS labracks.

5.6-8
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:/. 5.7 Stage 7 Flight Characterization

.,- 5.7.1 Stage 7. Flight UF.I Slmttle Flight Manifesti_:_="
:_ The first Utilization flight launches the Mini Pressurized Logistics Module (MPLM) outfitted

_ ,- with 13 International Standard Payload Racks (ISPRs). Table 5.7.1-1 lists the Shuttle Flight
=,:: Manifest for Stage 7 - Flight UF-1. The total mass of the station hardware to orbit is 15122 II,s

: and FSE mass of 111705lbs. The second section of table 5.7. !-1 shows the Orbilcr Performance

i:,_ and hardware/consumables required for the mission resulting in the net Orbiter Lift Capability of
== _ 26964 lbs to 215 n.mi. at an inclination of 51.6 °. Subtracting the hardware and FSE subtotals

o ...... from this amount gives a mission flight margin of 1259 lbs.

,' 5.7.2 Stage 7 Configuration

- =_ ....... Figure 5.7.2-1 displays the isometric view of Stage 7 after the Shuttle departs and the scheduled
__::'_ assembly is completed. Figure 5.7.2-2 shows the front, side, top and isometric views of Stage 7

with the Shuttle attached.

_._i_ _! 5.7.3 Flight UF-I Assembly Operations Description
: Rendezvous of the Shuttle with the Stage 6 occurs along +V bar at an altitude of 215 n.mi.
_ '__ : Station rendezvous attitude is +XVV and +Z Nadir. The Shuttle docks to PMA2 on the forward

Lab CBM in a tail down orientation.

" : . Flight UF-1 is a 12 day mission with 0 EVAs. The SRMS removes the MPLM from the Shuttle

- payload bay and attaches it to the Node 1 nadir port. The Lab is outfitted with 7 science payload
; racks carried onboard the MPLM. Thirteen ISPRs are offloaded to complete US Lab outfitting.
; The US Stowage Rack 3 returns in the MPLM for reflight on UF-2. Upon transfer of the

.... ;,: equipment out of and into the MPLM, the SRMS reinstalls the MPLM into the shuttle payload
- _ _= bay.

:

_ _:, Following separation, Stage 7 flight mode is LVLH with the Bus-l/Node section aligned along
• " the velocity vector.

,/

.... 5.7-1
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System Res(_urcc/Functionality

=. . Stage 6 functionality, plus:

=-_ill' • Lab 1SPR _,utfitting complete

• :_ • TBD days of payload utilization
._..

Resources Available: Power: 15,800 W
_rl " Thermah TBD

EVA: 0 crew-hours

" _i: Resources Required: Power 7,334 W (U.S. Housekeeping)
.". TBD W (Payload)

409 W (CSA)
i';_'° Thermal: TBD W• :J2_.

EVA: 0 crew-hours

_ _ _i

._:..

• ,_ .

T

r; ":

: °

/

_,.r,

.... j'''"
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_i ¸ _:

Table 5.7.3.1 Stage 7 - Flight UFI Shuttle Flight Manifest
_'_-_" ' i

,. Hardware Mass (Ihs) FSE f,

• MPI ,M - 2 107115 _1

;:, ISPRs ( 131- ! ISI, oulfilting 151100 i

• - subtotal 15000 1070!J
: ,j ,.,

._ ': , Orbiter Performance Ma_ (Ibs)
.,_

Capability to 2211n.mi. at 51.6 deg Inclination 24685

- :..:_,,,. Enhancements 13000
,__.:,.,:: Assembly Altitude delul (100 lbs per n.mi.) 10110

,,_: Additional Shuttle Performance Enhancements 0

. .....,/. Variable Integrated tlardware -1324
• '".... APCU-I 714

=-' koI. 450
: %_"::_;::': Misc. ltardware 160
......._,, 1324
'_':"?:::_ Variable Shuttle Consumables -3033

Additional Crew (500 lbs/crew) 1000

_ .i'.:i_:i: Food & (]ear (-55 Ibs/dayover 6) 330
,,.... 5ill N2 hanks (@ 128 lbs/N2) 128

i!! _ •

.:_ ,. 5thCryoTank & Fluid 1575
•::._ 3033
/ .;_... Middeck Lockers -160

- " _: :' Generic Integrated ltardware -5474
-- "':''_: External Airlock 3000

- _j:_:! 4fl_Cryo Tank Fluids 866
.......: 3rd EMU 300

:_::_ ,, ': SAFER (2) 200 '.,

• Misc integration hardware 118 "

' Attach Hardware 990
P ,' v

: 5474l

': " Weight Growth Reserve - 1090

= _!:,:_; : Maintenanc,: Reserve -640

:'_--_ Total Orbiter Lift Capability 26964•.::_,_ ................

rL _ I MI_,ionFlightMargin I I ns91

o": "

.... 5.7-3
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5.7.4 Stage 7, Flight UF.I Performance Characteristics

Stage 7, Flight UF-1 is assembled at a 215 n.mi. altitude in an LVLH flight mode with 2
: single axis articulating PV arrays perpendicular to the orbit plane. The nominal launch date

is February, 1999.

- The Stage 7 microgravity environment is depicted in figure 5.7.4-1. In a +2o atmosphere
•- (solar flux -- 238.8, geomagnetic index ---19.3) this stage has a flight attitude of yaw = 0,

, : pitch - -30.5, and roll = 0. Table 5.7.4-1 lists the U.S. Laboratory racks, their type, and
+- .. the maximum steady state mierogravity level sensed during the orbit in the given +2o

_: _ atmosphere. For this configuration there are no ISPR racks in the 1 I_genvironment.

• ,,::+++- Table 5.7.4-1 Stage 7 US Lab Rack Steady State }.tg Level+:,....

.< ,:_. ii+_!+_!_i_!+_i_i_:_!_i+_iii!+_R+_!iW_i!_ii_iiiii_i_iBi!!i¢i_iii_ii!:S:i_i_i_+ii_i_ii_+::_,:+++_+_,_+:,:>+:<.:_.::>.,?:,_+,::::+:,+,

_,+:- ...... LAS-I ISPR 2.9

_!_ _,' LAS-2 ISPR 2.7
_ _,
_:_f_ ,..;_ LAS-3 ISPR 2.4

t.as-4  sPR 2..2
t::_',; ';':',: LAS-5 SYS 2.0

t.AS.6 SYS
LAF-1 SYS 3.4

.... ° _'_ LAF-2 SYS 3.2

+ : • LAF-3 SYS 2.9
{t: LAF-4 SYS 2.7

!_+:y, L .S SYS 2.s
',ii m__ i LAF'6 SYS 2.3

,. +:_::_. LAP-1 ISPR 2.9
LAP-2 ISPR 2.7

'";° < LAP-3 ISPR 2.4 d

i _:'.... LAP-4 ISPR 2,2
_ _ _'#r_ _' f " LAP-5 SYS 2.0

L • : _,. LAP-6 SYS 1.8

,._ _' " LAC-I ISPR 2.4

i ;!i:::''_ ': LAC-2 ISPR 2.1
r _' : LAC-3 ISPR 1.9

LAC-4 ISPR 1.7

+ LAC-5 ISPR 1.5 !
•', ,:: LAC-6 SYS 1.3?

" '5 ,i ,

;.

?

? .

+;,
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=_ .i, 2 Mlcro-G

...... _ _, 4 Micro-G

__._-_ . .:.

•:.__. Figure5.7.zt-IStage7steady-statemicrogravityenvironmentcontours.
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:':ii<ii:_ Table 5.7.4-2 summarizes the reboost lifetime characteristics of Stage 7 assuming +20
_;i:,',!_ : atmosphere conditions, an early solar cycle (July 1995 start), and a ballistic coefficient of

12.0 lbs/ft 2. The reb_st was performed using the aft bus, which has a reix_st efficiency
_ '__"' .. of 1130%. For this stage there is sufficient propellant reserve on bom'd the station to meet
:-_:'_'_: ' the skip cycle contingency reboost requirement. This stage violates the 90 day decay to
?i}ii:!,?: . 150 n.mi. lifetime requirement.

".M?_,_L:I.' t

_-_..... Table $.7.4.2 Reboost Lifetime Characteristics
.t _V'_ _ -_

!i!iii militii  71!iiiiiiiiIiii iiiiiiii  iiii    :  ii i i I!?14iiii iiii}} i}iiiii!iiii  iiii iii iiiiii i i   i!i i } iiii !iiii(iiiiil iNii iiiiiiiiiiliiiiiiii  N  iiii iiiiii iii!i 7ii(iN     i !i!i!iiiiiiiiiiiii i  iiiiN ii iiii i  iiii  i  i, :ii_!_i_!_!ii_i_?iiiiiiiiiii!iii_iiiiiiiiii_iiii_iiii_iii_iiiii!i|iiiii_i_i_i!_!i_iiiiiii_iiii_i_i_iiiiiiii_iiiii_iiii_ii!_ii_7:iiiiiiiii!_N_i_iiiiii_iiiiiii_iiii_iii_ii_iiiii7iiiiii_
I 215 I 236 1,416 . I 5,976 I 57

::_ The control characteristics of Stage 7 under design atmosphere conditions using the PDR
< nominal controller (attitude emphasis) are displayed in figure 5.7.4-2. The CMGs were
: augmented with a 10,000 N-m-s momentum wheel. Table 5.7.4-3 summarizes the control

characteristics depicted in the plots.

Table $.7.4-3 Control Characteristics Summary

i:: InoSrSI 0.0degrees I -36.6degrees I 0'.0degrees'" :t 3.5degrees 2800N-m-s
:' "<; : I _IsTs I 1.2de_ees I -32.2del_es I 0.2de_rees :t:0.3del_es 3500N-m-s

• The control characteristics of Stage 7 (attached Shuttle) under design atmosphere conditions
' , ' using the PDR nominal controller (attitude emphasis) are displayed in figure 5.7.4-3. No
.... ,_ momentum wheels were required. Table 5.7.4-3 summarizes the control characteristics
" ' _. depicted in the plots.

, .... S.7.S Issues and Concerns
; ,•y

, , . This stage violates the 90 day to 150 n.mi. altitude lifetime requirement,

This stage has a pitch flight attitude that exceeds ±15 degrees (with and without an attached
. Shuttle).

There is a possibility of some indirect plume impingement of the aft P6 radiator from the aft
" bus attitude control thrusters.

This stage does not provide a good rnierogravity environment.

v
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' ...... 5.8 Stage 8 Flight Characterization

:' 5,8.1 Stage 8, Flight 7A Shuttle Flight Manifest

,=...., _, : The Shuttle delivers the airlock and its high pressure gas tanks. Table 5.8.i- 1 lists the Shuttle I
:_i!• Flight Manifest for Stage 8 - Flight 7A. The total mass of the station hardwareto orbit is 21609
_i,• i lbs and FSE mass of 4261 lbs. The second section of the table shows the Shuttle Performance

"' ,.i andhardware/consumables required for the mission resulting in the net Shuttle Lift Capability of
_:_.: 29298 lbs to 215 n.mi. at an inclination of 51.6 °. Subtracting the hardware and FSE subtotals

:: from this amount yields a mission flight margin of 3428 lbs.

..... 5.8.2 Stage 8 Configuration

j,_._ Figure 5.8.2-1 displays the isometric view of Stage 8 after the Shuttle departs and the scheduled
assembly is completed. Figure 5.8.2-2 shows the front, side, top and isometric views of S',_ge 8
with the Shuttle attached.

:: _, 5.8.3 Flight 7A Assembly Operations Description

_ _,,:_._:: Rendezvous of the Shuttle with the Stage 7 occurs along +V barat an altitude of 215 n.mi.
°:::_o :., Station rendezvous attitude is +XVV and +Z Nadir. The Shuttle docks to PMA2 on the forward

_ ' : Lab CBM in a tail down orientation.

Assembly Flight 7A is a 9 day mission with 2 EVAs. The SSRMS unberths the Airlock from

_,i:::_, the Shuttle payload bay and installs it on the Node 1stbd port. The Airlock is then entered for
....... completing the activation of the element and transferring the EMUs. The high pressure gas

containers (2 each 02 and N2) located on the Unpressurized Logistics Carrier (ULC) are
....... subsequently attached to the Airlock via combined EVAJEVR operations (Note: this requires

• two days of EVA).

,, ; Following separation, Stage 8 flight mode is LVLH with the Bus-1/Node section aligned along
=_, the velocity vector.

o . _ , ,

:_,..... " SystemResource/Functionali.ty

•; :: Stage 7 functionality, plus:

• Station based EVA capability
"o :" ir

_,¢_:,_._'" Resources Available: Power: 15,800 W
...._" . Thermal: TBD

:,....., EVA: 24 crew-hours

Resources Required: Power: 8,051 W (U.S. Housekeeping)
. TBD W (Payload)

: .- 409 W (CSA)
, Thermal: TBD W

: : EVA: 21:20 crew-hours

_J

~

• 5.8-1
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_ Table 5.8.1-1 Stage 8. Flight 7A Shuttle Flight Manifest
'i-'i._',:'-.,,=:: itardware Ma._ (Ibs) FSE
[ , . :.-

'i .... ./ .... Airlock 18081 'i
i _ "'""",. " Spacclab Pallets (SL-1 attd SL-3) 3061

r _.._,.-:,, :. ttP gas (02 and N2) 3528 1200_. _

....... " :'_" subtotal 21609 4261

_::?,:i_ _ Capability to 220 n.mi. at 51.6 deg Inclination 24685
_.i!:i.!_ii_i!_:,.. Enhancements 13000
_.: As_mbly Altitude delta (100 lbs per n.mi.) 500
: _-_.. :: o_:_:. AdatUonal Shuttle Performance Enhancements 0

_'_" ,, Variable Integrated Hardware -1290
!-_ _,_ : ,:,: Misc. hardware 300
...... ; "':_'_' Additional Attach Hardware 990

_ :__:"__ !_ Variable Shuttle Consumables -293

__ _,,_, .... Food & Gear (-55 lbs/day over 6) 165

: :: 5th N2 tanks (@ 128 lbs/N2) 128
i_ ,, _ . 293o

: _ _ " , Middeck Lockers -160

:, Generic Integrated Hardware -5474
f" External Airlock 3000

_2_/: .,,,_ 4tl_Cryo Tank Fluids 866
....... 3rd EMU 300

_..,. SAFER (2) 200
• __:, '_, _ Misc integration hardware 118
• _:_,,,_ ...... Attach Hardware 990

_!,':.:'_ ,. 5474 ""

-,, .: ,. Weight Growth Reserve -1100
: ...... Maintenance Reserve -570

'_: :' _ Total Shuttle Lift Capability 29298
i_o, ,_ °

_: .: I Mission Flil_at Mar_in J I 3428 [

, ,e

r

C;

..
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_= .°

......: 5.8.4 Stage 8, Flight 7A Performance Characteristics
: ',', ?...

Stage 8, Flight7A is assembledat a 215 n.mi. altitudeinanLVLH flight modewith 2
single axis articulatingPV arraysperpendicularto theorbitplane. The nominallaunchdate

:- is April, 1999.

• The Stage 8 microgravityenvironment is depicted in figure 5.8.4-1. In a +2a atmosphere (
'i _: " (solar flux =245.2, geomagneticindex- 19.0) this stage has a flight attitudeof yaw =0,'7,

, pitch =-38.7, and roll = 0. Table5.8.4-1 lists the U.S. Laboratory racks, their type, and
....... the maximumsteady statemierogravity level sensedduring theorbit in the given +2_

atmosphere. For this configuration there are no ISPR racks in the 1 _tgenvironment.

o •

:, ..,

_,:_,ili: Table 5.8.4-1 Stage 8 US Lab Rack Steady State gg Level
w _>'.-_. "

c

i _!_::"i: LAS-1 ISPR 3.2

LAS-2 ISPR 2.9i:-? LAS.3 ISPR 2.6
., LAS-4 ISPR 2.3

i_,__,__'." LAS-5 SYS 2.I
i '_ LAS-6 SYS 1.8
o,...... LAF-I SYS 3.6

i:__ _,,. LAF-2 SYS 3.4
i" . LAF.3 SYS 3.1
I: -: _ LAF-4 SYS 2.8

o, ,,_: • LAF-5 SYS 2.5
",: LAF-6 SYS 2.2

::, : LAP-1 ISPR 3.2
.:: _...? LAP-2 ISPR 2.9
::,:.:' LAP-3 ISPR 2.6

'::_......: LAP-4 ISPR 2.3 '
::: , : LAP-5 SYS 2.1

: ..- LAP-6 SYS 1.8
/' LAC-I ISPR 2.7

LAC-2 ISPR 2.4
"_"" LAC-3 ISPR 2.I

i _ LAC-4 ISPR 1.9

:=<,:? il - LAC-5 ISPR 1.6- LAC-6 SYS !.4

;_ i! , .-

/
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, _ , Figure 5.8.4-1 Stage 8 steady-state microgravity environment contours.
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Table 5.8.4-2 summarizes the reboost lifetime characteristics of Stage 8 assuming +2a
atmosphere conditions, an early solar cycle (July 1995 start), and a ballistic coefficient of
12.9 lbs/ft2. The reboost was performed using the aft bus, which currently has a rcboost
efficiency of I(YJ%. For this stage there is sufficient propellant reserve on board the station

.... , ' to meet the skip cycle contingency reboost requirement. This stage violates the 90 day
decay to 150 n.mi, lifetime requirement.

_" Table $.8.4-2 Reboost Lifetime Characteristics

L.......... :.........................................'.....................................::::::::::::::::::::::::::::::::::::::::_::_:':':':':'..................................................................................===========================================..............i_i'_'_',__i',_ili!_Iii!!i!'_!!i_,i!_',','_i'_',ii!iii

........ s I I , I , N/A I 65

-__!'i_, The control characteristics of flight 7A under design atmosphere conditions using the PDR
"_?i;i":i: nominal controller (attitude emphasis) are displayed in figure 5.8.4-2. The CMGs were
.... ' augmented with a 10,000 N-m-s momentum wheel. Table 5.8,4-3 summarizes the control

___,,o _ characteristics depicted in the plots,

. Table 5.8.4-3 Control Characteristics Summary

._': i

:".... I',ilil','_',!_,i!!iill!i!_i!iiiiiiii!',li%_i!li'_iiii_',iiii!i!i',i'_'_iii',iii!jiii!liii!!!iii!_,_,i_,i',ii!#,i'_',i_i!!_,il_,!_,',_,_,i'_!!i'_'_',i'_|!!ii!!!!_,iiiii!i','_i',',ii'_i_i_!_!!!i!ii',iiili',;',iii',iii',l'_i!ii!i!i_!!il_,i',ii__ iiii_:i',i',iiiiiiiiiii!!lliliil_,iii__iii!i!!_I
Ino STSI 0.0do I I 0.0 or I I 3300N-m-s

,/:i_i I w/STS! 1.4de_rees I -32.Sde_ees I 0.6delvees I +-0.3delgees I 4500N'm's

_"_'" The control characteristics of Stage 8 (attached Shuttle) underdesign atmosphere conditions
_!',,'_:_,:": using the PDR nominal controller (attitude emphasis) are displayed in figure 5.8.4-3. No

' momentum wheels were required. Table 5.8.4-3 summarizes the control characteristics
...._:, depicted in the plots.

_" _ $.8.$ Issues and Concerns

This stage violates the 90 day to 150 n.mi. altitude lifetime requirement.
o " "

_, : : This stage has a pitch flight attitude that exceeds ±15 degrees (with and without an attached
=_._- Shuttle).

There is a possibility of some indirect plume impingement of the aft P6 radiator from the aft
bus attitude control thrusters.

This stage does not provide a good microgravity environment.

L,
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5.9 Stage 9 Flight Characterization

5.9.1 Stage 9. Flight 8A Shuttle Flight Manifest

The Shuttle dehvers the $0 segment. Table 5,9.1-l lists the Shuttle Flight Manifest for
Stage 9 - Flight 8A. The total mass of the station hardware to orbit is 30205 lbs.

: The second section of the table shows the Shuttle Performance and hardware/

_'o " consumables required for the mission resulting in the net Shuttle Lift Capability of 30790
o lbs to 215 n.mi. at an inclination of 51.6 °. Subtracting the hardware and FSE subtotals

from this amount gives a mission flight margin of 585 lbs.

_: 5.9.2 Stage 9 Configuration
Figure 5.9.2-1 displays the isometric view of Stage 9 after the Shuttle departs and the

.... ,,° scheduled assembly is completed. Figure 5.9.2-2 shows the front, side, top and isometric
views of Stage 9 with the Shuttle attached.

, :_, 5.9.3 Flight 8A Assembly Operations Description

"_ Rendezvous of the Shuttle with the Stage 8 occurs along +V bar at an altitude of 215
n.m. Station rendezvous attitude is +XVV and +Z Nadir. The Shuttle docks to PMA2

:i_, :. on the forward Lab CBM in a tail down orientation.

_- o, _ Flight 8A is a 7 day mission with 2 EVAs. The SRMS removes the SOITS from the
,.... payload bay and hands it over to the SSRMS, based on the Lab PDGF. The SSRMS

_ :,;5_'_i:i,_• attaches the SOITS to the Lab cradle assembly (LCA) and the forward and aft S0 MTS
. struts are installed on the Lab. During EVA operattons, umbilicals are connected, and

' _:,_'_ preparations for activating the Mobile Transporter (MT) are begun. Several pieces of

:-:"il,_;_, equipment (i.e., EV-CPS, PWP, airlock spur, etc.) are left in the stowed configuration on
_ '(;_i"_", the S0 ITS for installation on the next assembly flight.

%,::" Following separation, Stage 9 flight mode is LVLH with the Bus-1/Node section aligned
along the velocity vector.



, .°

' System Resource/Functionality

Stage 8 functionality, plus:

- • Delivers and installs _0 using the Lab Cradle A_sembly

...... : • SO MBSUs and DDCUs connected but inoperative

_ • Attitude and attitude rate determination provided by station and Bus-I

. _; ).. Resources Available: Power: 15,800 W
" Thermal: TBD

:-..... _ EVA: 24 crew-hours

' ': ::': Resources Required: Power: 8,679 W (U.S. Housekeeping)

: °":::'_:_ TBD W (Payload)
409 W (CSA)

_": Thermal: TBD W
...... _ E_:A: 22:10 crew-hours

,o • .:
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r " Table 5.9.1.1 Stage 9. Flight 8A Shuttle Flight Manifest
:.,:.:'- ' Hardware Mass (Ihs) FSE' i i ii ii , i,i ,i

-_:)'_' . SO Structure 14774 _i
"=_?")" $0 UTILITY TRAYS 4410
4:.,;,,' SO AVIONICS 718

SO DDCU 625
MBSU 1582

:";i':,'i ttAB UMBILICALS 371
;.:"*;':'_,_i':.... NODE UMBILICALS 1956

LAB UMBILICALS 586
• MT UMBILICAL SPOOLS 908

MODULE-TRUSS BARS 1104
GPS ANTENNA 53
PLASMA CONT & SUPP 692
PWP-A 216
PWP-B 216

• CETA SPUR 85
,,: EVA LIGHTS 168

_: Mobile Transporter 1740
i ..

subtotal ' 30205 O

_._:_i:!:::.,_,_::,. Shuttle Performance , ,, , Mass 0bs)

_!,!!_.:>!::
_:,;., , Capability to 220 n.mi. at 51.6 deg Inclination 24685

::_ Enhancements 13000

:',ii: ' Assembly Altitude delta (100 lbs per n.mi.) 500
':--_: ' Additional Shuttle Performance Enhancements 0
:, :-, Variable Integrated Hardware -238
'-_' Misc. hardware 238

Variable Shuttle Consumables -183

Food & Gear (-55 lbs/day over 6) 55

i i" 5th N2 tanks (@ 128 lbs/N2) 128
;r 183
' I

i Middeck Lockers -200

Generic Integrated Hardware -5374
External Alrlock 3000
4th Cryo Tank Fluids 866

i" 3rdEMU 300

• SAFER I00

: Misc integration hardware 118

,: Attach Hardware 990
: 5374

Weight Growth Reserve -1000

: Maintenance Reserve -400

Total Shuttle Lift Capability ............ 30790

[ Mission Flisht MarsIn I L sss j
_,_ ,
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...... : S,9.4 Stage 9, Flight 8A Performance Characteristics
.+

:..... Stage 9, Flight 8A is assembled at a 215 n.mi. altitude in an LVLH flight mode with 2
single axis articulating PV arrays perpendicular to the orbit plane. The nominal launch date

._..... ...... is June, 1999. i
'.... " The Stage 9 steady state microgravity environment is depicted in figure 5.9.4-1. In a +2_

- atmosphere (solar flux = 243.3, geomagnetic index - 18.6) this stage has a flight attitude 1
' ,.,_ ofyaw = 0,pitch= -30.7.and roll= 0. Table5.9.4-IliststheU.S.Laboratoryracks,
w:_i_ i • their type, and the max,hum steady state microgravity level sensed during the orbit in the

..... gwen +2 sigma atmosphere. For this configuration there are no ISPR racks in the 1 ttg
•:/:: environment.

;,., , +

:_,_,,,,_,:_. Table $.9.4-1 Stage 9 US Lab Rack Steady State I_g Level

........ i',i', ".........T.......................................ii/+iilN!|: :• _ m..., ! ::..... : :';iii:':.::ii:.............t_+?::_:_:_:::_e:,::i!_!:._!i_:,iiii iiii{':::;{ii;i

;_,. LAS-I ISPR 2.7
: LAS-2 ISPR 2.5

"":+" LAS-3 ISPR 2.3
_.:.: ! LAS-4 ISPR 2.1
_':,;_" LAS-5 SYS 1.8
:.'_,_:%, 7

• . LAS-6 SYS 1.6
'_ ° LAF-I SYS 3.3

.... ' LAF-2 SYS 3.0
LAF-3 SYS 2.8

! ._ -!. LAF4 SYS 2.6
' L,_-5 SYS 2.3
, _,..... ',, LAF-6 SYS 2.1

:m,':, : !. LAP-I ISPR 2.7
"," LAP-2 ISPR 2.5

:,if : LAP-3 ISPR 2.3
! : ,- LAP4 ISPR 2.1

}:+_ LAP-5 SYS 1.8
:. " LAP-6 SYS 1.6

=+ ': LAC-I ISPR 2.2
LAC-2 ISPR 2,0

__,.• =,:,_. LAC-3 ISPR 1.8
• " " LAC-4 ISPR 1.5

_ r_;";:'L. LAC-5 ISPR 1.3
/.

......" _:- ' LAC-6 SYS 1.2
: ii I

, .o

' o ,

...=\'
_r
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: Table 5.9,4-2 summarizesthe reboost lifetime characteristicsof Stage 9 assuming +2a

:, .... atmosphereconditions, an early solar cycle (July 1995 start), and a ballisticcoefficient ofV 14.4 lbs/ft2. The reboost was performedusing the aft bus, whichcurrentlyhas a reboost
.. efficiency of 100%. For this stage there is insufficientpropellantreserve on board the

_'_ " station to rove, the skip cycle contingencyreboost requirement, This stage violates the 90
L daydecay to 150n.mi. lifetime requirement.

J':" r _' Table S.9.4-2 Reboost Lifetime Characteristics
.P

",._+++i+i+_+++++++++_+++++i+++i+++++i+++_+.+i++++++!++++++++++i+++.'.._+_++i+_ii++_++i+++++:++:+++iii:+::::::::::::::::::::::::::::::::::::::::::::::::::::============================================================================

I 215 I, 23o + 1,372 3,084 I N/A I 83 I

+ The controlcharacteristicsof Stage9 underdesign atmosphereconditionsusingthe PDR
!:_ nominalcontroller(attitudeemphasis)am displayedinfigure5.9.4-2.TheCMGs were

augmentedwitha4000N-m-smomentumwheel.Table5.9.4-3summarizesthecontrol
characteristicsdepicted in the plots.

Table $.9.4.3 Control Characteristics Summary

_ ,u, .- ii.liii._iii+ii/i!_!!_iiiiii+++iiiiii!i!iii::::i:::i"::'::i::i::':::!iiiiiiiiiiii!iii!i!iiiiiii+!_iiiiiiiii!i!iiii'_ii::i::::_.::::::i::"-!:::+_+iiiiiiiii!i_iii•:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::/:::iiiiiiiiii:iii:i:_!"::.+::-+":::i!i+iiii+:i&::!iiiiii

+_.+_+i_.: I+_+uu+_&++l_.+_+.+!+++_.+_.+_+++_++_+..'+.+_4m:_++_+_+::::++::*":'+'++.........:+'::_.........+:'...........................+:+:::::::::+............................_++::::::"..............._:-:'++_++............................................._+_il_+._.:++++++++++_+_+++_1++_+++++::+++++++++++.:._S_+++++++++++._:.+:_+_+m++::++++_++++:_+S++:;S+l+.:+_++__...................+........................................"............".................................................+i++++_++::+::|........
i + i, 'o _! + "+ '"'"'_ ............... IrlllTr ................................................................................ I I 0.0d+ I "++.., 14+°°m'm'+I
l ,, " "'" I w/STSI 1.4de_ees I -32.4defamesI .0.6de_es I ±0.2degrees I 4700N-m-s I

_-r+=°+?"_ The controlcharacteristicsof Stage9 (attachedShuttle)underdesign atmosphereconditions
- +.+ _,i_ "

+::+ . usingthe PDR nominalcontroller(attitudeemphasis)aredisplayedin figure 5.9.4-3. No
%,._i_!_;, momentumwheelswererequired.Table5.9.4-3summarizesthecontrolcharacteristics

depictedin theplots. ..

:_,++, _.9._ Issuesand Concerns

This stageviolates the 90 day to 150n.mi. 'altitudelifetimerequirement.

Forthisstage thereis insufficientpropellantreserveon thebus to meetthe skipcycle
contingencyreboostrequirement. Increasesin assemblyaltitude(requiringadditional
shuttlelift performance),increasedbus fuel capacityor manifestingareplacementbus
soon_ in the assemblysequencecouldresolve this issue.

Thereis a possibilityof someindirectplumeimpingementof the aft P6radiatorfromthe aft
busattitudecontrolthrusters.

!_.
+ This stage hasa pitchflight attitudethatexceeds±15degrees (with and withoutanattached
_'_i Shuttle).

:_+_+++++

_1% .: This stagedoes notprovidea goodmicrogmvityenvironment.

-".+_L_,T"
+&._, ._-++_,.... " 5.9-8
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i 5.10 Stage 10 Flight Characterization

S101 Stage 10 Zenith Bus lFlight Shuttle Flight Manifest

j_,_ The Shuttle delivers the zenith Bus-1. Table 5.10.1-1 lists the Shuttle Flight Manifest for
: Stage 10 - Zenith Bus-1 Flight. The total mass of the station hardware to orbit is 28256o,.

...., lbs. The second scction of the table shows the Shuttle Performance and hardware/
. q J r_ I I consumables required for the mission resulting in the net Shuttle Lift Capability of 30464

,; i lbs to 215 n.mi. at an inclination of 51.6 °. Subtracting the hardware and FSE subtotals
__ , from this amount gives a mission flight margin of 2208 lbs.

? %.'_,%

_;i_ $102 Stage 10 Configuration
_-_:._! Figure5.10.2-1 displaystheisometricview of Stage 10 afterthe Shuttledepartsand the
_'l_."r . ' " scheduled assembly is completed. Figure 5.10.2-2 shows the front, side, top and
_._r._ isometric views of Stage 10 with the Shuttle attached.

_:!_.,,_. $.10.3 Zenith Bus-1 Flight Assembly Operations Description

i_::i!_::- Rendezvous of the Shuttle with the Stage 9occurs along +V bar at an altitude of 215
. _ n.mi. Station rendezvous attitude is +XVV and +Z Nadir. The Shuttle docks to PMA2
__-.,._, on the forward Lab CBM in a tail down orientation.

! _:$ The zenith Bus-1 flight is a 9 day mission with 3 EVAs. The SSRMS is positioned on
.......i the PDGF located at (0, -4.1,-2.108) meters on the S0 ITS. The SRMS removes the

_'--_r' zenith pre-integrated stinger and bus from the Shuttle payload bay and hands it over to
_ the SSRMS. The SSRMS then installs the zenith Bus and stinger on the zenith face of the
_ _''_ :'_r'i P6 ITS, and EVA crew members connect the Bus-l-to-Z1 umbilicals (See figure 5.10.3-
• ,:!_ 1 for a graphical depiction of these operations). EVA/EVR operations involved
___.....o' removing the SOport andstarboard keel pins/drag links, installing the Node 1 to SO

: umbilical tray and the airlock spur, and stowing the LCA umbilicals (EVA tasks

%1,/- rem_,iningfrom the previous assembly flight).

_ 'lr__:'_' Following separation, Stage 10 flight mode is LVLH with the Nodel/Lab section aligned
_:':'r_ " along the velocity vector.
E-;?'c

_*: ' Figures5.10.3-2 and5.10.3-3 areincludedto demonstratethefeasibilityof replacingthe
_,; Bus-1 at either location, although it is anticipated that these tasks wii_ not be required at

ff_ . this stage. Figure 5.10.3-2 is a graphical depiction of the following installation
_, __ maneuvers required to replace the Bus-1 located aft of Node 1: 1) reloca(e the SSRMS

. on the aft stinger grapple fixture; 2) grapple the "spent" Bus-1 with the SSRMS and
i_ , hand it to the SRMS; 3) using the SRMS, place the "spent" Bus-i in the Shuttle payload

:. bay, and grapple the replacement Bus-l; 4) hand-off the Bus-1 from the SRMS to the
' .: SSRMS; and, 5) install the replacement Bus-1 on the stinger. Figure 5.10.3-3 is ar_

graphical depiction of the similar installation maneuvers requiredto replace the Bus-1
.- located in the -Z location above the Z1 truss.
7
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L _ .,i, , : :.

__'': " System Resource/Functionality

_":::,i__) This flight delivers the second Bus-1 providing redundant systems capability with the

• MT powered from TUS

%:::,.;:;. • External radiation monitoring

Resour_.es Available: Power: 15,800 W
Thermal: TBD
EVA: 36 crew.hours

Resources Required: Power: 8,679 W (U.S. Housekeeping)
TBD W (Payload)
409 W (CSA)

Thermal: TBD W
EVA: 28:40 crew-hours

_t
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,: Table 5.10.1-1 Stage 10. Zenith Bus-I Flight Shuttle Flight Manifest

" Bus-1 25000
r _,

" _" i.. zenith spacer truss 3256 l

.. : sub.total" 282S6 0

,_ ".... Shuttle Performance Mass (Ibs) ,,

............ Capability to 220 n.mi. at 51,6 deg Inclination 24685
":°_.... Enhancements 13000

: Assembly Altitude delta (100 lbs per n.mi,) 500
: AdditionalShuttle Performance Enhancements 0

Variable Integrated Hardware -238
Misc. hardware 238

238
_'_' ' Variable Shuttle Consumables -549
":_*'_ Food & Gear (-55 ibs/day over6) 165

• 5th, 6th & 7th N2 Tank (@ 128lbs/tank) 384

i •_ '_ .... 549
i "' " Middeck Lockers -160
i=':: " Generic Integrated Hardware -5374
_ >',' External Airlock 3000

_°. " 4th Cryo Tank Fluids 866
i _,; ........ 3rd EMU 300
_ " SAFER i00

i : Misc integrationhardware 118
,,, Attach Hardware 990

! :_ ,' 5374
i , _" .:" Weight Growth Reserve -1000

- Maintenance Reserve -400

i -_i° "
! _,. _ Total Shuttle--LiftCapability 30464

i " '..." I Minion Flight Marl_in I I 2208 I

[ , ..

i

:.

O
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i-:+. $.10.4 Stage 10, Zenith Bus Flight Performance Characteristics

!-_' "7 :: Stage10 is assembledat a215 n.rni,altitudein anLVLH flight mode with 2 singleaxis

i .... i articulatingPV arraysperpendicularto the orbitplane. The nominallaunchdateis August,
:. 1999.

66 .7

..... .... The Stage 10 steadystatemicrogravityenvironmentis depictedin figure5.10.4-1. In a
i __i'ii +2_ atmosphere(solarflux = 245.7,geomagnetic index = 18.3) this stage hasa flight
_:+:: attitude of yaw = 0.6, pitch = 16.1, androll = 2.1. Table 5.10.4-1 lists the U.S.
: _ i Laboratoryracks, theirtype, andthe maximumsteady statemicrogravitylevel sensed
+: ,_: .... duringthe orbitin the given +20 atmosphere. This configurationcontains 7 ISPRracks in

.... the 1gg environment.
i__,_,_+_ ..

i_ _ _ :.

i, _:_._ Table 5.10.4.1 Stage 10 US Lab Racks Steady State gg Level

:,"+_+++.++4+;,,7.+'+,:.,

LAS-I ISPR t.0
+ _ _ LAS-2 ISPR 1.2

_ :::":"_, LAS-3 ISPR 1.3
'-''"'!.-_;,'i- LAS-4 ISPR 1.4
! ?'i_!_i" LAS-5 SYS 1.6
: '"_+' LAS-6 SYS 1.7

i---::' "i LAF-I SYS 1.6LAF-2 SYS 1.7

:, • LAF-3 SYS 1.8LAF-4 SYS 2.0
+ + LAF-5 SYS 2.1

+,'. LAF-6 SYS 2.2

+°++i.?i'i: LAP-1 ISPR 1.0
_. LAP-2 ISPR I.I

._i_ . LAP-3 ISPR 1.3
. ,_.i LAP..4 ISPR 1.4
_i'" LAP-5 SYS 1.5

•i' ,,'_ LAP-6 SYS 1.7
?.:,. LAC-1 ISPR 0.5

LAC-2 ISPR 0.6
LAC-3 ISPR 0.7 I

i_.!;l]:.::_i_. LAC-4 ISPR 0.8
• LAC-5 ISPR 1.0

_'+"_::'_ LAC-6 SYS 1.1

'u Ii
?

i o_ '
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','+!_'":_ Table 5.10.4-2 summarizes the reboost lifetime characteristics of Stage 10 assuming +2o
,+':'_,• " atmosphere conditions, an early solar cycle (July 1995 start), and a ballistic coefficient of
_,+_,,+::,.,_+ 16.4 lbs/ft 2. The reboost was performed using the zenith bus, which currently has a
_:::>"_" reboostefficiencyofI00%. Forthisstagethereissufficientpropellantreserveon board
_._.,_:_, thestationtomeettheskipcyclecontingencyreboostrequirement.Thisstageviolatesthe
_!+_i:_;i:_.... 90daydecayto150n.mi.lifetimerequirement.

Table $.10.4-2 Reboost Lifetime Characteristics

+ '_' ""'""""" ...... J............................ t .......... m .................

_ _i_i!i_+iiiiii!_+i_:+++i_i_+ii_i_iii_ii_i!_:_iii_ii!ii!_+_:_i_[+iIii!_:_!!!]_:_::_;i_::iii_i+!i!_!_ii!i_i_iii_::_:_i_!]iiiii]i__ii:_i_:!i!i!_i_!]]_ii_:]!]ii!]_i_i_!iiiii_+_]i!!_!i!i!!!!_;ii_i_+_!_!]ii_i_i_i::_]i_ii]iiiiii_!_!_i_i_!_!![!]_i_i_[!]:!!!i_]_]!_i:_i_i!]+i_st_]]_5s_):_!+i:_!ii!ii!i!ili]!_)il]i;iii::ii!
I I 232 1,703 I 3,084 . J 9,897 80

"

i/ The control characteristics of Stage 10 under design atmosphere conditions using the PDR
nominal controller (attitude emphasis) are displayed in figure 5.10.4-2. No momentum

.... wheel aumentation was utilized. Table 5.10.4-3 summarizes the control characteristics
depicted m the plots.

i,

,:':., •

......,.....! Table $.10.4-3ControlCharacteristicsSummary

::.:.:_ '::::::;:..:.: ;:.:.::.::::. : :.:: ;.:::: :. ;::.-:. :_:.::::. :... : ; :::;::::::::.: ::.:.:::.. : .:.:: : :.;.+; ..:.: . ::;:..;:.:..::::.:::::::.:.:. : :. :.:.:::,..-.:...:_.. : :.: .:::.:::.::::.::.:.::.::..::.:::::.:::.: ....: .:.:.::.:.::;.;:::.::.

_'_'_::"'_ no STS , 0.6degrees I 18.7de_ees / 2.lde_ees I +0.9degrees I 2300N-m-s I
__+:_'_',_!,:_?_,,......, ....w/STS ' 1.Sdegrees I -26.6degrees' i -0.1de_.,es I ±0.2d%,rees ] 3000N-m-s I
[,_;,,.i, :.:

,?.,_,,,,,_,._

_;+_._+ ThecontrolcharacteristicsofStage10(attachedShuttle)underdesignatmosphere_,i_++ _.

conditionsusingthePDR nominalcontroller(attitudeemphasis)aredisplayedinfigure
5.10.4-3.No momentum wheelaugmentationwasutilized.Table5.10.4-3summarizes "
thecontrolcharacteristicsdepictedintheplots.

DuringShuttlematedassemblyflights,periodicattitudemaneuverswillberequi.redto
avoidexceedingthermalloadsontheShuttleduringcertainsolargeometryconditions.The
maneuvermustbeabletobeperformedusingtheRCS thrustersfromeitherbusstarting
fromStageI0.

Threesamplematedconfigurationswereselectedforanalysis:StageI0,when theupper
busisdelivered,Stage17/Flight12A,andStage36_light1CA.TheCDR RCS attitude
maneuver control algorithm was employed. A 180 degree yaw maneuver was performed.

: It should be noted that the total impulse per attitude control thruster is 134,000 Ibf-sec.

' +_'" ForStageI0,a0.Idegree/seeratelimitwasutilized.The 180degreeyaw maneuvertook
, _: approximately 1800 seconds (-1/3 orbit) for both the aft and zenith bus. There was about a

= . 16 degree overshoot in the yaw channel, and about 7 degree overshoot in pitch.
• Approximately 20 lbs. of fuel were required for the upper bus; 16 lb. for the aft bus. By

and large, all four thrusters were used approximately equally. Using a lower rate limit
,, +, . ..

+

+
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it::.:':..
! ,_ ,?

! could reducethe amountof overshootat the expenseof the time requiredto reach the
:_ desiredattitude. Table 5.10.4-4 lists thefuel andtotal impulserequirements

r[ ,,

' Table 5.10.4.4 Yaw Maneuver Fuel and Impulse Requirements _
i :' • • Pl

!., _!!_ii_._i_;ii_]_i_.i;i_!i!!i_i;_._:i_:_ii_;_i_;_:_iii:_ediU_(ibl) ::/i:iTotaHmpulso(lb.,soc) ::: ':::l: To_:_O_I ,
i....;::i;i:.i_!_:i:_)-.i_:ii:i._.:,.i:. :::::( ' :;:::: :"::::::::::::::::::::!; ' ":];:;:;::_:.(lb.)::::i:::.:

i',::" aft 3.9/1163 3.1/903 5.1/1495 , 4.2/1228 16.2 .
_ ....._,":. zenith 5.4 / 16011 5.0 / 1462 5.4 / 1599 4.5 / 1332 20.3

i:_. S.IO.$ Issues and Concerns

}: :,,i This stage violates the 90 day to 150n.mi. altitudelifetimerequirement.

i _-,..... There is a possibilityof some indirectplume impingementof the aft P6radiator from the aft
•...... busattitudecontrolthrusters.

: This stagehas apitch flightattitudethatexceeds±15degrees (with and without an attached
_,_..... Shuttle).

,:,_ . A PDGF on the zenith side of the SOse._aent will be rexuired for installation of the zenith
o busandextender truss

i - -: .

.. _

o . .

d
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,:,,,i,- 5.11 Stage 11 Flight Characterization

,,i .... 5.11.1 Stage 11 - Flight UF.2 Shuttle Flight Manifest

_ : : . The Shuttle delivers the mobile base system (MBS) and tile MPLM to exchange racks.
"lable 5.11.1-1 lists the Shuttle Flight Manifest for Stage I 1 - Flight UF-2. The total mass
of the station hardware to orbit is 5615 lbs (excluding the TBD racks which are 1,>

exchanged) and FSE mass of 10705 lbs. The second section of the table shows the

" Shuttle Performance and hardware/consumables required for the mission resulting in the
net Shuttle Lift Capability of 25466 lbs to 215 n.mi. at an inclination of 51.6 °. The flight• o,_. "

< .... mission margin is 9146 lbs, but does not include the TBD ISPR racks manifested in this
_.,_ flight.

_%_, 5.11.2 Stage 11 Configuration

=' ...... Figure 5.11.2-1 displays the isometric view of Stage 11 after the Shuttle departs and the
-= _ _i scheduled assembly is completed. Figure 5.11.2-2 shows the front, side, top and

_:_ isometric views of Stage 11 with the Shuttle attached.

<.° 5.11.3 Flight UF-2 Assembly Operations Description

- _, Rendezvous of the Shuttle with the Stage 10 occurs along +V bar at an altitude of 215
,, _=, n.mi. Station rendezvous attitude is +XVV and +Z Nadir. The Shuttle docks to PMA2

!:_.i_: on the forward Lab CBM in a tail down orientation.

.- Flight UF-2 is a 12 day mission with 1 EVA. The SSRMS attaches the Mobile Base: '_ ,.

Servicer (MBS) to the MT on SO ITS. It is then deployed, activated, and checked out.
_,,, The SSRMS removes the MPLM from the Shuttle payload bay and installs it on the
' Node 1 nadir port. After the racks are transferred and payload data samples are returned

..:= to the MPLM, it is returned to the Shuttle payload bay. Once the Nodel nadir port is
_--."._' clear, the SSRMS relocates PMA3 from the Node 1 port CBM to the Node 1 nadir port

: =o (Note: PMA3 will be the docking location during flight 10A).
.... ,%, •

_,_. Following separation, Stage 11 flight mode is LVLH with the Node 1/Lab section aligned
,, along the velocity vector.

