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FOREWORD

Thi s docunment defines the format and content of the flight design
data required for the Space Shuttle Program (SSP) to determ ne

m ssi on power, energy, and cooling requirenents; flight activity
pl anni ng; and trajectory design, in support of integrated m ssion
profile devel opnment. The annexes required and the schedule for
submttal of a specific payload are identified in the basic

Payl oad Integration Plan (PIP) for the payload. The custoner is
requested to provide the data defined, sign the title sheet, and
return the conpleted data to the cogni zant SSP annex nanager.

The SSP annex manager will review the data for SSP inpl enentation

and contact the custoner if there are any questions or if further
negoti ation of the data is required.
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PREFACE

This docunent is structured to cover a generalized payl oad and,
as such, may need to be tailored to fit the custonmer's specific
payl oad requirenments. This tailoring will be by nutual agreenent
of the custoner and the National Aeronautics and Space

Adm ni stration (NASA) book manager(s). All paragraphs and tables
shoul d be nunbered as specified in this docunent and al

requested data shoul d be supplied for each part of this annex.

| f a paragraph or table is not applicable, so indicate by NN A so
that it is clear that the matter was considered and not

over|l ooked. Duplication of data found in other docunents, such
as the Payload Integration Plan (PIP), Interface Control Docunent
(ICD), etc., should be avoided. It should be kept in mnd that

t hese annexes cannot be used as substitutes for PIP changes or
additions. The follow ng paragraphs should be included as the
preface in the custoner's annex submttal:

The Flight Planning Annex (FPA) contains agreenments between the
custoner and the Space Shuttle Program (SSP) on matters which
relate to the inplementation of payload flight design

requi renents on the Space Shuttle, i.e., part | - payl oad
el ectrical power, energy, cooling, and Orbiter support equi pnent
usage requirenments, part Il - crewrelated activities, part Il -

trajectory design and depl oy target considerations. The basic
requirenents are stated in the PIP. This docunent is intended to
suppl ement the PIP in providing additional details to facilitate
m ssion and flight operations planning within the scope of the
task areas and responsibilities specified in the PIP.

In case of conflict between this docunent and the PIP, the PIP
shall govern. Any requirenents submtted in this docunent which
are outside the scope of tasks or responsibilities defined in the
PI P shall be considered nonbi nding on the SSP.

Dat a subm ssions, questions, and/or comrents relative to this
annex should be directed to the appropriate book manager

Part 1I: Hunmbert o Escobedo, Rockwel| Space Operati ons Conpany,
600 Gem ni, Houston, TX 77058, 713-282-2720

Part 11: Robert H. Nute, DH4, NASA Lyndon B. Johnson Space
Center (JSC), Houston, TX 77058, 281-244-5792

Part I111: Gene W Ricks, DwW2, JSC, Houston, TX 77058, 713-483-
8020 or FTS 525-8020
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The custoner point(s) of contact for this annex are as foll ows:

Part |I: TBS
Part |1: TBS
Part I111: TBS
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1.0 | NTRODUCTI ON

The data required in this part of the annex will be used by the
Space Shuttle Program (SSP) to determ ne the power, energy, and
cooling requirenents for the integrated m ssion profile and to
ensure this profile is conpatible with the system operating
limts and constraints. Therefore, the equipnent to be powered,
the on/off operation, and the electrical characteristics of that
equi pnment nust be descri bed. Payload bay payl oads are assuned to
be powered fromthe primary payl oad interface (Xo=645) unless
otherwi se stated. Crew conpartnent payl oads are assuned to be
powered fromone of the three mddeck utility outlets. Payl oad
bay and crew conpartnent power requirenents nust be separately

i dentified.

Power usage may be provided in graphical formfor dedicated

m ssi on payl oads as shown in the exanple figure 1-1. The figure
shoul d show power |evel changes as a function of m ssion or

payl oad events or tines relative to these events. |If both tables
and figures are provided for the payload, these tables and
figures nust agree.
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2.0 DEFINITIONS

The follow ng definitions are offered as an aid in conpleting the
required tables.

a. Payload - A part or all of Shuttle cargo, including
depl oyabl es and/ or experinents, covered by the Payl oad
Integration Plan (PIP) and Flight Planning Annex (FPA).

b. Basel oad equi pment - Equi prent which will be activated once,
at the beginning of the payload activation, and which wl|
draw power continuously until the final payload deactivation.
The power |evel of this equipnment is a function of an
experinment operation; i.e., varies, but is never off. Not
all payloads will contain basel oad equi pnent.

c. Thernostatic equipnent - Once in orbit, operation of this
equi pnrent is considered to be primarily dependent upon
O biter attitude.

d. O her equipnent - The power |evel (which is not included in
b, ¢, and e) of this equipnment is a function of payload or
experinment operation.

e. Obiter equipnent - A selected group of SSP-provided
equi pnent offered to support payload activities.

f. Power — Orbiter-supplied ac or dc power required for payl oad
operations. DC power is the 28 V power |evel and ac power is
the 115 V, 400 Hertz power level of the identified equipnent
specified in watts.

g. Incremental power - The power |evel differences between
consecutive events.

h. Cumnul ative power - The total power |evel at any given tine.

i. Average power - Power used by the integrated payl oad
(experinents and carrier) averaged over the tinme increnment
speci fied, based on equi pnent nom nal valus and duty cycl es.

j . Maxi mum conti nuous power - The maxi mum sustai ned power at
whi ch a conponent or piece of equi pnent may run (power at
100% duty cycle).

k. Peak power - The maxi num power |evel achieved for a specific
conponent, other than steady-state operating val ues.
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Duty cycle - Total time in which the equi pnent consunes power
di vided by the total operating time (on-line) of the
equi pnent .

3.0 BASELOAD EQUI PVENT

Provide the following itens in the formshow in table 3-1

a.

Events - Define the tine when the equipnment will be activated
or deactivated or when the power level will change. The tine
nmust be relative to m ssion, payload, or experinent events
(reference exanples below). List events in chronol ogica
order.

M SSI ON EVENTS PAYLOAD EVENTS EXPERI MENT EVENTS

Lift-off Payl oad activate Experi ment power up
Lift-off plus 2 hr mnus 5 mn Experi ment standby
Payl oad Bay Door (PLBD) Payload activate Experi ment processing

open plus 30 mn Payl oad deactivate

PLBD cl ose Payl oad depl oy Experi ment power down

b.

Payl oad/ experi nent nanme - List the nane of each payl oad
and/ or experinment for which the equipnment is used.

Equi prrent - List all basel oad equi pnent, as defined in
section 2.0, in operation between each stated event.

Power - List the power |evel changes resulting fromthe

equi pnent operation. The initial entries for increnental and
cumul ati ve power should be equal. The increnmental columm
shoul d show i ncreases or decreases in power levels as a
function of the equi pnent operation. Should the power |evel
change as a function of tinme (i.e., ranp function), please
describe in the comments columm. Provide peak power as
defined in section 2.0. |If ac power is required and no phase
(1, 2, or 3) is given, 3 phase will be assuned. |If no power
factor is given, -0.6 will be assuned.