," ,"3. • .

, <?_,,._.

=- <_:

a ,'_.
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. System Resource/Functit)na!i__

i_ " Stage 10 functionality, plus:

i _.- • MBS attached and activated

i_ • PMA3 repositicmed from Node 1 Port to Node 1 Nadir port (not c)perational)

i.o,.ii"? ResourcesAvailable: Power: 15,800 W
,., ._ Thermal: TBD

...... EVA: 12 crew-hours

ii i?i.!!_!:", Resources Required: Power: 8,679 W (U.S. Housekeeping)
_-_,,,. TBD W (Payload)
_i_':_i:!:!.:"_. 409 W (CSA)
>."_i,._., Thermal: TBD W
_ :LI..,,'_:_,:le,,

EVA: 9:30 crew-hours

_ i:,..

k g _.°

i

£' w.
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, Table 5.11.1.1 Stage 11 - Flight UF.2 Shuttle Flight Manliest

Hardware Mass (ibs) FSF,
,. i i

MPI.M - 2 10705

Node 1 Stowage Rack 3 899
JEM EI.M-PS/US StowageRack 3 1188

: ISPR racks (exchanged) Till)
MBS 3528

subtotal $615 10705

8huthe Performance ........ Mass fibs)

Capability to 220 n.mi. at 51.6 deg Inclination 24685
Enhancements 13000
h ssembly Altitude delta (100 lbs per n.mi.) 500
AdditionalShuttlePerformanceEnhancements 0
Variable IntegratedHardware -2314

.: APCU-1 714
, ROFU 450

Misc. hardware I_9

.... Additional Attach Hardware 990
2314

:' VariableShuttleConsumables -3161
AdditionalCrew(500 lbs/crew) 1000
Food & Gear (-55 Ibs/dayover6) 330
5th& 6th N2 tanks(@ 128lbs/N2) 256
5th Cryo Tank& Fluid 1575

3161
MiddeckLockers .160

Generic IntegratedHardware -5374
External Airlock 3000

4th CryoTankFluids 866
3rdEMU 300
SAFER 100
Misc integrationhardware 118
Attach Hardware 990

5374
Weight GrowthReserve - 1!80
MaintenanceReserve -530

Total Shutt.leLift Cal_.ahllity" . 2$466

: [MissionFl!ght Margin [ , , [ 9146 I

/

6'

'!i .
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:. 5.11.4 Stage 11, Flight UF.2 Performance Characteristics

! :i Stage 11, Flight UF-2 is assembled ata 215 n.mi. altitude in an LVLH flightmode with 2
. singleaxis articulatingPV arraysperpendicularto the orbitplane. The nominallaunchdate

! :__:. is October,1999.

! ':: The Stage 11 steadystate microgravityenvironmentis depictedin figure5.11.4-1. In a
) +2o atmosphere(solar flux= 239.4, geomagnetic index = 18.7) this stage has a flight

attitude of yaw = -1.3, pitch - 21.6, and roll -- 2.1. Table 5.11.4-1 lists the U.S.
, Laboratoryracks, theirtype,and the maximumsteady statemicrogravitylevel sensed

_ during the orbitin the given +2_ atmosphere.This configurationcontains 11 ISPRracksin
_e_._ the 1p.genvironment.

h_. Table $.11.4-1 Stage II US Lab Racks Steady State gg Level

...... LAS-I ISPR 0.7
LAS-2 ISPR 0.9

;"i:°o . LAS-3 ISPR 1,0
•..... LAS4 ISPR 1.2

= _"" LAS-5 SYS 1.4
ie.. .
'i o: LAS-6 SYS 1.5

,'_ . LAF.1 SYS 1.2

'._°_'i LAF-2 SYS 1.4
_'_ .... • LAF-3 SYS 1.5

, i__ LAF..4 SYS 1.7
)/, cr:,: LAF'5 SYS 1.9
...... " L_ SYS 2.1

"::_ LAP-1 ISPR 0.8
--/:/, '_;'' LAP-2 ISPR 0.9

....: _ LAP-3 ISPR 1.0
_ LAP4 ISPR 1.2
" LAP-5 SYS 1.4

:._r,,:'" LAP'6 SYS 1.5
./' _ ': LAC-1 ISPR 0.5
_'" _,. LAC-2 ISPR 0.5

:. , :: LAC-3 ISPR 0.6

i} r.', LAC-4 ISPR 0.7
LAC-5 iSPR 0.9

_ '.... LAC-6 $YS 1.0

? , ,

°
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: Figure 5.11.4-1 Stage 11 steady-state microgravity environment contours.
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Table5.11.4-2summarizesthereboostlifetimecharacteristicsofStageII assuming+2a
<,-. atmosphereconditiGqs,an earlysolarcycle0uly1995start),andaballisticcoefficientof

i' ' 16.6 lbs/ft2. The reboost was performed using the zenith bus, which has a reboost
_- ,i" " efficiency of 100%.For this stage thereis sufficientpropellantreserveonboard the station ,,

....,....... to meet the skip cycle contingency reboost requirement. This stage violates the 90 day _:

ii:.. decay to 150n.mi. lifetimerequirement.

!_-; i. Table 5.11.4-2 Reboost Lifetime Characteristics

_"'::,_::_': _ I I: . I} !liiii iiililifli'iiiiii', !iiiii    g! }ili}iiilIti!i!i i iiii:iiN }',iiiiii!i',iiii!! i!iiiiii',iiiiii! i ii}iiii}i',il}}iiiiii
l?iiiiiii!iii!i!i!)i)ii::il)i)i!ili!i!ii/)iii_)_!iiiiiiiiSi{ilgii[ i[gig!fiiii!ili!!iiiiii::iSi:ii_iiiii:'::i!!:_ii[[i[ii![i__!_[i![!ii!i:'!:Aii_[:i!!:iSi_iSf_;;_!TS;S;_:!:!!:!S:::S;i_S_E;:_:_:!:::;:::l::::':"':;'i:i:;:::7:7:':':;:i Oil ".........................

_' '[:_' _' I 'q I q" _ [ [ 215 I 232 I 1,719 I 3,084 8,178 I s5 I

_- '_ Thecontrolcharacteristicsof Stage 11underdesignatmosphereconditionsusingthe PDR
i :_ _' nominalcontroller(attitudeemphasis)arcdisplayedin figure5.11.4-2. No momentum
i _ _:: wheel augmentationwas utilized. Table5.11.4-3 summarizesthe controlcharacteristics

;_C

. _,::;, depicter],in the plots.

Table 5.11.4-3 Control Characteristics Summary

.... .... [ w/STS I 0.0de_vees I -25.9de_es I -0.2de_es +0.2de_ees I 4600N-m-s I

..... The controlcharacteristicsof Stage 11(attachedShuttle)underdesignatmosphere
_ -- _'_:_' II "_r conditionsusingthe PDRnominalcontroller(attitudeemphasis)aredisplayedin figure

.....< : 5.11.4-3. No momentumwheel augmentationwas utilized. Table5.11.4-3 summarizes
, the controlcharacteristicsdepictedin the plots.

_:'_ 5.11.5 Issues and Concerns

i "_," This stage violates the90 day to 150n.mi. altitudelifetime requirement.

_ Thisstagehasapitchflightattitudethatexceeds+15degrees(withandwithoutanattached
_- '_ r:: _: ' _ " shuttle).

There is a possibilityof some indirectplume impingementof the al'tP6 radiatorfrom the aft
• : busattitudecontrol thrusters.

, 7
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: 5.12 Stage 12 Flight Characterization i

' " I_ ,: 5.12.1 Stage 12 - Flight 9A Shuttle Flight Manifest !I:
•, The Shuttle delivers the S1 segment. Table 5.12.1-1 lists the Shuttle Flight Manifest for :i

.... iii. Stage 12 - Flight 9A. The total mass of the station hardware to orbit is 31026 lbs. The _

_ .i:., ;i: second section of the table shows the Shuttle Performance and hardware/ccmsumables

_, required for the mission resulting in the net Shuttle Lift Capability of 30780 Ibs to 215
=_! n.mi. at an inclination of 51.6 °. Subtracting the hardware and FSE subtotals from this

amount yields a small negative mission flight margin of -246 lbs.

_:,:i_::° 5.12,2 Stage 12 Configuration

- _:;,i Figure 5.12.2-1 displays the isometric view of Stage 12 after the Shuttle departs and the
°: scheduled assembly is completed. Figure 5.12.2-2 shows the front, side, top and

-- ,_ :_i isometric views of Stage 12 with the Shuttle attached.

._/.,_..... 5.12.3 Flight 9A Assembly Operations Description

_:'_ Rendezvous of the Shuttle with the Stage 11 Occurs along +V bar at an altitude of 215
n.mi. Station rendezvous attitude is +XVV and +Z Nadir. The Shuttle docks to PMA2
on the forward Lab CBM in a tail down orientation.

,, .,_:. Assembly flight 9A is a 7 day mission with 2 EVAs. The SSRMS unberths the S1 ITS

"_ i.,: i- from the Shuttle payload bay and installs it on stbd side of the S0 ITS. During EVA
...._ .... operations, the second string S-band antenna is deployed and checked out, the S 1
' ::.:= - outboard nadir camera is installed, and the Node 1 camera is relocated to the Lab. The

CETA cart is deployed, but not attached to the MT (task deferred until following flight).
__ _ ,:_o" The final task of EVA2 is connection of the PMA3-to-Node 1 umbilicals.

_,,_:....,: Following separation, Stage 12 flight mode is LVLH with the Nodel/Lab section aligned
, along the velocity vector.

i

o . .

L,
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• System Resource/Functionality

'!_. Stage 11 functionality, plus:

• Addition of SI Starboard Segment TCS (Prepared but not activated)

• Redundant S-Band Communications systems

• Increased video coverage

• Deployed starboard CETA cart (prepared but not activated)

Resources Available: Power: 15,800 W
Thermal: TBD
EVA: 24 crew-hours

_; Resources Required: Power: 10,128 W (U.S. Housekeeping)
,. TBD W (Payload)

7ll W (CSA)
. Thermal: TBD W

EVA: 23:20 crew.hours

'"._ 5.12-2

oo
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Table 5.12.1.1 Stage 12 - Flight 9A Shuttle Flight Manifest

. Hardware " Ma_q's(Ihs) ....... FSE ,, '

!t

._ Sl 'l_(ISS SF.fIMF.NI" 9(N! !
_ "J' " S 1IYFII,ITYTRAYS 44111

..... r' SI AVIONICS 911

SlDDcu 388.,_._', Nt|3 TANK 1976
' " TRRJ 1194

,,_ '- TI IERMALSItROUDS 235

_,):.._?-*C!' NITROGEN TANK 647
_'i.':........ PUMP MODULE ASSY 778

TCS Radiator Structureand Panels (3) 9702
_,.: .... CETA Cart - A 682

,J

....!* subtotal 31026 0

= _:_-:7_
, ' ': - Shuttle Performance .... Mass (ll)s)

.: _:_ Capabilityto 220 n.mi. at 51.6 deg Inclination 24685
.... Enhancemen_ 13000

.. AssemblyAltitude delta (100 lbs pern.mi.) 500
,:- Additional Shuttle PerformanceEnhancements 0

": = ' Variable Integrated lt_dware -238
Misc hardware 238

' ' 238
":.'.' Variable Shuttle Consumables -183

_'. . _ Food & Gear (-55 lbs/day over 6) 55
.,:: . 5th N2 tanks (@ 128lhs/N2) 128

::_ r " 183

_ " MiddeckLockers -210

7 ::.... Generic IntegratedHardware -5374
External Airlock 3000

_i;_ 4th Cryo Tank Fluids 866
, .:. 3rdEMU 300

. i : ':. SAFER I00

: Misc integration hardware 118
....._, Attachltardware 990

.... : 5374
<_.:_'_..,..:" Weight Growth Reserve - 1(190

- ._;,,,_!!.7?" ' MaintenanceReserve -400

,:' ! Total Shuttle'LiftCapability 30780

!. l Mission F!lght Margin ........ l ] -246]
!, ......

G "
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: 5.12.4 Stage 12, Flight 9A Performance Characteristics
+

Stage 12, Flight 9A is assembled at a 215 n.mi. altitude in an LVLH flight mode with 2
single axis articulating PV arrays perpendicular to the orbit plane. The nominal launch date

_, is December, 1999.

The Stage 12 steady state microgravity environment is in figure 5.12.4-1. Indepicted a

.. +2a atmosphere (solar flux = 232.9, geomagnetic index = 19.6) this stage has a flight
attitude of yaw -- 0, pitch = 19.7, and roll = 3.1. Table 5.12.4-1 lists the U.S. Laboratory

_,.__,_,: :: racks, their type, and the maximum steady state microgravity level sensed during the orbit
_ : in the given +2a atmosphere. This configuration contains 6 ISPR racks in the 1 ).tg, . environment.

_#r] '' Table 5.12.4.1 Stage 12 US Lab Rack Steady State Ixg Level

- _:.( . .:i:.!::i_::._:ii}iRaek!!:_i!i:i!_)i?::!!iiii_::::::i!i::::iiii)i_:_De...:::._:1::;:iii!i:i}i;iuilci_0_.a:(:ii:.;ii:::

:_,,-':" LAS-2 ISPR 1.1
...., L_-3 ISPR 1.3
,? ?: :' I

-! :i_'_ LASal ISPR 1.4
i

',i_:'"`'+' LA$-5 SYS 1.6 !
,, LAS-6 SYS 1.7

++"'>r'i ' LAF'I SYS 1.5
": :_+ LAF-2 SYS 1.6
+ ' ,+'<-. LAF-3 $Y$ 1.8

: ": :: " LAF4 SYS 2.0
....+:,"°': LAF-5 SYS 2.1
-, ? LAF-6 SY$ 2.3
....Y: L,_-I ISPR 1.0

:;Y++I: LAP-2 ISPR 1.2
: ": LAP-3 ISPR 1.3
=_:' "" LAP-4 ISPR 1,4

LAP-5 $YS 1.6

. , . LAP-6 SYS 1.7
,.>,": LAC-I ISPR 0.6

+":'>"°"' LAC-2 ISPR 0.7
, • ':"•,"., LAC-3 ISPR 0.8

'".,:" LAC4 ISPR 0.9
: " ,:,+: LAC-5 ISPR 1.1

:'" - LAC-6 SYS 1.2

' '6 '_

.o
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: , Table 5.12.4-2 summarizesthemboost Hfetimecharacteristicsof Stage 12 assuming +2a
atmosphe_conditions, an early solarcycle (July 1995 start),and a baJlisticcoefficientof t

,_ 16.6 lbs/ft_. The reboost was performedusing the zenith bus, which has a reboost
• efficiencyof 100%. Forthisstagethere is sufficientpropellant reserveon board the station t

....... " to meet the skip cycle contingencyreboostrequirement.

_ : Table 5.12.4.2 Reboost Lifetime Characteristics

!

, The controlcharacteristicsof Stage12 underdesignatmosphereconditionsusingthe PDR
......:" nominalcontroller(attitudeemphasis)aredisplayedin figure5.12.4-2. No momentum

i ,i)_.::_:i,;: wheelaugmentationwas utilized. Table5.12.4-3 summarizesthe controlcharacteristics
_ _ ' 31__ r_. depictedin the plots.

o,d_,;,£,

Table 5.12.4-3 Control Characteristics Summary

r, : q _ _ _ = ::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: :::::::::::::::::::::::::: ====================================:: .'::::::::_:: :::::::::_::::::::-:.::::::.:-:.:.::.:.:-:.','.'._,:"...- :.'.••..: .:............ .-...•...' -:.-.'.'4"..:-:---'.'...:._....... :.:.:...:::.:..:..:-4::. -'.',,;"..:.:.-".:._::::-:::.:::::.::::

r i:__" ' [ no STS I 0.8 de_ees, I 2314de_ I 50de_'ees d:310 I 4000 N-m-s I
' : '_ i [ w/STS, [ 0.0 de/9"ees [ -25.7 delzdrees I -2.4 del_,es ± 0.2 del_rees I 3200 N-m-s I
,__ ,_ 'I_;

'_ _ ' Thecontrolcharacteristicsof Stage12 (attachedShuttle)underdesignatmosphere
_:i i conditionsusing the PDRnominalcontroller(attitudeemphasis)aredisplayedin figure

5.12.4-3. No momentumwheel augmentationwas utilized. Table5.12.4-3 summarizes
• ,.,_ the controlcharacteristicsdepictedin the plots.
+°,.._._,

:::_+:_ 5,12,5 Issues and Concerns_ (_,_,,
-_.

_'i: _ 'i, This stagehas a pitch flight attitudethat exceeds±15degrees (with and withoutan attached
;_,-,,<,,. Shuttle).

_+ Thereis a smallnegative marginfor the Shuttlemanifest which will requireweight

i II',+ reductionorutilizationofreserveperformancemargins.

i _:"_i, There is apossibility of some indirectplumeimpingementof the aft P6 radiatorfrom the aft
busattitudecontrolthrusters.

'--- ,, ' ,

+ .-.! s,12-8

..

+
) Jk,,,• .......
+

...... 00000002-T$C02



i :

v

00000002-TSC03



_ , _%_ _ _ _ • • _ _ "L'w _ _ .........

00000002-TSC04



5.13 Stage 13 Flight Characterization

5.13.1 Stage 13 - Flight 10A ShuttleFlightManifest
The Shuttle delivers Node 2 and the cupola. Table 5.13.1-1 lists the Shuttle Flight
Manifest for Stage 13- Flight 10A.The total mass of the station hardware to orbit is

• 27359 lbs. The second section of the table shows the Shuttle Performance and hardware/
.... consumables required for the mission resulting in the net Shuttle Lift Capability of 28564

lbs to 215 n.mi. at an inclination of 51.6". Subtracting the hardware and FSE subtotals
=__i::_ from this amount yields a mission flight margin of 1205 Ibs.

_ 5.13.2 Stage 13 Configuration
_;,..;_

-:_:: i Figure 5.13.2-1 displays the isometric view of Stage 13 after the Shuttle departs and the
..... scheduled assembly is completed. Figure 5.13.2-2 shows the front, side, top and

__ii_: isometric views of Stage 13 with the Shuttle attached.

o..... 5.13.3 Flight 10A AssemblyOperationsDescription
Rendezvous of the Shuttle with the Stage 12•occursalong +R bar at an altitude of 215"o

n.mi.. Station rendezvous attitude is -ZVV and +X Nadir. The Shuttle docks to PMA3
__!. on the Node 1 nadir CBM in a tail port orientation.

Flight 10A is a 12 de.ymission with 4 EVAs. The first EVA completes the CETA cart
.....: installationand deployment,providinga fully functional CETAcart. The cupolaarrives

•, :_ pre-integrated with Node 2 in the Shuttle payload bay. Following the disconnection of
_"_.: the PMA2-to-Lab umbilicals on EVA2, the SSRMS relocates PMA2 from the forward

: Lab port to the accessibleradi_ Node 2 port still in the payload bay (see figure 5.13.3-1
_ i: for a graphical depiction of the operation). The combined Node 2/PMA2 element is then

_ii _ removed fromthe payload bay and installed on the Lab forward CBM (see figure 5.13.3-
= : 2 for graphical depiction of operation. Note: the action of the SSRMS entering the

' Shuttle cargo bay is done according to the JSC baseline document JSC-37960, section
!:_ 4.10A, where the SSRMSenters the Shuttlecargo bay in order to grapple Node 2).

__., Following completion of the IVA tasks necessaryto prepare the cupola for relocation, the
SSRMS grapples the cupola, detaches it from Node 2, and installs it on the port side of_..__

' Node 1 (see figure 5,13.3-3 for a graphical depiction of the installation operations). The
PMA2 is subsequently removed from the radial port and installed on the forward Node 2

i- CBM. During EVA operations, PMA2 and Node 2 umbilical trays and umbilicals are
. installed and connected.

Following separation, Stage 13 flight mode is LVLH with the Nodel/Lab section aligned
along the velocity vector.

U

5.13-1

............. ±-. ,....

00000002-TSC05



, SystemResource/Functionality

: ' .... :. Stage 12 functionality, plus:

),,,_ .:". • Functional starboard CETA cart
Y

::: _ , • Active Node 2 (No ITCS or IP DDCUs)
.!

i _::_ ,-,':' • Tail down docking capability on Node 2
i .... '

._.,..: • IP module and Node 2 U.S. heat exchangers connected to ETCS

....._r

! ,, _,, ; Resources Available: Power" 15,800 W
-_'_: Thermal: TBD

....._.:, - EVA: 48 crew-hours

:'r:, _ Resources Required: Power: 11,703 W (U.S. Housekeeping)
__ _.' . TBD W (Payload)

:/_o,:.,, 711 W (CSA)
,_:,:_ Thermal: TBD W

i ",," - EVA: 37:00 crew-hours

i o_, o !."

r
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Table 5.13.1-1 Stage 13 - Flight 10A Shuttle Flight Manifest

._:,::: Hardware ,. Mass (Ihs) FSE

_:_#'_:' " Node 2- core 20983!!)_G'_" _.

,::!:_,:i_," JEM DDCU Rack- 1 797 !
: JEM DDCU Rack - 2 860

JEM DDCU Rack - 3 780
JEM DDCU Rack - 4 852

Cupola 3087

subtotal 27359 0

:" Shuttle Perfomance Mass 0bs)

Capability to 220 n.mi. at 51.6 deg Inclination 24685
_i Enhancements 13000

Assembly Altitude delta (100 lbs per n.mi.) 500
Additional Shuttle Performance Enhanc_.'nents 0

Variable Integrated Hardware 0
Variable Shuttle Consumables -2417

Food & Gear (-55 lbs/day over 6) 330
5th,6th, 7th & 8th N2 tanks (@128 lbs/N2) 512
5th Cryo Tank & Fluid 1575

• 2417
Middeck Locker_ - 160

Generic Integrated Hardware -5374
External Airlock 3000

4th Cryo Tank Fluids 866
3rd EMU 300

:_' PJ[ r" SAFER 100

Misc integration hardware 118 ",,
Attach Hardware 990

5374

Weight Growth Reserve -1270
Maintenance Reserve -40

Total Shuttle Lift Capability 28564

"_. I _ , ................. Mission F!!3ht Mar_ln I I 1205 I

r_

r"

7
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i- i"_'.i 5.13.4 Stage 13, Flight 10A Performance Characteristics

=..... " Stage 13, Flight 10A is assembled at a 215 n.mi. altitude in an LVLtt flight mode with 2

-":'!:::": isSingleFebruary,aXisarticulating2000.PV arrays perpendicular to the orbit plane. The nominal launch date f
• , ',; .;,. , !f[The Stage 13 steady state mi_ograwty environment is depicted in figure 5.13.4-1 In a

'_::" +2a atmosphere (solar flux 233.1, geomagnetic index 21.0) this stage has a flight !
. ,.,_ ...... _.. --*--

-:" - attitude of yaw = -6.5, pitch -- 11.4, and roll -- 1.2. Table 5.13.4-1 lists the U.S.
_::_::"__: Laboratory racks, their type, and the maximum steady state microgravity level sensed
:_:,. during the orbit in the given +2 sigma atmosphere. This configurauon contains 4 ISPR

racks in the 1 _g environment.

Table 5.13.4.1 Stage 13 US Lab Rack Steady State p.g Level

LAS-1 ISPR 1.3
": LAS-2 ISPR 1.4

I:_ LAS-3 ISPR 1.5
LAS-4 ISPR 1.6
LAS-5 SYS 1.7

_,: _ LAS-6 SYS 1.8

LAF.I SYS 1.9:_ LAF-2 SYS 2.0
_i!__ i LAF-3 SYS 2.1
:::,+, LAF-4 SYS 2.2

,J':i?:_ LAF-5 SYS 2.3
_i_',_:;.:' . LAF.6 SYS 2.4

: LAP-I ISPR 1.4
LAP.2 ISPR 1.5
LAP-3 ISPR 1.5

_:: LAP-4 ISPR 1.6 .,
_':: LAP-5 SYS 1.7

".i' LAP-6 SYS 1.8
r.-- LAC-I ISPR 0.8

LAC-2 ISPR 0.9
LAC-3 ISPR 0.9
LAC-4 ISPR 1.0

: LAC-5 ISPR I. I
LAC-6 SYS 1.2

[ ,

?

r .
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",__ : Table5.13.4-2summarizesthercboostlifetimecharacteristicsofStage13 assuming+2a
'i"::,, atmosphereconditions,anearlysolarcycle(July1995start),anda ballisticcoefficientof
r_r'ii 18"0Ibs/ft2. The mboostwas performedusingthezenithbus,whichhas a reboost
._,:"::,.,.. efficiencyof100%. Forthisstagethereissufficientpropellantreserveonboardthestation
i,i,,_, ,. oo

_,,,,,,,_:, tomeettheskipcyclecontingencyreboostrequirement.

',,',_:',:r. Table $.13.4-2 Reboost LifetimeCharacteristics

i',iiii_,iiiiiii_,_i_i!iiiiil_,!i_,ii!i_',i',i!ii',liiiiii'_ii_,__',iiiiii!ii|_,iii!_!_i_ii':_iiiiii!!',i_,iiiiii_i_(i',iii_:iiiii_i_!ii'_i__:_!_;,'_i!1

i: 2_5 I 229 I _,743I 3,0s4 , ,_,633 92 I

The controlcharacteristicsofStage13under'designatmosphereconditionsusingthePDR
nominalcontroller(attitudeemphasis)aredisplayedinfigure5.13.4-2.TheCMGs were

• augmentedwitha5000N-m-smomentum wheel.Table5.13.4-3summarizesthecontrol
characteristicsdepictedinthe plots.

Tabl_ 5.13.4.3 Control Characteristics Summary

_:." neSTS ,-6.3degree.sl 2i.8de_ l ].Tdegreesi......_L]deX=_s[ 320b_-m-s
w/STS 0.0 de_ees [ -36.9 degrees [ -2.7 d%,rees [ ± 0.2 donees [ 3500 N-m-s

_" The controlcharacteristicsofStage13(attachedShuttle)underdesignatmosphere
conditionsusingthePDR nominalcontroller(attitudeemphasis)aredisplayedinfigure
5.13.4-3.Table5.13.4-3summarizesthecontrolcharacteristicsdepictedintheplots.

%

. !"

_,_ 5.13.$ Issues and Concerns
_r_

Thisstagehasapitchflightattitudethatexceeds+15degrees(withandwithoutanattached
: Shuttle).

; This stage requires a unique docking orientationfor the Shuttle. Installationof Node 2
drivesthisdockingorientation.

,, ThereisapossibilityofsomeindirectplumeimpingementoftheaftP6radiatorfromtheaft
" : bus attitude control thrusters.

o,, ' Thisstagedoesnotprovideagoodmicrogravityenvironment.

....." 5.13-11
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5.14 Stage 14 Flight Characterizatioa

• .... 5.14.1 Stage 14 - Flight 11A Shuttle Flight Manifest

• The Shuttle delivers the PI segment with the port TCS radiators. Table 5.14.1-1 lists the
'_ Shuttle Flight Manifest for Stage 14 - Flight 11A. The total mass of the station hardware

: :. to orbit is 30720 lbs. The second section of the table shows the Shuttle Performance and l,
o _: hardware/consumables required for the mission resulting in the net Shuttle Lift

_: ..... Capability of 30414 lbs to 215 n.mi. at an inclination of 51.6". Subtracting the hardware
and FSE subtotals from this amount yields a small negative mission flight margin of -306
lbs.

......,:- 5.14.2 Stage 14 Configurationr ,L

_ _' • Figure 5.14.2-1 displays the isometric view of Stage 14 after the Shuttle departs and the
- _ _': scheduled assembly is completed. Figure 5.14.2-2 shows the front, side, top and

.! isometric views of Stage 14 with the Shuttle attached.

5.14.3 Flight 11A Assembly Operations Description

_:_-- Rendezvous of the Shuttle with the Stage 13 occurs along +V bar at an altitude of 215
oo__ n.mi. Station rendezvous attitude is +XVV and +Z Nadir. The Shuttle docks to PMA2

_:_i_.i ,, on the Node 2 forward CBM in a tail down orientation.

'_ . Assembly Flight 11A is a 9 day mission with 3 EVAs. The SRMS unberths the P1 ITS

and hands-off the element to the SSRMS for installation on the SO ITS port side. During
_,i: EVA operations, the truss utility connections are made, the UHF antenna is deployed and
," .. activated, and external cameras are installed. The central TCS radiators on P1 and S1 are

deployed. During the final EVA, CETA cart B is connected to the MT, providing the
second functional CETA cart on-orbit. Relocation of the S-band RF group on P6 is

,_ ' delayed for two flights.

_,,, Following separation, Stage 14 flight mode is LVLH with the Node 1/Lab section aligned
along the velocity vector.

i '_, :_ -

,.2= ' -.

.°

?
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: System Resource/Functionality

i . Stage 13 functionality, plus:
V

• Port TCS added (prepared but not activated)

• :. , Port external cameras

, ,_ Resources Available: Power: 15,800 W
_-:"__ Thermal: TBD

_' EVA: 36 crew-hours

_ i;,!,iI Resources Required: Power: TBD12'232wW cp ,,i ,g_(U'S"Housekeeping)_ ,_a, oa_,
.....:r 711 W (CSA)

i \, Thermal: TBD W
- EVA: 28:40 crew-hours

i

: : ,..:

i

i • °

, .

i

.r

_: ,o

7, '

o.
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•. Table 5.14.1.1 Stage 14. Flight IIA Shuttle Flight Manifest [,

r "r Hardware ..... Mass (Ibs) ,, FSE

" " ": PI TRUSS SF,GMENT 8820
- " :_ " Pl UTILITY'FRAYS 4410

-_:i Pl AVIONICS 911
::"!,"' PIDDCU 388

,.;., UHF ANTENNA 119
.<-. NH3 TANK 1976

:-," • TRRJ 1194
...... TIIERMAL SHROUDS 235

= i:::.: LAUNCH LOCKS 589
-: ::,", EVA CAMERAS 196

:""_'" NITROGEN TANK 647
":_: PUMP MODULE ASSY 778
z°' : PI LIGHTSTANCION 72

,,_'::, TCS Radiator Structureand Panels(3) 9702
: Ceta Cart - B 682

subtotal 30720 0

Shuttle Performance ] Mass (lbs)

Capability to 220 n.mi. at 51.6 deg Inclination 24685
:_:.' " Enhancements 13000

:_- Assembly Altitude delta (100 lbs pern.mi.) 500
AdditionalShuttle PerformanceEnhancements 0

"- VariableIntegratedHardware -238

: _ VariableShuttle Consumables -549
Food & Gear (-55 lbs/dayover6) 165

=,.. 5th, 6th & 7th N2 tanks(@128 lbs/N2) 384
•. ! 549
" MiddeckLockers -2I0

, .! GenericIntegratedHardware -5374
ExternalAlrlock 3000

.... 41hCryoTankHuids 866

.- 3rdEMU 300
: '-' SAFER 100

r Misc integrationhardware 118
: Attach Hardware 990

: , :. 5374
:" Weight GrowthReserve -1000

MaintenanceReserve -40<)

. Total Shuttle Lift Capability 30414

I Mt.,ionr!lshtMarn I i -3el

5.14-3
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r .. 5.14.4 Stage 14, Flight IlA Performance Characteristics

Stage 14, Flight 11A is assembled at a 215 n.mi. altitude in an LVLH flight mode with 2
: i:i.. single axis articulating PV arrays perpendicular to the orbit plane. The nominal launch date
: is April, 2000,

,_ The Stage 14 steady state microgravity environment is depicted in figure 5.14.4-1. In a
_:..... +2o atmosFhere (solar flux = 229.1, geomagnetic index = 21.2) this stage has a flight

attitude of yaw ---0, pitch = 21.0, and roll -- 0. Table 5.14.4-1 lists the U.S. Laboratory
•,i......, racks, their type, and the maximum steady state microgravity level sensed during the orbit

,:rlr in the given +2 sigma atmosphere. This configuration contains 9 ISPR racks in the 1 gg
....... . environment.

L

........._ Table 5.14.4.1 Stage 14 US Lab Rack Steady State gg Level
, 'i

"_ i:.!iiiiii:_ii!iii_:i::iiiii_i!::i!!i::_ii::_i:i;_ili??i?i::ii::?i_:;ii::i?;:!_.rrs_e!ii:}ii_:_iil_!!_!ii_iiii;iiiii_iiiii_/?i:::_:_;_i_!_.iiii

, 'o:, ': ,2" LAS-I ISPR 0.8
LA$-2 ISPR 1.0

: _'_: LAS-3 ISPR 1.2

,_:!!(.f2,_:. LAS-4 ISPR 1.3LAS-5 SYS 1,5
.............:_°: LAS-6 SYS 1.7

' .__,..'- LAF- 1 SY S 1.4
e LAF-2 SYS 1.5

., ,,_ . LAF-3 SYS 1.7
,,;i,:j:.,., LAF4 SYS 1.9

._:!i_',., LAF-5 SYS 2.0
° ' L_ff_'6 SYS 2.2
.. " • LAP-I ISPR 0.9
_" LAP-2 ISPR 1.0

:: :. LAP-3 ISPR 1.2
-"', ; LAP-4 ISPR 1.3
....._'_ " LAP-5 SYS 1.5

.... LAP-6 SYS 1.7
LAC-I ISPR 0.4

.... _ LAC°2 ISPR 0.5
..... LAC-3 ISPR 0.7

., ' ii LAC-4 ISPR 0.8
'.,_..... LAC-5 1SPR 1.0
_" "- LAC-6 SYS I.I

L

i

7

o ';

r/ 7
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, Table 5,14,4-2 summarizes the reboost lifetime characteristics of Stage 14 assuming +2a t
• atmosphere conditions, an early solar cycle (July 1995 start), and a ballistic coefficient of i

" 18.0 lbs/ft 2. The reboost was performed using the zenith bus, which has a reboost !I
. efficiency of 100%. For this stage there is sufficient propellant reserve on board the station _i

_,,,., to meet the skip cycle contingency reboost requirement. I

" ,_ Table 5.14.4.2 Reboost Lifetime Characteristicsr"

"?f":: "- :':':':':'_ ............ "....................................... ................. :............................ " ............... :':................. ".................... "...... t ........ '" '" " "': ...... ' ....... " ..... ' .......

.'. :::,:::::;' " _":'" "::::::::::: 5:::::'::::::" ": "*" "'" "'::;: :::;: :::::::: """:"""" I:':""'::::::::' ::::r: -'.'.'.'-.r'-_" .'- • "'.'::: " ." ::; :.::::::;.: ".' .'-'.'.:." .... . :-::.::..:::.:::: .:..::. • ..' .:. .' .-.-'. • :% :;

.... _:_'. Probably due to the near spherical mass distribution properties of Stage 14, none of the
__o"_: PDR or CDR CMO attitude control algorithms were able to control the station attitude, even
:_ :_:_i!,:-: considering momentum wheel augmentation. This suggests that this configuration may

requirea customized attitude controller.

="°_:" The control characteristics of Stage 14 (attached Shuttle) under design atmosphere
.... i_ conditions using the PDR nominal controller (attitudeemphasis) are displayed in figure

_ " 5.14.4-2. Table 5.14.4-3 summarizes the control characteristics depicted in the plots.

' Table $.14.4-3 Control Characteristics Summary (attached Shuttle)

liiiiiiiiiiiiili iiiii i iii!kiiii  i  iiiiii ! iii ii l il', ',i iiii i
....... I::iiiiiiiiiiiiiiiiiiiiiiiii!iiiiiiiiiili!ili!i!i!iiiiiii_!iiiiiii!i_i_iliiiiiii_,i!i!iiiiiiilli_,i!ii!!!!iiiiiii!!i_iiiiiiii!iN:_i::iii':iii_:':ii':_:ii!ii!iiliii!i'_iii!i!i!i_!i!iiR_I'lliiiii!'_ii!i!!':!ii_lliliiiiiiiilli_!'_i!':iii'_il i_1iiiiiN_i_i'_i':ill

-/' ' I w/s'rs I,, 0.0donees I -37Adeh'rees I -0£2de_s I ±0.2deh'tees I N00N-m-s I

' _ 5.14.5 Issues and Concerns

_ !i 'lY,is stage has a pitch flight attitude that exceeds ±15 degrees (with and without an attached
, , Shuttle).

" . There is a small negative margin for the Shuttle manifest which will require weight
_ reduction or utilization of reserve performance margins.

.... There is a possibility of some indir'e_tplume impingement of the aft P6 and S1 radiators
_ from the aft bus attitude control thrusters.

i,

5.14-8
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5.15 Stage 15 Flight Characterization

_ 5.15.: Stage 15 - Flight UF-3 Shuttle Flight Manifest

_ : The third utilization flight supplies additional ISPR racks in the MPLM t_ exchange with
: existin_ Lab ISPR racks, Table5.15.1-1 lists the Shuttle Flight Manifestfor Stage 15 -
• Flight UF-3. The total mass of the station hardware to orbit is 12890lbs and FSE mass of

•-. 10705 lbs. The second section of the table shows the Shuttle Performance and hardware/

consumables required for the mission resulting in the net Shuttle Lift Capability of 26294
' :,:. lbs to 220 n.mi. at an inclination of 51.6". Subtracting the hardware and FSE subtotals

__-..... • from this amount yieldss a mission flight margin of 2699 lbs.
L _!.'L,

--:!_'_ : 5.15.2 Stage 15 Configuration

=_i:_\i° Figure 5.15.2-1 displays the isometric view of Stage 15 after the Shuttle departs and the
_!2_:::: scheduled assembly is completed. Figure 5.15.2-2 shows the front, side, top and

isometric views of Stage 15with the Shuttle attached.

:_,,_: 5.15.3 FHght UF-3 Assembly Operations Description

=::_:""_ Rendezvous of the Shuttle with the Stage 14 occurs along +V bar at an _ltitude of 220

_! n.mi. Station rendezvous attitude is +XVV and +Z Nadir. The Shuttle docks to PMA2
on the Node 2 forward CBM in a tail down orientation.

_i'; Flight UF-3 is a 12 day mission with 0 EVAs. The SRMS unberths the MPLM from the
_ ,: Shuttle payloadbay and installs it on the Node2 nadir port CBM. Upon completion of
" the rack exchange, the MPLM is returned to payload bay.

....:- Following separation,Stage 15flight mode is LVLH with the Nodel/Lab section aligned
.... •. along the velocity vector.

- o :'

.... System Resource/Functionality

Stage 14 functionality, plus:

:, ,, • One additional stowagerack brought to orbit

- ",°': • No other functionalchanges

: Resources Available: Power: 15,800 W
= ..... Thermal: TBD

EVA: 0 crew-hours

,, ._. Resources Required: Power: 12,232 W (U.S. Housekeeping)
_ i. TBD W (Payload)

,, 711 W (CSA)
_ Thermal: TBD W

EVA: 0 crew-hours

7

5.15-1
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Table 5.15.1.1 Stage 15 - Flight UF-3 Shuttle Flight Manifest I

i "' -Hardware Mass fibs) FSE
.. J,,

!i •............... t_

. : MPLM 10705

",,_ ISPRs(lab) 12000
, . )_ •

t._ .',.,,.,: ' JEM ELM 1S / [.IS Stowage Rack 3 890

_:_ ';::':i:i:_- subtotal 12890 10705

.. Shuttle,Performance .............. . _ .. : Mass (Ibs)

i, . Capability to 220 n,mi. at 51.6 deg Inclination 24685
Enhancements 13000

i::i::, Assembly Altitude delta (100 lbs per n,mi.) 0
.:, Additional Shuttle Performance Enh_cements 0

Variable Integrated Hardware -1324
APCU-I 714

ROFU 450
Misc hardware 160

1324

Variable Shuttle Consumables -3033
Additional Crew (500 lbs/crew) 1000

Food & Gear (-55 lbs/day over 6) 330

_' :i:.. _ 5th N2 tanks (@ 128 lbs/N2) 128
i ° 5th Cryo Tank & Fluid 1575
_I':' " .... 3033

i "i. Middeck Lockers -160_:_(I hlS" Generic Integrated Hardware -5374

_i: 0 External Airlock 3000
•.,.... " 4th Cryo Tank Fluids 866
_i_ ". 3rd EMU 300 .,.

,_ . SAFER 100
i .... Misc integration hardware 118
: _, Attach Hmdware 990

! ::_:'S_:': 5374
Weight Growth Reserve -1100

" MaintenanceReserve .400

_ i TotalShuttleLitt Capabili_ 26294

• _ ._ ] Mission Flight Margin ,] I 2699 ]

i " i

5.15-2
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• 5.15.4 Stage 15, Flight UF.3 Performance Characteristics

Stage 15, Flight UF-3 is assembled at a 220 n.mi. altitude in an LVLH flight mode with 2
'_ single axis articulatingPV arraysperpendicular to the orbit plane. The nominal launch date
• is June, 2000.

The Stage 15 steady state microgravity environment is depicted in figure 5.15.4-1. In a
+2a atmosphere (solar flux ---227.6, geomagnetic index = 20.7) this stage has a flight

: attitude of yaw = 0, pitch = 11.3, and roll = 0. Table 5.15.4-1 lists the U.S. Laboratory
-_ ........ racks, their type, and the maximum steady state microgravity level sensed during the orbit

. in the given +2a atmosphere. This configuration contains 4 ISPR racks in the 1 _g
• environment.

!!..

Table 5.1£4.1 Stage 15 US Lab Rack Steady State ).tg Level

.

= :_<" LAS-1 ISPR 1.3

.... LAS-2 ISPR 1.4
LAS-3 ISPR 1.5

-_ LAS-4 ISPR 1.6
.... LAS-5 SYS 1.7

:: LAS-6 SYS 1.8
LAF-1 SYS 1.9

* : LAF-2 SYS 2.0
":=:+. LAF-3 SYS 2.1

_,_ LAF.4 SYS 2.2
_:"_ LAF-5 SYS 2.3

:' LAF-6 SYS 2.4
,_ • ' LAP-1 ISPR 1.3

LAP-2 ISPR 1.4
: _ LAP-3 ISPR 1.5
L. LAP'4 ISPR 1.6 "_

.... : : LAP-5 SYS 1.7
._ ,_ LAP-6 SYS 1.8

° : LAC-1 ISPR 0.7

:'L :" LAC-2 ISPR 0.8
• LAC-3 ISPR 0.9
, .... LAC,4 ISPR 1.0

• _: LAC-5 ISPR 1.1
LAC-6 SYS 1.2

j ._

<,
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.... :, Table 5.15.4-2 summarizes the reboost lifetime characteristics of Stage 15 assuming +2a
. atmosphere conditions, an early solar cycle (July 1995 start), and a ballistic coefficient of

18.5 lbs/ft 2. The reboost was performed using the zenith bus, which has a reboost
• efficiency of 100%. For this stage there is sufficient propellant reserve on board the station

! _ " to meet the skip cycle contingency reboost requirement.

i ,

Table 5.15.4-2 Reboost Lifetime Characteristics
-, o.

M.

.: ....... . . . : ....... ... : ::.:::::::: ;..:.: =========================.....

_.:..........._:.:,.,, The control characteristics of flight UF-3 under design atmosphere conditions using the
--_:,_J)::::,_ PDR nominal controller (attitude emphasis) are displayed in figure 5.15.4-2. The CMGs
....... were augmented with a 4000 N-m-s momentum wheel. Table 5.15.4-3 summarizes the
. _:,, ,,_, control characteristics depicted in the plots.

-::_ ,). Table 5.15.4-3 Control Characteristics Summary

" ....... i:':_-:::::::::........_i::::::_................,::......................_............_ ...............................,.........._....................;:_::,.................................................

" _:''_ r'' ': ' InosTs I O.Odo_ I 2s.Tdel_tcesl 0.1de_Fee,s [ :I:2,0degrees'[ 3000N-m-sI
:,_z_,,-,,:,,,., I w/STS I 0.0de_es [ -37.1deffrees [ -0.3de_,e,s [ +0.2delvees I 3400N-m-s I

"_: The control characteristics of Stage 15 (attached Shuttle) under design atmosphere
-__ 'o conditions using the PDR nominal controller (attitude emphasis) are displayed in figure
:-'_ ''. 5.15.4-3. No momentum wheel was required. Table 5.15.4-3 summarizes the control

characteristics depicted in the plots.
i ,v ?

i ,,:,o, ,
i_ :_.:. $.15._ Issues and Concerns

i_i This stage has a pitch flight attitude that exceeds 'dr 15 degrees (with andShuttle). without an attached

.,_:,,:,:i.. There is a possibility of some indirect plume impingement of the aft P6 and S 1 radiators
'_ ' from the aft bus attitude control thrusters.

:'" This stage does not provide a good microgravity environment.

• 5.15-7
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'_. .... 5.16 Stage 16 Flight Characterization
i

, 5.16.1 Stage 16. Flight 1J/A Shuttle Flight Manifest

- This assembly flight delivers the first NASDA element, the Japanese Experiment Module
Experiment Logistics Module Pressurized Section (JEM ELM PS). Table 5.16.1-1 lists

i i:: the Shuttle Flight Manifest for Stage 16 - Flight IJ/A. The total mass of the station
: hardware to orbit is 22810 lbs, and the FSE required is 4095 lbs. The second section of

the table shows the Shuttle Performance ana hardware/consumables required for the
........ mission resulting in the net Shuttle Lift Capability of 26084 lbs to 220 n.mi. at an

_:::_ inclination of 51.6 °. Subtracting the hardware and FSE subtotals from this amount yields

o_: . a negative mission flight margin of-821 lbs.
o _

'_' ,.- 5.16.2 Stage 16 Configuration

:: Figure 5.16.2-1 displays the isometric view of Stage 16 after the Shuttle departs and the
scheduled assembly is completed. Figure 5.16.2-2 shows the front, side, top and

_° " isometric views of Stage 16 with the Shuttle attached.
L.:
r- ,,

_.-_:_:.,- 5.16.3 Flight 1 J/A Assembly Operations Description
....:, Rendezvous of the Shuttle with the Stage 15 occurs along +V bar at an altitude of 220

! ! n.mi. Station rendezvous attitude is +XVV and +Z Nadir. The Shuttle docks to PMA2
'i_ on the Node 2 forwardCBM in a tail down orientation.

:o Flight 1 J/A is a 10 day mission with 6 EVAs. The deferred EVAs from flight 11A are
o_. :_ completed prior to installing the first NASDA element. The most critical of those
• _: . deferred tasks is the relocation of the S-band RF group on P6 to the P1 ITS. The SRMS

i ' ; unberths the JEM ELM-PS from the Shuttle payload bay and hands off the element to the
i ...... SSRMS. The SSRMS attaches the JEM ELM-PS to the Node 2 zenith CBM. Two

_ _ EVAs are required to replace two HPGAs (02) and return the spent HPGAs, with the "

L ..... - ULC, to the payload bay. The SPDM is also installed on the MBS PDGF and a dynamic
checkout is performed prior to departure.

:, . :_, .

...... Following separation, Stage 16 flight mode is LVLH with the Node 1/Lab section aligned
along the velocity vector.

i '
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i :
i - System Resource/Functionality

i ... Stage 15 functionality, plus:

", * Improved S-band Coverage

: • One additional stowage rack brought to orbit

. ,:. • Delivers JEM Experiment Logistics Module - Pressurized Section

..... • Airlock resupply - HP to 02 tanks replaced

: _:_'_'_ • SPDM installed and activated

_::_...... Resources Available: Power: 15,800 W
' '?'..... Thermal: TBD
; ' EVA: 72 crew-hours

_::._.,.._'_....,: Resources Required: Power: 12,232 W (U.S. Housekeeping)
-_,: o_:_ TBD W (Payload)
-i . 1,180 W (CSA)
..... • " 229 W (NASDA)

....... Thermal: TBD W
_, :_:_ EVA: 57:40 crew-hours
_: ._.

L
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, Table 5.16.1.1 Stage 16 - Flight IJ/A Shuttle Flight Manifest

Ha.r.dware Mass (!hs) FSE
.r

. JEM EI,M PS
. J];,MPM DMS l Rack 939

,., " JF,M PM System Stowage 1 Rack 824
• JF,M PM RMSWorkstation 939

o _,. JEM PM TIIC/TCS 1Rack 1164
JEM PM I.:,PS1Rack 866

" JEM PM WorkstationRack 928

S, _. JEM ELMPS ModuleCore 9379
• ,,; middeck equipment 133

JEM PM ISPR 1Rack 1499

,. JEM PM ISPR 2 Rack 1499

.... , ' SPDM 3490 1420

•:.... ' ULC-A 2675
•-_" ": 02 tanks (on ULC) 1150

i subtotal 22810 4095
• _ Shuttle Performance Mass (Ibs)

_ i '" H i i i ,iH ii mHnH III n I HI I I

,,o., Capability to 220 n.mi. at 51.6 deg Inclination 24685
_,;. Enhancements 13000
_ ". AssemblyAltitudedelta(100Ibspern.mi.) 0

._.. AdditionalShuttlePerformanceEnhancements 0
. VariableIntegratedHardware -990

_.. Additional Attach Hardware 990
" 990

:,_"" Variable Shuttle Consumables -3307
= : Additional Crew (500 lbs/crew) 1000 "

Food & Gear (-55 lbs/day over 6) 220
= _ !- 5th & 6m N2 tanks (@128 lbs/N2) 512

",i 5th Cryo Tank & Fluid ..,1575
! 3307

i, - Middeck Lockers - 160

......., Generic Integrated Hardware -5374
- External Airlock 3000

4th Cryo Tank Fluids 866
: 3rdEMU 300
_ SAFER 100

Misc integrationhardware 118
• ::' : Attach Hardware 990

" 5374
Weight Growth Reserve - 1310

" Maintenance Reserve -460

_r' Total Shuttle Lift Capability 26084

r m_ _ I i i iM _ F_ ht M_ _ [ I "_2 _ i
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_ 5.16.4 Stage 16, Flight IJ/A Performance Characteristics

" Stage 16,Flight 1J/Ais assembledat a 220 n.mi. altitudein an LVLHflightmode with2
singleaxis articulatingPV arraysperpo_n_cularto theorbitplane. The nominallaunchdate
is August, 2000.

" :. No microgravitylevels weredeterminedfor the stationISPRrackssince the stagecould not
: .:, be controlled.

:- Table5.16,4-Isummarizesthe reboostlifetimecharacteristicsofStage16assuming+2o
• atmc_phemconditions,anearlysolarcycle(July1995start),andaballisticcoefficientof
:..: 19.5Ibs/fP.Thereboostwasperformedusingtheaftbus,whichhasareboostefficiency
.... of93%. Forthisstagethereisinsufficientpropellantreserveonboardthestationtomeet

.,':i. theskipcyclecontingencyreboostrequirement.
",)

' "," Table 5.16.4.1 Reboost Lifetime Characteristics

"_ll:"':_'_:'' l!ili!}}i_iiii_iii_iiii!_!i!illiiiiiiiiii!iiiii_}_iiiiiiiiiiii_iiiii"iii_ii!_i_i_[}iiii_i_ii_|iiiiiii_i_ii}iii_Ii_i_}ii}iiii}iii{_iii!_i}"i}iii_$_"}_iiiii iliiiii]iiii}i_$_i_ii!ii:iiii:'i

Probablydue to the nearsphericalmassdistributionpropertiesof Stage 16, noneof the
--'-fi"(..,._ PDR orCDR CMG attitudecontrolalgorithmswereabletocontrolthestationattitude,even
. consideringmomentumwheelaugmentation. This suggests that this configurationmay

,::_ reqmrea customizedattitudecontroller.

_o_, ThecontrolcharacteristicsofStage16(attachedShuttle)underdesignatmosphere
-i.," : conditionsusingtheJSC/UTnominalcontroller(attitudeemphasis)arcdisplayedinfigure
.... _' : 5.16.4-1. Table5.16.4-2 summarizes the control characteristicsdepictedin the plots.

: </_.:

:,:i,,:_': Table $.16.4-2 Control Characteristics Summary (Shuttle attached)

i .............................................................................................................................................................................................I:"' •':'•"" •= ' :
-'.:. [ !_ti!ii}i! i![i!i}{i}_:!]_!}i{i!}!_!ii}i!_i!}i}iil}_,i::}_i}}i_l!i!}i}ii}ii_i_i ii!iiiilii:_iiil!ii!_i}!i!iii!i!ii_Sil!iiiiiiii!!}!_:i!iii!il%iiiiiii_ii:iiiiii_,ii{!iiiiiiliiii_iiiiii_i__ii'_ii_!i_,l

-c,_- ll" I ....... Ill 'llll'"_ll l'l" _[ " fl "'l l [''I'll l "l":''l'l'l'l"l l l

_: $.16.$ Issues and Concerns

., ::.:: '_e CMG controlsimulationsfor the unmatedconfigurationall eventuallywent unstable.
., The closeness of all three bodyaxesinertiasalongwith largepitch aerodynamictorques

=_ resultin a constantpitch toroueimbalance. The only way to eliminate the imbalanceis to
' rotate the configuration90 degreesin pitchso that the pitchaerodynamictorquesarenearly

,(' " zero. This non-standardattitudewouldresult in a poor microgravityenvironmentbut could
_,:i probablybecontrolledbyCMGs utilizingcustomizedcontrolalgorithms.

:! This stage hasa pitchflightattitude thatexceeds±15degrees(with an attachedShuttle).

- 5.16-6
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, ii !. There is a possibility of some indirect plume impingement of the aft P6 and S l/P1 radiators..... from the aft bus attitude control thrusters.

This stage does not provide a good mierogravity environment. ,!
8i

For this stage there is insufficient propellant reserve on the bus to meet the skip cycle
contingency reboost requirement. !

There is a small negative margin for the Shuttle manifest which will require weight
reduction or utilization of reserve performance margins.
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......... 5.17 Stage 17 Flight Characterization

; 5.17.1 Stage 17 - Flight 12A Shuttle Flight Manifest [i
q.

The shuttledeliversthe P3/P4 trusssegmentwith the port inboardplmtcwoltaic(PV)

_ i arrays. Table 5.17.1-I lists the Shuttle Flight Manifest for Stage 17- Flight 12A. The.... total mass of the station hardware to orbit is 32781 lbs. The second section of the table
: shows the Shuttle Performance and hardware/consumablesrequired for the mission

_: resulting in the net Shuttle Lift Capabilityof 31775 lbs to 220 n.mi. at aninclination of
51.6°. Subtracting the hardware and FSE subtotals from this amount gives a negative
mission flight margin of -1006 lbs.

"_' "_i/.

": :_:i_" 5.17.2 Stage 17 Configuration

,,: Figure 5.17.2-1 displays the isometric view of Stage 17 after the Shuttledepartsand the
_,,s._., scheduled assembly is completed. Figure5.17.2-2 shows the front, side, top and
,,,i,_:_7 isometric views of Stage 17 with the Shuttle attached.

5.17.3 Flight 12A Assembly Operations Description
<_ Rendezvous of the Shuttle with the Stage 16occurs along +V bar at an altitude of 220
_ #,Y_ n.mi. Station rendezvousattitude is +XVV and +Z Nadir. The Shuttle docks to PMA2

• on the Node 2 forward CBM in a tail down orientation.

o_,_,,_.' Flight 12A is an 8 day mission with 2 F,VAs. The SRMS unberths the P3/P4 ITS from
7 '_, ° the Shuttle payload bay and hands off to the SSRMSwhich installs the element on P1

_:.... ,., ITS. The EVA_during this flight include the installation of the structural elements
_: around the Solar Alpha Rotary Joint (SAP,d) that ensure the structuralintegrity of the

_:_ joint, Due to the EVA time constraint on this flight, no EPS preparationor activation
.... - occurs until the following flight, The final EVA includes the deploymentof the port

•', _ : ULCAs. "

• ,__, Followingseparation,Stage 17 flight mode is LVLH with the Nodel/Lab section aligned
,: ..... along the velocity vector.

i.
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System Resource/Functionality

... Stage 16 functionality, plus:

• P3 ITS and P4 power module delivered to orbit (partially installed, not
- activated)

., Resources Available: Power: 15,800 W
Thernmh TBD

• :. EVA: 24 crew-hours

': Resources Required: Power: 12,232 W (U.S. Housekeeping)
" TBD W (Payload)

:" 1,180 W (CSA)
229 W (NASDA)

: i Thermal: TBD W
--:,,: EVA: 13:54 crew-hours
r ., !

r,L:_

:: '" 2

i "°

! : .2

[

:°

°
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Table 5.17.1-1 Stage 17 - Flight 12A Shuttle Flight Manifest

i_:. • Hardware Mass (Ibs) FSE

P3 TRUSS SEGMENrl' 4410 *t
P3 UTILITY TRAYS 1417

7"

__/ SARJSTATOR 920
_,, SARJUTA 920

-: L:'. ULC ATTACH STRUCTURE 344
",;.... ULC A'I_ACIISTRUCTURE 344

=,_,.......- P3 ROTARY BULKItEAD 492
........" SARJ ROTOR 920
...... . P4 TRUSS SEGMENT 9482

.... :, BG DEPLOYED 1338
-- ":_': '_:: lEA BATrERIES (8 batteries) 4968

4_: '" P3/P4 BARS 463
;_ _" ..:. P4 lEA Radiator 1474

_",¢. ," ,,

........L PIA PV Array 2646
_.i":;h:'.. PIFPV Array 2646

:-:_..... subtotal 32781 0
- o_-_ .

.... :, Shuttle Performance Mass Obs)

-: ',,_:. Capability to 220 n.mi. at 51.6 deg Inclination 24685
....o ' Enhancements 13000

_ ": Assembly Altitudedelta (100 lbs per n.mi.) 0d.,

d AdditionalShuttle Performance Enhancements 1500
_,_ Variable Integrated Hardware -238

- _,_:....

.....:: Variable Shuttle Consumables .238
-:_=: .... Food & Gear (-55 lbs/day over 6) 110

., _ 5th & 6th N2 tanks(@128 lbs/N2) 128 ",
238

: ...... .. MiddeckLockers - 160
" :, ' Genetic Integratedttardware -5374

: External Airlock 3000

i:::; :. 4thCryoTankFluids 866
_ " 3rd EMU 300

•: SAFER 100
=:"_'""" . Misc integrationhardware 118
-_::"-, AttachHardware 990

5374
Weight Growth Reserve -1000

°." " MaintenanceReserve -400

i ,,

Total Shuttle Lift Capabli!ty 31775

": [ Mission Flight Mal_ln I I "1006 I
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S.:,7.4 Stage 17, Flight 12A Performance Characteristics

Stage 17, Flight 12A is assembled at a 230 n.mi. altitude in an LVLH flight mode with two
PV arrays which are not deployed and two single axis PV array perpendicular to the orbit

: plane.ThenominallaunchdateisOctober,2000.

• The Stage 17 steady state microgravity environment is depicted in figure 5.17.4-1. In a
,' +2o atmosphere (solar flux = 218.6, geomagnetic index = 22.3) this stage has a flight
.. attitude of yaw = 10.0, pitch = 0.0, and roll = -5.0. Table 5.17.4-1 lists the U.S. ,
•., Laboratoryracks,theirtype, andthemaximum steadystatemicrogravitylevelsensed i

duringtheorbitinthegiven+2a atmosphere.Underth_.seconditions,thisconfiguration
doesnotprovideanyoftheUS LabISPRracksa Iugenvironment.

=_ Table 5.17.4-1 Stage 17 US Lab Rack Steady State gg Level

• iiiiiiiiiii!i!iiii!!iiii_:_ii:i:i!i_iiiiiii!iiiiil',i',iii:ii_!iii!!!ii!_:_!_'i!ii_iiiiii!iiiiii__i':iiiiiiiii_!_o_i_i_i_i_i!_i:iii

i.:__ :"i LAS-I ISPR 1.9
.....,_ " LAS-2 ISPR 1.9

- :_' _ LAS-3 ISPR 1.9
=:'',,,_: LAS-4 ISPR 1.9
:..... LAS-5 SYS 1.8

LAS-6 SYS 1.8
" LAF-I SYS 2.4

° '_'_ " LAF-2 SYS 2.4
: LAF-3 SYS 2.4

LAF-4 SYS 2.4
LAF-5 SYS 2.4

;_" LAF-6 SYS 2.4
-- , :_=_ LAP-1 ISPR 1.8

........ _ . LAP-2 ISPR 1.8
,. LAP-3 ISPR 1.8

• _ LAP-4 ISPR 1.8
..... .: LAP-5 SYS 1.8

"., LAP-6 SYS 1.8
LAC-1 ISPR 1.2

;? LAC.2 ISPR 1.2
LAC-3 ISPR 1.2

=, : ,. LAC-4 ISPR 1.2
- .... " LAC-5 ISPR 1.2

_ LAC-6 SYS 1.2

,_ r

_/ 5.17-6
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• ,;,,.

:. Table 5.17.4-2 summarizes the reboost lifetime characteristics of Stage 17 assuming +2a
m atmosphere conditions, an early solar cycle (July 1995 start), and a ballistic coefficient of

_ _ :?, 20.3 lbs/ft2. There is insufficient propellant in either bus to perform the required reboost
maneuver. The amount of propellant required to perform the reboost manuever was

-: ....,m"" calculated as ff using the aft bus, which has a reboost efficiency of 94%. For this stage
-+_,+ :: there is insufficient propellant reserve on board the station to meet the skip cycle

" °'. contingency reboost requirement.

_+_ Table 5.17.4.2 Reboost Lifetime Characteristics

--_

_ii_i_ii_!_ii:_i_i!i_i_]ii_!iii_i:_ii___i_]_iiiiiiii_]_iiii:_i]i1.... ':!+i+++++++,,M,,++ii+,,
t 230 I I I 920 I 20] Ii1709

"j+j ._+. . •

]_,_]]_./_, The control characteristics of Stage 17under design atmosphere conditions using the PDR
yaw bias controller are displayed in figure 5.17.4-2. The CMGs were augmented with a_',r "¢_" + •

,+ ++,__ 7500 N-m-s momentum wheel. Table 5.17.4-3 suu:_marizesthe control characteristics
i_++ depicted in the plots.

_i_?

=++_+ i. Table $.17.4-3 Control Characteristics Summary-:! _i,_
_, +'

+
L :+"=: ' 'd:'2. [ 9,000 N-m-s I++_'_i I no STS I 13.Sdegrees I LSd_ I -i0.1 degrees I 0degrees

m i_ I w/STS [ -13.9de_rees I -37.6de_ees I 6.3de_rees I ±0.2de_s I 2_000N-m-s |

> ' - The control characteristics of Stage 17 (attached Shuttle) underdesign atmosphere
o+_+m': conditiond using the PDR nominal controller (attitudeemphasis) are displayed in figure "0
_+ 5.17.4-3. No momentum wheel was required. Table 5.17.4-3 summarizes the control

m:.> characteristics depicted in the plots.

+:. As discussedin Section 5.10.4 the Shuttle is required to perform periodic attitude
" maneuvers during certain solar geometry conditions while mated with the in order to avoid

- ' * exceedh_g thermal loads on the Orbiter. The maneuver must be able to be performed using
_i the RCS thrusters from either bus starting from Stage 10.

" : Three sample mated configurations were selected for analysis : Stage 10, when the upper
_, i bus is delivered, Stage 17/Flight 12A, and Stage 36/Flight 19A. The CDR RCS attitude

+ , - maneuver control algorithm was employed. A 180 degree yaw maneuver was performed.
,,, ..

,:. It should be noted that the total impulse per attitude control thruster is 134,000 lbf-sec.

For Stage 17, a 0.1 degree/sec rate limit was also utilized. The 180 degree yaw maneuver
...... took approximately 1800 seconds (~1/3 orbit) for both the aft and upper bus. There was
, :: about a 17 degree overshoot in the yaw channel, and under 5 degrees in pitch. Both upper
+ :. and aft buses required about 95 lb. of fuel to perform the maneuver. By and large, all four

+

5.17-8
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" ° ,,.._ . . ....... ' ,o • _ a J;*_l_ _ ,,_ 'z_ &'_a_L '_'_'_aL_ _'t_a-L';'' _UI_F_._ '_W/3_Aj_ _'_I _._/'_._'.,._L_'_,,-_;_ _d'_ : ,'_%_u_,-

2 ,,'

!= ' , i,_ °

; .... thrusters on each bus were selected approximatelyequally by the RCS CDR control
algorithm. Table 5.17.4-1 lists the fuel and total impulserequirements.

Table 5.17.4.1 Yaw Maneuver Fuel and Impulse Requirements 't

i%1" ':;: 1!;i_iiiiiil;_::::i_iii_i::i!_ili iiii:_;_:_iiiiiJ;i:_!%!_iiiilliii:__iii'i'i:iiFue!i_._1;0bi)i_i_:ii_a_ !mp_: 0b;,_): __:::i:::,:;ii_;__:: ::J,_i:;:;Totall?ue!i_::_i
• : ..... " i_!_!'_._'_::_[_i_'.:,';,_i [ _g_[_S":i"i::::.::'_:!:i:;'::::iii;:":':"i('.;_'.:f:.ii_:..;:_";:"'i_:i:::i:i::'":::_'?':'i::';i._ii._,_[_._j!_:j.i_:':?i:::i:_!:'::::'::;:iiii':':;:':'._._._:.i!i!;._i_iiii:':::':'::::_i:i:;:;"i:::_i::':!':"i_i{!g_:ii!_' ::iiii!gi!._[g_ii_j.'.[[i_gi_[[_._i_iii_i

_=.... :.. , alt ,I 24.5/7215 I 23.1[ 6825 , I 23.4/6890 I 22.7/6695 I 9 .8 I
! ....., " i zenith I 22,6/6656 I 21.4/6311 I 25.7/7578 I 24.917338 I 94.6 I

a .

....,, ,_;: $.17.$ Issues and Concerns
ii

! : :_,.,_: This stage has a pitch flight attitudethat exceeds±15degrees (with an attachedShuttle).

_=:/:i;i;; There is a possibility of some indirectplume impingementof the aft P6 and S1tP1 radiators
i '_,,,-,,_", from the aft bus attitudecontrol thrusters.

. ;"_c_,:/!, This stagedoes not providea good microgravityenvironment.

, : •'/:_/: For this stage thereis insufficientpropellantreserveonthe bus to meet the skipcycle
,_::_,)_; contingencyreboostrequirement.

"": _, There is a negativemargin for the Shuttlemanifestwhich will require weight reductionor
i:_; utilizationofreserveperformancemargins.

r
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5.18 Stage 18 Flight Characterization

: 5.18.1 Stage 18 - Flight 12A+ Shuttle Flight Manifest

i This is an additionalShuttleflight over the baselineISS 9/28194assemblysequence.
i Table 5.18.1-1 lists the Shuttle Flight Manifest for Stage 18 - Flight 12A+. The total

_, _ mass of the station hardware to orbit is 6083 lbs, while the FSE is 9475 lbs, The second
:" section of the table shows the Shuttle Performance and hardware/consumablesrequired

for the mission resulting in the net Shuttle Lift Capability of 23399 lbs to 230 n.mi. at an
• inclination of 51.6°. Subtracting the hardware and FSE subtotals from this amount yields
_:_ a mission flight margin of 7841 lbs.

[;.18.2 Stage 18 Configuration
Figure 5.18.2-1 displays the isometric view of Stage 18 after the Shuttle departs and the

: ,!:ill scheduled assembly is completed. Figure 5.18.2-2 shows the front, side, top and
', J ii, isometric views of Stage 18 with the Shuttle attached.

--_<i_'_,,_i 5.18.3 Flight 12A+ Assembly Operations DescriptionRendezvous of the Shuttlewith the Stage 17 occurs along +V bar at an altitudeof 230
_i;." n.mi. Station rendezvousattitudeis +XVV and +Z Nadir. The Shuttle docks to PMA2

_: on the Node 2 forward CBM in a tail down orientation.

_ _(i Flight 12A+ is a 15day mission with 7 EVAs. EVA tasks that remain from flight 12A
_=°i,,_i_ are completed during the first half of this flight. The primary purpose of those EVAs is
"_ .... to prepare for deployment of the P4 PV arrays, reconfigure the power distribution

_- equipment following deployment of the P4 arrays, and activate the S1 and P1 thermal
_' control system equipment, Upon completionof those tasks, the port P6 PV array and the

,,. stbd and aft ETCS radiatorson P6 are stowed in preparation for relocation on a future
flight. The SRMS unberthsthe P5 spacer truss and hands off the element to the SSRMS,
which then attaches the P5 spacer to the P3/P4 truss elements. The P4/P5 MT/CETA
rails are installed. The 2 additionalbatterysets delivered on this flight are installed on

:° _ the P4 IEA using the SPDM.

: ?"i Following separation, Stage 18 flight mode is LVLH with the Nodel/Lab section aligned
_, along the velocity vector.

.. .

...
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System Resource/Functionality

Stage 17 functionality, plus: ,p

_,_:_i * P4 power module active - two additional power channels (6 batteries each)

_:_. _. * Full PV battery complement at P4

• .:,_,_ * Port P6 channel shut down

"_"'_',:: • SI and PI TCS active

Resources Available: Power: 28,200 W
Thermal: TBD
EVA: 84 crew-hours

Resources Required: Power: 13,259 W (U.S. Housekeeping)
TBD W (Payload)
1,180 W (CSA)

' 229 W (NASDA)
: , Thermal: TBD W
" EVA: 68:10 crew-hours

_.
...... i.......

/ ;

!

. 5.18-2
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!:'._:,,,,,_.__:_:_......: Table 5.18.1.1 Stage 18. Flight 12A+ Shuttle Flight Manifest

Xrdw,,. M,.,.,ah,I ,;sE_._7".;7:" __ ,

_'_;_-_8_.;, [ILC 1540
' -""="':'' I)DC-B 735

P4 Battery Sets (2) 1868
P4/P5 MI'/CETA Rails 688

16 -day El){) Pallet 7200

_ .......................... subtotal ........ 6083 .... 9475

Shuttle Perfornmnce MLss 0bs)

Capabilityto 220 n.mi, at 51.6 deg Inclination 24685
" Enhancements 13000

_: Assembly Altitudedelta (100 lbs per n,mi.) -1000
. Additional ShuttlePerformanceEnhancements 0

Variable Integrated Hardware -2770
Additional Attach Hardware 1 790

,,, .: Additional Attach Hardware 2 990
: Additional Attach Hardware 3 990

• 1780
Variable ShuttleConsumables -3582

:' ..... Additional Crew (500 lbs/crew) 1000

" ; ii_i Food & Gear(-55 lbs/dayover6) 4.95
5th, 6th, 7th & 8th N2 tanks(@128 lbs/N2) 512

o ..= 5thCryoTank & Fluid 1575
.... 3582

: _ ,, Middeck Lockets -160

_-_":": i Generic Integrated Hardware -5374
=: °_i_ External Airlock 3000

*':, ' 4th Cryo Tank Fluids 866

_.,_, _ 3rd EMU 300
: o°;: SAFER 100

: Misc integration hardware 118
:..... ' Attach Hardware 990

_=,<._,: 5374
Weight GrowthReserve .1000

,_,_i_. MaintenanceReserve ..400

,, Total Shuttle Lift Capability ..... 23399

-_". ] Mission Flight Margin I I 78,41 [

r
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::_,_;, 5.18.4 Stage 18, Flight 12A+ Performance Characteristics
: i_.,,'., ..

*':'."_' Stage18,Flight12A+isassembledata230n.mi.altitudeinanLVLH flightmode with2
,,;,_,,: double axis articulating PV arraysand one single axis PV arrayperpendicular to the orbit
,,,,,,,:=e-:_..* plane.The nominallaunchdateisDecember,2000.

_:,L_ The Stage 18 steady state microgravity environment is depicted in figure 5.18.4-1. In a

i_;_ +2(; atmosphere (solar flux = 212.0, geomagnetic index = 21.5) this stage has a flight
i_":_" attitude of yaw = 8.0, pitch = 0.0, and roll = -2.3. Table 5.18.4-1 lists the U.S.
_:¢"d_"r_" Laboratory racks, their type, and the maximum steady state microgravity level sensed

'_.: during the orbit in the given +2_ atmosphere. This configuration does not provide a 1 pg
_:'' environmenttoanyoftheracks.
i

Table $.18.4-1 Stage 18 US Lab Rack Steady State I.tg Level

: :_!_i!_::::::_i_`:_::_i!!i:_i_::_._!iiii_i_iiii!!_:!_:_i:_i_:iii_;_iiiii_!!_i_!_ii_i!:_iiiiii:_ii_:|_iii:_::!iiiil

_',, LAS-I ISPR 1.9
_,:: LAS-2 ISPR 1.9

LAS-3 ISPR 1,9

: LAS-4 ISPR 1.9
: LAS-5 SYS 1.9

LAS.6 SYS 1.9

,,,, LAF-1 SYS 2.4
LAF.2 SYS 2.4

• LAF-3 SYS 2.4
_:,. LAF..4 SYS 2.4

,. LAF-5 SYS 2.4LAF.6 SYS 2.4
_',_-_'. LAP.1 ISPR 1.8

LAP-2 ISPR 1.8
LAP-3 ISPR 1.8

.... LAP-4 ISPR 1.8 ",
LAP-5 SYS 1.8
LAP.6 SYS 1.8
LAC-I ISPR 1.3

>_ LAC-2 ISPR 1.3
: LAC-3 ISPR 1.3

LAC-4 ISPR 1.3
LAC-5 ISPR 1.3
LAC-6 SYS 1.3

:..... 5.18-6
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-i!ij!'//i Table 5o]8,4m2 sumn_arizes the r_hoost lif_t_c characteristics of Stage ]8 assuming ._2_
atmosphereconditions,anearlysolarcycle(July1995start),anda ballisticcoefficientof
16.2Ibs/ft2.Thereisinsufficientpropellantineitherbustoperformtherequiredreboost

_. maneuver, The amountofpropellantrequiredtoperformthereboostmanueverwas
<<:..... calculatedasifusingtheaftbus,whichhasareboostefficiencyof94%. For thisstage

t-,:,:;: contingency reboost requirement.

_:G:/ Table 5.18.4-2 Reboost Lifetime Characteristics
.. ..............-.- ....................................,.....

-:!!:JJi?iii:""": "<i :'"'j::::::!i:iiii::!-!::::!.:? "" '"":"::_ Li:i:!<

' I 230 I 239 [ 1,464 I -2,874 920 I 185

: : The control characteristics of stage 18 under design atmosphere conditions using the PDR
yaw bias controller are displayed in figures 5.18.4-2. Table 5.18.4-3 summarizes the

_, control characteristics depicted in the plots.

Table 5.18.4-3 Control Characteristics Summary

} "_?,;i" noSTS 4.0degrees I -1.0degrees I 2.8derees I -+3.0degrees l l0,500 .m.,I
• w/STS 18.6 degrees [ -37.8 de_.,es [ 8.2 del_'ees i :1:1.2 del_rees [ 6600 N-m-s |

_,"• .' The control characteristics of Stage 18 (attached Shuttle) under design atmosphere
; ';" conditions using the PDR nominal controller are displayed in figure 5.18.4-3. Table
}:, 5.18.4-3 summarizes the control characteristics depicted in the plots.

._.._,..'_, 5.18.5 Issues and Concerns

_i__.: This stage has a pitch flight attitude that exceeds _+15degrees with an attached Shuttle.
•::_: There is a possibility of some indirect plume impingement of the aft P6 and Sl/P1 radiators

", from the aft bus attitude control thrusters.

_ This stage does not provide a good microgravity environment.

_ _- For this stage there is insufficient propellant reserve on the bus to meet the skip cycle
, ,,, contingency reboost requirement.

_ 5.18-8
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5.19 Stage 19 Flight Characterization

5.19.1 Stage 19. Flight UF-4 Shuttle Flight Manifest

. The STS delivers the fourth utilization flight. Table 5.19.1-1 lists the Shuttle Flight IJ:
Manifest for Stage 19 - Flight UF-4. The total mass of the station hardware to orbit is "

,_, ~ 13000 lbs which is exchanged with TBD experiments alreadyon-orbit. The second !
section of the table shows the Shuttle Performance and hardware/consumables required

_ for the mtssion resulting in the net Shuttle Lift Capability of 24646 lbs to 230 n.mi. at an
i i _"i:: inclination of 51.6 °. Subtracting the hardware and FSE subtotals from this amount gives

a mission flight margin of 941 lbs.
o.

5.19.2 Stage 19 Configuration

_:"_ ( Figure 5.19.2-1 displays the isometric view of Stage 19 after the Shuttle departs and the
_:' scheduled assembly is completed. Figure 5.19.2-2 shows the front, side, top and

_:"_' isometric views of Stage 19 with the Shuttle attached.

5.19.3 Flight UF-4 Assembly Operations Description

' _. Rendezvous of the Shuttle with the Stage 18 occurs along +V bar at an altitude of 230
i_ II_ n.mi. Station rendezvous attitude is +XVV and +Z Nadir. The Shuttle docks to PMA2

on the Node 2 forward CBM in a tail down orientation.

->_' ' Flight UF-4 is a 12 day mission with 0 EVAs. The SRMS unberths the MPLM from the
_ ...._ _: Shuttle payload bay and installs it on the Node 2 nadir port CBM. Upon completion of

....:_'_'_.. the rack exchange, the MPLM is returned to payload bay.

-__r_ ': Following separation, Stage 19 flight mode is LVLH with the Node 1/Lab section aligned

2 _, _?;. along the vt locity vector.

_ : System Resource/Functionality "
4

-/ . Stage 18 functionality, plus:
_ i% " .

r_ • NO additional functionality added on this flight

. _ ResourcesAvailable: Power: 28,200 W
_:_: Thermal: TBD

_ .

EVA: 0 crew-hoursr

_ Resources Required: Power: 13,259 W (U.S. Housekeeping)

: TBD W (Payload)

o • 1,180 W (CSA)
..... 229 W (NASDA)

..... .; Thermal: TBD W
: EVA: 0 crew-hours

"e'

r

' °,J

• 5.19-1

i!

00000002-TSG09



Table 5.19.1-1 Stage 19. Flight UF-4 Shuttle Flight Manifest

Hardware ,, M.n,ss(lhs) FSE

MPI.M 10705

ISPRs 13000

. . .t J . . ! ..... ,

subtotal 13000 10705

!, Shuttle Performance ............. Mass 0bs) ,,4

Enhancements 13000

Assembly Altitude delta (100 ibs per n.mi,) -1000
Additional Shuttle Performance Enhancements 0

Variable Integrated I-Iatdware -1324
APCU-i 714
ROFU 450

, Misc hardware 160:i 1324
_.-.:. Variable Shuttle Consumables -3161
_""_*__'_ • Additional Crew (500 Ibs/crew) 1000

_::_ _ .: Food & Gear (-55 lbs/day over 6) 330

_;_/_,_>,y:.. 5th & 6th N2 tanks (@ 128 lbs/N2) 256
!::,_,,_.,:,;,_. 5th Ceyo Tank & Fluid 1575
:_"_ ' 3161

....... MiddeckLockers -160

,,?_!:,. ,_. Generic Integrated Hardware -5374
, _: ,, External Aitlock 3000

: ,i-:_,: 4th Cryo Tank Fluids 866
3rd EMU 300

_::"/,_i_ SAFER 100
_._i_;__ .
,,;_i. Misc integration hardware 118
'_'_'_"';_" AttachHardware 990

_ 5374

Weight Growti_ Reserve - 1150
Maintenance Reserve -870

: ., Total Shuttle Lift Capability 24646

: J Mission Vi!_ht Margin I I 941 ]

: 5.19-2
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5.19.4 Stage 19, Flight UF-4 Performance Characteristics
i ....

!' Stage 19, Flight UF-4 is assembled at a 230 n.mi. altitude in an LVLH flight mode with 2
_,; doubleaxisarticulatingPV arraysandonesingleaxisPV arrayperpendiculartotheorbit

plane.The nominallaunchdateisFebruary,2001.

., . The Stage 19 steady state microgravity environment is depicted in figure 5.19.4-1. In a

_ i } +2a atmosphere (solar flux = 204.0, geomagnetic index = 23.1) this stage has a flightattitude of yaw = 9.0, pitch = 0.0, and roll = .2.0. Table 5.19.4-1 lists the U.S.
1 _:i " Laboratory racks, their type, and the maximum steady state mierogravity level sensed
' during the orbit in the given +2a atmosphere. This configuration does not provide a 1 _tg

_-(; ;i environment to any of the racks.

Table 5.19.4.1 Stage 19 US Lab Racks Steady State _tg Level

! LAS-! ISPR 1.9
LAS-2 ISPR 1.9

; _ LAS-3 ISPR 1.9
LAS-4 ISPR 1.9

_,_,,_i_ LAS-5 SYS 1.9
_;' LAS-6 SYS 1.9
_,,,:o_,,_o; LAF-1 SY$ 2.4

• LAF-2 SYS 2.4
- LAF-3 SYS 2.4
,_' LAF-4 SYS 2.4

-_;_ " LAF-5 SYS 2.4
?-_:i ; LAF-6 SYS 2.4

, LAF-1 ISPR 1.8

! ,_.i_,: LAP-2 ISPR 1.8LAP-3 ISPR 1.8
LAP-4 ISPR 1.8

L ,i::_i- LAP-5 SYS 1.8 ',.
! _ ,! LAP-6 SYS 1.8
_-__' LAC-I ISPR 1.3

!_:,::_ LAC-2 ISPR 1.3
i - LAC-3 ISPR 1.3

!_-_:/ LAC-4 ISPR 1.3

i ?:_t -: LAC-5 ISPR 1.3........ LAC-6 SYS 1.3

y,

• _'ic

O' '"

5.19-5
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?:-:/,# Table5.19.4-2summarizesthereboostlifetimecharacteristicsofStage19assuming+2a
'-_'_,'.... atmosphereconditions,anearlysolarcycle(July1995start),andaballisticcoefficientof
J":_ 15.9Ibs/ft_.Thereisinsufficientpropellantineitherbustoperformtherequiredreboost
_>::._:,-, maneuver.Theamountofpropellantrequiredtoperformthereboostmanueverwas
:-,_I,F_I calculatedusingtheaftbus,whichcurrentlyhasareboostefficiencyof93%, Forthis
........!,,, stagethemisinsufficientpropellantreserveonboardthestationtomeettheskipcycle

_: contingency reboost requirement.
o

:< ill Table 5.19.4-2 Reboost Lifetime Characteristics
,>

o,_,,i.........

   ii  ii  iii  i/i   i|i!iiiiiiiii  i i   iiiiiii ii i i iiii !iiiiiii   !  ii i!iii iiii  ii  iiiiiiiiiiii i      i!iii i{ii!iii ii !   i i i!i

...._. 230 [ 239 | 1,486 | -4,360 I 920 197

....... The control c,'-.-¢acteristicsof Stage 19 underdesign atmosphere conditions using the PDR
,__ . yaw bias controller are displayed in figure 5.19.4-2. Table 5.19.4-3 summarizes the
_ , : co;:rro)characteristicsdepictedintheplots.

_'_ _ Table $.19.4-3 Stage UF-4 Control Characteristics Summary

-- Ziiiiiiii_i_i':_:':_:'i_iiiii!:_i':_ii:':'_!_'_iii_i:'::_:is_::::_::'"_xi:::::i':_:;':'_i:i:i:i::_:_::::i!i !_ _!_iii_i................. i:_iiiiil ii_ii::ii::iiii..._i!!!iiii::iiiiili::::::::::::::::::::::::::::::::::::

_-:',_i_ |neSTS I 5.7degrees .1.0degrees 1.Sdegrees II +3.2degrees |"93001_-m2s |
-/ o::, I w/STS I 0.0degrees -38.3degrees 0.0degrees + 1.7degrees I 20t400N-m-s [

? C,

_ "'::" NeitherPDR orCDR CMG attitudecontrolalgc,dthmswereabletocontrolthestation
•::,_) attitude with the Shuttle attached using the available 18,980 N-m-s momentum capacity,

'..:,::,_ even considering a 10,000 N-m-s momentum wheel augmentation. The control
- :_,/'_ characteristicsareshowninfigure5.19.4-4.Notethatnoneofthe_ components

-' of the angular momentum requirement exceed CMG capacity.

b 'lh_ "

=:,q':::: $.19._ Issues and Concerns
--! }:_,

->_ This stage has a pitch flight attitudethat exceeds ±15 degrees with an attached Shuttle.

% There is a possibility of some indirectplume impingement of the aftP6 andS 1/1:)1radiators
/ ' from the aft bus attitude control thrusters.

. This stage does not provide a good microgravity environment.

= - For this stage there is insufficient propellant reserve on the bus to meet the skip cycle
, ' contingency reboost requirement.

.- 5.19-7
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,_i I 5.20 Stage 20 Flight Characterization

5.20.1 Stage 20 - Flight BF-1 Shuttle Flight Manifest

Stage 20 is the first Bus- 1 resupply flight for the station. Table 5.20.1-1 lists the Shuttle
Flight Manifest for Stage 20 - Flight BF- 1. The total mass of the station hardware to orbit
is 25000 lbs. The second section of the table shows the Shuttle Performance and

hardware/consumables required for the mission resulting in the net Shuttle Lift
Capability of 29458 lbs to 230 n.mi. at an inclination of 51.6 °. Subtracting the hardware
and FSE subtotals from this amount gives a mission flight margin of 4958 lbs.

[i_ 5.20.2 Stage 20 Configuration

Figure 5.20.2-1 displays the isometric view of Stage 20 after the Shuttle departs and the
:. scheduled assembly is completed. Figure 5.20.2-2 shows the front, side, top and

isometric views of Stage 20 with the Shuttle attached.

5.20.3 Flight BF-1 Assembly Operations Description

_: Rendezvous of the Shuttle with the Stage 19 occurs along +V bar at an altitude of 230
n.mi. Station rendezvt,us attitude is +XVV and +Z Nadir. The Shuttle docks to PMA2
on the Node 2 forward CBM in a tail down orientation.

Flight BF-1 is a 7 day mission with 0 EVAs. The purpose of this flight is to replace the
:: Bus-1 which is attached to the stinger located on Node 1 (the "aft" Bus-1). The SSRMS

_: is repositioned on the stinger grapple fixture. The SSRMS then grapples the Bus-1 and
hands it to the SRMS. The SSRMS remains in this position while the SRMS places the
spent bus in the Shuttle cargo bay and grapples the replacement Bus-1. The Bus-1 is
then handed back to the SSRMS and installed on the stinger.

: Followingseparation,Stage 20 flight mode is LVLH with the Node l/Lab section aligned
along the velocity vector.

System Resource/Functionality

: Stage 19 functionality, plus:

_ * Bus-1 swapped to ensure adequate fuel supply

Resources Available: Power: 28,200 W

i: Thermal: TBD
EVA: 0 crew-ho _rs

....... " Resources Required: Power: 13,259 W (U.S. Housekeeping)
..... TBD W (Payload)

1,180 W (CSA)
229 W (NASDA)

Thermal: TBD W
• EVA: 0 crew-hours

• 5.20-1
A_
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!.. Table5.20.1.1 Stage 20 - FlightBF-2 ShuttleFlightManifest
_- ' Hardware Mass (Ibs_. FSE.

: Bus-1 25000

:i_':" :) subtotal 2SO00 0
_, ,,. i_. , ....

°,_,.._i:_':: Shuttle Performance Ma,ss 0bs)

_ r' Capabilityto 220 n.mi. at 51.6 deg Inclination 24685
° , Enhancements 13000

Assembly Altitude delta(100 lbs per n.mi.) -1000

....,: ._.: AdditionalShuttlePerformanceEnhancements 0
-,,_,.>..... Varmble IntegratedHardware -238
, ,_;o_:::: Variable ShuttleConsumables -55
...... Food & Gear (-55 lbs/dayover 6) 55

: i?"i/,: MiddeckLockers -160

: ,,. - Genetic IntegratedHardware -5374External Airlock 3000

: _ 4th CryoTankFluids 866
.... 3rdEMU 3110

i;' ,>_,!. SAFER 100

:; 4_ Misc integrationhardware 118
: _'_,, AttachHardware 990

.=o 5374

__,. • ..... Weight GrowthReserve -101_
I ...... MaintenanceReserve -400

":_,_ : Total Shuttle Lift Capability 29955

} ' [ .......Mission Fright,,,Margtn] ] 49581 ",< ,., HHHll I I I . ......

,, '% :L<. _.

: r_1"

L '

e

{;:-

Lv- /

.... ' 5.20-2

t'..•
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' . 5.20.4 Stage 20, Bus Flight 1 Performance Characteristics

!: .... Stage 20, Flight BF-1 is assembled at a 230 n.mi. altitude in an LVLH flight mode with 2
_-_,, double axis articulating PV arrays and one single axis PV array perpendicular to the orbit
! _, plane. The nominal launch date is April, 2001.

[2
_ii . The Stage 20 steady state microgravity environment is depicted in figure 5.20.4-1. In a
-:, +2a atmosphere (solar flux '--200.4, geomagnetic index = 23.4) this stage has a flight
i " attitude of yaw = 9.0, pitch -- 0.0, and roll = -2.0. Table 5.20.4-1 lists the U.S.
_-_"_...., Laboratory racks, their type, and the maximum steady state microgravit/level sensed
_,:':_._ during the orbit in the given +2e atmosphere. This configuration does r,ot provide a 1 I.tg
L_:_t.- environment to any of the racks.

7:'f Table 5.20.4-1 Stage 20 US Lab Racks Steady State lag Level

LAS-1 ISPR 1.9
s _ LAS-2 ISPR 1.9

'_ ' LA$-3 ISPR 1.9
,,,.'_ LAS-4 ISPR 1.9

_i°i' LAS-5 SYS 1.9
..... " LAS-6 SY$ 1.9

Fr_,-':: LAF-1 SYS 2.4

FI" LAF-2 SYS 2.4
LAF-3 SYS 2.4

_ , LAF-4 SYS 2,4
,' LAF-5 SY$ 2.4

o , LAF-6 SYS 2.4
3 LAP-I ISPR 1.8

_...... LAP-2 ISPR 1.8
' LAP-3 ISPR 1.8

" LAP-4 ISPR 1.8

"._ ° LAP-5 SYS 1.8
, LAP-6 SYS 1.8
!:'" LAC-I ISPR 1.3p_!_, ..

-_7' .
_i[j _ LAC-2 ISPR 1.3
_ .i LAC-3 ISPR 1.3

_'. LAC-5 ISPR 1.3

,LAC-6 SYS ].3

,_.,_v,._

2.,%' _

h:ii .

: 5.20-5
!'

7

;.