Conment s/ duration - Provide anticipated duration of the peak
power given and suppl enental data deenmed necessary to convey
i nformati on not specifically requested.
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Tabl e 3-1.- BASELOAD EQUI PMENT POVNER REQUI REMENTS

Event s Payl oad/ Equi prent Power (watts) Comment s/
experi ment duration
namne Incrnt | Cunul | Peak

4.0 THERMOSTATI C EQUI PMENT

Provide the following itens in the formshow in table 4-1
a. Events - Reference section 3.0.

b. Payl oad/ experi ment nanme - Reference section 3.0.

c. FEquipnent - List all thernostatic equipnment in operation
between the stated events. |If the equipnent is
thernostatically controlled, but is not attitude dependent it
should be listed in section 5.0.

d. Duty cycle - Provide the estimted duty cycles of the
thernostatic equi pnment for bay-to-Sun, bay-to-Earth, bay-to-
space, and other specific attitudes required by the payl oad.
Since several attitudes may be flown throughout the m ssion
in order to satisfy Orbiter and ot her payl oad requirenents,
the attitudes above are required to successfully sinmulate
power usage. For a dedicated payl oad m ssion, attitudes (a),
(b), and (c) are not required provided that continuous
attitude requirenents are specified (i.e., there are no on-
orbit periods when the payload has no attitude requirenents).
The duty cycle (percent) nust be based on the power val ues
specified in iteme.

e. Power - Provide the 100 percent maxi numrated power val ue of
the equi pnment in watts.

f. Comments/duration/attitude - Provide suppl enental data deened
necessary to convey information not specifically requested.
If the duty cycles are affected by the operation of other
equi pnent, identify and describe these estimated alternate
duty cycl es.
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Tabl e 4-1. -

THERMOSTATI C EQUI PMENT

Event s

Payl oad/
experi ment

Equi pnent

Duty
cycle

Power
(watts)

Comment s/
dur ati on/
attitude

OO0

Bay-t o- Sun
Bay-to-Earth
Bay-t o- space
O her
(specify)
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5.0 OTHER EQUI PMENT

Provide the following itens in the formshow in table 5-1

a. Events - Reference section 3.0.

b. Payl oad/ experinments nane - Reference section 3.0.

c. FEquipnent - List the equipnment other than that listed in
sections 3.0, 4.0, and 6.0 which wll be activated,
deactivated, or exhibit power |evel changes at each specified
event .

d. Power - Reference section 3.0.

e. Duty cycle - Provide the estimated duty cycle as defined in
section 2.0. Duty cycles or average power nmay be used if the
equi pnent is thernostatically controlled, and not attitude
dependent, or if the equi pnment has a random or cyclic
oper ation.

f. Comments/duration - Reference section 3.0. The expected
nunber of experinent repetitions, if any, shall be noted in
the comments col um.

Tabl e 5-1.- OTHER EQUI PMENT POAER REQUI REMENTS
Event s Payl oad/ Equi pnent Power (watts) Duty Conment s/
experi ment cycle duration
nane I ncrm Cunul Peak

stand2 REV E 11 07/ 25/ 01



6.0 ORBI TER EQUI PMENT USAGE

Provide the following itens in the formshow in table 6-1

a. Events - Reference section 3.0.

b. Payl oad/ experi ment nanme - Reference section 3.0.

c. Obiter equipnent - List the SSP-supplied equi pmrent whose
usage i s necessary for payl oad operations. Exanples are as
fol | ows:

1. Payload Data Interleaver (PD)

Payl oad Si gnal Processor (PSP)

Payl oad bay lights (quantity)

Renot e Mani pul at or System ( RVb)

Tel evision (TV) (quantity)

Payl oad I nterleaver (Pl)

Payl oad recorder

® N o O B~ W N

Vi deo Tape Recorder (VTR
d. Comments/duration - Provide the anticipated duration of the

O biter equi pment usage and any suppl enental data deened
necessary to convey information not specifically requested.

Tabl e 6-1.- ORBI TER EQU PMENT USACE

Event s Payl oad/ Obiter Comment s/
experi ment equi pnent duration
name
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7.0 COOLI NG DATA

The follow ng is assuned regarding the heat rejection and cooling
of the payload. The electrical power required by the payload is
converted to heat and nust be treated as a heat load. It is
further assunmed that: if the payload is |ocated in the crew
conpartment, the heat load will be rejected convectively to the
cabin air; if the payload is located in the payl oad bay, the heat
load is radiated to space; or if an active coolant loop is
required for the payload, as specified in the PIP, the heat |oad
will be rejected to the Orbiter payl oad heat exchanger and the
payl oad nust specify the coolant fluid, the flowrate, and a heat
| oad profile vs Mssion Elapsed Tinme (MET) as shown in the figure
7-1 exanpl e.

8.0 SURVI VAL PONER REQUI REMENTS

Survival power levels shall be specified such that overal
m ni mum energy requirenments can be determned in order to
properly budget for m ssion contingency cryogenic reactants.

Survi val power as defined in the STS Operational Flight Design
Standard G oundrul es and Constraints, NSTS 18504 is the m ni num
power required by a payload to nmaintain crew safety and payl oad
integrity, including supporting Orbiter equi pnment, subsequent to
successful payl oad operations. Wthin this annex, the definition
enconpasses situations such as payl oad depl oy aborts and/ or

O biter powerdowns, during which certain power |evels nust be
mai nt ai ned to ensure payl oad product quality, integrity, and crew
safety. Any conditions that nust be nmet in order to achieve the
survival power |evel nust be specified. As an exanple, if this
power |level differs as a function of whether certain experinments
have or have not been conpleted, the power |evel for both

condi tions nmust be specified.

The m ni num power under consideration nmust include all payl oad
and SSP-supplied equi pment. For the SSP-supplied equipnent, the
payl oad need only supply the equi pnent operation tines; the Space
Shuttle wll provide the equi pnent power |evel.
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APPENDI X A
ACRONYMS AND ABBREVI ATI ONS
The following is a list of acronyns and abbrevi ati ons applicable

to part |I. Please supplenment, as appropriate, with a payl oad
specific list.

ac alternating current

AFD Aft Flight Deck

ASE Ai rborne Support Equi pnent

c O Checkout

CAP Crew Activity Plan

CcCtv Closed Circuit Tel evision

CVD Conmmand

CRT Cat hode- Ray Tube

dc direct current

EPS El ectrical Power Subsystem

EXP Experi ment

EVA Extravehi cul ar Activity

FES Fl ash Evaporator System

FOSA Fl i ght Operations Support Annex (PIP Annex 3)
FPA Fl i ght Pl anning Annex (PIP Annex 2)
GG G avity G adi ent