. _, _,,_,_:i_-< "-_---:=_: f.J.-%:_,_:-_-'7.::::L__==:.=.'7_"'=:--_'>---_..... 7-

.... i; t_O
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• Figure5.20.4-1 Stage20 steady-statemicrogravityenvironmentcontours.
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_ Table 5.20.4-2 summarizes the reboost lifetime characteristicsof Stage 20 assuming +2a
.... atmosphereconditions,anearlysolarcycle(July1995start),andaballisticcoefficientof

15,9Ibs/ft2.Thercboostisperformedusingtheaftbuswhichcurrentlyhasa reboost
• efficiencyof93%. Forthisstagethereissufficientpropellantreserveon boardthestation

tomeettheskipcyclecontingencyrcboostrequirement, ,,

Table 5.20.4-2 Reboost Lifetime Characteristics

''!';::L. _i]!_i_;_i;i_i]]!]_!_?i;ii_]._}iiii!??i?_i_ii]}i]_ii_?:_]i?_]?ii_?]?]]_i_}]]_i:i_]_:_.!_:]]]_]]!_!_]}i:_?_?._i:]_!i_i_:_i_}i_i?_.]]_]i]?:._:..._._b_?Y_]._;_:_i]_.]._?_::::RelXmst:(Ibs3_;:.:1.:.;:::].i::_d#,_)'!:.]:_:-:;I
=" "T'''_ikL' ''''"';'_:I_'_' _' 4 1 4 II L _so I. I I  o,osaI i 9_o I 2o_ I

_:_,,:,__, SincetheStage20massandconfigurationcharacteristicsarcthesameasStage19please
_,_._:::_ rvferto Section 5.19.4 for the appropriatecontrolresults.

"%,_""t_ .,-
=_,_,_'.,_,"_',,_,,,_ S.20.S Issuesand Concerns

;_:; This stage hasa pitchflightattitudethatexceeds±15degreeswith an attachedShuttle.

,,"_" ThereisapossibilityofsomeindirectplumeimpingementoftheaftP6andSI/P1radiators
,; _, fromtheaftbusattitudecontrolthrusters.

•" Thisstagedoesnotprovideagoodmicrogravityenvironment.

,* % . _

._ _a_'.-aii_k,.,j"

5.20-7
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..... 5.21 S_tage 21 Flight Characterization

_ $.21.1 Stage 21. Flight 13A Shuttle Flight Manifest

The STS delivers the starboard $3/$4 segment. Table 5.2 I. 1-1 lists the Shuttle Flight
,: " Manifest for Stage 21 - Flight 13A. The total mass of the station hardware to orbit is

,: 31994 lbs. The second section of the table shows the Shuttle Performance and hardware/
_+, consumables required for the mission resulting in tile net Shuttle Lift Capability of
_: 30845 Ibs to 230 n.mi. at an inclination of 51.6 °. Subtracting the hardware and FSE
- ' : subtotals from this amount yields a negative mission flight margin of-1149 lbs.

t>_

_, 5.21.2 Stage 21 Configuration
<,': Figure 5,21.2-1 displays the isometric view of Stage 21 after the Shuttle departs and the
," scheduled assembly is completed. Figure 5.21.2-2 shows the front, side, top and

,: isometric views of Stage 21 with the Shuttle attached.

' ' 5.21.3 Flight 13A Assembly Operations Description

i <_:_° Rendezvous of the Shuttle with the Stage 20 occurs along +V bar at an altitude of 230
_,,:' . n.mi. Station rendezvous attitude is +XVV and +Z Nadir. The Shuttle docks to PMA2

_: on the Node 2 forward CBM in a tail down orientation.
!.

_"i__,.,, Flight 13A is an 8 day mission with 2 EVAs. The SRMS unberths the $3/$4 ITS from
i _'.... the Shuttle payload bay and hands off to the SSRMS which installs the element on S I

• ITS. Due to the EVA time constraint on this flight, no EPS preparation or activation
_-::,_:::. occurs until the following flight. The final EVA involves the relocation of the P6 stbd

- :_._ii ETCS radiator to the $4 PV module where it will function as the $4 PV radiator.

" ::: Following separation, Stage 21 flight mode is LVLH with the Nodel/Lab section aligned
.... along the velocity vector,

:,: System Resource/Functionality

_ <:.- Stage 20 functionality, plus:
t '

_, • S3 ITS and $4 power module delivered to orbit (partially installed, not

_."i;i:i activated)

"-, Resources Available: Power: 28,200 W
r" L Thermal: TBD

=>"<' EVA: 24 crew-hours

i " :..... Resources Required: Power: 13,259 W (U.S. Housekeeping)i:

.... TBD W (Payload)
i, ,i_ 1,180 W (CSA)

i : 229 W (NASDA)
• Thermal: TBD W

I ,,..

i: ,. - EVA: 16:20 crew-hours
i

• .?

- 5.21-I
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_jl_'!._ _ _,

":':,i:/i_:_ " Table 5.21.1.1 Stage 21. Flight 13A Shuttle Flight Manifest
;_'__7"_," .........

,_'_":r'"_"_:,,,.. ' Itardware Mass (Ibs) I"SI",
_,g¢ :

_N)'Tf')'_'-"_:'_'' $3 TRUSS SEflMI'Nrl' 44111 1_; -. $3 lrI'ILITY ]'RAYS !417

--_., SARJ S'I'ATOR 920__''_,!_'_: SARJ UTA 920

_:,,a,_@,,.. 4 Payload Attach Structures (PAS) 1376
•_{_'ir_{_:'" $4 ]'RUSS SEGMENT 9482
_," BG DEPLOYED 1338

$3/$4 BAllS 463

IEA BA'Iq'ERIES (4 sets) 4968
$3 ROT/IdlY A,_SY 0

:i_: $3 ROTARY BULKHEAD 491SARJ ROTOR 920
SIA PVA DEPLOYED 2646
SIF PVA DEPLOYED 2646

: nbt.otal ....... 31994 0

' _ ..... Capability to 220 n.mi. at 51.6 deg Inclination 24685

_.,_,:(i"_f): Enhancements 13000
" < Assembly Altitude delta (100 lbs per n.mi) -1000

:' ...... Additional Shuttle Performance Enhancements 1500

. VariableIntegratedHardware -238

: Variable Shuttle Ccnsumables -238
_i.':;'," : Food & Gear (-55 ibs/day over 6) 110
r " 5thN2 tanks (@128 Ibs/N2) 128

"i;4:_:° ' 238
,_:,_,:_" Middeck Lockers -IN?

! ::,__ . - Generic Integrated tlardware -5374
' :_: ; ExternalAirlock 3000

_: .:.: 4th Cryo Tank Fluids 866
_?,:-:"' 3rd EMU 300

• SAFER 100

' _ .: ::::'__. Misc integration hardware 118
• Attach ! tardware 990

•,-_ 5374

' _" " Weight Growth Reserve .1000
:;, MaintenanceReserve -330

= ' ..... . Total Shuttle Lift Cmpablllty . '3084$

• 'i r

I......  a:h,Ma,'Z.,I I .:m I

• , .:o

5.21-2
"

;:__.;._ : " ,_.............. ...................................,_ ,.,....................................................
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5.21.4 Stage 21, Flight 13A Performance Characteristics

i.... Stage 21, Flight 13A is assembled at a 230 n.mi. altitude in an LVLH flight mode with
with 2 double axis articulating PV arrays and one single axis PV array perpendicular to the

. orbit plane. The nominal launch date is June, 2001.,

7

. .:.... Stage 21 in a +2e atmosphere (solar flux = 195.7, geomagnetic index = 23.1) has a flight
: attitude of yaw = 0.0, pitch = 2.4, and roll = 0.0. The steady state microgravity

i++:: environment is depicted in figure 5.21.4-1. Table 5.21.4-1 lists the U.S. Laboratory
,+,,: racks, their type, and the maximum steady state microgravity level sensed during the orbit

: _i in the given +2e atmosphere. This configuration does not provide a 1 gg environmert to
'", any of the racks.

%:+., Table 5.21.4.1 Stage 21 US Lab Rack Steady State I.tg Level
,+ a _,,..

, _ ,iiiiii+!+i:i!ii.R +  iiii!iiiii!iiiiilili+i;ii iii,ii::::i;iiiiii    !  ilili::iii!i:i+iii::iii!i; iii,ii:iiiiiV?::: iiiiiiiiii

LAS.I ISPR 1.9
+_ " LAS-2 ISPR 1,9
+ LAS-3 ISPR 1.9:,2++,':?

+ LAS-4 ISPR 1.9
+ LA$-5 SYS 1.9
: .... LAS-6 SYS 2.0
_ LAF-I SYS 2.5
o:+ii LAF-2 SY$ 2.5

b-'+' LAF-3 SYS 2.6
, : LAF-4 SVS 2.6

:_;_ :- LAF-5 SYS 2.6
: "+_....." LAF-6 SY$ 2.6
i+_,+ LAP-I ISPR 1.9

LAP-2 ISPR 1.9
o LAP-3 ISPR 1.9

" + " .. LAP..4 ISPR 1.9
"_ : _ LAP-5 SYS 1.9 "'

;_._ .. .

i LAP-6 SYS 2.0
=-_" " LAC-I ISPR 1.2
_'_': '" LAC-2 ISPR 1.2

= ' LAC-3 ISPR 1.2
_:(_' LAC-4 ISPR 1.2
:i ,,: LAC-5 ISPR 1.3
-'_-:' LAC.6 SYS 1.3

.. 5.21-5
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,_'!.i_._.,_,_ _C-_:._:=-':!_*: "_'_'_*'_" '_:_ -_±' Y'_"'_'_"_"__ _,al,t_'_,_._ .... "_ _'_-<_,._-_'_,_. _._'_,_:_'_:-_ _-,_-_:_"',_"-"_ :_,_" -'_-"_',' ,'_ _ .....

i ,

?..

Table5.21.4-2 summarizesthereboost lifetimecharacteristicsof Stage21 assuming+2o
-- atmosphereconditions,anearlysolarcycle (July 1995 start),anda bpJlisdccoefficientof
• 18.6Ibs/ft2.The reboostisperformedusingtheaftbus whichcurrentlyhasa reboost

_- ,- efficiencyof94%. Forthisstagethereissufficientpropellantreserveon boardthestation
: to meet the skip cycle contingency reboost requirement.

y.

:_,:. Table 5.21.4.2 Reboost Lifetime Characteristics

oL !iiii_iiiiiiii{[iiiiiiiii_iii ii!ii!lli!iiii!;iii;!iii_ili!iiiiiiiii!il]ii_iii_:_Oj_i_i!Ji!i:!!!ii_!_:ii!il !]ii_i!!i_ _iili:il

! " ',v,iiiiiii',ii_N_iliiiii',i',',li',i',i',i_i_O:i_ii',ii_,Miilii!ii'_':',',':iii!_!Ni_!ii',',iii','_i',i':',;,ii',_':i__i,_ ,_!,_!!I:_]_',_',','f;:i_i_N_i_',',i]ii_,','/,',i'_iN_:, _,ii_iiiii:_',',l

_::._:i" 230 I 237 I 1,189 I 8,869 I 920 I 2_s I

_,i_::+ ThecontrolcharacteristicsofStage21underdesignatmosphereconditionsusingthePDR
__o__°. nominalcontroller(attitudeemphasis)aredisplayedinfigure5.21.4-2.Table5.21.4-3

° ,,, summarizes the control characteristics depicted in the plots.
! _

_ : Table 5.21.4-3 Control Characteristics Summary

___,: IMiiiiMiiii!ilMiiiiii_ii _i',iill'_ii!i',i_,',iii_ _,_,iii!i_iiiiiiif'_ii2,ii:_i_i_iii:,:,_iiil]v,:,i:::,!'_:,i',_!_': _ii__i__i_i__ _i_i!
: r" " _ii_M_i!_!iM_!i!i!i_M_M_iii_i_i!_!_!iiiiii!_i_!]i!ii_!i!_i!_iiiiiN_[_!_;_!iii1i_!_i_i_iiiii!i!_:_!_]i!i_:_:_f:ii_,,_[i!!ii !i_,iiiiiN_N!iiiiiiii!iiii_#iit!i!',',i',i!i]_Ni_Ni_ii',ii|

," Inos'sI O.Ode_'ees I -5 do '1"OOdo I -',-1.2degrees I]4,7oon-m-sl
i_ I w/STS i 9.1aeme_ I -3S._de_eesI 0.4d_sreesI ±3.5do_._ I ]4,500n-m.sI

.I J'_'r'' The control characteristics of Stage 21 (attached Shuttle) under design atmosphere
' conditions using the PDR nominal controller (attitude emphasis) are displayed in figure

'? .. 5.21.4-3. Table 5.21.4-3 summari_es the control characteristics depicted in the plots.

_,,,, 5.21.S Issues and Concerns
_ f

_ " r' ' : This stage has a pitch flight attitude that exceeds :t:15degrees with an attached Shuttle.
L

......:,." There is a possibility of some indirect plume impingement of the aft P6 and Sl/P1 radiators
,: from the aft bus attitude control thrusters.

,,._. Thisstagedoesnotprovideagoodmicrogravityenvironment.

_- There is a negative weight margin for the Shuttle manifest which will require weight
' _,_ reduction orutilization ofreserve performancemargins.
i ,

, L o

_ . r
i

i ....
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5.22 Stage 22 Flight Characterization

:. S.22.1 Stage 22. Flight 13A+ Shuttle Flight Manifest I
i Stage 22 is an additional shuttle flight over that in the 9/28/94 Baseline ISSA Assembly lif

Sequence. The STS delivers 2 PV battery sets and the $4 & P6 MT/CETA rails on an
_- UnpressurizedLogistics Carrier (ULC). Table 5.22.l-1 lists the Shuttle Flight Manifest

,, for Stage 22 - Flight 13A+.The total massof the stationhardware to orbit is 2556 lbs.

: _, The second section of the table shows the Shuttle Performance and hardware/consumables required for the mission resulting in the net Shuttle Lift Capability of
25249 lbs to 230 n.mi. at an inclination of 51.6°. Subtracting the hardware and FSE

o, 7

....... subtotals from this amount gives a mission flight marginof 11,018 lbs.
__: iI
...... 5.22.2 Stage 22 Configuration

._!ii_:.!i Figure 5.22.2-1 displaysthe isometric view of Stage 22 after the Shuttle departsand the
_ scheduled assembly is completed. Figure 5.22.2-2 shows the front, side, top and

_i: isometric views of Stage 22 with the Shuttle attached,
S _ _,

': 5.22.3 Flight 13A+Assembly Operations Description
.... 'r Rendezvous of the Shuttlewith the Stage 21 occursalong +V bar at an altitudeof 230

: "_ n.mi. Station rendezvous attitudeis +XVV and+Z Nadir. The Shuttle docks to PMA2
:_.... ..

: on the Node 2 forward CBM in a tail down orientation.

_" Flight 13A+is a 15daymission with 7 EVAs. EVA tasks that remainfrom flight 13A
are completedduring the first half of this flight. The primary purpose of those EVAs is

o-: to prepare for deployment of the $4 PV arrays, and reconfigure the power distribution
" equipment following deployment of the $4 PV arrays. Upon completion of those tasks,

..... the starboard P6 PV array and the P6 PV radiator are stowed in preparation for relocation
_::, during this flight. The SSRMS unberths the Bus-1/stingerelement (zenith) from the top
.... of the P6 segment, hands it to the SRMS which holds the element in a location that
i i provides a clear area for the P6 relocation. The SSRMS unberths the P6 power module

from the ZI truss and then attaches the element to the P3/P4 truss segment. Following
,, .: re-installation of the P6 segment, the SSRMSretrieves the Bus-I/stinger from the SRMS
_, . and berths it to the zenith surface of the Z1 truss (see figure 5.22.3-1 for a graphical

depiction of these operation). The P6 PV arraysand PV radiator are deployed and re-
=_ , ::. activated. The $4/P6 MT/CETArails are installed. The 2 PV batterysets deliveredon

this flight are installed on the $4 lEA using the SPDM.

_: Following separation, Stage 22 flight mode is LVLH with the Node1/Lab section aligned
: along the velocity vector.

,.

,/
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00000003-TSB07



=:_,_ .7

- SystemResource/Functionality
i

=='_....... Stage 21 functionality, plus:

• $4 power module active - 2 Additional EPS Channels (6 batteries each) t
i

. : ._ • Full PV battery complement at $4

_.:,.: • Reactivated EPS Channel on P6 (4 batteries on each channel)

:/'o " • ITS P6 in permanent port-outboard location

=,,.,_L • 4 additionalEATC radiatorsdeployedand 4 activated(all EATCradiators
-,, ,_. now activated)

1.,_,,?_,,,"!

=:_"_ • Resources A vailable: Power: 47,200 W
_i_9_ Thermal: TBD

_i :_ EVA: 72 crew-hours

;_i_i__ _:,. Resources Required: Power: 13,392 W (U.S. Housekeeping)
,._o_._,_: TBD W (Payload)

1,180 W (CSA)
229 W (NASDA)

..... Thermal: TBD W
.,__. ., EVA: 63:40 crew-hours

Ldl_- ,

< .

5.22-2
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.... r'_" Table 5.22.1-1 Stage 22 - Flight 13A+ Shuttle Flight Manifest
! '' o,

-: Hardware ...... Mass (Ibs) FSE

E r " _C 2935

: _ " DDC-B 1540
i : PV battery sets (21 1868

. j MT/CETA rails ($4 & P6) 688
. !'

• .. 16-_y EDO Pallet 7200

! _ ' subtotal 2556 11675

......" Shuttle Performance Mass (Ibs)

,: ... Capability to 220 n.mi. at 51.6 deg Inclination 24685
Enhancements 13000

_.: ",.:i;: " Assembly Altitude delta (100 lbs pern.mi.) -1000
: Additional Shuttle Performance Enhancements 0

i__: ,., VariableIntegrated Hardware -990
_ _ _ Additional Attach Hardware 990
_::,"(. 990

VariableShuttle Consumables -3582
_.,':," Additional Crew(500 lbgcrew) 1000

,i _.

•- .. : Food & Gear (-55 lbs/dayover 6) 495
_ '' r" 5_' 6th, 7th & 8th N2 tanks (@128 lbs/N2) 512

' _,,-__i'.. 511aCryoTank& Fluid 1575
o ._ 3582
__ MiddeckLockers -160

.... Generic Integrated Hardware -5374
i_--_' External Ah'lock 3000
} _. " 4th Cryo Tank Fluids 866
! _,.... 3rdEMU 300

,- SAFER I00

Misc integration hardware 118
L _ ..... Attach Hardware 990
' .... 5374
i :' Weight GrowthReserve -1000

_:, Maintenance Reserve -330

" ,,, Total Shu,ttleL,'iftCapability ,, 2.$249
i -

" r " [ Mission Flight Margin I 'l .ols I

5.22-3
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- 5.22.4 Stage 22, Flight 13A+ Performance Characteristics

;_ Stage 22, Night 13A+ is assembled at a 230 n.mi. altitude in an LVLH flight mode with 6

," . double axis articulating PV arrays. The nominal launch date is August, 2001. i
/: :. Stage 22 in a +2a atmosphere (solar flux = 191.5, geomagnetic index - 22.1) has a flight it
" attitude of yaw = 6.0, p,tch = -3.3, and roll = -0.9. The steady state microgravity '1

......... environment is depicted in figure 5.22.4-1. Table 5.22.4-1 lists the U.S. Laboratory I-, ". racks, their type, and the maximum steady state mierogravity level sensed during the orbit
in the given +2a atmosphere. This configuration contains 5 ISPR racks within the 1 gg

,_:" environment.

o,

Table 5.22.4.1 Stage 22 US Lab Rack Steady State gg Level

,, [,., . .......... t ........... ii ij, ..........

pr "_I; ::_:i_i!iiii!_;:;;!_Ra_k?i:!:;::;::::::i_,, ]ili_iiiiii::!::::iiii_ypei_i:;i;:._:!:i:__ii:!::ii:.ii;_imicro_g:_:;:i_

=_-°:::_i.;! LAS.1 ISPR 1.6
=':'" " LAS-2 ISPR 1.6

"__: • LAS-3 ISPR 1.6
......,_ _, L,_4 ISPR 1.6

LAS-5 SYS 1.5
LAS-6 SYS 1.5
LAF.1 SYS 2.1

_;," , " LAF-2 SYS 2.1
- .... : LAF-3 SYS 2.1
. :__ ! LAF-4 SYS 2.1

=:_" : LAF-5 SYS 2.0
:_" :o LAF-6 SYS 2.0

LAP.1 ISPR 1.5
. . _' LAP-2 ISPR 1.5
_-_"-_": LAP-3 ISPR 1.5

_ '_ LAP-4 ISPR 1.4
-_ ........ LAP-5 SYS 1.4

,_ ' ,:" LAP-6 SYS 1.4
- ":_. :" LAC-I ISPR 1.0

.... LAC-2 ISPR 1.0
'. .... ,.

=':., _ LAC-3 ISPR 1.0
' :', LAC_ ISPR 1.0

...._"_:: ' LAC-5 ISPR 1.0

o,....: ' LAC-6 SYS 1,0

"s

,Q .

r "
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:, :!, Table 5.22.4-2 summarizesthe rcboost lifetimecharacteristicsof Stage 22 assuming +20
,_ atmosphereconditions, an early solar cycle (July 1995 start),and a ballisticcoefficient of
; .... 10.1 lbs/ft2. The rcboost is performedusing the aft bus which currer,ly has a reboost

: efficiencyof 100%. Forthis stage thereis sufficientpropellantreserveon boardthe station
to meet the skip cycle contingencyreboostrequirement.

i /: t
___' Table 5.22.4.2 Reboost Lifetime Characteristics

] , : iii :!ii!!!iiiii!i!ii::ii   i iliiii[il[iiiil ili iii!iilliiiii!:!iiiii .   !iiiiiiiiii,[[[ii::iiiilR]:.iiiii:ii',iiiiiii:i!iiiii!ii!::   i!!i!iiii!ii i;i i :iil

! _.,C,

! _*i:,: The control characteristics of Stage 22 under design atmosphere conditions using the PDR
nominal controller(attitude emphasis)are displayed in figure5.22.4-2. Table 5.22.4-3

_!J: _ summarizesthecontrolcharacteristicsdepictedin the plots,

........ Table $.22.4.3 Control Characteristics Summary

::.:. ::::::_.....:.: ........ _...:: ...... ...-._ .:.::., ...:.::::;.;::; :::::::::::::::::::::: ..:.:.:: ....:..;;:::..:... :::: ...... :..-.:.... ,....:.:.-...: ...... ::..

reSTSI 6.0d¢ eesI l ±i.0dgr-.esli2,soO -m-sl
_° w/STS [, 32.4degrees i 43.8delFees [ -2.2delFees ± 1.9degrees I 12_200N-m-s |-' ', U

i ° The control chinacteristics of Stage 22 (attached Shuttle) underdesign atmosphere
i ,::° : conditionsusing thePDRnominal controller(attitudeemphasis)are displayedin figure

,, 5.22.4-3. Table 5.22.4-3 summarizes the control characteristics depicted in the plots.

.... $.22.5 Issuesand Concerns

,. Thisstagehasapitchflightattitudethatexceeds±15degreeswithanattachedShuttle.

.... ThereisapossibilityofsomeindirectplumeimpingementoftheaftP6andSI/P1radiators

_,: from the aft bus attitudecontrol thrusters.

_ ' Thisstagedoesnotprovideagoodmicrogravityenvironment.

Inordertomaintainprogressivestagefunctionality,6EVAs wererequiredtoaccommodate
'::L missioncriticalassemblytasks. In doing this, the initialEVA1 task time estimates
':' exceededthemaximumplannedEVA durationbymorethan3hours.Inordertoalleviate
_ thisconditionthefollowingchangesarerecommended:

r ii_"

. Remove the following EVA tasks from Flight 13A+ EVA1 and perform them on the
::L,r. nextEVA:"PrepUpperEPSEquipment","PrepLowerEPSEquipment",and

"Rigidize4SAILIBraces".Thiswillreducethecurrent13A+EVA Itoanacceptable
• 4hoursand25minutes.

5.22-8
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Deferthecurrent13A+EVA3 toFlight2E,EVAI,whichwillnowhaveatotalEVA
lengthof5hours45minutes.

ThecurrentEVA2 nowbecomesEVA3.ItwasfeltthatbatteryinstallationonS4couldbe
accomplishedfromthe MT/SSRMS/SPDMoperatingfromthe ITSS3 MTrail and that the _)

i. otherdeferredEVA taskswould notjeopardizestagefunctionality, i
1
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. S.23 Stage 23 Flight Characterization

r ' 5.23.1 Stage 23. Flight UF-5 Shuttle Flight Manifest
Stage 23 is the fifth utilization flight. Table 5.23.1-1 lists the Shuttle Flight Manifest for

:: -. Stage 23 - Flight UF-5. The total mass of the station hardware to orbit is -9000 Ibs. The
second section of the table shows the Shuttle Pcrformancc and hardware/consumables

required for the mission resulting in the net Shuttle Lift Capability of 23176 lbs to 230
'_' : r_ n.mi. at an inclination of 51.6 °. Subtracting the hardware and FSE subtotals from this
! : amount yields a mission flight margin of 536 lbs.

_ : _ 5.23.2 Stage 23 Configuration
Figure 5.23.2-1 displays the isometric view of Stage 23 after the Shuttle departs and the

i ,: scheduled assembly is completed. Figure 5.23.2-2 shows the front, side, top and
,_ = isometric views of Stage 23 with the Shuttle attached.

_° _ 5.23.3 Flight UF-5 Assembly Operations Description

i__ Rendezvous of the Shuttle with the Stage 22 occurs along +V bar at an altitude of 230
_- ::ii n.mi. Station rendezvous attitude is +XVV and +Z Nadir. The Shuttle docks to PMA2

_ _,_, on the Node 2 forward CBM in a tail down orientation.
z , .... -i

i=' • Flight UF-5 is a 12 day mission with 0 EVAs, The SRMS unberths the MPLM from the_-: _ -

Shuttle payload bay and installs it on the Node 2 nadir port CBM. Upon completion of
the rack exchange, the MPLM is returned to payload bay,

_,, r': Following separation, Stage 23 flight mode is LVLH with the Nodel/Lab section aligned

_i ,: !. along the velocity vector.

System Resource/Functionality
*,

; o_: Stage 22 functionality, plus:

_=__ * No additional functionality added on this flight

!o-°: : Resources Available: Power: 47,200 W! ..

! i . Thermal: TBD
i ° ,,. EVA: 0 crew-hours
i :i :

i • Resources Required: Power: 13,392 W (U.S. Housekeeping)i r . ....

TBD W (Payload)
' ! 1,180 W (CSA)

229 W (NASDA)
_':" Thermal: TBD W

EVA: 0 crew-hours

7"
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, - " Table 5.23.1-1 Stage 23 - Flight UF.5 Shuttle Flight Manifest

i__, : Hardware ............... M_ (Ih_) ,, FSE, ..

MPLM 10705
ISPRs TBI)

ULC 2935
, AttachedPayload TBD

......_, ' subtotal 9000 13640
_ ,, _ ......................

.,__'i,._-:_.::.... Shuttle Performance Mass {IbQ

' "_ '-!:__: " Capabilityto 220 n.mi. at 51.6 deg Inclination 24685
: _"::::'' _ Enhancements 13000

_!_- Assembly Altitudedelta (100 lbsper n.mi) -1000
_,_ .... AdditionalShuttlePerformance Enhancements 0.
.......,.,.... VariableIntegratedllardware -2314
......:,-.,.- APCU-I 714

;,:_i_:_,,.:, ROFU 450
_:'_:_ :: AdditionalAttach Hardware 990

Misc. hardware 160

'--'°::" 2314

i ,{i __',:'; VariableShutde Consumables -3161
! _-:_: 'i. Additional Crew (500 lbs/_ew) 1000
,_ Food & Gear(-55 lbs/day over6) 330
_.i' _i i_i_' 5th& 6th N2 tanks{@128 lbs/N2) 256
i_'-_'_. 5thCryo Tank& Fluid 1575

i_ 3161
_'- "" MiddeckLockers -160
i'-' '_,

i_ __, . GenericIntegratedHardware -5374
T- _ External Airlock 3000
: ,,_ 4thCryo Tank Fluids 866
:__,,:,.-o_,. 3rdEMU 300

: ..... ,/ SAFER 100
_ii-i_- : Misc integrationhardware 118
:_,_:_ Attach Hardware 990

_,_,,',_._...... 5374

_i " Weight Gtowd_Reserve -1500_ _[,.'.. MaintenanceReserve -1000
Total shuttle Lift Capability 23176

,:,:,:'_:_,-

...._":.... - I ML_ionFlight Margin I J 5_ J:_,:_,r

if: :, £,-

- , , , ..

.....v,:,_

" 5.23-2
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°.

,: $.23 Stage 23, Flight UF-5 Performance Characteristics
!

Stage 23, Flight UF-5 is assembled at a 230 n.mi. altitude in an LVLH flight mode with 3

i-__ -. double axis articulating PV arrays. The nominal launch date is October, 2001. I:'_ : Stage 23 in a +2a atmosphere (solar flux = 182.9, geomagnetic index = 22.5) has a flight
attitude of yaw = 6.0, pitch = -3.1, and roll = -0.9. The steady state microgravity

: ii environment is depicted in figure 5.23.4-1. Table 5.23.4-1 lists the U.S. Laboratory
i: racks, their type, and the maximum steady state microgravity level sensed during the orbit
_,_.: inthegiven+2aatmosphere.Thisconfigurationcontains5ISPRrackswithintheIttg

environment.

i ..... : Table 5.23.4-1 Stage 23 US Lab Rack Steady State lig Level
i-

i _ ,,: ':.,!!:,!:,!i!::!i::!i',:iiR_:ckTi!i!i:_ii::iiii!ii;i_::i,ii':_!i!ii_i_:_!_i_i_p_e_?_i_ii_i:iii!i_._;ii}iiii:_:_._R_!7_?_iiiiii_

[ _:: ,i LAS.I ISPR 1.6
_'_', o LAS.2 ISPR 1.6

° " LAS-3 ISPR 1.6
i+;i_ : LAS4 ISPR 1.5

_ { ::>:'7: LAS-5 SYS 1.5i LAS-6 SYS 1.5
! _: , I LAF-1 SYS 2.1

!=:,, °: LAF-2 SYS 2.1

!., L.: LAF-3 SYS 2.1
i "' LAB4 SYS 2.0

_,': LAF-5 SYS 2.0
: LAF-6 SYS 2.0

v . LAP-1 ISPR 1.5

..=;_ LAP-2 ISPR 1.5
_ LAP-3 ISPR 1.4

: _ ; L_-4 ISPR 1.4
::" " LAP-5 SYS 1.4 "o

LAP-6 SYS 1.4

, • LAC-I ISPR 1.0
LAC-2 ISPR 1.0
LAC-3 ISPR 1.0

_-', . LAC-4 ISPR 1.0
• " LAC-5 ISPR l.O

_,- :

LAC-6 SYS 1.0

i.

.i.



• .7

7

:_, , 4Mlcro-G

: I 2 Mlcro-G

!

_ 4 Mlcro-G

=, :- -.

o: _..

! •

L
i :....o

}

i :il_ : 2 Mlcro-G

i.... .- 4 Mlcm-G

i .... :: Figure 5.23.4-1 Stage 23 steady-state microgravity environment contours.
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Table 5.23.4-2 summarizes the reboost lifetime characteristics of Stage 23 assuming +2a

atmosphere conditions, an early solar cycle (July 1995 start), and a ballistic coefficient of 1_. 10.1 lbs/fta. The reboost is performed using the zenith bus which currently has a reboost
,; efficiency of 92%. For this stage there is sufficient propellant reserve on board the station

r, _ _ ._: m meet the skip cycle contingency reboost requirement. !

1
..: Table 5.23.4.2 Reboost Lifetime Characteristics

....,_, '. [ 230 [ 237 [ 1,285 [ 7,718 I -365 I 290 I

- :_"_'_':_ ; The controls results are identical to those described in 5.22.4 in the design atmosphere.. e., '5,. "

_: , _ 5.23.5 Issues and Concerns
. ,_dt_,: '.

" This stage has a pitch flight attitude that exceeds ±15 degrees with an attached Shuttle.

There is a possibility of some indirect plume impi_.,gementof the aft P6 and Sl/P1 radiators
'_ from the aft bus attitude control thrusters.

::_ This stage does not provide a good mierogravity environment.
= g' ',:
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5.24 Stage 24 Flight Characterization

S.24.1 Stage 24. Flight lJ Shuttle Flight Manifest

The Shuttle delivers the JEM PM. Table 5.24.1-1 lists the Shuttle Flight Manifest for
Stage 24 - Flight 1J. The total mass of the station hardware to orbit ix 30864 lbs. The
second section of the table shows the Shuttle Performance and hardware/consumables

i required for the mission resulting in the net Shuttle Lift Capability of 29058 lbs to 230
,::, n.mi. at an inclination of 51.6 °. Subtracting the hardware and FSE subtotals from this
: amount yielas a negative mission flight margin of -1806 lbs. This flight was delivered

' to a higher altitude than the Baseline 9/28/94 Assembly Sequence, therefore the mission
....:_.: flight margin is even more negative.

- _ 5.24.2 Stage 24 Configuration

,:_=_ Figure 5.24.2-1 displays the isometric view of Stage 24 after the Shuttle departs and the
_: _" : scheduled assembly is completed. Figure 5.24.2-2 shows the front, side, top and
z2_ ,,i isometric views of Stage 24 with the Shuttle attached.

i _ ,; 5.24.3 Flight 1J Assembly Operations Description

' Rendezvous of the Shuttle with the Stage 23 occurs along +V bar at an altitude of 230
• o

..... • n.mi. Station rendezvous attitude is +XVV and +Z Nadir. The Shuttle docks to PMA2
j '...

_:,_: on the Node 2 forward CBM in a tail down orientation.

.:. Flight 1Jis a 9 day mission with 2 EVAs. The SRMS unberths the JEM PM from the
_ _ :: Shuttle payload bay and attaches the element to the Node 2 port CBM. The SSRMS

=_ . unberths the _M ELM PS from the Node 2 zenith port and attaches the unit to the JEM
' _ : PM zenith port. The JEM RMS is installed, checked-out and activated.

_ _/.!i":i Following separation, Stage 24 flight mode is LVLH with the Node 1/Lab section aligned
'_ _'" along the velocity vector.

5.24-1
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n

F System Resource/Functionaliqy

Stage 23 functionality, plus:

• • JEM attached to Node 2, port-side pc_rt

• Delivers and activates the JEM Pressurized Module and the JEM RMS

• Relocate ELM-PS to JEM PM

• JEM PM PDGF checked out

L _ •....

r- Resources Available: Power: 47,200 W
__. •

"" _ Thermal: TBD
t., EVA: 24 crew-hours

_; ,_,, Resources Required: Power: 13,392 W (U.S. Housekeeping)
_,, ...... TBD W (Payload)

,:..... 1,180 W (CSA)
_ _:_;::i. 4,902 W (NASDA)
i __:° Thermal: TBD W
i'-__" ",_,_ EVA: 14:30 cJ'ew-hours

V-',

1 '
I
i e, ;,

, ; o

_,., ,?¢ °

L

I :
I 5.24-2
I
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I

' ,,. " Table 5.24.1.1 Stage 24 - Flight IJ Shuttle Flight Manifest

[ , . Hardware ..... Mass (Ills) • FSE

I= '
..... : JEMPM (with 3 system racks)

JF.MPressurizedModuleCore 25696
= /. . JEMPM i)MS 2 Rack 939

_-'"": '.-! JEM PM TII(?/'I'CS2 Rack 1166[ " ,,

_ : JEM PMEPS 2 Rack 866

[_ii_,!-Ti.:i'f' JEMRobotic ManipulatorSystem 2196

': .................... subtotal ..... ,3,0864 , , 0

Shuttle Performance Mass (Ibs)

Capabilityto 220 n.mi, at 5!,6 deg Inclination 24685
Enhancements 13000
AssemblyAltitudedelta (100 Ibspern.mi.) .1000
AdditionalShuttlePerformanceEnhancements 0
VariableIntegratedHardware 0
VariableShuttleConsumables -293

• Food & Gear(-55 ibs/dayover6) 165
__ •. 51 N2 tank (@128 Ibs/tank) 128

"_!):7:'::_?'2.: 293
.,._i,',:." MiddeckLockers -160

--:_:_, GenericIntegratedHardware -5374
:_::;:,' ExternalAirlock 3000? 41 CryoTank Fluids 866

3rd 300
-< , SAFER I00

[_(!!:":::':i. Misc integrationhardware 118
F-_,i?i!i::i:: Attach Hardware 990F_'<_'_(_<,';t"o•
t=7,.'_'_<,:'._'," 5374

,.: WeightGrowl Reserve -1340
_-- MaintenanceReserve -460

_'_ _$_r_''_' Total Shuttle'Ltft Capability 29058

- [ " ' Mission Flisht,Marstn [ I -18_ I
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: • $.24.4 Stage 24, Flight 1J Performance Characteristics J

r . Stage 24, Flight1J is assembledat a 230 n.mi. altitudein an LVLH flightmode with 3 pair
, . of double axis articulatingPV arrays. The nominallaunchdate is December,2001.

:_ Stage24ina+2aatmosphere(solarflux= 176.3,geomagneticindex=22.5)hasaflight
.. attitudeofyaw= 1.5,pitch=2.6,androll= -0.9.Thesteadystatemicrogravity |

i 'L

•:. environmentisdepictedinfigure5.24.4-I.Table5.24.4-IliststheU.S.Laboratory
_'..... racks,theirtype,andthemaximumsteadystatemicrogravitylevelsensedduringtheorbit
:_,_:: inthegiven+2oatmosphere.Thisconfigurationcontains5ISPRrackswithinthe1_g
......__. environment.
'7"'<!!'!_:_:.

.?. Table 5.24.4.1 Stage 24 US Lab Racks Steady State p.g Level

_ iiiiiii!ii!'_iiiiiii',iii_"_!iiii'_iiiiiiiiiiiiiiiiiiiiiiiiiiiii':i!ii_i_i_i_!;iiii_!i!ii::i,!_::i_iiii:i_:_t_!_i_;iiiii!ii_,iiiii::
o .

,..... LAS-1 ISPR 1.3
: ' LAS-2 ISPR 1.4

LAS-3 ISPR 1.4
= _ i, ,, LAS..4 ISPR 1.4

_ _ "! LAS-5 SYS 1.4
' =° ':"" • LAS-6 SYS 1.4
_ ::i:i. LAF-I SYS 1.8

°__ LAF-2 SYS 1.8
LAF-3 SYS 1.8

::" LAF-4 SYS 1.9
•"_':_: LAF-5 SYS 1.9

--=° LAF-6 SYS 1.9

• LAP-I ISPR 1.2

_:, i LAP-2 ISPR 1.2

_i " LAP-3 ISPR 1.2
." LAP4 ISPR 1.2

LAP-5 SYS 1.3

LAP-6 SYS 1.3
',,ii_,: LAC-1 ISPR 0.8

:_:" LAC-2 ISPR 0.8

. LAC-3 ISPR 0.8
LAC-4 ISPR 0.8

: LAC-5 ISPR 0.9

_ :, LAC-6 SYS 0.9

".f

-.
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- Table5.24.4-2stunmarizesthereboostlifetimecharacteristicsofStage24 assuming+2a
atmosphereconditions,anearlysolarcycle(July1995start),anda ballisticcoefficientof

...... 10.7Ibs/ft2.The reboostisperformedusingtheaftbus whichcurrentlyhasa reboost
efficiencyof100%, whilethezenithbushasfullyexpendeditspropellantload.Forthis

i _ stage there is sufficient propellant reserve on board the station to meet the skip cycle
, contingency reboost requirement.

, ,...

Table 5.24.4-2 Reboost lifetime characteristics
_ :ir.

, ... ,

• .t ........................................... t ............... J"" "' '"" """'''"""'""" i:i::_.}:": : ::::::::::::::::::::::::::::::::::::::::::::

l]ii', ilI iiii :...........
=,:'_._: ii!iiiii@_@+iii@+!!+ii+i+ii_!+liiW++i_i+_i@+@i+]i!#+iiiiii_i_#@iiii@iiiii!!_+l!+iili@+ii@i!_'!_,@iii'@iiiliiiiiil]iiii_ip_:.ii!iiiiiliii@i_!iiii_iiiiiii+i'@.
.,i- I I 240 1,859I 5,s59 .s65 169

• , ,o

_ The control characteristicsof Stage 24 under design atmosphere conditions using the PDR
:i:" nominalcontroller(attitudeemphasis)aredisplayedinfigure5.24.4-2.Table5.24.4-3
+. i; summarizesthecontrolcharacteristicsdepictedintheplots.

+

-o ,i

_ Table 5.24.4.3ControlCharacteristicsSummary

++ ,+ ,,.

:
:,:' , _i::_i:.:.::_.:_';:i_i_+::_:_i@_]!iii_::!::.iiii_:i_ii_iii:_i_._+i@i_ii]_ii._i:ii:.i:._:.]i_i]_iii_i_i]:._::._i_i:._:._!i_::iii:::iii!iit_R_|i_i_!ii]_iiW:_i_i_!_...............:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::

:::::::::::::::::::::::::::::::::::::::::

_.," hoSTS 4.3_-_ I t.0degrees I -0.9degrees ±l.0degrees I t2,s00N.m.sl
_-".::,. w/STS 33.6de_eesI 43.6desrees, I -3.hdej_ees ±2.1des_eesI ll,000N.m-sI

: !

' -i The controlcharacteristicsofStage 24 (attachedShuttle) under design atmosphere
= ++ " conditions using the PDR nominal controller (attitude emphasis) are displayed in figure

m 5.24.5--3. NO momentum wheel augmentation was required. Table 5.24.4-3 summarizes
the control characteristics depicted in the plots. The presence of the Shuttle results in large

i .. pitch and yaw torque equilibrium angles.
,.i '.

_:;_:. " 5.24.5 Issues and Concerns

o . : This stagehasapitchflightattitudethatexceeds±15degreeswithanattachedShuttle.
r

ThereisapossibilityofsomeindirectplumeimpingementoftheaftP6andSI/PIradiators
" fromtheaftbusattitudeconu'olthrusters.

• This stage does not provide a good microgravityenvironment.

There is a negative weight margin for the Shuttle manifest which will require weight
....'; reductionorutili_tion of reserve performance margins.

5.24-8
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• 5.25 Stage 25 Flight Charaterization 1
5.25.1 Stage 25. Flight 2E Shuttle Flight Manifest

!

This flight carries the outfitting for the European Space Agency Pressurized Module as
:_ well as JEM system and stowage racks in the MPLM and delivers the $5 truss segment.

Table 5.25.1-1 lists the Shuttle Flight Manifest for Stage 25 - Flight 2E. The total mass
' of the station hardware to orbit is 13229 lbs. The second section of the table shows the

v . Orbiter Performance and hardware/consumables required for the mission resulting in the
: net Orbiter Lift Capability of 27138 lbs to 230 n.mi. at an inclination of 51.6 °.

i _ , Subtracting the hardware and FSE subtotals from this amount gives a mission flight
_ o :_ margin of 3283 lbs.

i _ _: 5.25.2 Stage 25 Configuration
"_°:: Figure 5.25.2-1 displays the isometric view of Stage 25 after the orbiter departs and the

_. ,. scheduled assembly is completed. Figure 5.25.2-2 shows the front, side, top and
a: . isometric views of Stage 25 with the orbiter attached.

5.25.3 Flight 2E Assembly Operations Description

_ : Rendezvous of the Shuttle with the Stage 24 occurs along +V bar at an altitude of 230
7 : n.mi. Station rendezvous attitude is +XVV and +Z Nadir. The Shuttle docks to PMA2
i _ : on the Node 2 forward CBM in a tail down orientation.
i

_,<, •

--- _ : Flight 2E is a 9 day mission with 1 EVA. The SRMS removes the MPLM from the
: . payload bay and berths it to Node 2 nadir CBM. Upon completion of U.S./APM stowage

_ _ : rack transfers, the MPLM is returned to the payload bay. The SSRMS directly unberths
_. the $5 truss segment from the payload bay and attaches the element to the MBS

Payload/ORU Accommodation (POA). The SSRMS installs the $5 ITS to the outboard
• side of the $4 ITS, and the utilities are connected during the single EVA for this flight.

,_

.. _ -- Following separation, Stage 25 flight mode is LVLH with the Nodel/Lab section aligned
• i along the velocity vector.

....... System Resource/Functionalityi ,

i -_ .i . Stage 24 functionality, plus:

_: _. • Delivers and activates remaining JEM Racks
i

Resources Available: Power: 47,200 W
Thermal: TBD

_ _ EVA: 12 crew.hours

_ Resources Required: Power: 13,392 W (U.S. Housekeeping)
TBD W (Payload)
1,180 W (CSA)

,, .. 4,902 W (NASDA)
.... Thermal: TBD W

EVA: 6:30 crew-hours

,:: 5.25-1
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..- Table 5.25.1-1 Stage 25. Flight 2E Shuttle Flight Manifest
Hardware Mass (Ibs) FSE

MPLM 10626

" ..:"• Node 1Stowage Rack 1 783
'," Node 1 Stowage Rack 2 779

•, ,- JEMPM System Stowage Rack 2 873
. ,,- JEMPM outfitting,workbench 613

= : _ JEMsmall fine arm 351
: . JEMELM-PS/US Stowage Rack 1 998

"" JEMELM-PS Stowage Rack 1 642
JEMELM-PS Stowage Rack 2 920

.-. ]EM ELM-PS StowageRack 3 916
=,, _ JEM ELM-PS StowageRack 4 972
- _':..: JEMELM-PS StowageRack 5 972

::::: APM/USStowage Rack 2 882

-:, $5 trusssegment 3528

" subtotal - 13229 " 106/6
>

.7 •ShuttlePerformance I Mass 0bs)

= !/- Capability to 220 n,mi. at 51.6 deg Inclination 24685

: _ Enhancements 13000
-- Assembly Altitude delta(100 lbsper n.mi.) -1000

. AdditionalShuttle PerformanceEnhancements 0
: ,- Variable IntegratedHardware -790
,',;• AdditionalAttach Hardware 790

79O
- ,' :.. Variable Shuttle Consumables -293

: :, Food & Gear (-55 lbs/day over6) 165
.... 5thN2 tanks (@128 lbs/N2) 128c/

_,. 293
- MiddeckLockers -160

GenericIntegratedHardware -5374
. External Airiock 3000

...., ._ 4thCryo Tank Fluids 866
_'::._ 3rdEMU 300
,r. SAFER I00

Misc integrationhardware 1i8
Attach Hardware 990

%

5374
, : Weight GrowlhReserve -2130

". '" Maintenance Reserve -800
: i

,, , Total Shuttle Lift Cap.abillt_ 27138

..! I Mission Flight Margi.n..I ] 3283 [

?

!"

" 5.25-2
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•. 5.25 Stage 25, Flight 2E Performance Characteristics

Stage 25, Flight 2E is assembled at a 230 n.mi. altitude in an LVLH flight mode with 3 p_dr
,- - of doable axis articulatingPV arrays. The nominal launch date is February, 2002.i

" Stage 25 in a +20 atmosphere (solar flux = 171.1, geomagnetic index = 21.0) has a flight
! attitude of yaw ---0.0, pitch -- 2.6, and roll --.-0.7. The steady state microgravity
'- environment is depicted in figure 5.25.4-1. Table 5.25.4-1 lists the U.S. Laboratory
i " racks, their type, and the maximum steady state microgravity level sensed during the orbit

*Vi -_ in the el. en +20 atmosphere. This configuration cont_ns 5 ISPR racks within the 1 _tg
:. environment.

i

..... Table $.25.4-1 Stage 2S US Lab Rack Steady State _tg Level

__ _. iii!iiiii!i!!ii_iiiR_k:iiiiii!iiiii:_iiiii!ii!i_ili!iiiii_i_iii!_iii_Deiii:iii_i_i_:!iii_i•_iliil_ ii_i_b_ _i_i!_i:i:.iiiii
! L

!i_o_ LAS-1 ISPR 1.3LAS.2  SPg L3
i ?'_ " LAS-3 ISPR 1.4
_'_:_/ LAS-4 ISPR 1.4
! :':i_ LAS-5 SYS 1.4

...._:: LAS-6 SYS 1.4
'7 LAF-1 SYS 1.8
I LAF-2 SYS 1.8
i ; _ _ '
: LAF-3 SYS 1.8
! _: ,. LAF-4 SYS 1.9

LAF.5 SYS 1.9
_' LAF-6 SYS 1.9

i:! LAP.I xsPg L2
i : _- LAP-2 ISPR 1.2
! ' ._)
!_ ,,.. LAP-3 ISPR 1.2

,,.. LAP-4 ISPR 1.2
i-i_:. LAP-5 SYS 1.3
--" '.... LAP-6 SYS 1.3
_ .... LAC-I ISPR 0.7
,:_::_" LAC-2 ISPR 0.8
_-.......:: LAC-3 ISPR 0.8
_'_:_:,_i LAC-4 ISPR 0.8
I , .- LAC-5 ISPR 0.8
rl",._: LAC'6 SYS 0.9

y_

r-
L • :

i •
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_ _i_:_ Table 5.25.4-2 summarizes thereboost l'fethnc characteristics of Stage 25 assuming +2a
,, _,, , atmosphere conditions, an early solal' cycle (July 1995 start), and a ballistic coefficient of
::Y: : 10.8 lbs/ft 2. The reboost is performed using the aft bus which currently has a reboost
_.:/ efficiency of 100%, while the zenith bus has fully expended its propellant load. For this

::::_ stage there is sufficient propellant reserve on board the station to meet the skip cycle
:.L:; cond_gency reboost requirement.

Table 5.25.4-2 Reboost Lifetime Characteristics

liii!i!i':i!iiiiii!i!iiiiii{iiiiii'__ii'__iiilil_,iiiiiilii_!',ii_,i',i!i',ii(_ililiiii'/:',iiiil::!i;_,i!;iil'_iiiii?'_ii iiiii!:!iiii!ii_hii'_ilili'_i',;il.i;,ii'_iiiil;ii:i!:06_i_':iiiil;i:!iiiiiiil!_i_;ii:;i_R_i'::::_lbs.)!;:.i,:.i!!!_lliii'_'::!i!il;ili::i,_::_N$i!!iii_ii_i::i:ii:i!iit
I I........240.......I I I I I

The control characteristics of Stage 25 under design atmosphere conditions using the PDR
nominal controller (attitude emphasis) are displayed in figure 5.25.4-2. Table 5.25.4-3

t:,: summarizes the control characteristics depicted in the plots.

_',_ Table 5.25.4-3 Control Characteristics Summary

:::::::::::::::::::::::::::: ::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::=======================================================================

:".?i :..._.:,:,.,.::::_:_._:_....;_._:._._.s......:....!_.:.......i ?,ii?::::ii_:,i;.....,..,.i.::i,,:,i?_::i?:_::_.........._:._.-...::::::::::::::::::::::::_:i!_i!_i_i;_.ii_.!_.i:_t_Niiiii_i_i_i_!!!!iii_F;!iiii!_I_N_i_i:iii].... I:::.,:,,:::::._:::::_:!.............._ ...............I................N(¢_................i................R_II.................

I.os'rsl 3.6degree,s ] 0.gdegrc£.s I -0.7degre,es +l'0deh're'es 113,900N-m-sI
,,- I w/STS I 31.0degtc,es I 43.6de_,es I "3.3del_-S ±2.0de19"0¢s I 13,700N-m-s I

_ " _ ' The control characteristics of Stage 25 (attached Shuttle) under design atmosphere
....... conditions using the PDR nominal controller (attitude emphasis) are displayed in figure

"_;! '- 5.25.4-3. Table 5.25.4-3 summarizes the control characteristics depicted in the plots.

:,':.... 5.25.5 Issues and Concerns

._,:, This stage has a pitch flight attitude that exceeds ±15 degrees with an attached Shuttle.
• i

.... There is a possibility of some indirect plume impingement of the aft P6 and S 1/Pl radiators
• _' :, from the aft bus attitude control thrusters.

i'__::i .! This stage does not provide a good mierogravity environment.
j-_--_--,

5.25-7
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5.26 Stage 26 Flight Charaterization
t

5.26.1 Stage 26 - Flight UF.6 Shuttle Flight Manifest

_: The sixth utilizationflight is dedicatedto outfitting the Japanese Experiment Module

" (JEM), Table 5.26.1-1 lists the Shuttle Flight Manifest for Stage 26 - Flight UF-6. The_/ii' total mass of the station hardware to orbitis ~13000 lbs. The second section of the table

i ,:i:i_: shows the Shuttle Performanceand hardware/consumablesrequiredfor the mission:__::_:' resulting in the net Shuttle Lift Capabilityof 24664 lbs to 230 n.mi. at an inclination of
_ i_i 51.6°. Subtracting the hardwareandFSE subtotals from this amount gives a mission

flight margin of 959 lbs.

.... 5.26.2 Stage 26 Configuration
Figure 5.26.2-1 displaysthe isometric view of Stage 26 _fter the Shuttledepartsand thei ""

..... scheduled assembly is completed. Figure 5.26.2-2 shows the front, side, top and
isometric views of Stage 26 with the Shuttle attached.

5.26.3 Flight UF-6 Assembly Operations Description
!!i Rendezvous of the Shuttle with the Stage 25 occurs along +V bar at an altitude of 230

_::' : n.mi. Station rendezvousattitude is +XVVand +ZNadir. The Shuttle docks to PMA2
, _ on the Node 2 forwardCBM in a tail down orientation.

.... "3",,

_-L__i_: Flight UF-6 is a 12 daymissionwith 0 EVAs. The SRMS unberthsthe MPLM from the
L......_- Shuttle payload bay and installs it on the Node 2 nadir port CBM. Upon completion of
_ :" the rack exchange, the MPLM is returned to payload bay.

:, ' Following separation,Stage 26 flight mode is LVLH with the Nodel/Lab section aligned
,_ o_:'ii. along the velocity vector.

SystemResource/Functionality .,

:.... " Stage 25 functionality,plus:

: • No additionalfunctionalityaddedon this flight¢ .,

_ " Resources Available: Power: 47,200 W
i ..... Thermal: TBD
_,_:..... EVA: 0 crew-hours

, Resources Required: Power: 13,392 W (U.S. Housekeeping)
.... TBD W (Payload)
:_ 1,180 W (CSA)

4,902 W (NASDA)
• Thermal: TBD W
i:. EVA: 0 crew-hours

• 5.26-1
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,_ :: Table 5.26.1.1 Stage 26 - Flight UF.6 Shuttle Flight Manifest
• Hardware ............................... Ma_ (ibs) FSE

' • MPLM 10705

r" ISPRs 13000

: :: "" subtotal 13000 .1070$ 1

/ ,, ShuttlePerformance , Mass (ibs)- ......

Capability to 220 n.mi. at 51.6 deg Inclination 24685
,. Enlmncements 13000

[[] ,_ .. Assembly Altitude delta (100 ]bs per n,mi.) -1000i Additional Shuttle Performance Enhancements 0

' - Variable Integrated Hardware - !324
I_ ",': .. APCU-I 714

L_i_,,: -_.::" ROFU 450
F :, °- ', Misc. hardware 160

I,......... 1324

....:. VariableShuttleConsumables -3033AdditionalCrew (500Ibs/crew) I000

i:::id/i'.. Food& Gear(-55Ibs/dayover6) 3305thN2 tanks(@ 128Ibs/N2) 128

[_ _ :, i'7:i 5thCryoTank& Fluid 1575

I:. 3033:' .,. MiddeckLockers -160

=_ _r" " Genetic IntegratedHardware -5374

., : External Airlock 3000

• , ' '. 4th Cryo Tank Fluids 866
r 3rd EMU 300

:% .. S_R IO0

.. Miscintegrationhardware 118
.... . Attach Hardware 990

•: 5374
_':!_,, , Weight Growth Reserve -I 120
" :: Maintenance Reserve -101O

i " Total Sh._e LI.ft Calmblllty ! . 24664

i "' " [ .... Mission Flight Margin ] ] 959]

7
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°:_ 5.26.4 Stage 26, Flight UF-6 Performance Characteristics

!: Stage 26, Flight UF-6 is assembled at a 230 n.mi. altitude in an LVLH flight mode with 3
- pairofdoubleaxisarticulatingPV arrays.The nominallaunchdateisApril,2002.

Stage26 ina +20 atmosphere(solarflux= 158.1,geomagneticindex= 21.6)hasa flight
attitudeofyaw=0.0,pitch=2.7,androll=-0.7.Thesteadystatemicrogravity
environmentisdepictedinfigure5.26.4-I.Table5.26.4-IliststheU.S.Laboratory

_,i:_, racks,theirtype,andthemaximum steadystatemicrogravitylevelsensedduringtheorbit
inthegiven+20 atmosphere.Thisconfigurationcontains5 ISPR rackswithintheIpg

< environment.

_" _ Table $.26.4.1 Stage 26 US Lab Rack Steady State gg Level

-_:?:: " LAS-1 ISPR 1.3

_-'° "" LAS-2 ISPR 1.3
LAS-3 ISPR 1.3

_ :. LAS-4 ISPR 1.4

_..... , LAS-5 SYS 1.4
......°' LAS-6 SYS 1.4
", _ LAF-1 SYS 1.8

', LAF-2 SYS 1.8
i..... LAF-3 SYS 1.8

' LAF-4 SYS 1.9
"_ LAF-5 SYS 1.9
, :. LAF-6 SYS 1.9

_ _: LAP-1 ISPR 1.2
" LAP-2 ISPR 1.2

LAP-3 ISPR 1.2
L___._ LAP-4 ISPR 1.2 "'

""_ " LAP-5 SYS 1.2
_ : LAP-6 SYS 1.3

o, ,

_! LAC-I ISPR 0.7
'_ LAC-2 ISPR 0.7

LAC-3 ISPR 0.8
LAC-4 ISPR 0.8

" i _. LAC-5 ISPR 0.8
LAC-6 SYS 0.8

7-
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Table 5.26.4-2 summarizes the reboost lifetime characteristics of Stage 26 assuming +2a
- atmosphere conditions, an early solar cycle (July 1995 start), and a ballistic coefficient of

:. 10.8 lbs/ft 2. The reboost is performed using the aft bus which currently has a reboost
efficiency of 100%, while the zenith bus has fully expended its propellant load. For this

_- stage there i,s stfffieient propellant reserve on board the station to meet the skip cycle
.... contingency retx_st requirement.
,'+ _

::_,i: Table 5.26.4-2 Reboost Lifetime Characteristics

+:'_'+:'2 lii',i',+i!/!_i+',++++i+[_i_i_;ii+ii'_ii',i',++,l_ii+:+'++iJ++tgi_NiiI!',+':+++,_ii!i!':+',ll_:_i_+_+i_i',_+ii++'_+_!_+:+i?'++!',++1i:+::':+::+':ii::i:_:!ig_.::!i;::;;;;:i;i;ii_:;+:!i;il;!_0_i+_i!;:+iit+_(:+'::i!;i!!il;_!i:+_,;!_:_1

_'il I _ao I _38 I t,48_ I _,sss I -365 J 2m I

i!:" The control charateristics of Stage 26 are identical to Stage 25 in the design atmosphere.
P

i:+i
_.26.$ Issues and Concerns

.+>

_,. This stage has a pitch flight attitude that exceeds ±15 degrees with an attached Shuttle.

_°_i. There is a possibility of some indirect plume impingement of the aft P6 and S l/P1 radiators
,_.. from the aft bus attitude control thrusters.

_, " This stage does not provide a good microgravity environment.

e,
+ .

@ -

!i -

5.26-7

+ • _ ' +,

....... L.........._..............;_, _:_77._',,._..,i:__..=_,_lI[...."....... I

O0000003-TSE09



,_. °

• _ 5.27 Stage 27 Flight Characterization

_. 5.27.1 Stage 27. Flight 2J/A Shuttle Flight Manifest

..... The second joint Japanese-American assembly mission delivers the JEM Exposed
.- Facility and support equipment. Table 5.27.1-1 lists the Shuttle Flight Manifest for Stage
•; 27 - Flight 2J/A. The total mass of the station hardware to orbit is 14540 lbs and FSE

mass of 4475. The second section of the table shows the Shuttle Performance and

: :/ hardware/consumables required for the mission resulting in the net Shuttle Lift 1
; Capability of 26216 lbs to 230 n.mi. at an inclination of 51.6 °. Subtracting the hardware i

• and FSE subtotals from this amount gives a mission flight margin of 7201 lbs.

: S.27.2 Stage 27 Configuration

i Figure 5.27.2-1 displays the isometric view of Stage 27 after the Shuttle departs and the
o .- scheduled assembly is completed. Figure 5.27.2-2 shows the front, side, top and
o' ' isometric views of Stage 27 with the Shuttle attached.

' 5.27.3 Flight 2 J/A Assembly Operations Description

Rendezvous of the Shuttle with the Stage 26 occurs along +V bar at an altitude of 230
o 4 n.mi. Station rendezvous attitude is +XVV and +Z Nadir. The Shuttle docks to PMA2
• _, on the Node 2 forward CBM in a tail down orientation.

_ _" Flight 2 J/A is a 7 day mission with 1 EVA. The SRMS unberths the JEM EF from the
_:'_, Shuttle payload bay and hands off the element to the SSRMS. The JEM EF is berthed to

:, the JEM PM by attaching it to the JEM PM/EF Berthing Mechanism. The SSRMS
- _:_ removes the ULC, containing the PV battery sets and BCDU, from the payload bay and

attaches it to the MBS. The 2 PV battery sets / BCDUs are then installed on the P6 IEA
on the next day, utilizing the SSRMS/SPDM. The JEM ELM-ES is unberthed from the

: ,, Shuttle payload bay by the SRMS and handed-off to the SSRMS. The element is
" ? , subsequently attached to the JEM EF. Upon completing the installation of the 2 PV

, battery sets via the SPDM, the SSRMS returns ULC to the payload bay. All JEM
,,, elements and JEM EF payloads are checked out and activated.

_, " Following separation, Stage 27 flight mode is LVLH with the Node 1/Lab section aligned
:" along the velocity vector.

",el ' ..

?'- ,
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_- S_stem Resource/Functionality

_ • ' Stage 26 functionality, plus:

_, -:,- * Activates JEM EF and JEM ELM-ES

., ._.... i: • JEM EF payloads capability
51

! • JEM unpressurized logistics capability
:t-- .:.

,. . . . Full PV battery complement at P6

• Resources Available: Power: 56,800 W
Thermal: TBD
EVA: 12 crew.hours

Resources Required: Power: 13,412 W (U.S. Housekeeping)
_ TBD W (Payload)

1,180 W (CSA)
5,600 W (HASDA)

Thermal: TBD W
""' EVA: 6:30 crew-hours

/ "?

J

v,

! :

'_ " 5.27-2
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._; Table 5.27.1-1 Stage 27 - Flight 2J/A Shuttle Flight Manifest

Hardware .............................. Mass (Ibs) ,FSE.....

: JEM El: 8927
, JEM ELM -F,S 1761

.. JEM ES Payloads 1984
.... ULC-A 2675

DDC-A 1540

• _ 2 PV battery sets (on ULC) 1868

::_2 subtotal 14540 4475

r= " Shuttle Performance Mass (Ibs)

t- Capability to 220n.mi. at 51.6 deg Inclination 24685
_'_" " Enhancements 13000

i_,.,::.., Assembly Altitude delta (I00lbs per n.mi.) -1000
I :?

, "'_ Additional Shuttle PerformanceEnhancements 0i "
L - Variable Integrated Hardware -1980
F .i;,-: AdditionalAttachHardware 990

' Additional Attach Hardware 990
!-_,.... 1980

i :i Variable Shuttle Consumables -55
, ..... Food & Gear 655 lbs/day over 6) 55

55
...... Middeck Locken -160

_' _ Generic Integrated Hardware -5374
i:,,, External Alrlock 3000

_rk. 4th Cryo Tank Fluids 866
: ' 3rd EMU 300

", '" SAFER 100 "'
_ " Misc integration hardware 118

F Attach Hardware 990
! ..... .17 5374

: Weight Growth Reserve -1120
i :., Maintenance Reserve -1780

[ _ Total Shuttle Lift Capability ..... 26216i:_" glr I.....................

i ,_' I Minion FlightMarlCn,[ ! 7201 ]
[

L

u .

,.

5.27-3
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=__ 5.27 Stage 27, Flight 2J/A Performance Characteristics

- Stage 27, Flight 2J/A is assembled at a 230 n.mi. altitude in an LVLH flight mode with 3
pair of double axis articulating PV arrays. The nominal launch date is June, 2002,

Stage 27 in a +2a atmosphere (solar flux -- 152.7, geomagnetic index = 22.0) has a flight
atti.tude of yaw = 0.0, pitch = 4.8, and roll = 0.0. The steady state microgravity
enwronment is depicted in fl.gure 5.27.4-1. Table 5.27.4-1 lists the U.S. Laboratory

,. rack, their type, and the maxamum steady state microgravity level sensed during the orbit
in the given +2a atmosphere. This configuration contains 5 ISPR racks within the 1 I.tg
environment.

: ,..: Table $.27.4-1 Stage 27 US Lab Rack Steady State gg Level

_:: ; LAS-I ISPR 1.2

_"'r_ LAS'2 ISPR 1.3
_;_:_._,. :. LAS-3 ISPR 1.3
_" LAS..4 ISPR 1.4

.=_"!u... LAS-5 SYS 1.4
_.;>:_..... LAS-6 SYS 1.5

.... r": LAF'I SYS 1.7
:_°' _" LAF-2 SYS 1.8

•_ '. LAF-3 SYS 1.8
__ : ' LAF-4 SYS 1.8

LAF-5 SYS 1,8, .

LAF-6 SYS 1.9
LAP-I ISPR l.l

: ¢-. LAP.2 ISPR 1.1
r" LAP'3 ISPR 1.1

:'' LAP'4 ISPR 1.2
....... LAP-5 SYS 1.2 ",

- :,i LAP-6 SYS 1.3 ':_ : •

'_ ': LAC-I ISPR 0,7
;= ' o .-. LAC-2 ISPR 0.7
:'u- .... LAC-3 ISPR 0.8

':_!;," LAC-4 ISPR 0.8
I'"r"l: LAC-5 ISPR 0.8

_;:'_'_" LAC"6 ,SYS 0.9

5.27-6
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" Table 5.27.4-2 summarizes the reboost lifetimecharacteristicsof Stage 27 assuming +2o
_- : atmosphereconditions, an early solar cycle (July 1995 start), and a ballisticcoefficientof

" 11.3 lbs/ft2. The reboost is performedusing the aft bus which currently has a reboost
effÉciencyof 100%, while the zenithbus has fully expended its pmpellam load. For this
stage there is insufficient propellant reserve on board the station to meet the skip cycle

• :: contingencyreboostrequirement.

: Table $.27.4.2 Reboost Lifetime Characteristics

=./ +,................... .........................+....................................................................... +>..+..........................,......
_+_i_!:_:!_,:_i_M_i_ii_+_:_i_,_i_d_ii!_!_i:_!i_ii1_i?_ii::_iiii+_N_ii_i_i_::i_:|i!i:_i_ng_:_._:_ii:i::_ii_:i!;:ili:,:::N_!_!%',i',!i,,!l:i::iiiii]_{_i:i_::ii:i_l

: _iii;iii!i!ii_i_:_:!_:ii_:i_:_i!1iiiiii_?i_i_i_:_i_i_i_:!i_iiiiii_i::_i_?_;ii_iiMi1_:_:i_i_!_i_i_i_!i_!_!_iii_!!iiii_!!!_!_i!_i!i!i_i_i!iii_!_i!_?i_ii_i_!i!_:i_i_;i_!_:i_i_?i_i_!_;?iiii_;_iii:_i;i;iii!iii::iiii_iiii_N_!;i_i_:_iii::i_i::i_?i!_!::;i_:i!_:!t!i_::i::i:.i!_R_i:_::_:_:_;_::i_i):,:ii!!i!::ii!_:::_ii_!:iii_:i_i_i_i_i::_::::_i_i_|
:_: ; I 230 I 236 I t,107 I 1,47s I .36s I 235 I

The controlcharacteristicsof Stage27 underdesign atmosphereconditionsusingthe PDR
_'=_::+_i° nominalcontroller(attitudeemphasis)are displayedin figure 5.27.4-2. Table5.27.4-3
=+: summarizesthe controlcharacteristicsdepictedin theplots.

_.., Table $.27.4-3 Control Characteristics Summary

-. _!iiiiiii_iiiiiiiiiiii!i_!ii_iiiiiiii_iiiii_iiiiiiiiii_iiii_iiiMii+i;i;_i!i_ii_i_ii_!i_i_i_i_:_+_ii..._:_!!_;_._+i_:._iii:._!i!i!ii_i!i_ii_i_i!ii_ii_ii!_iiii_!_i_!iiii!_!_ii_!!_i_i+illi_i!iiiii_i_:ii_i_!!i_ii_i!ii_,i+ii!i!iiii:iiiil
: _ ?;+ _i?_i_!_i{!!i;MiiMi_!_iiiiliiiiiiiiiiiiiii_ii;iiiiiiiiii_!_i!i_f4::i:::.!iiiM_iMiiii::_iiiii_;_2.i._;i_:i_:i!_iii_:_:i_:i_:iii_i;;!}i::_!::ii_:i_:ii_;ii_::!i::;N_I::_i_Mi_ii_;?_i;_!!_ii_l_iii_i::i::i::i::_i_i::i::_:_i_ii::::_iiiii::i_i+1_;_}::i::|iiiiiiii_!_N_{_iN:._i?:i_i:_
> Ino STSI 3.5_m= I 3.2degrees -0.5degrees I ±1.odegrees 111)6ooN-m-sI
..... [ w/STS [ 23.0 de,Tees [ 43.4 deg?'ees -4.0 degrees [ :t:1.9 degrees [ 11,300 N-m-s [

: The controlcharacteristicsof Stage27 (attachedShuttle)underdesignatmosphere
• conditionsusingthe PDRnominalcontroller(attitudeemphasis)are displayedin figure

5.27.4-3.Table5.27.4-3summarizesthecontrolcharacteristicsdepictedin theplots.

--_''_r " $.27.$ Issues and Concerns

+: : This stage hasa pitch flightattitudethatexceeds +15degreeswith an attachedShuttle.

° ?_, There is a possibilityof some indirectplume impingementof theaft P6 and S1/Pl radiators
from the aft bus attitudecontrolthrusters.

:', For this stage there is insufficientpropellantreserveon the busto meet the skipcycle
+ ,, contingencyreboost requirement.

' 5.27-8
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5.28 Stage 28 Flight Characterization

: $.28.1 Stage 28. Flight 15A Shuttle Flight Manifest

The STS delivers the $6 truss segment, Table 5.28.1-1 lists the Shuttle Flight Manifest
• for Stage 28 - Flight 15A. The total mass of the station hardware to orbit is 26886 lbs.

The second section of the table shows the Shuttle Performance and hardware/

o - consumables required for the mission resulting in the net Shuttle Lift Capability of
29092 lbs to 230 n.mi. at an inclination of 51.6 °. Subtracting the hardware and FSE

,o, subtotals from this amount gives a mission flight margin of 2206 lbs.
"oi .r

• : 5.28.2 Stage 28 Configuration
o

_: , Figure 5.28.2-1 displays the isometric view of Stage 28 after the Shuttle departs and the
....:.... scheduled assembly is completed. Figure 5.28.2-2 shows the front, side, top and
.... isometric views of Stage 28 with the Shuttle attached.

J_:_!!_i_"'. 5.28.3 Flight 15A Assembly Operations Description

_: :_,_,,_ Rendezvous of the Shuttle with the Stage 27 occurs along +V bar at an altitude of 230
n.mi. Station rendezvous attitude is +XVV and +Z Nadir. The Shuttle docks to PMA2

: on the Node 2 forward CBM in a tail down orientation.

=_ ......_, Flight 15A is a 9 day mission with 3 EVAs. Installation of $6 begins with the SSRMS
-. unberthing $6 from the Shuttle payload bay. The SSRMS handsoff the element to the
-_i::/.... _ SRMS, and then the SSRMS relocates to the MBS PDGF. Following a hand-off of the

element back to the SSRMS, it is berthed to the POA on the MBS. The SSRMS then

_ positions $6 for attaching it to S5. EVA umbilical connections complete the installation

,,>:, of $6. Subsequently, the stowed ETCS radiator on P6 is relocated to $6 to function as
:,, the $6 PV radiator, the upper and lower PV arrays and the newlyinstalled lEA radiator

_,,,, _,.... are deployed and activated. SSRMS/EVA installs the $5/$6 MT/CETA rails.

Following separation, Stage 28 flight mode is LVLH with the Nodel/Lab section aligned
,. along the velocity vector.

• • i_"

System Resource/Functionality

, .. Stage 27 functionality, plus:

• Fourth solar Power Module ($6) activated w/4 batteries per channel

,' ,__-: Resources Available: Power: 69,700 W
_ Thermal: TBD

" : EVA: 36 crew-hours

Resources Required: Power: 13,392 W (U.S. Housekeeping)
TBD W (Payload)
1,180 W (CSA)
5,600 W (NASDA)

Thermal: TBD W
' EVA: 35:20 crew-hours

:: 5.28-1
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_i Table 5.28.1-1 Stage 28. Flight !_SA Shuttle Flight Manifest

_- ' :: Hardware Mass (ibs} FSEJ , , ii *

i' ' $6 TRUSS SF,GMENT 9482
_' . BG DEPLOYEI) 1338

'_- IEA BA'ITERII_S (4 Battery sets) 4968
$5/$6 MT RAILS 735

.- $6 PV SPACER 5072
SOA PVA DEPLOYED 2646

:'_° ' SOF PVA DEPLOYED 2646

.hto l 26ss6 o
NfS::_:
Z'-t_k,:.

_'_i:_- _i Shuttle Performance Mass (Ibs)
_-"_i_ ..............

_'r Capabilityto 220 n.mi. at 51.6 deg Inclination 24685-_:_',: Enhancements 13000
!_:. Assembly Altitude delta (100 lbs per n.m!.) -1000

_.__ Additional Shuttle Performance Enhancements 0
_ Variable Integrated Hardware -238

_= :_ Vmable Shuttle Consumables -421
_...-,,..: Food & Gear (-55 lbs/day over6) 165
" 5th & 6th N2 tanks (@128 Ibs/N2) 256

!t." 421
i- '_, Middeck Lockers -160
t- .... Generic Integrated Hardware -5374
..,_ • External Airiock 3000

• 4th CryoTank Fluids 866
". 3rdEMU 300
_ SAFER I00

:_-:., Misc integrationhardware 118 .
=::-._. Attach Hardware 990 .

• 5374
"-',._."• Weight Growth Reserve -1000_Z.: . .-
.... Maintenance Reserve -400

_' .-' Total Shuttle,Lift,Capability ...................29092
!.

i" ' ' ] Mission Flight Margin I I 2206 I

i o

L-,

[

- 5.28-2
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_ $.28.4 Stage 28, Flight 15A Performance Characteristics

.... = Stage 28, Flight 15Ais assembledat a 230 n.mi. altitudein anLVLHflight modewith 4
pairs of double axisarticulatingPV arrays. The nominallaunchdate is August, 2002.

Stage 28 in a +2a atmosphere (solar flux = 148.1,geomagnetic index = 22,2) has a flight
attitude of yaw = -1,9, pitch =4.6, and roll = 0.3. The steady state mi_ogravity

: " environment is depictedin figure 5.28.4-1. Table 5.28.4-1 lists the U.S. Laboratory
• racks, their type, andthe maximumsteady stat¢_microgravitylevel sensed during the orbit

in the given +2a atmosphere, This configurationcontains5 ISPR racks within the 1gg
: environment.

•" Table $.28.4-1 Stage 28 US Lab Rack Steady State gg Level

- _, iiiiii:ii::ii:,_ii!ii::ii_in_:_k:_iii_i:i;ii!iiiii!!ii!;:i;;i_,ili!iiiiiiiiiiX_!_ii_iii!iii:,ii_iiiii_i!iii'_ii_iiiii::_:i_i:iiii_i_iiiii,

LAS-I ISPR 1.1
LAS-2 ISPR 1.2

: .... LAS-3 ISPR 1.2
,': °:' LAS4 ISPR 1.2

: " _""" LAS-5 SYS 1.3
_:_:::" LAS-6 SYS 1.3

: ......- LAF-1 SYS 1.7
LAF-2 SYS 1.7

__ '_":• LAF-3 SYS 1.7
': LAF4 SYS 1.8

-'i" . LAF-5 SYS 1.8

• - LAF-6 SYS 1.9

_. _:_ LAP-I ISPR I.I
° LAP-2 ISPR 1.1

..... LAP-3 ISPR I.I
=_ LAP4 ISPR 1.2

•_ LAP-5 SYS 1.2

--,_, LAP-6 SYS 1.3
° ' LAC-1 ISPR 0,5

' LAC-2 ISPR 0.5
LAC-3 ISPR 0.6

....'i , LAC4 ISPR 0.6
LAC-5 ISPR 0.7

._;..: LAC-6 SYS 0.7

",4

. 5.28-5
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Figure 5.28.4.1 Stage 28 steady.state microgravity environment contours.
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' i- Table 5.28.4-2 summarizes the reboost lifetime characteristicsof stage 28 assuming +20
atmosphereconditions, an early solar cycle (July 1995 start), and a ballisticcoefficient of

_..: 9.5 lbs/ft_. The reboost is initiated using the aft Bus, which currendy has a reboost
." efficiencyof 100%,until it expends all of its on boardpropellant. An additional 231 lbs of

propellantis requiredto fully rcboost the station. At thi._point in the assembly sequence _r
the zenith bus has also fully expended its propellant load. For this stage them is

.... insufficient propellantreserveon board the station to meet the skip cycle contingency
.... reboost requirement.

_.... Table 5.28.4-2 Reboost Lifetime Characteristics

_-_, -: 230 238 1309 -231 -365 206

;-_ The controlcharacteristicsof Stage 28 under design atmospherec_mWtionsusing the PDR
_:: nominal controller (attitudeemphasis) are displayedin figure 5.28.4-2. Table 5.28.4-3
-__"!;:" summarizesthe controlcharacteristicsdepicted in the plots.
2_:

Table _;.28.4-3 Control Characteristics Summary

LnoSTSI -L9d_.,.,I Z]d_._._I 0.3dw_I ±0.4d_.,._I '7800N-m-._I
' twISTS I -3.3de/9"ees I 43.8 degrees I -1.8degrees I :t:0.8 degrees I 5900 N-m-s I

: The controlcharacteristicsof Stage28 (attachedShuttle)underdesign atmosphere
: ' conditionsusing the PDRnominalcontroller(attitudeemphasis)aredisplayed in figure
:' 5.28.4-3. Table 5.28.4-3 summarizesthe control characteristicsdepicted in the plots.

_ " $.28.S Issues and Concerns_._:

_{ This stage hasa pitch flight attitude that exceeds_+15degreeswith an attached Shuttle.There is a possibilityof some indirectplume impingementof the aft P6 and Sl/P1 radiators
-_,,- from the aft bus attitudecontrol thrusters.

_') .

_'_i_: For this stage there is insufficientpropellantreserveon the bus to meet the skipcycle
_, contingencyreboost requirement.

i' _F!, .

_;T

_' 5.28-7
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5.29 Stage 29 Flight Characterization

_ 5.29.1 Stage 29. Flight BF-2 Flight Shuttle Manifest

This Shuttle flight provides the second Bus- ! resupply. Table 5.29.1-1 lists the Shuttle
Flight Manifest for Stage 29 - Flight BF-2. The totM mass of the station hardware to orbit 't
is 25000 lbs. The second section of the table shows the Shuttle Perfi)rmance andi

hardware/consumables required for the mission resulting in the net Shuttle Lift

• Capability of 29458 lbs to 230 n.mi. at an inclination of 51.6 °. Subtracting the hardware
_ and FSE subtotals from this amount gives a mission flight margin of 4458 lbs.

5.29.2 Stage 29 Configuration

Figure 5.29.2-1 displays the isometric view of Stage 29 after the Shuttle departs and the
_i: i schedu!ed assembly is completed. Figure 5.29.2-2 shows the front, side, top and

isometric views of Stage 29 with the Shuttle attached.

5.29.3 Flight BF.2 Assembly Operations Description

; Rendezvous of the Shuttle with the Stage 28 occurs along +V bar at an altitude of 230
-'_i ! n.mi. Station rendezvous attitude is +XVV and +Z Nadir. The Shuttle docks to PMA2
=:_!..:! on the Node 2 forward CBM in a tail down orientation.
_ _:

:i .: Flight BF-2 is a 7 day mission with 0 EVAs. The purpose of this llight is to replace the
>i. Bus-1 which is attached to the stinger located on the Zl truss (the "zenith" Bus-l). The

.... i SSRMS is repositioned on the stinger grapple fixture. The SSRMS then grapples the
o " spent Bus-1 and hands it to the SRMS. The SSRMS remains ;n this position while the

• SRMS places the spent bus in the Shuttle cargo bay and grappl,_s the replacement Bus-1.
o The Bus-1 is then handed back to the SSRMS and installed on the stinger.

_: Following separation, Stage 29 flight mode is LVLH with the Nodel/Lab section aligned
- _°:- along the velocity vector.

:_ System Resource/Functionality

_ Stage 28 functionality, plus:

• Bus-1 swapped to ensure adequate fuel supply
_ °_ , °

_:_ Resources Available: Power: 69, 700 W_

_ _ Thermal: TBID

EVA: 0 crew-hours

:_' Resources Required: Power: 13,392 W (U.S. Housekeeping)
_ : TBD W (Payload)

1.180 W (CSA)
" 5,600 W (NASDA)

Thermal: TBD W
•: EVA: 0 crew-hours

'e,

:- 5.29-1
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:',_ - Table 5.29.1.1 Stage 29. Flight BF-2 Flight Shuttle Manifestr '"

' :' ' Hardware ., Mass (Iris) FSE

r " !_US"1 25000

_- ......................... subtotal 25000 ...... 0

= ' ..... :_ r_"" ]Shuttle Performance [ Mass (Ibs)

/.,,., Capability to 220 n.mi. at 51.6 deg Inclination 24685
_ Enhancemcms 13000
. o_,_. Assembly Altitude delta (100 lbs per n.mi.) .100o

,: ._,,. AdditionalShuttle PerformanceEnhancements 0
,; ,. '_ VariableIntegratedHardware -238

= ,_ _:. VariableShuttle Consumables -55
_:,_' _ _r g :a" F_ & Gear (-55 Ibs/dayover6) 55

"_ 55
, .y MiddeckLockers -160

_: ii_i,,_' Generic IrtegratedHardware -5374
..... ExternalAirlock 3000

::i_i_ '! 4th Cryo Tank Fluids 866

:_[_.,: " :" :_: 3rdEMU 300SAFER 100
Misc integrationhardware 118

......:. • Attach Hardware 990
5374

':,;' _ :.r_ Weight GrowthReserve -1000
- "11:_;-_'i_i: MaintenanceReserve -400

._;:'_:.,', Total Shuttle Lift Capability 29458

"':', _)" [ " Mission Flight Margin [ I 4458 I

: ;2

.

)

I
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_: 5.29.4 Stage 29, Bus Flight 2 Performance Characteristics
_K

._, .i Stage 29, Flight BF-2 is assembled in a 230 n.mi. altitude in an LVLH flight mode with 4
:_! " pairsofdoubleaxisarticulatingPV arrays.The nominallaunchdateisOctober,2002.

_:*; Stage 29 in a +2x7atmosphere (solar flux = 141.1, geomagnetic index = 22.8) has a flight
E" e_,

.... :. attitude of yaw = -1.9, pitch = 4.6, and roll = 0.3. The steady state microgravity
:_ : environment is depicted in figure 5.29.4-1. Table 5.29.4-1 lists the U.S. Laboratory
_=_:. racks, their type, and the maximum steady state mierogravity level sensed during the orbit

in the given +2a atmosphere. This configuration contains 5 ISPR racks within the 1 ttg
_: :__ environment.

_:___ Table 5.29.4.1 Stage 29 US Lab Rack Steady State I.tg Level_,_, .
_._'_.,,

LAS-I ISPR I.Ii__ LAS-2 ISPR 1.2LAS-3 ISPR 1.2

_i_ ", LAS-4 ISPR 1.2
__r_i_ _, LAS-5 SYS 1.3
!-_-;_,_- ' LAS-6 SYS 1.3
_': LAF-I $YS 1.7
t_ ,, %

_ - LAF-2 SYS 1.7
io'i',! LAF-3 SYS 1.7

_ - . LAF-_ SYS 1.8
! :_? " LA_-5 $YS 1.8

_;t;' LAF-6 SYS 1.9
._,,,_.., LAP-I ISPR I.I
; _ " LAP-2 ISPR I.I
_- : " LAP-3 ISPR 1.1

• ,: LAP-4 ISPR 1.2

_ !. LAP-5 SYS 1.2
: -_ LAP-6 SYS 1.3

i _ :'. LAC-1 ISPR 0.5
i :
, ; LAC-2 ISPR 0.5
i ° LAC-3 ISPR 0.6

" LAC-4 ISPR 0.6
_'_- LAC-5 ISPR 0.7

=" '": LAC-6 SYS 0.7

Z , _ :

3a_iI
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: Figure5.29.4-I Stage29 steady-statemicrogravityenvironmentcontours.
7"

5.29-6

:°

00000003-TSG06



- Table 5.29.4-2 summarizes the reboost lifetime characteristics of Stage 29 assuming +2a
atmosphere conditions, an early solar cycle (July 1995 start), and a ballistic coefficient of
9.5 lbs/ft 2. The relx_st is performed using the zenith bus which currently has a reb_st
efficiency of 86%, while the aft bus has fully expended its propellant load. For this stage

_: .. there is sufficient propellant reserve on boardthe station to meet the skip cycle contingency
. reboost requirement.

d

... Table $.29.4.2 Reboost Lifetime Characteristics

.... [_iZi__iiii_i:_ii_ii_!!:_i_._iIi_!ii_i|_1:_i_!_i_iii_i_i_!_i;i_ii_i_!_:_Nli_!'..................................._ .........
_:_" iiiiiiiiiiiii!_!iiiiiiiiiliii?,i_iN_i!_,_ii!iil:?,iiii_i_i!ii!i!!iii_g::NLeii!i!!ii:;iii:ii__iii:iiiiiiiiil:ii!i__iiiill

1_ 23o I 239 I 2,o5s I :231 9,542 I 223 I

; The control characteristicsare the same as stage 28 in the design atmosphere.

• $.29.$ Issues and Concerns

_ This stage has a pitch flight attitudethat exceeds ±15 degrees with an attached Shuttle. I

There is a possibility of some indirectplume impingement of tke aft P6 and S l/P1 radiators
_' " from the aft bus attitude control thrusters, i

i
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: : 5.30 Stage 30 Flight Characterization
,. °.

5.30.1 Stage 30. Flight UF.7 Shuttle Flight Manifest
7

This Shuttle flight delivers the seventh utilization flight. Table 5.30.1-1 lists the Shuttle
,:_ : Flight Manifest for Stage 30 - Flight UF-7. The total mas,; of the station hardware to

orbit is - 14390 lbs. The second section of the table shows the Shuttle Performance and

• hardware/consumablesrequired for the _aission resulting in the net Shuttle Lift
: ,_' Capabilityof 25294 lbs to 230 n.mi. at an inclinationof 51.6°. Subtracting the hardware

and FSE subtotals from this amount gives a mission flight margin of 199 lbs.

5.30.2 Stage 30 Configuration

. Figure 5.30.2-1 displays the isometric view of Stage 30 after the Shuttle departs and the
_r_#"& scheduled assembly is completed. Figure 5.30.2-2 shows the front, side, top and

_ _ : r_"", q 11. isometric views of Stage 30 with the Shuttle attached.

i: ;::': 5.30.3 Flight UF-7 Assembly Operations Description
.'___o ,

Rendezvous of the Shuttle with the Stage 29 occurs along +V bar at an altitude of 230
_: _ii'_::'i:. n.mi. Station rendezvous attitude is +XVV and +Z Nadir. The Shuttle docks to PMA2

_,i _, on the Node 2 forward CBM in a tail down orientation.
i :__"_.-

i ._ _:i Flight UF-7 is a 12 day mission with 0 EVAs. The SRMS unberths the MPLM from the
:::::_ Shuttle payloadbay and installs it on the Node 2 nadirport CBM. Upon completion of

' :: " the rackexchange, the MPLM is returned to payloadbay,
!- ?,,
',:..".- Following separation, Stage 30 flight mode is LVLH with the Node 1/Lab section aligned

:__:_ along the velocity vector.
_-:: . •....

. _.............qv._te-m_esource/Vunc_ionalltv

ii;::/_, Stage 29 functionality, plus:

: * No additional functionality added on this flight
r- '..

F ::. Resources Available: Power: 69, 700 W
Thermal: TBD

i

:: EVA: 0 crew-hours

_. ,_:_ Resources Required: Power: 13,392 W (U.S. Housekeeping)
TBD W (Payload)

.... 1,180 W (CSA)
i , ," 5,600 W (NASDA)
_ Thermal: TBD W

EVA: 0 crew-hours

_"

5.30-1



."r': Table 5.30.1-1 Stage 30 - Flight UF.7 Shuttle Flight Manifest

,r-_:_;o-,:,,"_:_:' :"" Hardware Mass (Ihs) FSE

MPLM 10705

_-i"_'_-%: ISPRs (lab) 13500

:,.: __"=::[i!:ii_i_I:,_::: JEMELMPS/US StowageRack3 800
:, subtotal 14390 10705

,,Shuttle Perfor, ,mance .................... Mass (Ihs)

Capability to 220 n.mi. at 51.6 deg Inclination 24685
Enhancements 13090

Assembly Altitude delta (100 lbs per n.mi.) -1000
:,!_ Additional Shuttle Performance Enhancements 0
_ Variable Integrated Hardware -1324

iii:: APCU-I 714
ROFU 450
Misc. hardware 160

1324

: Variable Shuttle Consumables -3033

:f i_, i i Additional Crew (500 lbs/crew) 1000
i _,o°_.__ Food& Gear(-55lbs/dayover6) 330
!_ ' ' 5th N2 tanks (@ 128 ibs/N2) 128
V: _-':_ 5th Cryo Tank & Fluid 1575

_::::'.:i"_ 3033
...... MiddeckLockers -160

':_" : GenericIntegratedHardware -5374
::' :_- External Airlock 3000

i, (: 4th Cryo Tank Fluids 866i[:,o_.......

_.:! 3rd EMU 300SAFER 100
Misc integration hardware 118

_ Attach Hardware 990

= 5374
Weight Growth Reserve -1100
MaintenanceReserve -400

,.... Total Shuttle Lift Capability _25_294

[ Mission Flight MarsIn [ [ 199 [

. ....._. _.

_J,.;'b..-._ "

-,_-_,:- 5.30-2

-,.:f'!!:;
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i i:_
,- " 5.30.4 Stage 30, Flight UF.7 Performance Characteristics

Stage 30, Flight UF-7 is assembledat a 230 n.mi. altitudein an LVLH flight mode with4
i ' pairsof doubleaxis articulatingPV arrays. The nominal launchdateis December, 2002.
__,, _:.... . Stage 30 in a +2a atmosphere (solar flux = 132.4,geomagnetic index =24.2) has a flight

attitude of yaw = -1.9, pitch = 4.8, and roll = 0.3. The steady state mierogravity

• i• environmentis depicted in figure 5.30.4-1. Table 5.30.4-1 lists the U.S. Laboratory
racks, their type, and the maximum steadystate mierogravity level sensedd.u0.'ngthe orbit

' in the given +2a atmosphere. This configurationcontains6 ISPRracks within the 1I.tg
_: environment.

i Table 5.30.4.1 Stage 30 US Lab Rack Steady State ltg Level
" ': i i .................. _m.

i ' _:_ _iiiiiiii_iiiii_iiii,:,i!_ii_:kli:,iiiiiiiii_i::iiiiii::,.... ii,iiiii::_!_i_nle:i,_-_,_::ii_iii_ii::!!