HTR Heat er

JSC Lyndon B. Johnson Space Center
L/ O Lift-off

LVLH Local Vertical, Local Horizontal
MCC M ssion Control Center

VECO Mai n Engi ne Cut O f

VET M ssion El apsed Ti ne

M\V Maneuver

VS M ssi on Speci al i st

N A Not Appli cable

N R Not Required
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P/ L
PDI
PET
P
Pl P
PLB
PLBD
PS
PSA
PSP
PVR

S/IC
SSP
SW

TBD
TBS

-ZLV

stand2 REV E

Or bi ter Maneuvering Subsystem

Payl oad

Payl oad Data Interl eaver
Phase El apsed Tine

Payl oad | nt errogat or
Payl oad I ntegration Plan
Payl oad Bay

Payl oad Bay Door

Payl oad Speci al i st

Pre/ Post Sleep Activity
Payl oad Si gnal Processor
Power

Reaction Control System
Renot e Mani pul at or System

Spacecr aft
Space Shuttle Program
Switch

To Be Determ ned
To Be Supplied

volts

watts

Local Vertical, Local Horizontal,
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1.0 | NTRODUCTI ON

The information submtted by the customer in accordance with the
foll owi ng paragraphs and tables will be used by Nati onal
Aeronautics and Space Adm nistration (NASA) Lyndon B. Johnson
Space Center (JSC) for the baselining of the payl oad-uni que

Fl i ght Pl anning Annex (FPA). This docunent will then be one of
the primary sources of information for the devel opnent of the
Flight Plan. The steps followed during the annex baselining
process are sunmari zed bel ow

a. The custoner prepares payload crew activity requirenents
according to formats and instructions of this docunent. The
formal draft is submtted to the Payl oad I ntegrati on Manager
(PIM. Subsequent changes to the baselined annex go directly
to the annex 2, part Il book manager with PIMnotification

b. The JSC reviews the draft for proper Space Shuttle Program
(SSP) integration plus prepares all necessary forns for
formal baselining. This package is then submtted to the
custoner for final approval, signature, and returned to the
book manager for JSC signature, processing, and publication.

c. The JSC publishes the integrated Flight Plan which
i ncorporates constraints and requirenents fromthe approved

FPA.
Note: The follow ng paragraph is to be included as the
introduction in the custoner's subm ssion of Part Il of the
annex:

The NASA JSC will be responsible for Flight Plan devel opnent and
wi |l provide an integrated Space Shuttle/payload Flight Plan to
support the flight. The follow ng data requirenents are provided
by the custoner for devel opnent of the Flight Plan.

2.0 FLIGHT ACTIVITY REQUI REMENTS

The information contained in the remainder of part Il of this
annex shoul d be used as a guide in specifying flight activity
requi renents for support of payl oad operations. For each
section, 2.1 through 2.5, the custonmer should explain in witing
t he general operation of the payload and the crew interface

requi renents. These paragraphs shoul d provide information on how
one payload crew activity is related to another and what the
objective is for that activity. Subsection nunbers (i.e., 2.1.1,
2.1.2, etc.) may be used for these paragraphs if nultiple
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experiments or payloads are involved. Any additional constraints
or information may be supplied in section 3.0. Section 4.0
(Fl'ight Activity Nonmencl ature) and section 5.0 (Scheduling

Consi derations) should be referenced before devel opi ng any text
or tables. Acronyns used in defining payload activity

requi rements should be added to annex 2, part Il appendix A

Tabl es have been devel oped to assist the custonmer in defining
specific payload crew activity requirenments. Were tables are
provi ded, an explanation of each entry colum is given. (Note:
Do not include the explanations as part of the custoner annex
submttal.) The tables are nunbered sequentially as they appear
in the text. The custoner should renove any table not used and
renunber the subsequent tables. |If an additional table is
included, insert it next to a related table.

If the data requested in the follow ng sections and tables has
been previously provided by the customer as part of the Payl oad
Integration Plan (PIP), the appropriate section of the PIP may be
ref erenced.

2.1 Payload/ Crew Activity Requirenents

The payl oad/crew activity requirenents table is a listing of each
payl oad task that affects Space Shuttle operations and the tine
or conditions of occurrence. The payload/crew activity

i nformati on shoul d be docunented in table 2-1, as applicable.
Every nom nal payl oad systens operating procedure docunented in
the Flight Operations Support Annex (FOSA), Annex 3, nust have a
correspondi ng payload activity included in this table to ensure
proper docunentation of scheduling requirenents for the Flight
Plan. In addition, the payload activity title should match the
payl oad systens operating procedure title. The follow ng
describes the colums of table 2-1:

a. FIt phase/event or PET - Nane the required flight phase such
as ascent, post insertion, orbit, deorbit preparation, and
entry. |If the payload activity is constrained to a Space
Shuttl e event, use Phase El apsed Tinme (PET) (e.g., OV5 2 plus
10 mn). Do not use Mssion Elapsed Tinme (MET).

b. Payload activity title - The name of the payl oad el enment or
i nstrunment and the event, operation, or activities to be

schedul ed. |If possible, the payload activity title should
mat ch the payl oad systens operating procedure title used in
annex 3.
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c. Conmmand source - ldentify the source of the conmand to start
or stop these payload events: ground, crew, Space Shuttle
General Purpose Conputer (GPC), payl oad-uni que onboard
conmputer or the Payload and Ceneral Support Conputer (PGSC)

d. Payload activity duration - The anticipated duration of the
schedul ed event. This is the response tine for equi pment
operation and should not include any crew tinme which may be
i nvol ved. Nom nal and contingency (e.g., partial equipnent
failure) tinmes for payl oad response should be provided, if
avai l able. These tinmes should be expressed in HR M N.

e. Crew activity requirenments - Provide a brief, genera
description of the required crew activity and an estinmate of
the crewtinme required. Details of the crew activity
requi renents nust be specified in annex 3.

f. Detailed activity constraints, requirenents and remarks - The
initial conditions or constraints that nust be satisfied for
the event to be acconplished. Exanples of initial conditions
are, for instance, a previous payload activity nust first be
conpl eted, certain tenperatures or power |levels nmust first be
achi eved, and certain displays are first required. State
constraints such as attitude hold requirenents, day/night
nunber or repetitions, ground target requirenents, ground
conmuni cation requirements, and relationship to other crew
activities (e.g., no venting or dunping during payl oad
activity). As described in section 5.0.a.6, a 4-hr burn
wi ndow nust be reserved during on-orbit operations for the
Obiter to performan orbit adjust burn to maxi m ze daylit
| andi ng opportunities. Conpatibility restrictions with this
burn nust be identified for every payload activity. For
payl oads requiring extended conti nuous operations, a 4-hr
wi ndow i n which the burn could be performed nust be
i dentifi ed.