*": LAS-I ISPR 1.1
S}_,,_ :_ LAS-2 ISPR 1.1

. , , LAS-3 ISPR 1.2
i: ,._'' ' " LAS-4 ISPR 1.2
_' _":oi . LAS-5 SYS 1.3

_: ,_:._:!' . LAS-6 SYS 1.3
_,_,,_ LAF-I SYS 1.7
=• :_ _" LAF-2 SYS 1.7

.... LAF-3 SYS 1.7
" LAF-4 SYS 1.8

' _,_i. LAF-5 SYS 1.8

)i! LAF-6 SYS 1.9LAP-1 ISPR 1.0
i' _ ' :: LAP-2 ISPR 1.I

! _ LAP-3 ISPR 1.1
.... ., ,,.: LAP-4 ISPR 1.2

LAP-5 SYS 1.2
LAP-6 SYS 1.2 .

_,,o " LAC-1 ISPR 0.5 '
...._J _ LAC-2 ISPR 0.5
.... .,.. LAC-3 ISPR 0.6

: oi_'":':' LAC-4 ISPR 0.6

' : r _ '_' 3 [ S rl :_ LAC'5 ISPR 0 '7LAC-6 SYS 0.7

i

• .,.,

i
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Table 5.30,4-2 summarizes the reboost lifetime characteristics of Stage 30 assuming +20
' , atmosphere conditions, an early solar cycle (July 1995 start), and a ballistic coefficient of
- 9.4 lbs/ft _. The reboost is performed using the zenith Bus which currently has a reb_st

° efficiency of 86%, while the aft bus has fully expended its propellant load. For this stage .'
there is sufficient propellant reserve on board the station to meet the skip cycle contingency

, reboost requirement.

.-_, : ' Table $.30.4-2 Reboost Lifetime Characteristics

=: : ilil;i;i     iiiii:,i, ::;iil,i(:::::;XltituCl¢:::i::i:::J:::::::_0peUan_!:i:,:::i:il::!:Re.m_p[agi_r:ii ::i:ii:iii_!!_[i_::ili;i;!ii:::::i!::ig]__.::i::il

_ 230 ,. 236 1,428 -231 8,I 13 270
i

_,s..

i !_ :_;i:. The control characteristics of Stage 30 under design atmosphere conditions using the PDR
nominal controller (attitude emphasis) are displayed in figure 5.30.4-2. Table 5.30.4-3

, _oi, summarizes the control char_.cteristics depicted in the plots.

':: ''] @ r : Table $.30.4-3 Control Characteristics Summary

"' : I,osTsl -1.Scl'e_ .... 2.1degrees I 0.3degrees I ±0Adegrees I 7800N-m-s I
i :-- _>.,,.

_:>,i,i:':i_, The control characteristics of Stage 30 (attached Shattle) under design atmosphere
....., conditions using the PDR nominal controller (momentum emphasis) are displayed in fig,,'e
o",_':,_:: 5.30.4-3. Table 5.30.4-3 summarizes the control characteristics depicted in the plots.

'_i_:::_' : 5.30.5 Issues and Concerns

_._,i_ _. .
' _°'_'_ This stage has a pitch flight attitude that exceeds ±15 degrees with an attached Shuttle.

i_-=_;._..._,:: There is a possibility of some indirect plume impingement of the aft P6 and Sl/P1 radiators
i_ i_ from the aft bus attitude control thrusters.

! d ,o ;!: :

,d:
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: ...._ 5.31 Stage 31 Flight Characterization

,.:,_ 5.31.1 Stage 31. Flight 14A Shuttle Flight Manifest
r

:::;., The Shuttle delivers the centrifuge. Table 5.31.1-1 lists the Shuttle Flight Manifest for
., :, Stage 31 - Flight 14A. The total mass of the station hardware to orbit is 24255 lbs. The

second section of the table shows the Shuttle Performance and hardware/consumables

, required for the mission resulting in the net Shuttle Lift Capability of 25735 lbs to 230
:: o: n.mi. at an inclination of 51.6 °. Subtracting the hardware and FSE subtotals from this
= i amount gives a mission flight margin of 1480 lbs.

4-!

"::' 5.31.2 Stage 31 Configuration

• ::, Figure 5.31.2-1 displays the isometric view of Stage 31 after the Shuttle departs and the
-::_":" scheduled assembly is completed. Figure 5.31.2-2 shows the front, side, top and
_-_,_-_.: isometric views of Stage 31 with the Shuttle attached.

--=_' _'::" 5.31.3 Flight 14A Assembly Operations Description=7

r:_:?,:. Rendezvous of the Shuttle with the Stage 30 occurs along +V bar at an altitude of 230
:_ n.mi. Station rendezvous attitude is +XVV and +Z Nadir. The Shuttle docks to PMA2

:: on the Node 2 forward CBM in a tail down orientation.

o =_; Flight 14A is a 9 day mission with 1 EVAs. The SRMS unberths the Centrifuge Module
.... from the Shuttle payload bay and installs it on the Node 2 zenith port CBM. EVA

crewmembers complete the installation by connecting the umbilicals to the Centrifuge
' : Module. Assembly, activation and checkout of the centrifuge are performed by the crew

=_ _ i prior to departure.

:_:_ Following separation, Stage 31 flight mode is LVLH with the Node 1/Lab section aligned
_,: ,i,_ along the velocity vector.

System Resource/Functionality '

: _,,' Stage 30 functionality, plus:

.... • No additional functionality added on this flight

=/.__" ResourcesAvailable:Power: 69,700W
....." " Thermal: TBD

....: : _:. EVA: 12 crew-hours

Resources Required: Power: 16,691 W (U.S. Housekeeping)
• TBD W (Payload)

1,180 W (CSA)
• 5,600 W (NASDA)

_ " Thermal: TBD IV
., :. EVA: 12:00 crew-hours

, -. 5.31-1
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.,_l_ - Table $.31.1.1 Stage 31 - Flight 14A Shuttle Flight Manifest

.' Hardware Mass (Ibs) . FNE

...... _' Centrifuge 24255
z ,,

• ,..subtotal 24255 0

, _ ._ Shuttle Performane.,e ..................... Ma bs

Capability to 220 n.mi. at 51.6 deg Inclination 24685 ;
Enhancements 13000

Assembly Altitude delta (100 lbs per n.mi.) -1000

! ,_}!:::: AdditionalShuttlePerformanceEnhancements 0
,_.:_...... Variable Integrated Hardware 0

['.:::;_:_ ' Variable Shuttle Consumables -2996

_:" ; ,."_ -:- Additional Crew (500 lbs/crew) 1000

_,.:}_,_:: ::.', Food & Gear (-55Ibs/dayover6) 165
i---,:_:_:_i_i_,': 5th& 6thN2 tanks(@ 128Ibs/N2) 256
_:-..::i 5th Ctyo Tank & Fluid 1575

_::__:_'_,_., 2996
s r " ' " Middeck Lockers - 160

_ : Generic Integrated Hardware -5374
__',: ExternalAirlock 3000

i: ...._ • 4th Cryo Tank Fluids 866
i ...... 3rdEMU 300

: SAFER 100

: . '...., Misc integration hardware 118
, : ' - .'. Attach Hardware 990

":.: i, 5374

,,,-." Weight Growth Reserve -1620
...... ' Malt,tenance Reserve -800

Total Shuttle Lift Capability 25735

...'?_._: ] _ MissionFliRhtMargin } ] 1480]
r,,"," ' "

' i_ :"

_, _: ,, " 5.31-2
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' 5.31.4 Stage 31, Flight 14A Performance Characteristics

::: Stage 31, Flight 14Ais assembledat a 230 n.mi. altitudein an LVLH flight mode with 4
,,,, " pairs of double axis articulatingPV arrays. The nominallaunchdate is February, 2003.

.... - Stage 31 in a +2a atmosphere (solar flux = 119.5, geomagneticindex = 25) hasa flight
attitudeof yaw -- -1.8, pitch -- 2.6, and roll --0.4. The steady state microgravity

= ,L ; ..... environment is depicted in figure 5.31.4-1. Table 5.31.4-1 lists the U.S. Laboratory
, racks, their type, andthe maximumsteady state mierogravity level sensed duringthe orbit

: _ : : in the given +2a atmosphere.This configurationcontains 5 ISPRrackswithin the 1 Isg
envkonment.

"_':":_ _, Table $.31.4-1 Stage 31 US Lab Rack Steady State Isg Level

, _o:,:.,,,.,: LAS-1 ISPR 1.2
........_ LAS-2 ISPR 1.3

= ' ' LAS-3 ISPR 1.3- ._ _._,,,,,.._.-

-t °:;_....... LAS-4 ISPR 1.3
LAS.5 SYS 1.3

=_: i;:,_i_ LAS-6 SYS 1.3
i. LAF.I SYS 1.8

_'' _" LAF-2 SYS 1.8
_';" LAF-3 SYS 1.8

: _. 0 LAF4 SYS 1.9_ J

_:o" LAF-5 Sv$ 1.941

°/, LAF-6 SYS 1.9
_i.._i' :" LAP-I ISPR 1.2

_: LAP-2 ISPR 1.2
-:_ i _" LAP-3 ISPR 1.2

•_ .:.i•: LAP-4 ISPR 1.2
':: " LAP-5 SYS 1.3

_ ,'__' LAP-6 SYS 1.3

: LAC-1 ISPR 0.6
. --,, _: ! LAC-2 ISPR 0.6
- LAC-3 ISPR 0.6
.... ' • LAC-4 ISPR 0.7
_ :/, LAC-5 ISPR 0.7

--,:'_i',..... LAC_5 SYS 0.'7

' rT.

,, , ,.

., ' % 7
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Table 5.31.4-2 summarizes the reboost lifetime characmistics of Stage 31 assuming +2a
.... atmosphere concUtions, an early solar cycle (July 1995 start), and a ballistic coefficient of

- 9.9 lbs/ft 2. The reboost is performed using the zenith Bus which currently has a reb(x)st
, efficiency of 84%, while the aft bus has fully expended its propellant load. For this stage 1.1

.... •: there is sufficient propellant reserve on board the station to meet the skip cycle contingency
=-_' _. reboost requirement. )t

• II

• I_ _-: Table 5.31.4-2 Reboost Lifetime Characteristics

: :_/_!;" _':iiiiili_iiiiiiiiiiii!iiiiiiiiiiiii!iii:!_a_:iiiii_:,:_:!_i

, :,.._.. iiiiiii!ii!ii':iiiiiiii_i_iiiiiiiiii::iiiiiiiiiiiii!!iiiiiii!ii!iliiiii_ili:?:?ii!ii!i::i_i_!i:,:.ii_ii!!ili!iiii:_!i_i_iiiiii!i!i::_iii_iii_!!iii_i!!_i!ii_;:ii_:_!!i::_ii::!i_i_]!i_iii;_:_i_::?.:iiii_(lbe_._i!!!_?i_iiiiiiiiiii!i_ii]:,ii_:_i_._R_St_i(_)'._ii:-ii;_ii' _:i_i:=_i:.:ii_)::._.iii?:iil
:: _i.- - 2.30 236 1,458 -231 6,655 275

The control characteristics of Stage 31 under design atmosphere conditions using the PDR
:_ nominal controller (attitude emphasis) are displayed in figure 5.31.4-2. Table 5.31.4-3

...._•_ ?: summarizes the control characteristics depicted in the plots.

-- :::_ii!i:'_ Table 5.31.4-3 Control Characteristics Summary

i_i_!_!ii_!_iii_:i_i_:_a_i_!_._i_:i_ii_:.i!i_i_ii_ii_:|_ii!i_!_!i_i_i!_ii?!i!iiii_iN_iii_ii_:!_i:_ii_;iii_iiiii!]i_i!i::_`!i_?ii_i;::a:i_::_i_.R_ii_i_:_::i_i!_`_:i_i_;!!_:;_i:`[_:_i_::.ii_._;:_::_!_i_ti_i_i:i_?i_,:i_!_;,:_::_:>,::_i,._!:::::_.m_i_:i:.i:._:::
/::/; InoSTS I 0.2de,esI 0.4do I  0.Sde rreesI 7700N.m.s

'" :: I w/STS -3.3del_e,s I 44.4desrees [ -1.7degrees [ + 0.7dehnees [ 6200N-m-s

_° _i,,_:_ The control characteristics of Stage 31 (attached Shuttle) under design atmosphere
,, _, conditions using the PDR nominal controller (attitude emphasis) are displayed in figure

5.31.4-3. Table 5.31.4-3 summarizes the control characteristics depicted in the plots.

..... " 5.31.5 Issues and Concerns

° o"._ This stage has a pitch flight attitude that exceeds ±15 degrees with an attached Shuttle.

"_., : There is a possibility of some indirect plume impingement of the aft P6 and S l/P1 radiators
0,.',:_i from the aft bus attitude control thrusters.

c,
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_ 5.32.1 Stage 32. Flight IE Shuttle Flight Manifest

Assembly Flight 1E delivers the European Space Agency's Attached Pressurized
• Module (APM). Table 5.32 1-1 lists the Shuttle Flight Manifest for Stage 32 - Flight IE.

i.,. The total mass ,)f tile stati()n hardware t¢)orbit is 26467 lbs. The second section of tile

table shows the Shuttle Performance and hardware/consumables required for the missi(m
resulting in the net Shuttle Lift Capability of 27908 lbs to 230 n.mi. at an inclination t_l"
51.6 r'. Subtracting the hardware and FSE subtotals from this amount gives a mission
flight margin of 1441 lbs.

:':_,i" 5.32.2 Stage 32 Configuration

:" Figure 5.32.2-1 displays the isometric view of Stage 32 after the Shuttle depart.,;and the
_ scheduled assembly is completed. Figure 5.32.2-2 shows the front, side, top and

isometric views of Stage 32 with the Shuttle attached.

5.32.3 Flight IE Assembly Operations Description

_,. Rendezvous of the Shuttle with the Stage 31 occurs along +V bar at an altitude of 230n.mi. Station rendezvous attitude is +XVV and +Z Nadir. The Shuttle docks to PMA2
_-: on the Node 2 forward CBM in a tail down orientation.

= _.... Flight IE is a 9 day mission with 1 EVA. The SRMS unberths the ESA COF from the
_-", Shuttle payload bay, and hands off the element to the SSRMS, which then attaches the
_-:_.:_. element to the starboard Node 2 CBM. The single EVA involves disconnecting the
_ : PMA3-to-Nodel umbilicals to enable PMA3 relocation. The SSRMS relocates PMA3

: from the Node 1 nadir port to the Node 2 nadir port (no umbilical connections are made).
..... This is a temporary storage locatiun ,mtil the Hab is installed on Node 1.

_,,:- Following separation, Stage 32 flight mode is LVLH with the Node 1/Lab section aligned
along the velocity vector.

• o (_,i "

_--_,

o

: 5.32-1
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"_ z..

_°

System Resgl,lrce/Functionality

:-. Stage 31 functi_mality, plus:

. • ESA COF attached to stbd-side of Node 2

_. • Full activation of all COF systems
: i

" • First COF ingress

J: ,," :_- • COF fully outfitted (10 ISPR's, 3 stowage racks delivered)

.... : Resources Available: Power: 69,700 W
_":_ Thermah TBD

.... EVA: 12 crew-hours

....:_ Resources Required: Power: 16,691 W (U.S. Hvusekeeping)
TBD W (Payload)

?,•., ..
1,180 W (CSA)

_'_'i 2,600 W (ESA)
5,600 W (NASDA)

Thernml: TBD W
...... EVA: 3:00 crew-hours

i

,g,
_r

: , r ,

0

"r
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Table 5.32.1.1 Stage 32 - Flight IE Shuttle Flight Manifest

". ,_ Hardware Mass (Ibs) FSE ""

7

,- ,, .. APM
.. core 18640

, : ..... APM System Rack-1 507
:: .." .- APM System Rack-2 728

., ,i:," APMSystem Rack-3 728
., APM System Rack-4 540

:i,:,,),,iii.i APM System Rack-5 540

_,:,,_ APM Stowage Rack-I 375
APM ISPR 1 Rack 882

' " APM ISPR 2 Rack 882
_: .. APM ISPR 3 Rack 882

::.::,,_Si:,,: APM ISPR 4 Rack 882
.......... APM ISPR 5 Rack 882

.!:: :::..... subtotal ':16467 0
=. _* _ ,.

--:'" :):::_ ShufflePerformance Ma_,(lbs):,:.__ . iiii ,JJ,llll i

:, " -:"" Capability to 220 n.mi. at 51,6 deg Inclination 24685
,.. L . Enhancements 13000

:.... AssemblyAltitudedelta (100 lbs per n.mi.) -1000
-- ' ':;:": AdditionalShuttle PerformanceEnhancements 0

_:,:" VariableIntegratedHardware -1150

: ". " VariableShuttleConsumables -293
:_,:'; " Food & Gear (-55 lbs/day over6) 165
_; "' " 5th & 6th N2 tanks (@ 128 ibs/N2) 128

.,o ,i,.,,:. 293 ",
• Middeck Lockers -160

-' ,:..... GenericIntegratedHardware -5374
,,o..... External Aitlock 3000

.;.: _ . 4th Cryo Tank Fluids 866
°,' • _ 3rdEMU 300

__:;,... SAFER lO0
.... Misc integration hardware 118
:,,:,=..... Attach Hardware 990

l" r:_: _ ,,: " 5374

• Weight Growth Reserve -1000
• ,,,,_, Maintenance Reserve -800

%", "i ....... .... Total Shuttle Lift Cal3,,bllity ........ 27908
v.

•._°?_-__ _ ..

.:,' " l MI.Ion Flight Margln l l _441 1

,<,

" 5.32-3

.._,

................._........= :._ _: ,- -,' ._ .........•
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7

:, 5.32 Stage 32, Flight IE Performance Characteristics
01.
' : Stage 32, Flight 1E is assembled at a 230 n.mi. altitude in an LVLH flight mode with 4
.. pairsofdoubleaxisarticulatingPV arrays.The nominallaunchdateisApril,2003.

Stage 32 in a +2a atmosphere (solar flux = 118.7, geomagnetic index = 24.5) has a flight
attitude of yaw = -1.0, pitch = 5.5, and roll = 0.2. The steady state microgravity

• environment is depicted in figure 5.32.4-1. Table 5.32.4-1 lists the U.S. Laboratory racks,
' ....... theirtype,andthemaximum steadystatemicrogravitylevelsensedduringtheorbitinthe
": given +2a atmosphere. This configuration contains 6 ISPR racks within the 1 _g
_:-:, environment.

_::,.o Table 5.32.4-1 Stage 32 US Lab Rack Steady State gg Level

LAS-I ISPR I.I
•,_ " LAS-2 ISPR 1.1
: ,_'_. LAS-3 ISPR 1.2

=_ -! LAS..4 ISPR 1.2
_ _:: LAS-5 SYS 1.3

_ _ _ LA$-6 SYS 1.3

_" :'_ LAF-1 SYS 1.6
LAF-2 $YS 1.7

---','; LAF-3 SYS 1.7
'_"_ LAF4 SYS 1.8

: LAF-5 SYS 1.8
__..... LAF-6 SYS 1.9
'.... : LAP-I ISPR 1.0

. LAP-2 ISPR I.I
= LAP-3 ISPR I.1
, LAP-4 ISPR 1.2

i i_''" LAP-5 SYS 1.2
LAP-6 SYS 1.3

..... LAC-I ISPR 0.4
, ,: LAC-2 ISPR 0.5

° LAC-3 ISPR 0.5
' '""= LAC-4 ISPR 0.6

_ " LAC-5 ISPR 0.6
LAC-6 SYS 0.7

.... ______5.32-6

T ....

.... !

O0000004-TSB04



O0000004-TSB05



=' Table5.32.4-2summarizesthe rcboostlffcdme characteristicsofStage32 assuming+2a
atmosphere conditions, an early solar cycle (July 1995 start), and a ballistic coefficient of

: 10.3 lbs/ft 2. The reboost is performed using the zenith Bus which currently has a reboost
• . efficiencyof81%.whiletheaftbushasfullyexpendeditspropellantload.Forthisstage
• ' .... there is sufficient propellant reserve on board the station to meet the skip cycle contingency

.. reboost requirement, li

• 1". - Table $.32.4.2 Reboost Lifetime Characteristics

c; •

_--:,'ii;_,: The controlcharacteristicsofStage32underdesignatmosphereconditionsusingthePDR
':,_': nominalcontroller(attitudeemphasis)aredisplayedinfigure5.32.4-2.Table5.32.4-3

,_,:,,,, summarizes the control characteristicsdepicted in the plots.yj

..... Table $.32,4-3 Control Characteristics Summary

?:;.:i I no $T$ -I.0degrees _ 3.2de_ees 1 0.2de_rees I ± 0.4degrees I 7300 N-m-s, - w/$T$ -2.3delgees I 45.0de_._ | -1.3de_.s I :1:0.8delgee_ I 6300N-m-s ;
,/ r'/

-:"' The control characteristics of Stage 32 (attached Shuttle) underdesign atmosphere
:," conditionsusing thePDR nominalcontroller(attitudeemphasis)aredisplayedinfigure
:- 5.32.4-3. Table 5.32.4,3 summarizes the control characteristics depicted in the plots.

',- $.32.$ Issuesand Concerns
"o-i

,,,,_ Thisstagehasapitchflightattitudethatexceeds±15degreeswithanattachedShuttle.

,:- ThereisapossibilityofsomeindirectplumeimpingementoftheaftP6andSI/PIradiators
_ " fromtheaftbus attitudecontrolthrusters.

C. ,

'/'> ,i 2"

.~
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5.33 Stage 33 Flight Charaterization
i'

_ _ : 5.33.1 Stage 33 - Flight 16A Shuttle Flight Manifest

::: The Shuttle delivers the U.S. Habitatior, Module. Table 5.33.1-1 lists the Shuttle Flight
Manifest for Stage 33 - Flight 16A. The total mass of the station hardware to orbit is
27502 lbs. The second sectlon of the table shows tile Shuttle Performance and

hardware/consumables required for the mission resulting in the net Shuttle Lift
_"_ " Capability of 29123 lbs to 230 n.mi. at an inclination of 51.6°. Subtracting the hardware

==__!. and FSE subtotals from this amo_.,ntgives a mission flight margin of 1621 lbs.

! _: _ 5.33.2 Stage 33 Configuration

i ,', ,. Figure 5.33.2-1 displays the isometric view of Stage 33 after the Shuttle departs and the
_-=:; scheduled assembly is completed. Figure 5.33.2-2 shows the front, side, top and
' "'_....... isometric views of Stage 33 with the Shuttle attached.
!_"_"_i,

_::_ _.: 5.33.3 Flight 16A Assembly Operations Description

_ : Rendezvous of the Shuttle with the Stage 32 occurs along +V bar at an altitude of 230
n.mi. Station rendezvous attitude is +XVV and ._.ZNadir. The Shuttle docks to PMA2

L _ '_ ,.
_ ...... on the Node 2 forward CBM in a tail down orientation.

_=)i_i!" Flight 16A is an 8 day mission with 2 EVAs. The SS[LMS performs a direct unberthing
_ _ of the Hab from the Shuttle payload bay and attaches the element to the Node 1 nadir

CBM. The two EVAs involve umbilical connections and removal of the thermal cover

_:_C° from the Hab nadir. The SSRMS then relocates PMA3 from the Node 2 nadir port to

:, : the Hab nadir port.
i _ _ '_,'

i-i 'I_:?' Following separation, Stage 33 flight mode is LVLH with the Nade l/Lab section aligned
_, :. along the velocity vector. .

i ,t ,-

[. '_ ....

o_:

y

_ °

° 5.33-1
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"' : System Resource/Functionality i, _ v T-

, " Stage 32 functionality, plus:

• Hab attached to Nadir part of Nodel

. .>_ * Delivery and activation of the Hab Module l
.......:, , Provides additional volume and system redundancy

:::. ' * Provides additional crew habitability equipment

-_''"":;": Resources Available: Power: 69, 700 W

_:_ _ <i. Thermal: TBDEVA: 24 crew-hours

,-" ;.,::-_i. Resources Required: Power: 18,259 W (U.S. Housekeeping)
_' J>" TBD W (Payload)

' _: " 1,180 W (CSA)

',, 2,600 W (ESA)
• '_i:'< 5,600 W (NASDA)

- y, <. :

,o_:° ,. Thermal: TBD W
_i , EVA." 17:20 crew-hours

:_, : "/ .

J

, _ c, •

o ,

o

• • " 2

5.33-2
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m,: '+ Table 5.33.1-1 Stage 33 - Flight 16A Shuttle Flight Manifest

.... Hardware .... M_s (Ihs) FSE

. ,: US Habitation Module (:ore 22789
• " s .1 _1,:, I/S ttab (,A/I, 1 T .S Rack - I IAP6 935

¢.,_' I IS I lab Avionics I Rack- HAC6 716
+,, " US l lab Avionics 2 Rack- ItAI-:I 639

= ,[ _........... US [lab ARS Rack - IIAF6 1333

_,=+L"::i. US Hab Wardroom Rack 1 - HAP1 _95US Itab Wardroom Rack 2- ttAP2 395

re-:_,:':,':_:" subtotal 27502 0

g_ . Shuttle Performance Mass 0hs)......
_'z_:__ •
P-'.,,+_.+_+,, .

_!::+,+ ' Capability to 220 n.mi. at 51,6 deg Inclination 24685

_: : Enhancements 13000
_.;,,:_.... Assembly Altitude de Ira ( 100 lbs per n.mi.) - 1000

_,i' +"! Additional Shuttle Performance Enhancements 0
: =" Variable Integrated Hardware 0
:- Variable Shuttle Consumables 2?8

iT_+ o" Food & Gear (-55 lbs/day over 6) 110
: '-" 5th N2 tanks (@ 128 lbs/N2) 128

:_:_: 238
'_° :•" Middeck Lockers -160

i Generic Integrated Hardware -5374
:_i?'_" External Airlock 3000

..... . 4th Cryo Tank Fluids 866
3rd EMU 300

::, ;, • SAFER 100
=.:_° . Misc integration hardware 118

Attach Hardware 990
5374

, " Weight Growth Reserve -1190
""'ii Maintenance Reserve -600o .

:+:'- Total ,Shuttle Lift Capability " 29123

_:':" | Mission_ght Margin.,] I 16_z.i

/ .

, 5.33-3
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l " 5.33 Stage 33, Fligiat 16A Performance Characteristics

:- :v Stage 33, Flight 16A is assembled at a 230 n,mi. altitude in an LVLH flight mode with 4
,; ?'i . pairs of double axis articulating PV arrays. The nominal launch date is June, 2003.

..... Stage 33 in a +2csatmosphere (solar flux -- 119.8, geomagnetic index - 22.8) has a flight
_, attitude of yaw = 0.0, pitch = 1.0, and roll = 0.5. "rhe steady state microgravity

• environment is depicted in figure 5.33.4-1 Table 5.33.4-1 lists the U.S. Laboratory I
__+:, .: racks, their type, and the maximum steady state microgravity level sensed during the orbit 1
_'J,_,' in the given +2oratmosphere. This configuration contains 5 ISPR racks within the 1 I.tg

:::- environment and all the ISPR racks are less than 1.2 I.tg.

Table 5.33.4-1 Stage 33 US Lab Rack Steady State I.tg Level

Ii" _::i::)::iiii_:i:_ii!_i!_i:i:::Racl_:i:_i::i::i:-:::i:.::::_:!i'::U'!:Type i :-:::::::i:"_.::::i::,micro;:8:_::!.i_._::i
i " LAS-1 ISPR 1.1

•: LAS-2 ISPR 1.2
LAS-3 ISPR 1.2
LAS-4 ISPR 1.2

,: LAS-5 SYS 1.2
'_:_"_' ' LAS-6 SYS 1,2

:_ ° Z LAF- 1 S YS 1.8
....., '. LAF-2 SYS 1.8

:. LAF-4 SYS 1.8
:,: LAF-5 SYS 1.8

_"_ ,: LAF-6 SYS 1.8
i '_ LAP-1 ISPR 1.I

• " , " LAP-2 ISPR 1.1
"-i LAP-3 ISPR I.I

": LAP.4 ISPR 1.1

" LAP-5 SYS 1.1
, -- LAP-6 SYS 1.1

:'_'_" LAC-I ISPR 0.5

[ _,./...:" LAC-2 ISPR 0.5
:_< :- LAC-3 ISPR 0.5

LAC-4 ISPR 0.5

i . LAC-5 ISPR 0.5
t _ ,_ .... LAC-6 SYS 0.5
r _/, :
t o .

i <' / ' "

°.
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•: Figure 5.33.4-1 Stage 33 steady-state mierogravity envirinment contours.
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! Table 5.33.4-2 summarizes the reboost lifetime characteristics of Stage 33 assuming +2a
. atmosphere conditions, an early solar cycle (July 1995 start), and a ballistic coefficient of
: 10.7 lbs/ft 2. The reboost is pcrformed using the zenith Bus which currently has a reboost
_ efficiency of 83%, while the aft bus has fully expended its propellant load. For this stage

there is sufficient propellant reserve on board the station to meet the skip cycle contingency
i reboost requirement.
?

Table 5,33.4-2 Reboost Lifetime Characteristics

:_ii_i;i!!ii_!ii;i_i!i_::i::::::::_!i!i:.!iiiiii_i::i::!iiiii::::iiiiiiiii_i::i_::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::

.....................................•"rl...................................................• 1,186 I -231 4,036 ! 346

The control characteristics of Stage 33 under design atmosphere conditions using the PDR
nominal controller (attitude emphasis) are displayed in figure 5...33.4-2.Table 5.33.4-3
summarizes the control characteristics depicted in the plots.

Table 5.33.4.3 Control Characteristics Summary

0.0 de_.,s .... -2.4 de_,,,es" I 0.5 I ":1:0.5 de_p'ee,s I '8500 N:m-s '1
[ w/STS I -2.3 de_.xs 43.5 degrees [ -1.3 degrees I + 0.7 de_,es I 7100 N-m-s I

The control characteristics of Stage 33 (attached Shuttle) under design atmosphere
conditions using the PDR nominal controller (attitude emphasis) are displayed in figures
5.33.4-3. Table 5.33.4-3 summarizes the control characteristics depicted in the plots.

i I .

5.33.5 Issues and Concerns

This stage has a pitch flight attitude that exceeds +15 degrees with an attached Shuttle.
IT

There is a possibility of some indirect plume impingement of the aft P6 and Sl/P1 radiators
from the aft bus attitude control thrusters.

i !
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5.34 Stage 34 Flight Characterization
#-

i : 5.34.1 Stage 34, Flight 17A Shuttle Flight Manifest }

i i
.... ": : The Shuttle delivers the MPLM outfitted with U.S. Habitation racks. Table 5.34.1-1 lists

_ : the Shuttle Flight Manifest for Stage 34 - Flight 17A. The total mass of the station li :.._ .... hardware to orbit is 10913 lbs and FSE mass of 15101 lbs. The second section of the
:_:' : table shows the Shuttle Performance and hardware/consumables required for the mission
F- '" •

resulting in the net Shuttle Lift Capability of 27501 lbs to 230 n.mi. at an inclination of

__ 51.6 °. Subtracting the hardware and FSE subtotals from this amount yields a mission
-_, flight margin of 1487 lbs.

5.34.2 Stage 34 Configuration

Figure 5.34.2-1 displays the isometric view of Stage 34 after the Shuttle depa_ and the
scheduled assembly is completed. Figure 5.34.2-2 shows the front, side, top and

i_ _ ; isometric views of Stage 34 with the Shuttle attached.

..... .... 5.34.3 Flight 17A Assembly Operations Description

- .: Rendezvous of the Shuttle with the Stage 33 occurs along +V bar at an altitude of 230
_: n.mi. Station rendezvous attitude is +XVV and +Z Nadir. The Shuttle docks to PMA2

" _ i-_
" on the Node 2 forward CBM in a tail down orientation.

_, ° The SSRMS unberths the MPLM from the Shuttle payload bay and then berths the
i '_ ,_: element to the Node 2 nadir port for Hab/Lab systems outfitting. The SSRMS directly
i _ -

i _-_ : unberths the ULC from the Shuttle payload bay and installs the element on the MSC. The
i .... _° MSC translates to $6 where PV battery sets (2) are installed using the SPDM. Upon
i_ completion of offloading the MPLM, the Lab temporary CHeCS rack is transferred into
i .....: the MPLM and the SRMS returns the MPLM to the payload bay.

__ Following separation, Stage 34 flight mode is LVLH with the Nodel/Lab section aligned
along the velocity vector.

r- .... ,,

7
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_' _i_

System Res,_urce/F0ncticmality

Stage 33 functionality, plus:

• 9 racks delivered and activated !;

_ • Full PV battery complement on S6 t_
• i

..... __ Resources Available: Power: 76,200 W
,_ Thermal: TBD
...... EVA: 0 crew-hours

"_ ;, Resources Required: Power: 19,683 W (U.S. Housekeeping)

-_._!;'_:i. TBD W (Payload)
_:_,_ . 1,180 W (CSA)
--_\;_'.,.i,;_ 2,600 W (ESA)
_gg'° 5,600 W (NASDA)
_;_ " Thermal: TBD W
_,;_:_:_ EVA: 0 crew-hours
_-_,_ .."

1

?-:i ....

g :

F ,i

y

; .:_,_ '

:7"

I
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: :: Table 5.34.1-1 Stage 34 Flight 17A Shuttle Flight Manifest

Hardware ,,, Mass (lhs), FSE

:..i ' , MPLM 10626
= " ' US Lab Fuel Cell Water- [,,AF4 1061
" .. US Hab Water Processor- dAF3 1430

US Hab Urine Processor - HAF4 1178

" _ r + US Hab Waste Management - ttAP5 786
• "..: US Hab Full Body Cleansing - HAP4 580

=-,<,_.:o_. US Hab Galley/Oven/Drink - ttAS 1 1015
' :,_....... US Hab Crew tlealth Rack 1 - HAC4 685
.,t _" •

..... _;...... US Hab EHS CHeCS Rack 2 - HAC5 1020

,_-:; 'i,. " US Hab CMS CHeCS Rack 3 - HAS4 1290
io:::"': ULC-B 2935
_-=:_ _ DDC-B 1540
_,_o 2 PV battery sets for S6 PV(on ULC) 1868

'_" " subtotal :_.::: 10913 " :.:.. :I$101

=: ° Shuttle Performance . • : : ' Mass (Ibs)
_L, , )_O I I II I I I II III II I I

" Capability to 220 n.mi. at 51.6 deg Inclination 24685
= '_':°" Enhancements 13000

i ': Asser, hly Altitudedelta (I00 lbs per n.mi.) -1000
<• Addiu,,,,al Shuttle PerformanceEnhancements 0

7_ :--

o.... _ Variable Integrated Hardware -990
" Additional Attach Hardware 990

•o' " 990
VariableShuttleConsumables -110

,,,:,, Food & Gear (-55 lbs/day over 6) 110
= 110

- .... ° ' Middeck Lockers -160

, Generic IntegratedHardware -.5374
: ,r, _ External Airlock 3000

..... 4thCryoTank Fluids 866
, 3rdEMU 300

• _ .... F''' SAFER 100

Misc integration hardware 118
,, " Attach Hardware 990

: ,,. ':' 5374
:_ Weight Growth Reserve -2080

: Maintenance Reserve -470

- TotalShuttle Lift C.apahllity 27501

' I MlsslonFIl$ht Marzln[ ] 1487 [
• .

' • 5.34-3
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; . 5.34.4 Stage 34, Flight 17A Performance Characteristics

Stage 34, Flight 17A is assembled at a 230 n.mi. altitude in an LVLH flight mode with 4
pairs of double axis articulating PV arrays. The nominal launch date is August, 2003.

k

_::i.. : il Stage 34 in a +2a atmosphere (solar flux = 117.7, geomagnetic index = 21.8) has a flight ,!

. attitude of yaw = 0.0, pitch = -0.2, and roll -- 0.5. The steady state microgravity 1
•, _. : environment is depicted in figure 5.34.4-1. Table 5.34.4-1 lists the U.S. Laboratory
_.... racks, their type, and the maximum steady state microgravity level sensed during the orbit

' : in the given +2a atmosphere. This configuration contains 5 ISPR racks within the 1 gg
environment and all the ISPR racks are less than 1.2 I.tg.

..... , Table 5.34.4-1 Stage 34 US Lab Rack Steady State ),tg Level

=_ ,,! '_' r.

:,:/:: !i!iiiiii!i!!i!i?:::iR_i_:_)iiT!iiiiii_i!iiiii_i:i:_!i_iiiiii::iiiiT!_ypeii;!:_7i::!iii::ii!!i!ii:,i:ii;i!i_i_:i_i_!i:ii:::ii:i_i:!

:__'"'_?_:'r LAS'I ISPR 1.1

< :'_i 'i LAS'2 ISPR 1.1
_'; ° LAS'3 ISPR 1.1

_-__' _;.___ : _ LAS4 ISPR 1.1
: _ " ....... LAS'5 SYS 1.1

' " LAS'6 SYS 1.1
LAF'I SYS 1.8

=--"_: LAF'2 SYS 1.8
"_: ,,oi LAF-3 SYS 1.8

LAF_ SYS 1.8

. :: LAF-5 SYS 1.8
_ LAF-6 SYS 1.8

LAP-1 ISPR 1.1
• LAP-2 ISPR 1.I

: LAP-3 ISPR 1.1
=-,.:<._., .. LAP-4 ISPR 1.1

LAP-6 SYS I.I
LAC-I ISPR 0.5

.... LAC-2 ISPR 0.5
'I r: LAC'3 ISPR 0"4

........ LAC4 ISPR 0.4
" _ LAC-5 ISPR 0.4
' ,'"- LAC-6 SYS 0.4

II

, _,,,_

? ,

r ':

r :i 5.34-6
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O0000004-TSCIO



, Figure5.34.4-1 Stage34 steady-statemicrogravityenvironmentcontours.
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O

.... - Table 5.34.4-2 summarizes the reboost lifetime characteristics of stage 34 assuming +2n
atmosphere conditions, an early solar cycle (July 1995 start), and a ballistic coefficient of

_i_: 10.9 lbs/ft2. The reboost is performed using the zenith Bus which currently has a reboost
efficiency of 84%, while the aft bus has fully expended its propellant load. For this stage
there is sufficient propellant reserve on board the station to meet the skip cycle contingency
reboost requirement.

o Table 5.34.4-2 Reboost l,ifetime Characteristics
i '

,: :::i:ii'._i_!i!_!!!'_i!!!iiii':_i!ii!ili!_i!iiiii![![F!_i_ii!i_!i_!!i_i_ii!_!_:_:i!iii_.ii:i!_ii!_i_;_![i_i_!_:i_i_!_!_i!ii_.i_:_ii_ii!_!_!_!i_:_._!_iii!i_i;;_!_!_!_i_!i•'" r" :::_:'_:'_:!::_:::_:0b_)!:::':?:!!:_:i'i_!!::::::.:_Si:flb_3_:':":!_'_::-::':_:;_:i(days_:_::":.._::•::
L( : 230 234 1,114 -23l 2,692 394

_ :'

!-_' The control characteristics of Stage 34 under design atmosphere cot_ditions using the PDR
_- .... nominal controller (attitude emphasis) are displayed in figure 5.34.4-2. Table 5.34.4-3

i : __ summarizes the control characteristics depicted in the plots.

_ ,° Table 5.34.4-3 Control Characteristics Summary
, o

" iii_iiii::iiiiii!!iii!iiiii::iii_ii!ii!iiiiiii::ii!iiiii/i!it::ii!ili_iiiiii!iii!i::!i!iii!ilH__ ::::i!i!iiiiiiiiiiii::iiii;[::!i!!iiiiiiiiiiiiiiiiii::iR_ll::iiiii::i::!_ili:.i:.i::i_iiii::i:.[!i:::.iiiii;i?:i!::i!i!::_fi:_!]ii!i_!::iiiii:.!:.ii::iii[i_iiiiiii_i_[hi_$_iiiii!ii:
"" _ I ' I b ' ' 8600N-m-so, ,os'rs O.Od_ 'S8de_s" .'_=-_r_'I +0.5de_e,sl

!i" :[:'_: w/ST$ -2..3.de,grges [ ,43.1de_ees | .l.4de_'ees '1 _+0.9delg'ees '| 6000N-m-s

i=_:::_':!" The control characteristics of Stage 34 (attached Shuttle) under design atmosphereL_ ' : °

.... ' conditions using the PDR nominal controller (attitude emphasis) are displayed in figures
=:° "_':':::::" 5.34.4-3. Table 5.34.4-3 summarizes the control characteristics depicted in the plots.
!- :.

5.34.5 Issues and Concerns

• ::i_., This stage has a pitch flight attitude that exceeds __.15degrees with an attached Shuttle.

, There is a possibility of some indirect plume impingement of the aft P6 and S l/P1 radiators
_ from the aft bus attitude control thrusters.

! _ , ::

i , '.'
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5.35 Stage 35 Flight Characterization

_, 5.35.1 Stage 35, Flight 18A Shuttle Flight Manifest

The Shuttle delivers the Crew Transfer Vehicle. Table 5.35. I. 1 lists the Shuttle Flight
Manifest for Stage 35 - Flight 18A. The total mass of the stat!on hardware to orbit is

_ 24255 lbs "['he second section of the table shows the Shuttle ?erformance and

;_.: hardware/consumables required for the mission resulting in the net Shuttle Lift
= Capability of 28931 lbs to 230 n.mi. at an inclination of 51.6 °. Subtracting the hardware

and FSE subtotals from this amount yields a mission flight margin of 4676 lbs.

5.35.2 Stage 2 Configuration

Figure 5.35.2-1 displays the isometric view of Stage 35 'afterthe Shuttle departs and the
scheduled assembly is completed. Figure 5.35.2-2 shows the front, side, top and
isometric views of Stage 35 with the Shuttle attached.

5.35.3 Flight 18A Assembly Operations Description

':: Rendezvous of the Shuttle with the Stage 34 occurs along +V bar at an altitude of 230
n.mi. Station rendezvous attitude is +XVV and +Z Nadir. The Shuttle docks to PMA2
on the Node 2 forward CBM in a tail clown orientation.

!_' Flight 18A is an 8 day mission with 0 EVAs planned. The SRMS removes the CTV
from the Shuttle payload bay and attaches the vehicle to PMA3 on the Hab nadir port.

_ Following separation, Stage 35 flight mode is LVLH with the Nodel/Lab section aligned
along the velocity vector.

System Resource/Functionality

Stage 34 functionality, plus:
%

• Crew transfer vehicle delivered to orbit

'..i- Resources Available: Power: 76,200 W
Thermal: TBD
EVA: 0 crew-hours

Resources Required: Power: 19,683 W (U.S. Housekeeping)
: TBD W (Payload)

1,180 W (CSA)
2,600W (ESA)
5,600W (NASDA)

Thermal: TBD W
: EVA: 0 crew-hours

i"

5.35-1
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Table 5.35.1-1 Stage 35. Flight 18A Shuttle Flight Manifest

. : Hardware ...... Mass (Ihs) FSE t
't

..... CTV # I 24255
I

: subtotal _4255 0

• } i Shuttle Performance Mass (Ibs}

.:,_ . Capability to 220 n.mi. at 51.6 deg Inclination 24685
,,, Enhancements 1311110

-,_ . Assembly Altitude delta (I00 lbs per Nm) -1000
:_ Additional Shuttle Performance Enhancements 0

Variable Integrated Hardware 0
_,_ii_ Variable Shuttle Consumables -110

-="_': Food & Gear (-55 Ibs/day over 6) 110
:, 110

_i< . Middeck Lockers -160

":_: " Generic Integrated Hardware -5374
: ' External Airlock 3000
,,, "

_' : 4th Cryo Tank Fluids 866
3rd EMU 300

_..!'i .?. SAFER 100

_ "°_ : Misc integrationhardware 118
_,_..... Attach Hardware 990

5374

, Weight Orowtl_Reserve -1730
-, ,: • MaintenanceReserve -380

__{/:,.... ,.... Total Shuttle Lift CapabilitY .......... 289,3,1,.,

-_:_ !:" ' [ • Mission Flight Margin ] I 46761 "

9

i"
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_'-_: .... 5.35.4 Stage 35, Flight 18A Performance Characteristics

, Stage 35, Flight 18A is assembled at a 230 n.mi. altitude in an LVLH flight mode with 4
" pairs of double axis articulating PV arrays. The nominal launch date is October, 2003. [1

- L Stage 35 in a +2_ atmosphere (solar flux = 114.6, geomagnetic index = 21.1) has a flight
: • attitude of yaw ---1.0, pitch = -7.0, and roll = 0.5. The steady state microgravity 't
...., i environment is depicted in figure 5.35.4-1. Table 5.35.4-1 lists the U.S. Laboratory _,

, racks, their type, and the maximum steady state microgravity level sensed during the orbit
. in the given +2a atmosphere. This configuration contains 11 ISPR racks within the 1 _.g

, ........- environment.

IO: ,

Table 5.35.4-1 Stage 35 US Lab Rack Steady State lag Level

..,_-.....'< :_::i_ii_i_i:i::_iiii::iiii_R_l_i!!iiiiiiiiiii............iiii::ii!iiii!ii:_i!:::_i_!:_iiiiiiiiiiiiii........................_m_e_._:_:"................................

_ ,,.__,.>_. LAS-1 ISPR 1.1
_: ,'_°_" ' LAS-2 ISPR 1.0

i__,;i_ LAS-3 ISPR 1.0
i .:°,._ ,- LAS-4 ISPR 0.9
;--_ :: ..... LAS-5 SYS 0.9

_':''! LAS-6 SYS 0.8
= _:_, LAF-1 SYS 1.7

/_, LAF-2 SYS 1.7
• ° LAF-3 SYS 1.6

• ' < .... LAF-4 3YS 1.5
= " . LAF-5 SYS 1.5

' • LAF..6 SYS 1.4

_,_,:.:'. LAP-2 ISPR 1.0
LAP-3 ISPR 0.9
LAP-4 ISPR 0.9
LAP-5 SYS 0.8

........ .... LAP-6 SYS 0.7
LAC-1 ISPR 0.4

LAC-2 ISPR 0.4

"_ LAC-3 ISPR 0.3
_,. L'" ". LAC-4 ISPR 0.3
-":,;:,':-. . LAC-5 ISPR 0.2
_:t._:i.>,e:-- LAC-6 SYS 0.2

:' _. IM,.:, .

-<%.:t(, .o" :

_-,_: ..

: = ,f ,
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..... '> Table 5.35.4-2 summarizes the reboost lifetime characteristics of Stage 35 assuming +2¢)
z_;" atmosphere conditions, an early solar cycle (July 1995 start), and a ballistic coefficient of
• j,. 11.1 lbs/ft2. The reboost is performed using the zenith Bus which currently has a reboost

';: " :: efficiency of 86%, while the aft bus has fully expended its propellant load. For this stage
there is sufficient propellant reserve on board the station to meet the skip cycle contingency

:i . reboost requirement.

Table 5.35.4-2 Reboost Lifetime Characteristics

:. .- i!_i!i!_i!i_iii_ii1_!_!i#_i!ii_!_!_iiii_.iiiiii_iiiii_i_i!_:_i_i__:._:_l.._iii!iiiiiiiii'_!ii',_!_J_::iiiiiiiiiiii',ii!iii:_iiiiiiiiiiiii_iiii!ili!ii!iil,:ii!__i,_iii_!,,iiiiii:,!i,_il,;::,i:,_a_iii,,i,,!,,iii_,ili!:_:_
• ii::!iiMii_iiili::::::::i!:.!(tt_!_ili::!i!i!;:i!i!!!i!iiiii;:iiii!il_ii::!iiiiii_i_¢__t;-i_[6_iiiil

_' " 230 I 236 I 1.626 -23_ I t.066 4_0

: ;- • The control characteristics of Stage 35 under design atmosphere conditions using the PDR
nominal controller (attitude emphasis) are displayed in figure 5.35.4-2. Table 5.35.4-3
summarizes the control characteristics depicted in the plots.

==,?_ Table 5.35.4-3 Control Characteristics Summary

::::ii:!::": iiii!iiiii_iiiiiiiMii_iiiiiiiiii!i_i_iiiiiiii_#_!!ii_i_i_i_iii_i_i_i_iiii_iiiii_!_ii_i_i_it',',iii_,iiiiiii_,i__i_,_,_,i_,_,_ii_ii_lii',i',ii:,iiii_:,i_',i_:,iii_!
"" " !!!!::ii_iMi!_iii!iM_i!_ii_ii_!!!_!i!iiii!_i_i_iii_i::ii!iii!ilii!ii!iiii_iii!iiii_:_i_:_[i[_iii_i!iiii!iii_!ii_M_Miii_i_i!iiiiiiiiii_!iiiiiili!__i!!iiiiiiiiiliiiii_i_i!!i:i|

" .osrsI I "I' I ....0.sao =....I's_°°_'m's I
:" w/STSl "2.5dcl_'ees I 43.6degrees I "l.5de_xees I _+0.6de_ees I 6600N-m-s I

,. ' The control characteristics of Stage 35 (attached Shuttle) under design atmosphere
• conditions using the PDR nominal controller (attitude emphasis) are displayed in figure

_, i 5.35.4-3. Table 5.35.4-3 summarizes the control characteristics depicted in the plots.

=_ " r' _.35.5 Issues and Concerns

-i :::,: This stage has a pitch flight attitude that exceeds __.15degrees with an attached Shuttle.

_:, There is a possibility of some indirect plume impingement of the aft P6 and Sl/P1 radiators
_ . • from the aft bus attitude control thrusters.

,.

The addition of the CTV eliminates the secondary Shuttle port. In case of a primary port
{ ,_ .. failure, the CTV would have to be relocated to the bottom of node 2 so that the orbiter
: could dock to the bottom of the habitation module. Another approach would be to place the

_, centrifuge module on the zenith side of node one with the Z1 truss/Bus combination on the
-. top of the centrifuge (this would require a CBM on the top of the centrifuge module). The
•.... CTV would be placed on the top of node 2 which would leave the habitation module PMA

free to be the secondary Shuttle port.

5.35-7
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. 5.36 Stage 36 Flight Characterization

.... : 5.36.1 Stage 36 - Flight 19A Shuttle Flight Manifest

: Table 5.36.1-1 lists the Shuttle Flight Manifest for Stage 36 Flight 19A. The total mass
._ of the station hardware to orbit is 14402 lbs, and the FSE total mass is 10705 Ibs. The

• second section of the table shows the Shuttle Performance and hardware/consumables

_- ,, required for the mission resulting in the net Shuttle Lift Capability of 26822 lbs. t
' _, : Subtracting the hardwareand FSE subtotals from this amount gives the mission flight i
o ._:i margin of 1715 lbs.

°__ 7 5.36.2 Stage 36 Configuration

_: .... Figure 5.36.2-1 displays the isometric view of Stage 36 after the Shuttle departs andthe
"_, scheduled assembly is completed. Figure 5.36.2-2 shows the front, side, top and
.. _'_, isometric views of Stage 36 with the Shuttle attached.

! ,_:;_,....... .-_

_ ,A ._ 5.36.3 Flight 19A Assembly Operations Description

Assembly Flight 19A launches the last of the outfitting flights, and the last in the ISSA
....,. Tier 2 assembly sequence. The cargo consists of a Mini-Pressurized Logistics Module

i= : (MPLM) with 14 racks manifested. The following racks will be installed in the Hab:
_-.....: ,, :. Refrigerator/Freezer/Trash Compactor racks, Refrigerator/Freezer rack, Freezer rack,

• _: Wardroom/Galley Stowage rack, and the stowage racks. A Node 1 stowage rack will be

....:- .;: installed in Node 1. A U.S. Stowage rack will be installed in the JEM. Two U.S.
.... Stowage racks will be installed in the APM. In addition, the Fluid Service System

' upgrade will be installed in the U.S. Lab. The MPLM is active while in the payload bay
,_,_ _ so that power and cooling may be provided to the refrigerator/freezers that are in the

_- MPLM.

°_ The Shuttle will rendezvous with the Station along the V-bar at an altitude of 230 n.mi,
.... _ and then dock to PMA2 which is located on the forward end of Node 2. "

:o ,_ On the following day, the crew ingresses the Station and removes the MPLM from the

i _'': _ payload bay using the SSRMS and attaches it to the Node 2 nadirport. Utilities to the
MPLM are connected and the MPLM is activated. The atmosphere inside the MPLM is

_ _' verified and then the MPLM is ingressed.

The next day involves the crew transfe_ng and installing the 14 racks from the MPLM
• _ _ r to the Station. Once installed, the racks are activated by the ground.

i.

....' Prior to departure, the crew closes out and egresses the MPLM. The MPLM is then
deactivated and utilities to the MPLM are disconnected. The MPLM is then removed

i from the Node 2 nadir port and replaced back in the Shuttle payload bay using the
SSRMS.

7
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!i!_:'i" The Shuttle then undocks from PMA2 and departs the Station. Following separation,
_ .... Stage 36 flight mode is LVLH with the Nodel/Lab section aligned along the velocity
_:: vector.
_,'."__::- .

=:_:' The "Assembly Complete" configuration is achieved at this stage. The Bus-1 's will have
to be exchanged in the futureto maintaina necessary compliment of propellant on-orbit.
The operations requiredto perform those changeouts are depicted in figures 5.36.3-1 -

i 5.36.3-3. Figure 5.36.3-1 demonstratesthe repositioning of the SSRMS from the MBS
to the U.S. Lab to the grapple fixture located on the aft stinger. T_,isrepositioning is

i necessary to facilitate the changeout of the aft Bus-1. Figure 5.36.3-2 depicts the
maneuvers required to complete the aft Bus-1 changeout: 1) grapple the "spent" Bus-1
with the SSRMS and hand it to the SRMS; 2) using the SRMS, place the "spent" Bus-1
in the Shuttle payload bay, and grapple the replacement Bus-l; 3) hand-off the Bus-1

: from the SRMS to the SSRMS; and, 4) install the replacement Bus-1 on the aft stinger.
Figure 5.36.3-3 is a graphical depiction of the similar maneuvers that are required to

• replace the Bus-1 located in the -Z direction above the Z1 truss. Note that the SSRMS is
positioned on the PDGF thatis located at (0.0, -4.1, -2.108) meters on the SOITS for the
zenith Bus-1 swap-out.

System Resource/Functionality

Stage 35 functionality, plus:

• 14 racksdelivered and activated

_:. _ • Assembly complete reached after 19A

_: _.'. Resources Available: Power: 76,100 W
:" Thermal: TBD

EVA: 0 crew-hours

Resources Required: Power: 20,983 W (U.S. Housekeeping) "'
: TBD W (Payload)

1,180 W (CSA)
.....• 2,600 W (ESA)
:: : 5,600 W (NASDA)

• Thermal: TBD W
_:: EVA: 0 crew-hours

7
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r'' m Table 5.36.1-1 Stage 36 - Flight 19A Shuttle Flight Manifest

i Hardware Mass (Ibs) FSE
i '

i _:' MPLM-B 10705

US HabStowage - HAS6 973
": US HabStowage - HAF5 498

.. ,-_ US Hab Refrigerator/freezer/trash-HAC1 982
:. : US HabRefrigerator/freezer- HAC2 1304

.... i_,/ US HabFreezerRack- HAS3 1325

_!_,//,_: US HabWardGalleyStowage- HAC3 1400
_: , r US HabStowage Rack 1 - HAF2 877

! :','?:,:,,}" US HabStowage Rack2 - HAS5 779
L _ , US HabStowage Rack3 - HAP3 779
_=:' US Hab StowageRack4 - HAS2 783

i .... Node 1 Stowage Rack 4 826" %- JEMELM-PS/USStowageRack 2 1473

! ";""i_("!i}_':: APM/US Stowage RackI 930
:: :{,.. APM/US Stowage Rack3 1473

i " ,: subtotal 14402 10705

Shuttle Performance Mass 0bs)
i , ,9

i _.- Capabilityto 220 n.mi. at 51.6 deg Inclination 24685
Enhancements 13000

i ° : Assembly Altitudedelta (100 lbs pern.mi.) -1000
•- Additional ShuttlePerformanceEnhancements 0

.... Variable Integrate_Hardware -1164

i _ VariableShuttleConsumables -1055

- ' .. Additional Crew(500 lbs/crew) 1000
..... _ . Food & Gear (-55 lbs/day over6) 55

: ' 1055

i- _,_i MiddeckLockers -160
GenericIntegratedHardware -5374

_ " " ExternalAirlock 3000

,,:..... 4thCryoTankFluids 866
,,. 3rdEMU 300

: _, : SAFER 100
_,_,tg Misc integrationhardware 118
,, ,. AttachHardware 990

_,, : 5374
L ' - Weight Growth Reserve -1730

MaintenanceReserve -380i

i • . Total Shuttle LIR Capability 26822

i ' _ [ Mission Flight Margin [ [ 1715 [

I
i r " 5.36"3
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_ :- 5.36.4 Stage 36, Flight 19A Performance Characteristics

: = Stage 36, Hight 19A is assembled at a 230 n.mi. altitude in an LVLH flight mode with 4

i " pairs of double axis articulating PV arrays. The nominal launch date is December, 2003. !" Stage 36 in a +2a atmosphere (solar flux = 105.4, geomagnetic index = 19.7) has a flight
.....:- attitude of yaw =-1.5, pitch = -6.7, and roll = 0.5. The steady state microgravity 't

_ .. environment is depicted in figure 5.36.4-1. Table 5.36.4-1 lists the U.S. Laboratory t_- . racks, their type, and the maximum steady state mierogravity level sensed during the orbit
: _ in the given +2oratmosphere. This configuration contains 11 ISPR racks within the 1 ggi / .,

: environment.

,r.. Table 5.36.4-1 Stage 36 US Lab Rack Steady State gg Level

: o_: ,

: ,_,_: LAS-1 ISPR 1.1
• _" , LAS-2 ISPR 1.0

,_ : ? LAS-3 ISPR 1.0
_ _.... LAS-4 ISPR 0.9
! :_-i" LAS-5 SYS 0.9
i i/2/i: LAS-6 SYS 0.8
---_ "_ LAF-1 SYS 1.7

: LAF-2 SYS 1.7
..... LAF-3 SYS 1.6

'_= LAF-4 SYS 1.5 I
...... LAF-5 SYS 1.5

LAF-6 SYS 1.4
i:":""i": LAP-1 ISPR 1.1

,: ,,_,: LAP-2 ISPR 1.0
',, LAP-3 ISPR 0.9
.... LAP-4 ISPR 0.9

-- LAP-5 SYS 0.8
i _, LAP-6 SYS 0.7 ":
i _ ,r I

L-.' LAC-I ISPR 0.4
i . _, LAC-2 ISPR 0.4i '
i ....... LAC-3 ISPR 0.3

LAC-4 ISPR 0.3 d

_i,"i' LAC-5 ISPR 0.2
"' LAC-6 SYS 0.2

v..

i

°
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-,"_ ' Figure 5.36.4-1 Stage 36 _teady-state microgravity contours.
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= _ : Table 5.36.4-2 summarizes the reboost lifetime characteristics of Stage 36 assuming +2._
atmosphere conditions, an early solar cycle (July 1995 start), and a ballistic coefficient of
11.1 lbs/ft 2. The reboost is performed using the zenith Bus which currently has a reboost
efficiency of 85%, while the aft bus has fully expended its propellant load. For this stage

• there is sufficient propellant reserve on board the station to meet the skip cycle contingency
• reboost requirement.

: Table 5.36.4-2 Reboost Lifetime Characteristics

= i_::!

= ' _: The control characteristics of Stage 36 under design atmosphere conditions using the PDR
: __ " nominal controller (attitude emphasis) are displayed in figure 5.36.4-2. Table 5.36.4-3

- _;_," summarizes the control characteristics depicted in the plots.

="; :" Table 5.36.4-3 Control Characteristics Summary

" , ', [
_'_:" !i::iiiiiiii_iii!iiii!ii_/i¥_i::iiiiiiiiiiiiiii!!iiiiilili!]i_iiii_iii_!_iiiiiiiiiii_i_i_ii_i_!i_!i_iii_iii[ii!iii_ii_!i_iiiiii_ii!i_i_i_iii_iii_iiiiii_iiiiii_i[i_iiii_iiii_i_iiiii_i__iiiiiiiiiiiiiii!_i_i!i![_!i_i__i_!i_

o'odo. I I 0.Sdo I ±0.Sdo I 9400N-m-s
::_" 0.0 degrees I 44.3 dq_,,es I -1.0 degrees I + 0.8 de_ee, s I 7200 N-m-s

r:' The control characteristics of Stage 36 (attached Shuttle) under design atmosphere
• conditions using the PDR nominal controller (attitude emphasis) are displayed in figure

...., ! 5.36.4-3. Table 5.36.4-3 summarizes the control characteristics depicted in the plots.

:- As previously discussed in Sections 5.10.4 and 5.17.4 the mated Shuttle and stage "
configuration must perform periodic attitude maneuvers in order to avoid exceeding thermal

.... _ loads on the Shuttle during certain solar geometry conditions. The maneuver must be able
_ : to be performed using the RCS thrusters from either bus starting from Stage 10.

- _ Three sample mated configurations were selected for analysis : Stage 10, when the upper
: _ bus is delivered, Stage 17/Flight 12A, and Stage 36Nlight 19A. The CDR RCS attitude

maneuver control algorithm was employed. A 180 degree yaw maneuver was performed.

,, It should be noted that the total impulse per attitude control thruster is 134,000 Ibf-sec.
r I'

' For Stage 36, a smaller value rate limit was used to prevent excessive overshoot for the
,_ more massive Stage 36 configuration, namely, 0.02 degree/see. The 180 degree yaw

maneuver took just under two orbits for both the aft and upper bus. Overshoot was
• reduced to less than 5 degrees in all channels. The aft bus required 345 lb. of fuel to

perform the maneuver, while the.upper bus required nearly 370 lb. Once again, all four
thrusters on each bus were selected approximately equally by the RCS CDR control

- algorithm. Table 5.36.4-4 lists the fuel and total impulse requirements.

- 5.36-11
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Table 5.36.4-4 Yaw Maneuver Fuel and Impulse Requirements

ii::!ii_!iii!i:i_:_i_:_:iii!!:._,_>_!iii_::_i!i:_ili_i_i_ii_::!!ii::?:i!iii:iii;iii::;_iii_i_iii::i!ili_::::i::ii::iil;i':::i!Ftie!;iUs_;:_(!!_}_i'i!_i_f:::::_alal::_Iini_ul_::(!ti_?_l_::'::::_!::::;;::i::!:iiil'iii::iiiiii__i:i_i;i::;!:i!iii:_:iliiiiTl_lali:__;::_::::i::

t,
;' Z _,

v.," )

5.36.5 Issues and Concerns

=:°,_.... This stage hasa pitchflightattitudethat exceeds±15degreeswith an attachedShuttle.

i2. !ii_:: There is a possibilityof some indirectplume impingementof the aft P6 and S l/P1 radiators• _..:... from the aft bus attitudecontrol thrusters.

t_-_,::_;- The additionof the CTV eliminatesthe secondaryShuttleport.
! :
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6. Trend Analyses

, ....r 6.1 Stage Characterization Analysis ,_

,,!': ' As discussed in Section 4.0: Configuration Mass Properties, several configurations had
:- mass and area distributions which were significantly different from those upon which the

: _,' ,, CMG attitude control algorithm assumptions were based. As a result, some of the
' , ,': configurations were not controllable with the Freedom PDR and CDR control laws. That

is not to suggest, however, that they cannot be controlled using CMGs, but rather that
customized control algorithms, to take advantage of the mass properties, need to be

_ derived and applied. Such a task was outside the sct,_e and schedule of this analysis.

/_ As discussed in Section 5.4: Performance Characteristics, Stage 1 flies in an arrow flight
_. mode,whereasStages2 and3 areorientedinertiallytoincreasesolarpoweravailability.

_,!:_::_:i_. Consequently,Stages2 and3 requireperiodicdesaturation.

_ ,,_• . Stages4 through9 arenotgravitygradientstableinpitch(Izz> Ixx).ThusthepitchTEA
::''_' is morenegativethanthebodytoprincipalaxis pitchEulerangle.Theseconfigurations

_'_...... arecharacterizedbylargenegativepitchattitudes(seefigure6.I-I).Rollandyaw
_ o_ attitude angles are small, especially due to the use of momentum wheel stabilizers. Stage

' °........... _ 5 pitch is more negative than Stage 4, probably due to the fact that the Stage 4 PV arrays
, are feathered. Stages 5 through 9 are characterized by increasing pitch TEAs as the mass

• -, ii increases,, ith the exception of Stage 8, where the addition of the airlock actually
_ ,, : increases the CP-CG offset, and thus the aerodynamic pitch torque magnitude.
_ _ ' .

= i Stages 10 through 13 are characterized by gravity gradient stability in pitch (Ixx > Izz).
_ . Thus the torque equilibrium pitch attitude changes sign as the gravity gradient and

: aerodynamic torques subtract from one another about the equilibrium point. Pitch TEAs
vary from +18 to +24 degrees (figure 6.1-1). Beyond Stage 12, the inertias become very

_--_ nearly equal (figure 6.1-2), which causes problems for the PDR and CDR controllers.
: These controllers try to take advantage of gravity gradient torques to control attitude.

,, ,_ However, the gravity gradient torques become vanishingly small as the inertias become .
nearly equal. Stages 13 and 15 required momentum wheel supplementation for stability

_ , - control (Stages 10 -12 did not), while Stages 14 and 16 could not be controlled using any
, _ of the available CMG control laws at the design altitude and in the design atmosphere

environment.

: " ".... Stages 17 through 19 could only be controlled using the PDR yaw bias control
_-_:_ _ : algorithm, which was specifically designed for configurations with Ixx - Izz. The yaw

" torque equilibrium attitude thus ranges from about +3 to +6 degrees, while the pitch
, _ , ranges from -1.0 to -1.4 degrees. Stages 17 - 19 were also characterized by the hybrid

_ combination of sun-tracking PV arrays (introduced on Stage 17) and a single axis
articulating array (present on Stages 5 through 16).

: For the remainder of the Stages starting with Stage 21, again Izz > Ixx (pitch axis gravity
..... ' .: gradient unstable), all PV arrays were sun-tracking, and the PDR nominal attitude

controller (attitude emphasis) was utilized to successfully control attitude. The pitch
" TEA hovered in the -5 to +3 degree range, with the exception of Stages 35 and 36, which
: had pitch TEAs of -13 degrees (figure 6.1-1).

6.1-1
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In summary, the early LVLH Stages (viz., $4 to $9) were characterized by poor gravity
:i° -- gradient pitch axis stability characteristics, resulting in large pitch torque equilibrium

! attitudes. Stages 10 through 13 were characterized by large positive pitch TEAs, while
• Stage 14 and 16 could not be controlled using the PDR/CDR CMG control algorithms.

Stages 17 and beyond were _1 controllable, although Stages 17 through 19 required a
yaw bias controller due to nearly equal moments of inertia.

:_ o, The torque equilibrium attitude of the mated Station/Shuttle stack is dominated by the
' "' ( presence of the STS, especially during the early stages. Principal to body axis pitch
!: _ angles vary from -40 degrees to +45 degrees. Figure 6.1-3 shows the variation in
- _, principal moments of inertia during the assembly build sequence. Notice that Stage 5 has

" Izz > Ixx (gravity gradient unstable), which may explain why neither the PDR nor CDR
" CMG control algorithms were able to maintain attitude while managing angular

momentum build-up.

_::_ Consistent with the principal to body axis rotation angles, the pitch TEA attitudes were
_:: quite large. Figure 6.1-4 shows the variation in pitch TEA over the assembly build
_! sequence. Although all stages were controllable beyond Stage 5, pitch attitudes hovered

" _ around the ±40 degree range. It is speculated that in some cases, a pitch TEA on either

_iii. side of zero degrees would give comparable performance.

_;_ : By and large, the PDR CMG control algorithm was successfully used for attitude control
_;_,,_,: of the mated configurations throughout the assembly sequence. Nctable exceptions was
, _. _,,: 16, which used the JSC/UT algorithm. Stages 17 and 19 required me use of a 10,000 N-
}-_':__ i: m-s momentum wheel for additional stability augmentation. Attitude oscillations were

_ :i usually less than _ degrees. Peak angular momentum requirements were well within

10,000 N-m-s of capacity, with Stage 19 momentum requirements just exceeding the
i " CMG capacity for most of the stages. Only Stages 19 through 27 required in excess of

_'_ :i, 18,980 N-m-s CMG capacity.
,, _ Reboost efficiency analyses were performed on both buses for Stages 4 through 36. The

ii,,__ • tabulated results shown in tables 6.1-1 and 6.1-2 list the reboost efficiency, the reboost
_-_ engine used, and the thruster gimbal yaw and pitch angles for each stage (refer to figures
!I .., i: 3.3-2 and 3.3-3 for reboost engine loc._tions). The station attitude is approximately equal

_i_i• ', i and opposite to the thruster girnbai yaw and pitch angles. Also, note that when the........ maximum thruster gimba! angle was reached, the reboost efficiency was less than 100%.

'_ _' • Analysis shows that the aft bus, located on the end of the x-axis truss extension,
_ ,. maintains 100% reboost efficiency for Stages 7-9 and Stages 22-36. Efficiency drops

, below 100% for Stages 4-6 and Stages 10-21 due to the station center of gravity (C.G.)
_- migrating outside of the reboost thruster gimbal range, as shown in figures 6.1-5 and 6.1-

8. Stage 4 possesses the lowest aft bus efficiency level of 86.7%. The C.G. migration
_: : responsible for the efficiency decreases is in the body z-axis direction. Migration in the
'_ : body x-axis and y-axis directions, as shown in figures 6.1-6 and 6.1-9, does not impact

i _ the reboost efficiency of aft bus for Stages 4-21. Figures 6.1-11 and 6.1-12 show C.G.
' migrations for Stages 22-36 in relation to the aft bus thruster gimbal range. All the center

' of gravity locations are within the gimbal range of the aft bus for these stages.
i,

• Reboost efficiency for the zenith bus is 100% from Stage 10, when the Bus-1 and z-axis
, _,. truss extension are added to the Station, until Stage 21. The C.G, migration for these

:. stages is shown in figures 6.1-7 and 6.1-8. During Stage 22 operations, the zenith bus is
_ moved closer to the station origin, due to the transfer of the P6 truss segment to the port

:_ 6.1-2
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side of the transverse boom. This results in C.G. locations which are outside of the zenith

_- bus reboost thruster gimbal limits, as shown in figures 6.1-10 and 6.1-11. The station i!C.G. locations for Stages 22-36 are all outside the gimbal range in the x-direction, while
Stages 22-27 are also outside in the y-direction. Reboost efficiency drops to a low of
76.7% for Stage 27 and increases somewhat for later stages. However, efficiency is only
85.2% for Stage 36.
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Table 6.1.1 Aft Bus.1 Efficiency Chart

,, Stage Reboost ReboostEngine ThrusterGimbal Angle (deg.',

Efficiency Used (1 or 2) Yaw Pitch
, 4 86,69% 1 3.57 10.00

' ,, 5 96.47% 2 -0.14 I0.00
....: 6 98.51% 1 2.28 I0.00

_;; 7 100.00% I 2.15 9.46
...... 8 100.00% 1 3.74 8.41

';i_ :i 9 I00.00% I 3.46 9.00
....... 10 87,87% 1 3.84 10.00
• o ,, 11 88.50% I 3.94 I0.00
_,_:-_°, 12 88.96% I 8.23 10.00

.....:,.:,: : 13 92.33% I 7.15 10.133
",, 14 92.28% I 3.12 I0.00

° *_ " 15 92.20% I 3.13 10.00
.......;°'°: 16 93.08% 1 2.97 I0.00

'-'' 17 93.84% 2 *6.52 I0.00

_:_- _ 18 93.55% 2 -7.21 10.00

=_:i,!_ • 19 93.42% 2 -7.25 10.00
..... 20 93,42% 2 -7.25 10.00

..... 21 93.54% I 2.73 10,00

- "S:: 22 100,00% I -7,21 9,65
_!,_';' 23 100.00% I -7.21 9.65
_'_' ': 24 100,00% 1 -8.71 8.51

=,, .... 25 100.00% 1 -7.93 8.55
•'_-" 26 100.00% I -7.93 8.55
"_ 27 100.00% I "8.98 7.84 ",

=:_ "'oi, 28 100.00% I "1.75 8.16 '

, ,_,_. 29 100.00% I -1.75 8.16
_ _ 30 100,00% I "1.70 8.16

o" 31 100.00% I "I .52 8.38

.........; 32 100.00% I "0.37 7.69
....: 33 I00.00% I "0.28 6.63

....__ : 34 100.00% 1 "0.25 6.36
r_ rJ(" _' _ 100'00% I "0'18 4'89

_ 36 100.00% I -0,16 4.87

_:;
r



j. ,L

: Table 6.1-2 Zenith Bus-I Efficiency Chart !

; " Stage Reboost ReboostEngine ThrusterGlrnbalAngle ((:leg.)

ii:: . Efficiency Used (Ior2) Yaw Pitch !:.... I0 100.00% I 2.46 0.56
11 100.00% I 2.57 0.77

.....- 12 I00,00% I 6.22 2.45
' °_ : 13 100.00% I 5.65 4.88

_° 14 100.00% I 2.28 5.22
.. 15 100.00% I 2.28 5.24

_W';" 16 100.00% 1 2.25 6.69
:.: :.il _ 17 100,00% I -3.62 6.51

:=o , 18 100.00% I -4.31 7.17

ii ! 19 100. 1 -4.31 6.92
_o _': 20 100.00% 1 -4.31 6.92
....._ 21 100.00% I 2.05 6.50

22 91.74% I -I0.00 10.00

..--_-_:;....., 23 91.74% 1 -I0.00 10.00

_ 24 80.21% "I -I0.00 10.00.... 25 84,19% 1 - 10,00 10,00
•...... 26 84.19% 1 -I0.00 10.00
:'° 27 76.70% I -I0.00 10.00

28 86.04% 2 -6.27 10.00:.
29 86.04% 2 -6.27 10.00

: . ,.'

i - 30 86.15% 2 -6.19 I0.00 i
- 31 83.06% 2 -6.14 10.00

:: : 32 80.91% 2 -4.51 10.00
r' = 33 83.24% 2 -4.11 I0.00

= __ 34 83.79% 2 -4.01 I0.00 ":
_:::_"" 35 85.58% 2 -3.66 10.00

•. 36 85.17% 1 0.63 10.00

• !

2,
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+ < Figure 6.1-10 X-axis view of station center of gravity for Stage22 through Stage 36.
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: 6.2 Resource Trends

6.2.1 Power

Figure6.2-1 provides a comparisonof the U.S. Housekeepingand InternationalPartner
Power Requirements to the Power Generated. The stagepower margin is also included.

6.2.2 Thermal

..,, "" 'I'BD

:.... 6.2.3 Extra.Vehicular Activity

' ; Figure 6.2-2 provides a comparisonof the AssemblyEVA-hoursAvailableto the
Assembly EVA-hours Required. Appendix B lists all of theEVA tasks,including an

_' estimate of the time, necessary to complete the assemblyof the station.
=_ '3 ,

, The most demanding phase of the assembly sequenceoccursbetweenFlight 1J/A and
: _ : Flight 13A+. Those flights involve assemblingthe inboardport and starboardpower
: _ii_. modules (P3/4 and $3/4), and relocatingthe P6 power module to its f'mallocation. Flight

=__, 12A ,and13Aare constrainedto 2 EVAs per flight,while the baselinenumber of EVAs on
.... tho,- flights is 5 and 6, respectively. This drove the additionof Flights 12A+and 13A+ to

_ acce_amaodatethe backlogof EVAs from _hoseflights. The main effect of that issue wasto
: • delay the operation of the PV modules by one flight each.

' : To the greatest extentpossible, there areno plannedEVAs on any of the UtilizationFlights
'_ except UF-2 (singleEVA). This is a ground.Talethat wasacceptedat the beginning of the

r_ study.

"'_" There are no EVAs dedicated to externalmaintenancein this scenario. This is something
thatneeds to be addressedimmediately,particularlybecausethere is no station-basedcrew

,. prior to Assembly Complete that could beginworkingoff maintenanceitems.

.°
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6.3 Reboost Propellant Trend Analysis

Space Station propellant requirements are governed by several factors including Station
mass, ballistic number, propellant Isp, rendezvous altitude, reboost interval, and
atmospheric parameters such as solar flux (F10.7), geomagnetic index (Ap), and

' atmospheric density. For this analysis, the _q_ation t_,eboostAnalysis Program (STRAP)
- Version 5.0 was utilized. STRAP is an analysis tool which provides the capability to

quickly generate altitude profile data for the ISSA program. In this analysis, rendezvous
"_ i, altitudes were determined based on assembly requirements, and the upper altitudes were

i determined from the lower altitudes, the flight interval, and the orbital decay rate for the
' Station. All orbits were assumed to be circular and the reboost maneuver propellant was
__ : calculated using the ideal rocket equation assuming a Hohmann transfer. The Isp for the

Aft and Zenith Bus was assumed to be constant at 295 seconds. Based on the location of
: . the Bus and the Station configuration, thrust efficiencies were calculated and applied

:, against the STRAP generated reboost maneuver propellant. This resulted in an increase
' :i ': of between zero and twenty-five percent in the reboost propellant with an average

,. increase of five percent. In addition, five percent of the STRAP generated reboost
_- - requirement was added to account for pre- and post-docking procedures and another five
........." percent was added to account for attitude control during reboost. These three additional
_i_,.' _:_i propellant values were also added to the skip cycle requirements ger_e_ated by the

!=_i_i i STRAP analysis. The objective of this analysis was not only to calt a_:.te Space Stationpropellant requirements, but also to determine the impact of varying atmospheric models
k s. and solar cycle start dates on the results. For this reason, six separate cases were

evaluated corresponding to a mean and +2_ atmosphere for each of three solar cycle
, ,. profiles. The results of these analyses are described below.

....... As shown in figures 6.3-1, 6.3-2, and 6.3-3 if the Station encounters a maximum, or +2a
.... " atmosphere, it must reboost to a much higher upper altitude in order to decay back down

i ' to the next rendezvous altitude within the pre-determined flight interval. Therefore, the
. propellant requirements for the +2_ atmosphere cases are significantly higher than the

........... corresponding mean atmosphere cases. Figures 6.3-4, 6.3-5, and 6.3-6 compare the
, ':i orbital lifetime profiles for the mean and +2cr cases/;Jr each of the 3 solar cycle start
_ dates. For any given Station altitude, the number of days of decay before the Station

i _.i 'i. reaches a minimum altitude of 150 n.mi. is greater for the mean atmosphere case verses
i ......,. the +2e atmosphere ease. This is due to the fact that the solar flux and geomagnetic .
: ___ ' index values are higher in the +2a atmosphere case and hence produce faster decay rates. •
" _ Current ISSA operating plans dictate a minimum of 90 days to 150 n.mi. In several
_ ." . instances, the propellant analysis showed that the Station violates this minimum number,
_ _ especially in the early years of the assembly sequence.

_ ° The difference in the solar cycle profiles also had a significant impact on the propellant

/i__i_" analysis. The eleven year solar cycle is characterized in three STRAP input fries,• corresponding to an early, middle, and late start date for tbe next cycle. During the six
_, - years of the Station assembly sequence used in this analysis_ each of the solar cycle

_' " profiles reaches its maximum point. For the early start solar cycle, the maximum solar
" flux occurs in August of 1999 and the middle and late cycle maximums occur at

. ' " approximately one year increments beyond that (August 2000 and August 2001,
• respectively). The locations of these maximums impact the propellant analysis in several

_' ways. With the early start solar cycle, the atmosphere is relatively harsh early on in the
assembly sequence; however, it improves substantially in the outer years as the solar flux

.... and geomagnetic index decrease. With the middle start solar cycle, the atmospheric
conditions are more balanced over the Station build up, but the average solar flux over

' the assembly sequence is higher than either of the other two cases. On the other hand, the

i
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.... late start solar cycle has the lowest average solar flux of the three profiles, but the harsher
!_ '_ . atmosphere in the later years produces significant deficits in propellant.

- _,,_ maximum value within the assembly sequence. Given a constant Station configuration,the propellant requirements would be higher early on with the early start cycle and
i_illl'",'7":.,,-:, correspondingly the lifetime to 150 n.mi. would be shorter and the required upper
:_!-:-,,:-_.-,._ altitudes would be higher. These trends would also occur in the later years ff a late start

ii,_,il:,-, . solar cycle were used. However, it is important to note that the Station configuration is: :,-:, _ far from constant during the assembly sequence and the continually changing mass and
£_.;_i_;_,_:i- ballistic coefficients could greatly impact any trends observed solely within the
.:;,;,!,_::.,_,..... atmospheric models.

-..,-_:_:_'_,..-,,.......,,,-_',: Figures 6.3-7 through 6.3-12 show the propellant balance and distribution on Station
-,:_::,,,,,,,,,, during the assembly sequencefor each of the six reboost options that were anayzed. For

._"_, .... each reb_st date, the amount of propellant in each of the two Buses is shown as well as

._ .. the amount of skip cycle propellant required at each rendezvous altitude. When the
propellant balance is shown to be above the skip cycle line, this indicates that there is

•i_ sufficient reserves to guarantee a 270 day skip cycle with a minimum lifetime of 90 days

to 150 n.mi. If the Station altitude already ensures a 360 day lifetime to 150 n.mi, no skip
,i cycle propellant is required. In several instances, the propellant balance shown in figures

6.3-7 through 6.3-12 i_dicates that the Station has run out of propellant and therefore

o" another Bus must be launched sooner in the assembly sequence. For example, in the +2(_',il.._ atmosphere, early start solar cycle case (figure 6.3-7), the third Bus must be delivered
before the fourth reboost of the year 2000. In the mean atmosphere, early start solar

_';"":_";_';'_: cycle case (figure 6.3-8) however, the highly positive balance indicates that the Bus_: .'I"_r_'''_?,':,
,,-,<;.,<........< delivery may be slipped further down into the assembly sequence. Further analysis
)_,,_,_:,_-_:_,.:_-,...,,: would optimize the Bus delivery schedule so that an appropriate propellant balance is
y::,2:;,;"e: maintained on Station during the cnnfiguration buildup and throughout the operational
_. ,': phase.

-_ ?_,._.. For each of the six cases which were analyzed the ballistic coefficients, reboost
_ _,:i'":",.... propellant requirements, skip cycle propellant requirements, and orbital lifetimes have
_" ,i'_:,, been provided for each stage of the build up sequence in tables 6.3-1 through 6.3-6.

o
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_ 6.4 Microgravity Rack Analysis
= .

" The steady state microgravity levels were computed at the center of each of the ISPR racks
:--i ........, in the US Lab for each assembly stage, A +2a day of launch atmosphere was assumed

_ _ ;- using the assembly altitude. The atmosphere tables for geomagnetic index and solar flux '1

,_" ,i i values are provided in Appendix A. Using an early solar cycle start date the results for the I., :, • ceiling, port and starboard US Lab ISPR racks are depicted in the plots in figures 6.4-1,
} _' 6.4-2, & 6.4-3, respectively, for the entire assembly sequence. It was not possible to

, .: . determine the microgravity results for Stage 16 since this stage was not controllable in the
_' " atmosphere described above using currently designed control algorithms (see Section
:ii_'_ i,:; 5.16.4).

. i"::.:,_.- The results show the ceiling racks consistently provide the lowest micro-g during the
7,,i_::,:" ,iI' assembly build. The ceiling experiment racks meet the 1 I.tgrequirement in over half the
-- _ _ assembly flights. In general, the results indicate that the Tier 2 Station does not meet the 1<_L._.i_!............._, l.tgrequirement for50% of the experiment racks throughout the assembly sequence,

,_,_._ however it does meet this requirement by assembly complete. It also provides at least 4
_-_--_:_.... (32.5%) racks in the 1 gg environment in 20 (out of 31) of the assembly flights.

_o..,._ ,, .

i '
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,- 7. Conclusions

The proposedassemblysequenceutilizingthe Bus-1incorporatessignificantchangesintothe
:r, baselineinternationalSpaceStation assemblysequence.The changesarerequiredto replace [li_

: Russiansuppliedfunctionalityin the areasof propulsion,logistics,early stationbasedEVA and 'I
r i_ initial spacecraftfunctionality. Changesinclude the eliminationof all Russiansystems,the

. utilizationof the Bus-1forpropulsionandfuel logistics,andmodificationof the baselineassembly
L sequenceoperationsandscheduletoenableShuttlebasedEVA onlyforassembly. Table7-1

.,,-. summarizesthe issues andconcernsassociatedwith the proposedas,qemblysequence. Foreach
' ,,....... issue and stage,a value of one to threehas been assignedto rank the difficultyof addressingthe
: _',j issue. A valueof one indicatesan issue thatcould be remediedthroughminoroperationalchanges
[ ,, or waivers. A value of two indicatesthat the issuewill require significantincreasesin Shuttle

: performanceoradditionalhardwaredevelopment. A valueof three indicates that there is no
; ....' apparenthardwareoroperationalworkaroundto resolvethe issue.

.- • : Severalstagesrequirebaselinehardwaremodifications.Stage 1requiresthe developmentof the
r _- Bus-1,extendertruss, solararraysandanadditionalPDGF and structuralCBM interface. Stage3
,, requiresthe additionof pressurizedgascarriersandtheirassociatedinterfaces. Stage 10requiresa
[ : : secondextend r trusswitha P6/Z1interface with PDGFson thenew extendertrussand on topof

..... the SOsegment. Stage 13 has a uniquedockingorientationthat requiresthe PMAon the nadirside
io_.... of Node 1to be clocked90 degrees. Stage 35 and beyondrequirespecial operationsor
[° configurationchangestomake a secondaryShuttleavailable.

- Theconfigurationsassociatedwith the proposedassemblysequencehaveflight characteristicsthatF •

_°, ' arcsignificantlydifferentthan the baseline, Stages2 and3 fly in a solarinertialmode similarto
[-, (- Stage2 in the baseline. Thermalloads arc a concernforany inertialflight mode but Stage 3 in the

: proposedsequencemay inducethermalloadson the Z1 trussthatdifferfromthe baseline. Stages
,F 4 to 16 all havepitchattitudesthatexceed +15degreeswith andwithouta dockedShuttle. These
.. attitudescouldexposeminimallyshieldedportionsofthestationtoorbitaldebrisalongwith

-_ - impactingthecommunicationsand trackingsystem. These largepitch attitudesmost significantly
. impactthe non-matedconfigurationsdue to longerexposureto theenvironment.The mated
. configurationslast foronly a week or so 6 timesa year thereforethepotentialfor debrisdamage at

,,. large pitchangles is significantlyreducedfor Stages 17to 36 since the +15degreelimit is only
violated when an orbiteris attached. The attitudesassociatedwith the proposedsequenceare

[ directly related to the inertiapropertiesof thebuildup. The closenessof all threebody axes incrtias
i , duringtheearlierstagesofthesequencecoupledwithlargepitchaerodynamictorquesleadtothe
i " , largepitch flight attitudes.
! 'r'--
[ "

r The poormicrogravityenvironmentassociatedwith Stages6 to 16is a direct functionof the pitch
I _ : attitude.Significantlyimprovingthemierogravityenvironmenton thesestages wouldrequire a

change in mass properties. The mierogravityenvironmentcouldprobablybe improvedfor Stages
• 17to 27 by relocatingthe zenith bus to the nadirportof node 1 thus lowering thecenter of mass so

that it is closer to the center of the lab.This wouldrequirean additionalstructuralCBM interface to
. be attachedto the secondextender truss. The bus wouldhave to be relocated to the zenithposition

?i,'.... before the installationof the habitationmodule.

ir : Stages4 to 11 hadorbitallifetimesof lessthan 90 days at the assemblyrendezvousaltitude. The
i • , short lifetimesresult from low ballisticcoefficientscombined with low altitudes. The ballistic
i " ' coefficientscannotbe improvedsince the solararraysneedto articulateto get sufficientpower.
=" i. HigherassemblyaltitudeswouldrequireadditionalShuttlelift performanceor offloadingof station

: components. Several stages hadinsufficientskip cycle reserveor negativefuelmargins but this
can be correctedby addingand remanifestingbus logisticsflights.
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.,._, _: There is a potential for minor plume impingement from the aft bus thrusters on some of the
?, ' radiators. Utilizing a longer extender truss as proposed in Section 3.3 would reduce the potential
' for plume impingement gready. Doubling the length of the aft extender would st!bstantially

- improve the mass properties throughout the build sequence resulting in smaller flight attitudes,
superior mierogravity environments and easier to control configurations. The cost of the longer

..... :, extender would be an additional Shuttle flight along with complex installation and change,out
:'': :,:," operations for the aft bus., , , -

.... ",t',_,:° ?'3 "!

_::_: . .

:= ?, o '-

? ?Y ;:;° :

= _, ',

i

? z: ' ,,, i :
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- Early Start Date (7/9S)

,,_j .. Solar Flux Geomagnetic Index
... DATE -2 sigma mean +2 sigma -2 sigma mean I +2 sigm,;

,, 7/95 67,0 69,6 73,3 7,6 915 1115

_- _ 9195 __67. 0....... 70.9 ...... 7__4:9...... 7.7_..... 9,7_ 11.8
10/95 67,0 70,4 74.5 7,6 9,7 -i i_97

i 12/95 67.1 71.1 76.2 7.3 9.9 12.2
i ....... ....... .......7e'_4-..... ....... -1010- 12.S

• 2/96 67,3 72,2 79,6 7,3 10,3 12,9

_ r_. , _ 3/_ 67'4 72'8 81'5 7'6 10'6 13'3
.... 4/96 67'5 73'6 84'1 8'1 10'9 14'1

d ' r i i I ....