2.2 Attitude and Pointing Requirenents

This section describes the attitude and pointing requirenments for
payl oad experinents and/or deployables. These requirenents are
described in terms of Orbiter orientation, payload instrunent

Li ne of Sight (LOS) vectors, celestial or terrestrial targets,
and spin-axis targets.
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2.2.1 Obiter Oientation.- The approximate Obiter Flight
Control System (FCS) Digital Auto Pilot (DAP) on-orbit software
limts are provided for reference in table 2-2. [|f payl oad
operations require that the Orbiter or payload be in a certain
orientation, those requirenents are to be provided in table 2-3.
The follow ng describes the colums of table 2-3:

a. Payload activity title - Per table 2-1, Payload Crew Activity
Requi renent s.

b. Oientation - Specify the Obiter or payload orientation
required for the event (i.e., +X Solar Inertial (+XSl); -Z
Local Vertical Local Horizontal (-Z LVLH), Y Perpendicular to
O bital Plane (Y-POP), Nose Forward). Reference figure 2-1
for a definition of the Mean of 1950 (Mb0) coordi nate system
used for inertial attitudes. Reference figure 2-2 for a
definition of the Orbiter body coordi nate system

Note: Orbiter body coordinate systemis used instead of the
structural coordinate systemused in the PIP.

c. Maneuver/rotation rate - Specify the attitude maneuver and/or
rotation angular rate in deg/sec required for payload scans
or specify in ternms of alimt in maneuver rate (i.e., less
than TBS deg/sec). Refer to table 2-2 for approxi mate
O biter FCS software rate limts.

d. Deadbands: Attitude and rate - Specify the deadbands desired
and/ or deadband Iimts for attitude and rate in deg and
deg/ sec, respectively. For cases when acquisition attitude
deadband and/or rate deadband is different from maintenance
attitude deadband and/or rate deadband, provide all val ues.
I f known, state desired control nodes to be used with these
values; i.e., attitude hold, rotation, target track, gravity
gradient, free-drift (no control), etc. Refer to table 2-2
for approximte Orbiter FCS software deadband limts.

e. Angul ar acceleration - Specify payload requirenment for high
angul ar accelerations on Primary (PRI) jets or |ow angul ar
accel erations on Vernier (VERN) jets in deg/sec squared or if
Not Applicable (NA). Refer to table 2-2 for approxi mte
O biter FCS software angul ar acceleration limts.

f. Remarks - Any additional comments related to the attitude

requirenents. |If known, indicate if the required orientation
is time critical or is affected by launch delays. List any
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speci al pointing constraints that apply during attitude
maneuvers (celestial areas to be avoi ded, maxi muni m ni num Sun
angle, translation rate limtations, etc.).

Note: If a particular DAP control node (ALT, PRI, FREE) is
required to maintain structural loads within limts for payl oad
hardware, this should be noted in the Remarks colum. |If a set
of DAP paraneters were analyzed and is required to nmaintain these
limts, these paraneters should be listed in table 2-3. This
applies to attached payl oad and payl oads operated on the Renote
Mani pul at or System (RVS) .

ALT DAP node allows the Orbiter to provide attitude control using
Primary Reaction Control System (PRCS) as a backup to Vernier
Reaction Control System (VRCS), while mnimzing | oads
transmtted to payloads. ALT node can limt jet firing duration,
nunber of jets firing sinultaneously, and mninmumtinme between
firings. Paranmeters which may need to be constrained include
rat e deadband, jet option, nunber of jets, on tinme, and del ay
time. (DAP constraints due to loads are typically identified

t hrough the structural or RMS integration processes. They are
included in this annex to ensure proper inplenentation in the
crews Flight Data File (FDF)).

Forward PRCS jets may not be fired during a crew sl eep period due
to the noise in the crew nodule. Therefore, any payl oad
configuration which would require a primary DAP node (ALT or PRI)
during a crew sleep period nust be conpatible with Tail-Only
control. LOWMZ node fires forward PRCS jets and is not

accept abl e during crew sl eep.

2.2.2 LOS Definition.- The LOS table defines the payl oad
instrunment LOS and the pointing system Instrunent Field of View
(FOV) definition should be provided as supplenentary data. These
data will usually apply only to attached payl oads. The follow ng
describes the colums of table 2-4:

a. Instrument - Nanme of the payl oad elenent or instrunment to be
poi nted (or avoided).

b. LCS vectors - Defines the instrunent null LOS in terns of an
O biter body unit vector. Reference figure 2-2 for Obiter
coordi nate definition.

c. Pointing system- Indicates whether the instrument is rigidly
nmounted or attached to the Shuttle Instrunment Pointing System
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(I1PS), RMS, or sone other pointing system Payl oad-uni que
poi nting systens should be described in supplenentary data.

d. Remarks - Any additional comments related to instrunment
poi nting capabilities and FOV definition

2.2.3 Targets.- Table 2-5, Targets, defines the |ocation of the
celestial or terrestrial targets involved wth payl oad pointing
operations. This data will usually apply only to attached

payl oads. The follow ng describes the colums in table 2-5:

a. Target - ldentify the celestial or terrestrial target for the
data take by nanme or nunber

Note: Footnote the celestial nunbering system used.

b. Rt Asc - Gve the right ascension of the celestial target
(deci mal deg).

c. Decl - Gve the declination of the celestial target (decina
deg, north equals plus).

d. Lat - Gve the latitude of the terrestrial target (decinal
deg, north equals plus).

e. Lon - Gve the longitude of the terrestrial target (decinma
deg, east equals plus).

f. At - Gve the altitude of the terrestrial target relative to
the Fischer ellipsoid (nm.

g. Remarks - Any additional comments related to target |ocation.
If available, specify target priorities.

2.2.4 Spin-stabilized Upper-stage Payl oads.- For spin-
stabilized, upper-stage payl oads, the follow ng nust be included:

a. The spin-axis/thrust vector nust be defined in table 2-4.

b. The foll ow ng paragraph nust be included:
Depl oynent attitude - The deploy attitude requires that the
spacecraft spin-axis (table 2-4) be aligned with the spin-

axis target. The spin-axis targeting and deploy tim ng
paraneters are provided in annex 2, part II1.
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c. Any secondary constraints on the deploy attitude nust also be
defined. Solar illumnation will be cal cul ated based on
bl ockage di agrans devel oped from custoner-provi ded payl oad
di mensions in PIP, Annex 1, and payload |ocations in the
FI i ght Requirenments Docunent (FRD). Solar constraints on the
spacecraft in the deploy attitude with the sunshield open
must be incl uded.

2.3 Contam nati on Avoi dance

For payl oads that may be subject to contam nation by em ssions
fromObiter water dunps, fuel cell purges, Flash Evaporator
System (FES), Reaction Control System (RCS), Orbital Maneuvering
System (OV5) firings, or cabin venting for 10.2 psi depress,

etc., contam nation constraints nust be defined. The information
required to limt the appropriate Orbiter activities during

payl oad operations is to be provided in table 2-6. The foll ow ng
describes the colums of table 2-6:

a. Payload activity title - The nane of the affected event (per
Payl oad/ Crew Activity Requirenents, table 2-1).

b. Contam nation constraint - ldentify the Space Shuttle
activity that will affect payl oad operations.

c. Avoidance interval - Gve the tinme interval (mn) before or
after payl oad operation that the Space Shuttle constraint is
in effect.

d. Remarks - Any additional conments related to contam nation
avoi dance.

2.4 Photo/ Tel evi si on Requi renents

Thi s paragraph is applicable only if photography (photo) and/or
Tel evision (TV) has been called for in the PIP. The photo/ TV
requi renents table indicates those payl oad events which require
coverage. The follow ng describes the colums of table 2-7.

a. Payload activity title - Per Payload Crew Activity
Requi renents, table 2-1

b. Photography - For payl oad operations covered by photography,

indicate the type of coverage desired (35mm 70mm sti l
phot ography or digital canera, etc.). |If digital canera is
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required, indicate if the inmges need to be downlinked via
O biter Communi cation Adapter (OCA) real tine or if the

i mges are to be saved for review postflight. Additionally,
for scene devel opnent purposes, indicate the scene
description, the lens required (w de angle, telephoto, etc.)
and the filmtype (ASA/ I SO nunber, special film etc.).

c. Television - For payl oad operations covered by TV, indicate
if the coverage is to be live during contact with Tracking
and Data Relay Satellite (TDRS) (or ground stations) or if it

IS to be recorded onboard for |ater playback. Indicate |ive
pl ayback requirenents and what activities are tied to these
requi renments. In-flight downlink of recorded TV nust be

coordi nated via the Payl oad Data Col | ecti on Requirenents of
Annex No. 3, Flight Operations Support Annex (FGCSA).

Addi tionally, for scene devel opnent purposes, indicate the
scene description, best payl oad bay canmera to use, |lens
required (w de angle, nedium angle, color, black-and-white),
and multiple canmera requirenents (swtched, nultiplexed).

d. Remarks - Any additional comrents related to photography and
TV coverage of payl oad operations. State any specia
instructions; e.g., flash not permtted, tinme exposure,
shutter speed requirenents, audio requirenents, etc. For
each payl oad activity/operation requiring notion picture film
and/ or video tape coverage, specify coverage duration,

HR: M N: SEC, desired.

2.5 Extravehicular Activity Schedul e

The Extravehicular Activity (EVA) schedule is a listing of

payl oad events or mission conditions that are supported by either
a schedul ed or unschedul ed EVA, as agreed to in the PIP. The
actual definition of the specific design configuration details
for each hardware-to-hardware interface should be placed in Annex
No. 11, Extravehicular Activity Annex and shoul d be consi stent
with this schedule. The follow ng describes the colums of table
2-8:

a. Payload activity title - The payl oad operation or resultant
condition that is to be supported by EVA (per table 2-1).

b. Schedul ed or unscheduled - Indicates if the EVAis to be
schedul ed as part of normal payload activities or is to be an
unschedul ed operation performed only in the event of payl oad
systens failures.
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c. Time: Start or stop - The tinme for commencing or concl udi ng
EVA operations at the payl oad, neasured with respect to
anot her key event. (Tine spent by the crew for either EVA
preparati on or post-EVA cleanup is not to be included.)

d. Start conditions - The payl oad conditions or constraints that
must exist for EVA operations to begin.

e. Stop conditions - The payload conditions or constraints that
must exist for EVA operations to be conpl eted.

2.6 Obiter Communication Adapter File Transfer Requirenents

OCA is designed for high-speed electronic transfer of files
between the Orbiter Payl oad and CGeneral Support Conputer (PGSC)
and a Personal Conputer (PC) in the Flight Activities Oficer
(FAO Multipurpose Support Room (MPSR). Normal file

transm ssions are acconplished through the M ssion Control Center
(MCC) via the Shuttle Ku channel 2 or 3. Wen Ku is not
available files can be transferred at a slower rate through one
of the S-band Air-to-Gound (A/G audio channels using the Mddem
File Transfer (MFX) software. OCA Ku File Transfer (KFX) has the
capability to uplink electronic files at a rate of 128K/sec and
downlink at a rate of 2Meg/sec for channel 2 or 4Meg/sec for
channel 3. OCA MFX is used when the Ku-band antenna i s not

avai lable. This is typically at the end of the m ssion after the
Ku- band antenna has been stowed. OCA MFX has a limted file
transfer capability due to the reduced bandwi dth. The maxi num
file transfer size that will normally be attenpted using OCA M-X
is no greater than 50K

Payl oad files to be uplinked or that have been downlinked are
transferred within MCC between the payl oad custoner and the FAO
via the Payload Oficer by a flight-specific Joint Operations
Interface Procedure (JOP) MODM directory location, e-mail, on a
cust oner - provi ded fl oppy disk, or PCMCI A card. The provided disk
must be an | BM conpatible, DOS-formatted 3.5 in. The disk should
i nclude an UPLINK directory which contains only the files to be
upl i nked and a DOMLI NK directory into which downlinked files are
stored.

Table 2-9 is used to identify payload OCA file transfer
requirenments. Each file to be transmtted is |listed separately
in the anticipated order of transm ssion. The follow ng

descri bes the colums of table 2-9.
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a. Uplink/downlink - Indicates whether the file is to be
upl i nked or downlinked (UL or DL).

b. File name - Lists all file nanes to be transmtted. The
foll ow ng nam ng convention is used for MFX: AAABBBB. CCC
(AAA = Payl oad name abbreviation, BBBB = Optional to further
describe the file, CCC = File type: EXE, DAT, TXT, etc.).
KFX file nam ng convention can be any file nonencl ature.

c. File size - Indicates the approximate size of the file.
d. File transfer scheduling/frequency - Indicates the w ndow
within which the file is to be transmtted; i.e., tied to a

speci fic payload activity or event. OCA file transfers are
typically scheduled two to three tines per crew day for a
single-shift Shuttle m ssion and may require additiona
transfers for dual-shift mssions. The actual frequency of
these transfers depends on the amobunt of predicted and real -
time traffic for each mssion, as well as comm availability.
OCA file transfer can be approved and uplinked any tinme, but
typical OCA file transfers are perforned during crew sleep as
Execut e Package i nputs are approved and after postsleep and
prior to presleep for famly mail.

e. Transfer constraints - Lists any additional transm ssion
requirenents or file descriptions. Indicate the file
transfer nethod (i.e., floppy, server directory specified by
the flight-specific JOP or e-mail), files that are to be
transmtted together and nunber of tinmes the file is to be
transmtted to/fromthe Orbiter.

Note: Al OCA file transfers will be provided as an optional
servi ce.
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EARTH’ S MEAN ROTATIONAL
AX1S OF EPOCH

CENTER OF
EARTH

= Ynsg

MEAN EQUATOR

Xmso OF EPOCH

MEAN VERNAL EQUINOX
OF EPOCH

NAME: Aries Mean Equator and Equinox of 1950 (M50) refer-
ence-axis system.
ORIGIN: The center of the Earth.