_- 5/96 67,7 74,5 87,7 8,2 11,2 15,1
_.__'. 6/96 67.9 75.7 93.4 8.3 11.5 15.7
i, ._i_:__; _; 7/96 68.0 77.0 97.9 8.3 11.8 15.9
_;1'' 4 8/_ 68'0 78'4 101'7 8'3 12'0 16'4
!i-::: :. 9/96 68.0 80.1 ..... i07.7 8.5 12.3 17.4
_ :,i_i_ ' 10/96 68.0 82.0 114.5 8.4 12.7 i 8.4

::!'_;i_. 11/96 68.1 84.0 121.1 8.5 12.9 18.7
12/96 68,4 86,2 129,1 8,7 13,1 18,8

_._ 1/97 68.5 88.5 137.6 9.0 13.2 18.6
_ > '_' r ;. ---- 2/97 68'6 91 '0 143.4 9'3 13"2 18.3
",_. 3/97 68,8 93,7 147,6 9,7 13,2 18,1
" 4/97 68.7 96.3 151.7 9.5 13.4 18.4

i i_i_ 5/97 68,8 98,9 155.7 9.3 -:13,5 18.4
i _ _ 6/97 69,2 101,6 160,1 9,0 13,5 17.6

_ 7/97 69.7 104.4 164.8 9.0 13.6 17.1

__._" '_;_ : 8/97 70.1 107.2 169.1 9.1 13.6 17.4
. " 9/97 70.6 110.2 173.0 9.4 13.6 17.4

i .... 10/97 70.7 113.2 177.1 9.8 13.8 18.5
i L: 11/97 71.3 116.2 "i86.1 10.0 14.0 19.9

'_ r " ; 12/97 72.2 119,3 19i.5 1010 14.1 "19.9
_;'_ )r I198 72.6 122.0 194.3 10.1 "14.1 19.9 '"

2/98 73.3 124.3 196.9 10.4 14.'i 20_1
...._ 3/98 73,9 126,5 199,6 1012 14,2 20,4

_-:fl...." 4/98 74,1 128,6 204,2 10,3 14,2 20.8
F-_ ....;:_ 5/98 74.4 131.0 210.6 10.6 14.1 20.9

[: 6/98 74,5 133,3 214,8 1016 14,0 .J 21,0
__ .... 7/98 ] 74,6 135,6 217,2 10_5 14,0 21,2

. _ 8/98 74,5 137,6 221.6 10,4 14,1 21.6
' 9/98 74.1 ' - 139.6 226.9 i0.6" 14.i 22.1

: 10/98 73,6 1_41,4 229,9 :10,8 1410 22,2
" 11198 73,5 143.2 231,7 :10,7 .....13,7 21,0

."!2/98 73,6 i44.6 233,7 10.4 13,4 20,1
_ 1/99 74,0 145,6 235,6 10,5 13,3 1918

: _ 2/99 75,1 146.7 238.8 10.7 13.3 19.3
L_ : 3/99 75,8 147,2 242,8 10,8 13,3 19,2

r_ ,

'_'r _' " 4/99 76,5 147,7 245,2 11f0 i3.4 19,0
. 5/99 78,1 148,1 244,5 1017 13,3 18,8

6/99 80.1 148,4 ')43,3 10.8 13.4 18.6
" - 7/99 8215 148,7 244.7 10,6 13,4 18,6

r

A-1
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.-- Early Start Date (7/95)

8/99 8410 148,2 245,7 10,2 13,4 18,3

;" 10/99- 87.9-.... 1-45-.7- -2_,,4- 11_3 - -i3,-8..... 'i8:7
.... 11_!/9§ --89.5-- i-45,1- L_.0 i'i:4-- i4,i -' 'i..2

* "r'" 1/00 93'8 144'9 233'3 11'3 14'4 20'3
..... 2/00 94'9 144'7 233'1 11'5 14'6 21"0

-- 3/00 -- 95'0 144'2 231'2 11'6 14'8 21'4
/ .... 4/00 94'7 143'5 229'1 11'6 14'8 21'2

, 5/00 94,9 142.7 228.1 11.8 14.7 20,4
_-_o"" - 6/00 96,5 142,3 '227,6 12,:i 14,8 20,7

.... 7/00 97,3 142,1 226,7 12,2 .... _15,1 21,9
....: '_" 6/00 96,6 141,3 225,6 12,0 15,2 22,7

_ _._'.._"i 9/00 96,0 - ' 140,1 223,0 11,6 15,1 22.7

.::: ; 0/00 96,0 138.4 218,6 11,2 i571 22,3
....._ 11/00 96,6 136,8 215,2 11,2 15,1 21,7

'' '_ J:'._ I'_''' __r_' J .... 12/00 96,7 13515..... 212,0 _1i,2 15,i ' 21,5
,_._i_;_!! 1/01 95.i 134.3 206.9 11.2 15.1 22.1
: _.__. 2/01 95,0 133,0 204,0 11,3 15,5 23,1
_'" • _ 3/01 96,3 131,6 203,6 11,3 15,6 23,5J ;:i'

_°.._._ 4/01 96,5 129,8 200,4 11,2 .. 15,6 23,4
o_.._. 5/01 94,7 126,3 196,8 11,1 15,7 23,3

_' 6/01 93.6 127,3 195,7 10,8 15,5 23,1

_;o_,.'_'_ ;; 7/01 93,5 126,5 194,8 10,9 15,7 22,2_;._ _ 6/01 91.9 125.1 191.5 11.1 15.6 22.1
--- '_: ' 9/01 88,7 12315 187.4 11,7 15,6 22.2
_ '" _" 10/01 86,6 122,3 182,9 11,6 '" 15,8 22,5
-° ;_° 11/01 87,8 121,5 178,6 11,5 15,9 22.6

ii "!'i: - 12/01 86,5 120,5 176,3 11.3 15,8 22.5
1/02 85.9 119.5 174,9 11',3 15.7 21,6
2/02 85,0 117,9 171,1 11,3 15,4 21,0

r._; ,- ,
3/02 83,6 116,3 164,5 11,2 15,2 21,1
4/02 82,3 114,6 158,_ 11,2 15,2 21,6

_ _ 5/02 81,6 112,9 154,4 11,4 15.4 22,2
" ...6/02 81,5 111,1 152,7 11,3 15,3 22,0

........ 7/02 81,9 i 09,5 150,8 11,4 15.2 22,0
.... ° 6/o2 81,6 108,0 i48,i 1i ,3 15,0 22,2

: • 9/02 81,4 108,4 145,0 11,3 14,9 22,5
i._. .10/02 " 80,2 104,9 141,1 1"1,2 14,7 22,8

__.: 11/02 80,3 103,4 "137,0 11,1 14,7 23,5
_,. i2/02 ' 80,0 ....:'101,9 132:4' 11,0 14.7 24,2

/ r 1/03 78,9 100,3 125,4 1i,3 14,8 24,7
" 2/03 77,6 98,9 119,5 ":11.3 14.8 25,0

: ' 3/03 76,6' 97,7 'i 18,4' 1112- 14,8 24,9
4/03 '74.8 96.6 ' 118,7 .....il.4 14.8 ' 24,5

• 5/03 74.0 .... 95.6 119.4 1i .6 14.7 23.6
o 6/03 73,4 94,8 " ' i;1918 il,3 14,7 22,6

7/03 73,2 93,9 1t9,0 11,1 14,7 22.1
--8/03 "13,1 92,8 1i7,7 1:1,1 14.8 21,8

" " 9/03 72.7 91.7 116.4 11.2 14.8 21.4
10/03 71.7 90.6 -1:14.6 ! 11,2 14.6 21.1

" A-2
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_ Early Start Date (7/95)

_":.... 11/03 71,1 89,6 110,8 10,5 14,7 20,5

12/03.....70._6 88._4..... 105,4 .... 14,4 19.7_
1/04 70,1 87,3 103,2 9,5 14,3 19,7
2/04 69,9 86,5 102,0 9,2 14,1 19,8

_!i_ili_" 3/04 70,0 85,7 100,4 9,0 14,0 19,5
''_ "_r _; 4/04 69' 9 _' 8 9S ' 2 e' 9 13'8 19'I

_i_i - 5/0---4..... -69-_7-..... 83.6 96.6 8.8 13,8 18:6
_I!_" ' 6/04 69.5 82.5 94,6 .... 8.7- ;I3,8 17,9
_ii 7/04 69,4 81.8 93,8 8,7 13,7 17,0

8/04 69,3 81.1 92,'7 8,8 13,6 i6,5
9/04 69,0 '80.3 92.0 8,9 13.5 _i6,7
lu/04 68.8 79,6 91.8 9.0 13,4 16,9
11/;_4 68,5 78.9 91,4 9.0 13,3 17,!

_ "i"2/04 68,2 78,2 90,8 "9.0 ....... i3,3 17,4
1/05 68,2 77,5 90.1 9.0 13,1 17,7

_o 2/05 68.2 76,9 89,1 9,2 i2,9 1.7,6
3/05 68.2 "76,4 88.2 9,3 '12,7 17.4

-- 4/05 68.3 75.9 87.0 9,2 12.5 16.9'
5/05 68,3 75,3 85,4 9,1 12.2 16.1
6/05 68,3 74.8 83.2 9,1 11.8 14,7
7/05 68.3 74.2 80.5 9.1 11.5 13,6

i 8/05 67.9 73.5 78,5 8.9 11.-': 13.7

9/05 67.6 72.9 77,6 8,5 10,9 13,4
10/05 67.4 72.3 77.1 8.1 10.6 13,0

_, 11/05 67.4 72.0 7619 - 8,0 10.5 12.7
12/05 67.2 71.6 76.7 8,0 10,3 12,4

1/06 67.1 71.3 76.5 8.0 10.1 1i .7
2/06 67,0 70,9 76,2 8.0 9.9 11.2
3/06 67.0 70,6 75,2 7,9 9.8 11.0

_i_ 4/06 67.0 70,3 74.2 7.2 9.1 10.9
5/06 67.0 70.1 74.0 7.4 9.;_ 11,1
6/06 67.0 69.9 73.5 7.6 9.4 11.4

i ,
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: _ Nominal Start Date (8/96)
L

_ ,. Solar Flux Geomagnetic Indox
DATE -2 sigma mean +2 sigma -2 sigma mean +2 sigma

: 8/96 67,0 69,6 73,3 7,6 9,5 11,E
= "! - 9/96 67.0 69,7 73.4 7.7 9,6 "i 1,7
' _ " 10/96 67,0 70,0 74,0 ....7,7 9,7 11,8

._ 11/96 67,0 70,4 74,5 7,6 9,7 11.9 1
: 12/96 67,0 70,7 74,.9 7,4 9,7 . 11,S

1/97 67,1 711:1 76,2 7,3 9,9 12,2

_: i 2/97 67,2 71,6 78,4 7,2 10.0 12,5
_. 3/97 67,3 72.2 79,8 7,3 10,3 12,9

'!_° 4/97 67,4 72.8 81,5 7.81...... i0,61 13,3
"_,'_';',_:,"_'" 5/97 67.5 73.6 64.:I' 8.1 10.9 14.1
"; .... 6/97 67,7 74.5 87,7 8,2 11,2 15,1

. 7/97 67.9 75.7 93.4 8.3 11.5 15.7
.....,. 8/97 68.0 77.0 97.9 8.3 11.8 15.9

9/97 68.0 78.4 101.7 8,3 12,0 16.4
: 10/97 68,0 80.1 107,7 8,5 12,3 17,4

_i_/_ 11/97 68,0 82.0 114,5 8.4 12,7 18,4
°;_°'_' 12/97 68,1 84,0 121.1! 8,5 12,9 18,7

° '__ " 1/98 68,4 86,2 129,1 8,7 13,1 18,8. _,' ,

:_ 2/98 68,5 88,5 137,6 9.0 13,2 18.6
-_ii\ ! 3/98 68,6 91,0 143,4 9,3 13,2 18,3

_ 4/98 68,8 93,7 147,6 9,7 13,2 16.1;_ i_;.i_
5/98 68,7 g6,3 151,7 9,5 13,4 18,4

" _ 6/98 68,8 98,9 155.7 9.3 13.5 18.4
-_ _ _ 7/98 69,2 101.6 160,1 9,0 13.5 17,6

8/98 69,7 104,4 164.8 9,0 13,6 17,1

i__:£_i: 9/98 70,1 107,2 169,1 9,1 13,6 17,4
10/98 70,6 110.2 173,0 9,4 13,6 17,4

r ,

11/98 70.7 113,2 177,1 9.8 13,8 18.5
12/98 71,3 116,2 186,1 10,0 14,:) 19,9

...... 1/99 72,2 119,3 191,5 10,0 14,1 19,9
2/99 72,6 122,0 194.3 10.1 14,1 19,9

_ _ . 3/99 73,3 124,3 196,9 10,4 14,1 20,1
__ 4/99 73,9 126,5 199.6 10,2 14,2 20.4

° 5/99 74,1 128,6 204,2 10,3 14,_, 20,8
'_ i ::" 6/99 74,4 131,0 210,6 10,6 14, i "20,9

_,,__• 7/99 74,5 133,3 214,8 10,6 14,0 21,0
_::_'_'Fr'='" 8/_ 74,6 135,6 217,2 10,5 14,0 21,2

9/99 74,5 137,6 221,6 10,4 14,1 21,6
:'_ i:i 'i "':10199 74.1 139.6 226.9 1016 14.I 22.1

, ..... 11/99 73,6 141,4 229,9 10.8 14,0 22,2
r . 12/99 73'5 143,2 231"7 10"7 13'7 21'0

....... 1/00 73'6 144'6 233'7 10,4 13"4 20'1
•....... 2/00 7410 145.6 235.6 1015 13.3 19.8

3/00 75.1 143,7 238,8 10,7 13,3 19,3
o 7 4/00 75,8 147,2 24218 10,8 13,3 " 19,2

_:::i ' 5/00 ' 76.5 147.7 .....245.2 11.0 13.4 19.0
_" 6/00 78,1 148,1 244,5 10,7 i3,3 18,8

7/00 80,:1 148.41 24313 10,8 13.4 18.6
..... 8/00 82.5 148.71 244.7 10.6 .... 13.4 18.6

A-4
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r,

- Nominal Start Date (8/96)

10/00 85,5 146,8 243,3 10,6 13.5 18,2
I Ill lJ_ .... 07,9 145,7 239,4 ..... 1-113 13.8 - 18,7

12/00 89,5 145,1 235,0 11.4 14,1 19,2
, 1/01 92,2 144,9 232,9 11,3 14,2 19,6

2/01 93,8 144,9 233,3 11,3 14,4 20,3
..... 3101 94,9 144,7 233.1 11.5 14.6 21,0

4/01 95,0 ' 144,2 231,2 11,6 14.8 21,4
'_ ,- 5/01 ' 94.7 143,5 229,1 11.6 i4,8 21,2

6/01 94,9 142.7 228,1 11.8 14,7 20,4
= ' 7/01 96,5 142,3 227.6 12,1 ;I_,,8 20.7,,ii ,, ......

..... E:/01 97,3 142.i 226.7 12,2 15,1 21.9
': _ 9/01 96,8 141,31 225.6 12.0 15.2 ......._.',7
_ .... 10/01 96,0 140,i' " 223,0 11.6 i5.i -2"217,, %,

.... i r 11/01 96,0 138.4 2181(_ 11.2 15.1 22,3
=_,,_ 12/01 96,6 136,8 215,2 11,2 15.:1 21.7

.._<.. 1/02 96,7 135,5 212.0 11.2 15,1 21.5

';,.,, 2/02 95.1 134,3 206.9 11,2 15.1 22,1
3/02 95.0 133,0 204.0 11,3 15.5 23,1

_:_" "_' 4/02 96,3 131.6 203,6 11.3 15.6 23.5
_,_,,_,_,- 5/02 96,5 129.8 200.4 11.2 15,6 23.4

_ 6/02 94.7 128.3 196.8 11.1 15,7 23.3
- ' 7/02 93,6 127,3 195.7 10.8 15.5 23.1

_;: 8/02 93.5 126.5 194.8 10.9 15.7 22,2
_ 9/02 91,9 125.1 191.5 11.1 15.6 22.1
' _ 10/02 88,7 123.5 187,4 11.7 15.6 22.2

' 11/02 86.6 122,3 182.9 11,6 15,8 22.5
_i_<_ 12/02 87.8 121.5 178.6 11.5 15.9 22.6
_; 1/03 86.5 120,5 176.3 11.3 15.f_ 22,5
'_ 2/03 85.9 119.5 174.9 11.3 15:/ 21.6

3/03 85.0 117.9 171.1 11.3: 15.4 21.0
.... 4/03 83,6 116,3 164.5 11.2 15.2 21.1
_.... 5/03 82.3 114.6 158.1 11.2 15.2 21.6 "..

"" 6/03 81,6 112.9 154,4 11.4 15.4 22.2
: "" 7/03 81,5 111.1 152.7 11,3 i5.3 22,0

_1,. 8/03 81.9 109,5 150.8 11.4 15,2 22.0

9/03 81.6 108.0 148.1 11,3 15.0 22.2
= 10/03 81,4 106.4 148.0 11.3 14.9 22.5

" 11/03 60,2 104.9 141,1 11,2 14.7 22.8
12/03 80.3 103.4 137.0 11.1 14.7 23,5
1/04 80.0 101.9 132.4 11.0 14.7 24,2

_p_. 2/04 78.9 100.3 125,4 11.3 14.8 24.7
i '_ .. 3/04 77.6 '" 98,9 "1i9.5 11.3 "14.8 25.C
" ' 4/04 76.6 97,7 118.4 11,2 14.8 24,S
.... 6/04 74,8 96.6 118.7 i 1.4 14.8 ' 24.E

6/04 74,0 95,6 119.4 1'1.6 14.7 23.E
, " 7/04 73.4 94,8: 119.8 11.3 14,7 22._

: 8/04 73.2 93.9 119,0 1i .1 14.7 22.1
- , 9/04 73,1 92.6 117,7 11,1 14.8 21 ,E

10/04 72.7 91,7 116.4 11.2 '14.8 21,,1
' : 11/04 71.7 "90.6 i14,6, 11,2 14,8 21.I

_ r
"r,

A-5

't, ,:;

O0000005-TSBO3



_;_"_- Nominal Start Date (8/96)

!_ 12/04 71.1 89.6 110,8 10,5 14.7 20.5
r- ' 1/05 70.6 88.4 105,4 9,9 14.4 19.7

Lr 't" L _0S 7--0_,1! 87,3 103,2 .... 9.5 - I-4,--3 19.7

! _ 3/05 69,9 86,5 102.0 9,2 14.1 19,8
I _ 4/05 70,0 85,7 100.4 9,0.... 14.0 ,...... 19,5
_ ...... 5/05 69,9 84,8 98,2 8,9 13,8 19,1

, 7/05 69.5 82.5 94.6 8.7 13.8 17.9
_-i::ji: " 8/05 69,4 81,8 93.8 8.7 13.7 17.0

.....: - : 9/05 69,3 81.1 92.7 8.8 13.6 16.5

,_i,_ _ 10/05 69.0 80,3 92.0 8.9 13.5 16.7
,!_,;_.... 11/05 68.8 79.6 91.8 9.0 13,4 16.9

. i 12/05 68.5 78.9 91.4 9.0 13.3 17.1_ 1/06 68.2 78,2 90.8 9.0 13.3 17.4
- 2/06 68,2 77,5 90,1 9.0 13.1 17.7

3/06 68,2 76.9 89.1 9.2 12.9 17.6
o__i__: 4/06 68.2 76.4 88.2 9.3 12.7 17.4

"_ 5/06 68.3 75.9 87.0 9.2 12.5 16.9
.... 6/06 68.3 75.3 85.4 9.1 12.2 16.1
o _ 7/06 68.3 74.8 83.2 9.1 11.8 14.7

.... _" 8/06 68.3 74.2 80.5 9.1 11.5 13.6

_ r" 9/_ 67'9 73'5 78'5 8'9 11"2 13'7
10/06 67.6 72.9 77.6 8.5 10.9 13.4
11/06 67.4 72.3 77.1 8.1 10.6 13.0
12/06 67.4 72.0 76.9 8.0 10.5 12.7
1/07 67.2 71.6 76.7 8.0 10.3 12.4
2/07 67.1 71.3 76.5 8.0 10.1 11.7

. 3/07 67.0 70.9 76.2 8.0 9.9 11.2
o_ 4/07 67.0 70.6 75.2 7.9 9.8 11.G

..... 5/07 67.0 70.3 74.2 7.2 9.1 10.S
6/07 67.0 70.1 74.0 7.4 9.2 11.1

_ 7107 67.0 69.9 73.5 7.6 9.4 11._;
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, , : i :': "_"i. _, • •

*"....'_ LateStartDate(9/96)

Solar Flux Geomagnetic Index
o L DATE -2algmaJ mean +2 sigma '-2 algma mean +2 sigma

9/97 67,0 69,6 73,3 7,6 9,5 11
" ",.... . 10/97 67,0 69,7 73,4 7,7 9.6 11,7

=_ L_•.... 11/97 67,0 70,0 74,0 7,7 9,7 11,£
12/97 67,0 70,4 74,5 7,6 9,7 11,g

'_i : .: _.. 1/96 67,0 70,7 74,9 ••'7,4 9,7 11,9

_ _:_:_i_r ii 2/98 67, I I 71,' 76,2 7,3 9,9 12,2
,. _ ." 3/98 67.2 71.6 78.4 712 10.0 12,5

_, 4/98 67,3 72,2 79,8 7,3 10,3 12,9
L°'L__"*_ 5/98 67'4 72'8 81'5 ...... 7'8 10'6 13'3

_* 6/98 67'5 73'6 84'1 8'1 10'9 14'1
.:_ : 7/98 67.7 74.5 87.7 8.2 11.2 15.1

_ _ __, _ _i_,_=r"Z _ _;' _: "_L''r 8/98 67.9 75.7 93.4 8.3 11.5 15.7
_:, _,_ . 9/98 68.0 77.0 97.9 8.3 11.8 15.9
_,,,,:.,_,_,,_,_, 10198 _68.0 78.4 101.7'

_,_, ::;_:, 8.3 12.0 16.4
_,_o:,,_:,:_,, !1/98 68.0 80.1 107.7 8.5 12.3 17.4
_ _,,'L . 12/98 68.0 82.0 114.5 8.4 12.7 18.4

_'_ ':_' '" 1/99 68.1 84.0 121.1 8.5 12.9 18.7
2/99 68.4 86.2 129.1 8.7 i"311 18.8

_:_ ,- 3/99 68.5 88.5 137.6 9.0 13.2 18.6

_o _,: : 4/99 . 68.6 91.0 143.4 9.3 13.2 18.3
i ,__ 5/99 68.8 93.7 147.6 9.7 13.2 18.1

_ r_. _* ' _] _j h '" 6/99 68.7 963 151,7 9,5 13,4 18,4
= :__i _ 7/99 68.8 98.91 155.7 9.3 13.5 18.4

_ _ _':i: 8/99 69.2 101.6 160.1 9.0 13.5 17.6
_"' i:_ i_*: 9/99 69.7 104.4 164,8 9,0 13,6 17,1

._ 10/99 70.1 107,2 169,1 9,1 13,6 17,4

_ _ .j r " " 11/99 70.6 110,2 173.0 9.4 13,6 17.41
r_ _q _ _ _+ " 12/99 70.7 113.2 177.1 9.8 13.8 18.5/

• ::'__ 1/00 71.3 116.2 186.1 10.0 14.0 19.9
= _;,_ , 2/00 72.2 119.3 191.5 10.0! 14.1! 19.9

_ .... 3/00 72.6 122.0 194.3 10.1 14.1 19.9 ..
._ 4/00 73.3 124.3 196.9 10.4 14.1 20.1 '

:_ 5/00 73.9 126.5 199.6 10.2 14.2 20.4
6/00 74.1 128.6 204.2 10.3 14.2 20.8:_ . ,

= L/

7/00 74.4 131.0 210.6 10.6 14.1 20.9
_• " " 6/00 74.5 133.3 214.8 10.6 14,0 21.0

" r_¢" v'. 9/00 74.6 135.6 217.2 10.5 14.0 21.2
" ..... 10/00 74.5 137.6 221.6 10.4 14.1 2:1.6

11/00 74.1 139.6 226.9 10.6 14.i 22.1r

12/00 73.6 141.4 229.9 10.8 14.0 22.2
_ii_ • . 1/01 73,5 143,2 231,7 10,7 1317 21.0r!,"

,. _,_ 2/01 73,6 144,6 233,7 10,4 13,4 20.1
_L ,,. 3/01 74.0 145.6 235.6 10.5 13.3 19.8

_ 4/01 75.1 146.7 236.8 10.7 ....13.3 19.3
L i__ "5/01 75.8 147.21 242.8 10.8 13.3 19.2
.... 6/01 76.5 147.71 245.2 11.0 13.4 i9.0

_ 7/01 78.! 146.1 244.5 10.7 13.3 18.8
-- 8/01 80.1 146.4 243.3 10.8 13.4 18.6

" 9/01 82.5 148.7 244.7 ' 10.6 "13.4 i8.6
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_ i '. -- ........... _,_.-.__w_mlm_,,,,.= _

, ' LateStartDate (9/96)

_ '.... 10/01 84.0 146.2 245.7 10.2 13A 16.3
.... '_'_' 11/01 85.5 146.8 243.3 10.6 13.5 18.2

i ....... 12/01 87.9 145.7 239.4 11.3 13,8 18.7
f _', 1/02 89.5 145.1 235.0 11.4 14.1 19.2

i., : ' _/02 92.2 144.9 232.9 11.3 14.2 19.6
_:'_ : 3./02 93.8 144.9 233.3 11.3 i_,:4 20.3

-_ , 4/02 94.9 144.7 233.1 11.5 14.6 21.0_:fl'r _: _ _ r., ¢_b 5/02 95'0 144'2 231'2 11'6 14'8 "21'4
'_:_ :'': 6/02 94'7 143'5 229'1 1i"6 14'8 21'2
_';_i_:!_ : 7/02 94'9 142'7 228'1 11'6 14'7 20'4
_'_:_'_'_" 8/02 96'5 142'3 227'6 12'1 14'8 20'7_,_f:,' ,

_ 9/02 97.3 142.1 226.7 12.21 15.1 21.9

10/02 96.6 141.3 225.6 12.0 15.2 22.7
,i_ 11/02 96.0 140.1 223.0 11.6 15.1 22.7

Lr" 12/02 96.0 138.4 218.6 1i.2 15.1 22.3
_, 1/03 96.6 136.8 215.2 11.2 15,1 21 .7

: -- 2/03 96.7 135.5 212.0 11.2 15.1 21.5
; _' 3103 95.1 134.3 206.9 11.2 15.1 22.1
i-: _i_.::' 4/03 95.0 133.0 204.0 11.3 15.5 23.1
_ _ 5103 96.3 131.6 203.6 11.3 15.6 23.5
_°_ "_ 6/03 96.5 129.8 200.4 11.2 15.6 23.4

_ ,_ 7/03 94.7 128.3 196.6 11.1 15.7 23.3
r----' '__ " 8/03 93.6 127.3 195.7 10.8 15.5 23.1
-=_......... 9/03 93.5 126.5 194.8 10,9 15.7 22.2= , •

_: ,. , 10/03 91.9 125.1 191.5 11.1 15.6 22.1
11/03 86.7 123.5 187.4 11.7 15.6 22.2

: • 12/03 86.6 122.3 182.9 11.6 15.8 22.5

:_o_: 1/04 67.8 121.5 178.6 11.5 15.9 22.6
-_ • 2/04 86.5 120.5 176.3 11.3 15.8 22.5

_ _ : 3/04 85.9 119.5 174.9 11.3 15.71 21.6
_ 4/04 85.0 117.9 171.1 11.3 15.4 21.0

_ "5/04 83.6 116.3 164.5 11.2 15.2 21.1
6/04 I 82.3 114.6 158.1 11.2 15,2 21.6

' ....- 7/04 81.6 112.9 164.4 11.4 15.4 22.2
'--'r '" 8/_ 81.5 111.1 152.7 11.3 15.3 22,0

_ :_ _' 9104 81.9 109.5 150.8 11.4 15.2 22.0
,-_,,_ _ 10/04 81.6 108.0 148.1 11.3 15.0 22.2
_;,'_, • 11/04 81.4 106.4 145.0 11.3 14.9 22.5
_;_:iil_: 12/04 80.2 104.9 141.1 11.2 14.7 22.8

1/o5 60.3 103.4 137.0 11.1 141 235
2/05 80.0 101.9  32.4 11.0 147 24.2

• 3/05 78.9 100.3 125.4 11.3 14.8 24.7
i 4/05 77:6 98.9 119.5 11.3 1418 25.0

_, ', _ 5/05 76.6 97.7 118.4 11.2 14.8 .. 24.9
i 6/05 74.6 96.6 118.7 11.4 14.8 24.5
: _'_:_ _//05 74.0 9516 119.4 11.6 14.7 23.6
' ,,_ri_-=_ 8/05 .... 73.4 94.8 i19.8 11.3 14.7 22.5
i .... 9/05 73.2 93.9 i19.0 .... i1.1 14.7 22.1

., 10/05 73.1 92.8 117.7 11.1 14.8 2i.5
t .... 11/05 72.7 "91.7 ' 116.4 11.2 14,6 21.4

12/05 ;11.7 ' '90.6' 11416 ii.2 14.8 21.1
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• Appendix B
; , ,_ i_ II

' _' Development of the Tier 2 EVA Assembly Time Estimates

i :!_ _i As mentioned earlier, the lack of station-based crew in the Tier 2 assembly analysis
_:/ created assembly EVA shortfalls in the assembly sequence process that had to be

_ ____i accommodated. Depending upon the hardwaredelivered and the criticality of the
_- __ hardwareneeds for station functionality, the EVA tasks were either deferred to later
il_,i flights or the number of EVAS per flight was increased. In most cases, when an EVA
_'_ was moved from one flight to another, all of the tasks within that particularEVA were

_ transferred. In a few cases where this was not possible, EVA task times were estimated
-___i !; by similar or known task times as described in the Intemvtional Space Station Alpha

°i_,' Integrated Operations Scenarios (ISSA lOS), dated September 1994, and the Integrated
Operations Scenarios, dated Febraa_ 1993 (lOS '93). Where there were major

;_:. discrepancies in tota___!EVA hour estimates, the ISSA Assembly Overviews developed by
_ the Mission Operations Directorate (MOD) at JSC for the 9/28/94 Baseline ISSA

' ._ Assembly Sequence took precedence andthe task times were adjusted accordingly.

j • .
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•_ .... EVA Timeline
7"

r:" EVA

I Stage # Flight EVA # (hours) Tasks
1 IA None ....

2 2A EVA1 5:40 Connect Bus-1 to Nodel EPS Umbilicals
Connect PMA2 to Nodel Umbilicals

. Connect PMA3 to Nodel Umbilicals
• EVA2 3:00 Release CBM Cover Launch Restraints

i'- Install Nodel Trunnion & Keel Pin. Covers

• : 3 3A EVA1 5:05 Connect Z1 truss to Nodel _mbilicals

=_'" Deploy Ku-Band Antenna .....

:; Stow Z1 Keel Pin
.... EVA2 4:25 Release 2 HP Gas containers from ULC & install on spacer

....: truss
Connect 1.O2, 1 N2 _as utilities

.. Transfer EVAS Equipment from SLP to Station ....
" EVA3 4:25 Release 2 HP Gas containers from ULC & install on spacer

truss

._ .. Connect 1 02, 1 'N2 [_asutilities
: . Transfer EVAS Equipment from SLP to Station

"'.. 4 4A EVA1 5:40 ilnstall S-band RFG on P6 lEA
"_.. iAttach ITS P6 to ITS Z1

i! Connect Power, Data, and RF Utilit:es from ITS P6 to ITS
Z1

.__ Configure P6 EEATCS ODs
EVA2 4:30 Perform Upper EPS Prep

= Rotate lEA Keel Pin

_- ..... Perform Lower EPS Prep7* '"

r Release P6 PV Rad Cinches

._.__.,.: Release P6 PV Rad Winches
: _, Reconfigure Z1 Patch Paneis to Provide P6 Power to U.S.

" Elements

, 5 5A EVA1 5:25 Disconnect PMA2 umbilical s

Reconfi_ure APCU jumpers
' Remove Radiator-l&2 cinches

: Remove Radiator-l&2 winches
.... --.

• Attach PMA2 to Zl CBM

_"i_ EVA2 4:55 ' Deploy Z1/l.,ab Utility Tray ..
.. Connect Umbilicals ........

"' Vent Lab Heat Exchansers ....

, : ,., 'Connect Ku-Bandumbilicals ..,
•: InstallLab PDGF

. EVA3 5:10 Rem0ve/Stow Lab CBM thermal blanket ..........
' '" Disconneci PMA2 from Zl CBM
: " Connect PM,A2 to Lab umbilicals.!.

t
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, ,, .. EVA Timeline

, ' EVA

; _ Stage# Flight EVA # (hours) Tasks
'" 6 6A EVA1 5:20 InstallLab CradleAssembly. (LCA) on Lab

;" " . _i +.._ _-i_.......................... l.nstallLCA_c,a_nturelatchumbilicalsto Lab-aftendc0ne
" _ Install PDGFumbilicalsto Lab Fwdendcone

_;; • DisconnectumbilicalsfromPMA3 to Node1 --
i- '_' InstallUHF antennato Lab Nadir _i
; ._, _ " EVA2 4:20 ConnectPDGF umbilicalsfrom SSRMSto Lab
_: ........ DeploySSRMS
! _'_, ::- .... Install Nodel externalcamera ....

, -__,,,::.,....: EVA3 2:00 ,,ReconfigurePDGFumbilicals io LabPDGF
::;r:'_°_";!- Release andstow SSRMS .umbilicalson FSE

7 ' UF-1 .... 0 0:00 .......
'.. -, _._ .......

.... _. ,,,,

.... 8 7A EVA1 5:20 Release 2 HPGas containersfromULC & install on

i '_°__i__'_ii:_":'___ .... Airlock .,.
r ,, %_,_ : Connect1 02, 1 N2 Gas utilities;; _,t,'&_, . .......

-. :.-:i,_: EVA2 5:20 Release 2 HP Gas containersfromULC & install on
•/i.i._,_ " Airlock
.... o.:_ Connect1 02, 1 N2 Gas utilities

....._; :._ill 9 8A EVA1 6:00 Install FwdSOMTS strutson Lab ....
_,_ ,.: .. Install Aft S0 MTS strutson Lab
_ : ,, ...... Relieve loadson LCAguide cones ,,

_ _i EVA2 5:05 ConnectLab/S0umbilicals
i o_,._ _,; Install Labfwdumbilicals

. ..... ..... Release Mr .....
', ., i .. AttachTUS cables to MT
i :o -_"

10 Bus EVA1 4:20 ConnectBus-1 to ITS Z1 EPS Umbilicals

EVA2 4:00 Remove and stow portkee! pin/dr.a.$,link

_. ";i_: InstallC,eta-to-MTshock absorbers ....
_'_......... Deplo_EV CPDS

:'_ _,.. ........ ReleasePWPlaunchrestraint
: r' 0

: :/ j Removeplasmacontactorcovers
,,.... .::, EVA3 6:00 RemoveandStOWstbdkeel pin/draglink,

__. Installairlockspur .,
-_/'-,_ _ : .... lnstall'Nodel to__S0umbilicaitray

- :, ,..... StowLabcradle assembly umbilicals .....

:: " '_, " 11_ . UF-2 EVA1 4:45 SecureMBS'
i : _ ' DeployPOA

._ : RemoveMBS Avionics;l'hermalBlanke't
i

r............ MBS Checkout .....

!
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: EVA Tlmellne

EVA

,, Stage # Flight EVA # (hours) Tasks

rC ........................................ Removeradiatorbeamlaunchlocks .(!8) .....
............................................_D_ S-BandandIVA

EVA2 5:50 Reconfi__reAUAI umhilicalstoS-Band
InstallSIoutboardnadircamera
RelocateNodol cameratoLab

ConnectAmmonia iankN2 Umbilicals.................

_..... DeployCETA Cart ....

i:. ........ RotateMT stop ..............
,,, ....C'.onnectPMA3 toNode Iumbilicals

. 13 10A, EVA1 ....5:30 Remove and st0w"inboard keel pin '. ...... ""
Remove and stow outboard keel pin

•i Deploy Light Stanchion "
i'"' ',. Connect CETA cartto MT
_ InstallOTD on CETA Cart

EVA2 3:20 DisconnectPMA2-to-Labumbilical

ReleaseCupolawindow launchrestraints
_'_":..... Remove CBM coverlaunchrestraints

_ '_.,_'/: EVA3 4:35 Install Node2 trunnion/keel pin covers (5)
:,_ _,,_,_, Install Node2 fwd-to-N0,de2 aft umbilical tray

Install Node2 fwd-to-Node2 ,aft umbilical tray,
EVA4 5:05 Connect PMA2-to-Node2 umbilical

Install SOto Node2 fwd umbilical tray
Install SOto Node2 fwd umbilical tray

/i' :'i, '

. :: 14 llA EVA1 4:50 Perform ITS P1 to ITS'S0 utility connections
_"_r_'r_4_ _ Deploy UHF antenna

_ _ r3 _ Release Port TCS Radiator Beam Launch Locks (18)
.i°:_i' .. EVA2 4:55 Deploy andattachupperand lowerexternalcameras.

:_ _ / _r" MT/SSRMS assest EVA camera installation

-_ "......_ ' Remove ITS el Stbd Keel Pin/Dra_Link and stow
, _;:'_'- EVA3 4:35 CETA cart preparation

- _., _, , .... Remove ITS Pl Port'Keei Pin/Drag link and stow

,_.... ._ ,....... Rotate SO stbd MT Rail stop and stow
..... _ ConnectAmmoniatankumbilicals

: ........ 15 [ UF-3 'None '0:00

:.... .... ] T "'

.,__,_,_

G '
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/,. ..

_'_'_+:_+_ EVA Tlmeline
--- ' : T /J';+

- :+"+::"+': Stage # l Flight EVA # EVA
-' _.:_'+:::;i (hours) Tanks

_i_:i_i',_,;!::;." I- 16 1 J/A EVAI 5:00 RelocateEVAS cquip_m.entto CET_Acarts _ _
•-_.,!i!;i_:!_;_,,., EVA2 4:40 Retrieve S-Bandantenna

...................................... l_T/_-RMg_i_a_-s-Bana.nienna-t; pi-tmss+- "
InstallS.band antenna

, .j .......................................

EVA3 4:35 InstallAPM/JEMDDCU Umbilical Tr_!ys.... i_ ii
l EVA4 5:40 RelocateexternalcamerafromSI-IL to SI-OL

?_i.)_, ! . InstallfirstHighPressure02 tank
.+ . . ...... RelocatereplacementHP02 tank on ULC

° ",' Remove old HP02 tankandplace on ULC
_+,:::- Install replacementHP02 tanko:, Airlock

+ t_ ," ............... l stowu,co.ms =
-i_,' . :;._+_ EVA5 5:55 InstallsecondHish Pressure02 tank
-_.,_ ........... Relocaterep!.acementHP62 tank._onULC
=_,_:_,_,,_: ...........

Remove old HP 02 tankand pla_: on ULC
-:':':ii.:_i'!'I::: ' ........... Install replacementHP'O2 tankon Airlock

:++.....+' : lnsiall'trunnioncoverson'ELM2Ps

+e_,:: EVA6 3:00 ReleaseSPDMlau.nehrestraints .......
_ im_ '" SSRMSstowsSPDM on MBS PDGF

: :: ;" 17 12A EVA1 2:12 ConnectITS P3to ITS Pl Utilities ......

'_ , _+ RotatePl ,_,. Stop ........
_:•: _,.+i RotateP4 Keel Pin

" _ .... EVA2 ,4:45 DeployPortULCASs(2)an¢! Install2 P3SARJbraces ......
_° _+: .... Installremaininl[P3 SARJbraces
• _ "" RemoveandStow ITSP3 Keel Pin "

Install4 P4SARJbraces
+2 • _ •

H_

. ,? •
o

2u

:+ . ":7'

i
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__ : EVA Timeline

, EVA

- Stage # Flight EVA # (hours) Tasks l

_ 18 _.12Ap.... EVA1 ..... 4:_44_ _ pe[foLm,uppcrEPPSp_cparati0n-........

• Perform lower EPS preparation
- EVA2 5:36 Release PV Radiator Cinches

• . .= Release PV Radiator Winches
,_:,:" -..................................... ConnectLabCh 2B loadstoMBSU out ut.s......
.__i__': P........................

: Utility_DDCU Jumper Confi8 atF1........
:" MBSU-DDCU Jurarpt_o_nflflg_atP1

...." _ ....... 'CoLeSPDAJumpcr Confi8 at SO __

_:_!)._: ;' Remove and Stow SARJ Race Ring Launch Locks and
.... , .... ILaunch Restraints

-" ._,.': EVA3 . . •5:20 . [Connect Pi'T'CS tOLab Heat Exchan_er Umhiiicals
":_;_: Engage SARJ DLAs

....., i ...... Wait for Lab Reconfiguration , ,
....... Connect Lab Ch 4B loads to MBSU 0inputs

.. _' , .... Utility DDCU Jumpers Config at $1
; MBSU-DDCU JumperConfig at S1

:,'.... . CoreSPDAJumper Confi8 at SO
_•,./_-::'._, EVA4 3:45 Connect S1 TCS to Lab Heat Exchanger Umbilicals
_'__>"....... Stow (winch down) stbd ETCS radiator

......... Stow (winch down) aft ETCS radiator
-,_ _ :.. EVA5 5:40 P5 Installation

• Translate P5 on MT to P3

.._,_... Attach P5'to P4
" , '::,/ : "' Connect P4/P5 Power & Data Utilities

_' • PFR_.Setup to remove GF
'=,.i " - .... SSRMS Grapple GF and Remove GF Bracket
.._.,, Translate GF Bracket from P3 to SO

_,.,," Install OF Brackets on P6 Stbd." '

.= • EVA6 3:30 Unstow P4 AJIS strut and'P4, PS, P6 MT rails, temporarily

"__ ": stow_on MBS and.t..ransla,te.to P3 "'
_ EVA7 5:30 Install P4 AJIS strut

. ':, Install P4_5 MT rails ......
.-j, ......

=_._:_ 19 UF-4p 0 0:00

:- 20 BF.1 0 0:00 ............. "....
,, /.. ° , ,

"r 2i 13A EVA1 2:10 Connect s1 to $3/$4 Utilities (Power _,nd Data)
: .... Rotate S1 MT Rail Stop

_ Rotate $4 Keel Pin

_,':,' EVA2 6:00 RelocateP6 Stbd ETCS Radiator to Function as$4 PV
" Radiator

' _ r: "'" StOW GrappleFixture on P5

1

U
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L

- EVA Timeline

EVA

Stage # Flight EVA # (hours) Tasks

22 13Ap EVA1 9;15 Release SARJ Race Ring Launch Locks and SARJ Launch

,._ .............................................Restraints .....
......... En_a_eSARJ DLAs 'i

_-eF-u-p_r-EP-SE_me-n_t................. I
: '='r '= -- ------ PrepLowerEPS Equipmen!

..... •. R_idize 4 $4 SARJBraces
EVA2 5:55 DisconnectBus-1 to P6 Umbilicals

:. Remove$3 Keel Pin andDra_Link
Deploy'2PAS andAttach4 $3 SARJBraces....

,...... • EVA3 3:30 Install S4 AJISstrut

: : .... Install S4 MTrails ..................
...... Rotate$3 MTrailstop

i'_.i.,i.ii'.; EVA4 ........ 3:50 Stow P6 PV Radiator .....,. .... ' ....... Disconnect P6 to Z1 Utilities ........
i"i:., ... Detach P6 from Z1 ' '

_=.;,,._i:,. ,,',,.,:: . Disconnect Z1 to SO/MBSU P0wer Jumpers

k_,T : ReconfisureMBSU-2B& 4B InputPowerFeeds
L. '< , ' - '....._._. . :. EVA5 5:10 AttachP6 to P5

,, • . ConneL,tP6_to P5 PowerandDataUtilities
° Unstow P6 PV Radiator

Deploy2 PAS

":,_' EVA6 4:10 Connect_us-1 to Z1 umbilicals
i ,_,__' " InstallP6 MTrails ,,.

!=_ "i RotateP3 MTrail stop....Stow P6 MT rail ends on P6

"_:_:'il. 23 UF-5p None 0:00 ........

."."' 24 IJ EVA1 5:35 RelocateSI-OLcameratoSI-IU'cameraport
C

!__:: InstallJEM PM trunnionandkeeppincovers .,.
i _."_'_ Relocate Lab camera to S1-OU

!_:': ' ,_:i RemoveJEMRMS thermalcovers

_,:i_. InstallJEMPMcameras/lishts
- °:, ReleaseCBMcover launchrestraints
",,. ,-,.:" EVA2 1:40 Connect PDGF U'filitiesto JEM PM endcone

' >'_" 25 2E .... EVA1 3:15 Install $5 on end of $4
'_:_,',,,_, ' ...........

..:.:,,< 26 UF_p ,,, None 0:0o

,_'.... , ' 27 2 J/A EVAI 3:15 InstallJEM EFTV eamera_qilghts
-_..... MovecamerafromPl inner-lowerportto S1 inner-upper

_ 13011
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EVA Tlmeline

•. EVA

.... Stage # Flight EVA # (hours) Tasks
r

. 28 15A EVA1 5:40 Attach $6 to $5

Connect S6 to S5 utilities (Power/Data).
__ :r Install $4 AJIS strut

....... Rotate $6 MT rails
.................... EVA2 6:00 Relocate P6 !emp ETCS radiator to S6

...... - EVA3 6:00 CompleteS6 pv radia!orpreparation
Upperand lowerEPSPr©P ........
Rotate IEA keel pin

, 'rt' L_ _:_ _ 29 .B.F-2 None 0:00 .,,

=.::,_.......'; 30 UF-7p None 0:00

-i_:i!.i_,,/..
.....;_r""_ 31 14A ,.,E,VA1 .....6:00 ConnectumbilicalstoCentrifugeModule

!,:!f_i::i_!i,"
32 1E EVA1 1:30 Disconnect PMA3 to Node 1 Umbilicals

: _ _ ' 33 16A EVA1 4:00 Connect Hab heat exchanger and power umbilicals &
PDGF and PMA umbilicals• "i..4, ., .

_i!! :,. :_i:" EVA2 4:40 Remove thermal cover from Hab nadir
........._ : Connect PMA3 umbilicals to Hab nadir

,,,_ • 34 17A None 0:00

{° "'_ 35 18A None 0:00

,_..;,..,_
i" ._ 36 19A None 0:00 ....

r_
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