ORIENTATION: The epoch is the beginning of Besselian year 1950 or
Julian ephemeris date 2433282.423357.

The XM50-YM50 plane is the mean Earth's Equator of epoch.

The XMs0-axis is directed towards the mean vernal equinox
of epoch.

The IMsp-axis is directed along the E£arth's mean rota-
tional axis of epoch and is positive north.

The YMs0-axis completes a right-handed system.
CHARACTERISTICS: Inertial, right-handed Cartesian system.

Figure 2-1.- Aries Mean of 1950 system
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PAYLOAD/ CREW ACTI VI TY REQUI REMENTS

Table 2-1. -
Fl t Payl oad Conman |Payload |Crew activity Detailed activity
phase/ |activity |d activity |requirements* constraints,
event title source |duration |(HR MN) requirenents & remarks
or PET (HR M N
(HR WN)

not

*Renenber to specify crew tinme(s)
i nclude this note as part of annex submittal.)
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Tabl e 2-2.- APPROXI MATE ORBI TER FCS DAP ON-ORBIT LIM TS

Mhvr/ Rot rate (deg/sec):

Attitude deadband (deg):

Rat e deadband (deg/sec):

Ang Accel (deg/sec
squar ed) :

No. of jets
ON Tl ME (sec)
DELAY

Lower
[imt

05
. 008*

3**
. 033**

1
. 05
.01

00O OO OO

Upper
[imt

» A
conn 0o Ob
t1loo 0o NO

N
cow ORrPF

L 214%**
. 348* **
. 024***

.99

0**

*Use of maneuver rates approaching this |ower
i n maneuver conpletion tinmes that vary significantly fromthe

i deal maneuver tine.
**|I ndi cates a practi cal

oper at i onal

limt.

will require m ssion-specific evaluation.
***The limts on vehicle accelerations are a function of the
vehi cl e mass properties and DAP configuration.

negotiations are required to determ ne the exact
limts on vehicle acceleration.

RCS
sel ected

PRI/ ALT PRCS
VERN

PRI/ ALT PRCS
VERN

PRI
ALT PRCS
VERN

PRI
ALT PRCS
VERN

ALT PRCS
ALT PRCS
ALT PRCS

limt may result

Exceeding this limt

Furt her
| ower and upper

Note: This reference table identifies approximate limts but

does not necessarily reflect standard operati onal

practi ce.

Val ues near or beyond these |limts may require further

negoti ati ons.
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Tabl e 2-3. -

ATTI TUDE AND PO NTI NG REQUI REMENTS

Payl oad activity
title

Oien-
tation

Mhvr/ r ot
rate

Deadbands:
att & rate

Ang accel

Remar ks
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Table 2-4. -

LGOS DEFI NI TI ON

LCS vectors

Poi nti ng system

I nst runent

LXB

LYB

LZB

Fi xed

| PS

O her

Remar ks
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Tabl e 2-5.- TARGETS
Cel esti al Terrestrial
Tar get Remar ks
RT asc* Decl * Lat ** Lon |Alt*=**
*Mean of 1950

**(Ceodetic | atitude

***Nautical mles (6076.115 ft =1 n. m.)

stand2 REV E 38 07/ 25/ 01




Tabl e 2-6.- CONTAM NATI ON AVO DANCE

Payl oad activity
title

Cont am nati on
constraints

Avoi dance
i nt erval

Remar ks
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Table 2-7. -

PHOTO' TV REQUI REMENTS

Payl oad activity
title

Phot ogr aphy

Tel evi si on

Renmar ks
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Tabl e 2-8. -

EVA SCHEDULE

Payl oad activity
title

Schedul ed/
unschedul ed

Start/stop

Ti me:

Start
condi ti ons

St op
condi tions
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Tabl e 2-9.- OCA REQUI REMENTS

uL/

File
namne

File
si ze

File transfer
schedul i ng/ frequency

Tr ansfer
constraints
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3.0 ADDI TI ONAL DATA

Any additional constraints or information may be supplied by the
custonmer in this section.

4.0 FLIGHT ACTIVITY NOVENCLATURE

Note: This section is for custonmer reference only. Do not
include in the custoner annex submttal.

a.

Flight Plan - A sequential listing of flightcrew activities
and execute data vs MET. It may al so include interfacing
ground activities. An integrated Flight Plan contains
detail ed and summary tinelines that address both Space
Shuttl e and payl oad activities.

Detailed tineline - Atineline with an expanded tinme scal e,
usually 4 hr per page. Normally used by the crew for in-
flight execution of Space Shuttle and payl oad activities.

Sunmary tinmeline - Atineline with a conpressed tinme scale,
usually 12 hr per page. Nornally used for overview of Space
Shuttl e and payl oad activities and for the coordination and
i ntegration of Space Shuttle and payl oad pl anni ng.

FDF - The onboard conpl enent of docunents and crew aids
avai l able to the crew for flight execution. This may include
checklists, the Flight Plan, reference docunents, maps, and
charts.

EVAs - Crew activities perforned outside the Orbiter crew
nodul e, requiring the use of the pressure suit, backpack, EVA
tools, and nobility aids.

Attached payload - A payload that remains in the Obiter
payl oad bay or attached to the Orbiter in sonme manner for the
duration of the flight.

Depl oyabl e payl oad - A payload that is [aunched in the
O biter payload bay but is intended to be renoved fromthe
payl oad bay and left in orbit.

Retrievabl e payl oad - A payl oad that has been depl oyed/
retrieved on the same m ssion or previously left in orbit and
is intended to be retrieved by the Obiter and returned to
Earth in the payl oad bay.
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i. MET - An elapsed tinme reference that counts up fromlift-off.
Measured in days: hr: mn: sec. The MET is the tine
reference in Flight Plan.

j. PET - An el apsed tinme reference that counts up from sone
designated flight event. Measured in hr: mn: or hr: mn:
sec.

k. RMS - The nechanical armthat maneuvers a payload fromthe
cargo bay to its deploynent position and then releases it.
It can also grapple a free-flying payl oad, maneuver it to the
cargo bay, and then berth it to the Obiter.

|. Obit rate orientation - Orbiter/payload orientation remains
fixed relative to the surface of the Earth.

m Inertial orientation - Orbiter/payload orientation remains
fixed relative to the celestial sphere.

5.0 SCHEDULI NG CONSI DERATI ONS

Note: This section is for custoner reference only. Do not
include in the custoner annex submttal.

The follow ng are subjects which should be anong those consi dered
when preparing the requirenents for crew support of payl oad
oper ati ons:

a. General considerations are as foll ows:

1. Lighting - Are the payl oad operations constrained to day
or night passes or to certain Sun angl es?

2. Communications - Are the payl oad operations constrained
to periods of communications contact with the MCC?

3. Photo/ TV coverage - Are there requirenents to docunent
payl oad operation with still photos, notion pictures, or
via live or taped TV?

4. Lifetinme - Are there payload lifetine constraints
(el ectrical power, cold gas supply, filmcapacity,
maxi mum duty cycles, etc.) that apply to crewcontrolled
operations?
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5. Contam nation avoi dance - Are there constraints on Space
Shuttl e operations (thruster firing, water dunps, fue
cell purges, FES) that nust be observed to avoid
contam nati on of payl oad equi pnent ?

6. Obiter maneuvers - Are there requirenents for or
constraints on Orbiter translations or rotations during
payl oad operations (g-force limts, etc.)?

The SSP desires as many daylit |anding opportunities as
possi bl e on the nom nal End-of-Mssion (EOM day and
subsequent extension days (up to two | anding
opportunities each at John F. Kennedy Space Center (KSC)
and Edwards Air Force Base (EAFB), with KSC as prine).
In order to provide such opportunities, a trajectory
correction burn, or orbit adjust, may be required in
real tine.

The custoners are required to identify activity

requi renents not conpatible with orbit adjust nmaneuvers.
For payl oads requiring extended continuous operations, a
4-hr wi ndow i n which the burn could be perfornmed nust be
identified. 1In general, only one orbit adjust is
required in order to achieve the desired trajectory.

Two burns can be perforned if a particul ar payl oad has a
circular (or near circular) orbit requirenent.

Thirty to 45 min of crewtinme are required for a single
burn; 75 to 90 mn for a two-burn sequence. However, at
| east a 4-hr period of tinme is required for the orbit
adjust activities in order to accomodate real -tine
variations in the timng of the burn while m nim zing

di sruption to experinment operations. The delta-V of the
burn will be larger if the burn is perforned later in
the m ssion. Larger burns may require the use of the
OV5 instead of the PRCS jets, causing an increase in the
accel eration experienced by the vehicle. If the orbit
adj ust wi ndow i s defined m dway through experi nent
operations, the payload should be conpatible with any
orbit paraneter changes that result fromthe burn.

Typi cal changes m ght include orbital altitude or
eccentricity variations.
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10.

11.

12.

13.

The recomended tinmeframes for an orbit adjust wi ndow in
priority order are

(a) After the tinmeframe of a M ninum Duration Flight
(MDF), (usually 72 hr into a mssion) to End of
M ssion m nus One Day (EOW 1)

(b) Early in the mssion, prior to MDF

Note: Placing on-orbit adjust wi ndow early in the
m ssion wll not preclude the possibility of further
orbit adjusts to correct for higher than expected
perturbations to the trajectory. It will reduce the
delta-V required for |ater burns.

EVA - Are there requirenments for EVA to support nom nal
(schedul ed) or contingency (unschedul ed) payl oad
operations?

Mandat ory operations - Which crew activities are
mandatory (essential for successful payl oad operation)
and which are highly desirable (useful, but not
essential)?

El ectromagnetic Interference - Are there any payl oad
operations during which the crew nmust inhibit use of the
O biter's Ku-band radar or RMS because of potentia

El ectromagnetic Interference (EM)?

Data transfer - Are there requirenents for the crewto
transfer Space Shuttle data (state vectors, attitude
data, timng data, etc.) to the payl oad?

O biter orientation - Are there requirenents for the

O biter to be pointed in a certain direction or rotating
in a certain way during payl oad operations? Are there
constraints on Orbiter orientation because of payl oad

t hermal consi derations?

Cabin environnment - Are there any payl oad constraints
that may be inposed due to changes in cabin environnment
caused by Space Shuttle planned or contingency
activities?

Payl oad venting - Are there any constraints on crew
activities because of payload venting considerations?
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b. Ascent - Lift-off through orbital insertion (approximtely,
the initial 50 mn of the flight). Crew activities will be
directly nonitoring the boost phase and perform ng the
orbital maneuvers which establish the Space Shuttle in the
required orbit. The only payload activities that will be
schedul ed during ascent are those mandatory activities that
can be perfornmed satisfactorily while strapped in the seats,
and that will have no interference with normal or contingency
Space Shuttle operations.

c. Postinsertion - Obital insertion through Space Shuttl e on-
orbit activation (conpleted by approximately 2.5 hr after
 aunch). The crew will be involved primarily in
reconfiguring the Space Shuttle for orbital operations. Only
mandat ory payl oad activities will be considered during this
phase and can be perfornmed only on a noninterference basis.

d. On-orbit - The period spent in orbit between postinsertion
and deorbit preparation.

1. Activation - Define the event tinmes or conditions
required to activate the payl oad systens and to verify
operation prior to deploynent or at the beginning of the
pl anned on-orbit activities. Are there any specia
l'ighting or conmunication requirenments for activation,
speci al pointing requirenents, or contam nation
constraints?

2. Operations - Define the event tinmes or conditions
required to support nom nal and contingency payl oad
operations. Consider both equi pnent operation and data
recording. Are there any special photo or TV coverage
requirenents? Are there requirenents for pointing the
payl oad at specific celestial or terrestrial targets?
Are there any other requirements which have not been
previ ously addressed as general considerations.

3. Deploynent - Define the event tines or conditions
required for payl oad depl oynent. Consider both nom na
and contingency cases. Are there any steps that nust be
performed while in conmuni cations contact with the MCC
or during daylight or darkness? |s there to be photo or
TV coverage? Are any of the steps tine-critical? |If
depl oynent is via the RVM5, are there requirenents for
Radi o Frequency (RF) link checks, appendage depl oynent,
etc., while on the RM5? Are there any other
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requi renents whi ch have not been previously addressed as
a general consideration? Al so, define the event
sequence required for payl oad deactivation if depl oynent
nmust be delayed to a |later opportunity or cannot be

per f or med.

4. Postdeploy - Are there any pointing requirenents for
payl oad tracking after deploynent? Are there photo or
TV requi renent s?

5. Rendezvous - Define the event tines or conditions
required for crew support of payload operations prior to
capture (if any). Ildentify any commands sent from
Obiter to payload during this phase. Are there
requi renents for photo or TV coverage? |If known,
specify the ranges at which the payload wll initially
be acquirable by Orbiter radar and will be visible to
the crew as a third magnitude star (given the
antici pated payl oad orientation and payl oad/ O biter
rel ative position).

6. Retrieval - Define the event tinmes or conditions
required for payload berthing. Consider nom nal and
conti ngency cases. Are there any steps that nust be
performed while in conmuni cations contact with the MCC,
or during daylight or darkness? |s there to be photo or
TV coverage? Are any of the steps tine critical? Are
there any other requirenments which have not been
previously addressed as general considerations?

7. Deactivation - Define the event tinmes or conditions
required to deactivate the payl oad systens and prepare
for entry and landing. Are there any special |ighting
or communi cation requirenments? Are there any specia
data recording requirenments?

e. Deorbit preparation - Space Shuttle entry preparation to seat
i ngress (beginning approximately 5 hr before landing). The
creww |l be involved primarily in reconfiguring the Space
Shuttle for deorbit and entry. Only mandatory payl oad
activities will be considered during this phase and can be
performed only on a noninterference basis.

f. Entry - Seat ingress to wheel stop (approximately the final 2
hr of the flight). Crew activities will be directed to Space
Shuttl e systens and gui dance nonitoring during the deorbit
maneuver, atnospheric entry, and approach to the | anding
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site. The only payload activities that wll be schedul ed
during entry are those mandatory activities that can be
performed satisfactorily while strapped in the seats, and
that wll have no interference with normal or contingency
Space Shuttle operations.
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(Not e:
subm tt al

acronyns frompart |1

Accel

Al t

ALT PRCS
Ang

ASC

At t

Decl
deg

EM
EVA

FCS
FDF
FES
Fl t
FOSA
FOV
FPA
FRD

g
GPC

hr

| LOS
| PS
| SO
JSC
Lat
Lon

LGS
LVLH
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APPENDI X A

ACRONYMS AND ABBREVI ATI ONS

Accel erati on
Al titude

Al ternate Primary Reaction Contro

Angul ar
Ascensi on
Attitude

Declination
degree

i ncl udi ng al

El ectromagnetic Interference
Ext ravehi cul ar Activity

Fl'ight Contro

System

Flight Data File
Fl ash Evaporator System

Fl i ght

System

be part of the custoner's annex
and shoul d be revised as required to include all
payl oad- uni que acronyns.)

Fl i ght Operations Support Annex (PIP Annex 3)

Field of View
Fl i ght Pl anning Annex (PIP Annex 2)

Fl i ght Requirenents Docunent

Accel eration of gravity

Gener al

hour ('s)

Pur pose Conput er

I nstrunment Line of Sight
| nstrunment Pointing System
St andar di zati on Organi zati ons

| nt ernati ona

Lyndon B. Johnson Space Center

Latitude
Longi t ude
Li ne of Sight
Local

Vertical,

Local
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LXB
LYB
LZB

MCC
VET
m n
nmm
Mb0
M\VR

N A
NASA
n. m.
no.
NORM

ovs

PET
PHOTO
Phot o/ TV
Pl M

Pl P

PRI

RCS

RF
RMVS
Rot

Rt ASC

sec
SSP

TBS
TDRS
VERN

+XSI
Y- POP
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LGOS X Body Vector Conponent
LOS Y Body Vector Conponent
LOS Z Body Vector Conponent

M ssion Control Center
M ssion El apsed Ti ne
m nut e

mlillinmter

Mean of 1950

Maneuver

Not Applicable

Nat i onal Aeronautics and Space Adm nistration
nautical mle

nunber

Nor mal Jets

Or bi ter Maneuvering Subsystem

Phase El apsed Tine
Phot ogr aphy

Phot ogr aphy and Tel evi si on
Payl oad | ntegrati on Manager
Payl oad I ntegration Plan
Primary Reaction Control System
Reaction Contro
Radi o Frequency
Renot e Mani pul at or System
Rot ati on

Ri ght Ascensi on

System

second
Space Shuttle Program

To Be Supplied

Tracking and Data Relay Satellite
Tel evi si on

Verni er Jets

+X (body axis) Solar Inerti al

Y (body axis) Perpendicular to Orbital Plane
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PART 111
TRAJECTORY DESI GN

This part supplies data to support analysis and inplenentation of
constraints inposed by the payload on the Orbiter flight design.
This woul d include data affecting | aunch wi ndow, parking and
delivery orbit paraneters, deploynent/retrieval orbit design, and
depl oy target requirenents. Many payloads will not need to enter
data in this part, since the basic requirement will be stated in
the Payload Integration Plan (PIP); however, certain tedi ous data
(such as a table of daily |Iaunch wi ndows for each day of the
year) would be included here rather than in the PIP. Data input
for this part is usually divided into three sections.

stand2 REV E 52 07/ 25/ 01



NSTS XXXXX

Annex 2
Part 111
DESCRI PTI ON OF CHANGES TO
FLI GHT PLANNI NG ANNEX
TRAJECTORY DESI GN
ANNEX 2 - PART |11
( PAYLOAD NAME)
CHANGE PAGES
NO. DESCRI PTI O\ AUTHORI TY DATE AFFECTED

(THI'S PACE WLL BE PROVI DED AND MAI NTAI NED BY NASA JSC)
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NSTS XXXXX
Annex 2
Part 111

FLI GHT PLANNI NG ANNEX

TRAJECTORY DESI GN

ANNEX 2 - PART I 11

( PAYLOAD NANE)

( DATE)

Dat e
PAYLOAD REPRESENTATI VE

Dat e

TRAJECTORY DESI GN
ANNEX BOOK MANAGER

NATI ONAL AERONAUTI CS AND SPACE ADM NI STRATI ON
LYNDON B. JOHNSON SPACE CENTER
HOUSTON, TEXAS
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1.0 LAUNCH W NDOW DATA

This section will include tabular data defining the basic |aunch
w ndow requirenents stated in the PIP. For payl oads with upper
stages, the launch w ndow should be given in terns of R ght
Ascensi on of Ascendi ng Node (RAAN) of the parking orbit at the
injection node. The definition of the injection node is depicted
in figure 1-1. Note that it is a fictitious node (does not
actually occur in nost cases) and is assuned to occur at m dni ght
G eenwich nean time (Gmt.) on the specified date. The supplied
data will be linearly interpolated to find the RAAN limts
corresponding to the actual Gmt. of the injection node. These
RAANs shoul d be referenced to an Aries true-of-date cartesian
coordi nate system docunented in the National Aeronautics and
Space Admi nistration (NASA) TM X-58153, Cctober 1974. Notice
that this is a different coordinate frame than that specified in
section 3.0.

The | aunch wi ndow data should be for an entire year, centered on
t he expected | aunch date (if known), at no greater than 10-day
intervals. Data for noon and m dni ght |aunches and for ascendi ng
and descendi ng node injections, as agreed to in the PIP, nust be
presented. The standard | aunch wi ndows are shown as an exanpl e
in tables 1-1 and 1-2 and should be replaced with the actual

payl oad constraints.
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Table 1-1.-

FOR ( PAYLOAD NANE)

( EXAMPLE TABLE -

RI GHT ASCENSI ON* OF THE ASCENDI NG NODE LI M TS
| NJECTI ON ( NOON LAUNCH, ASCENDI NG
NODE | NJECTI ON)

REPLACE W TH ACTUAL DATA)

RAAN (deq)

YR MO DA DOY

Open Cl ose
84 1 1 1 85. 58 115. 58
84 1 11 11 95. 43 125. 43
84 1 21 21 105. 29 135. 29
84 1 31 31 115. 15 145. 15
84 2 10 41 125. 00 155. 00
84 2 20 51 134. 86 164. 86
84 3 1 61 144. 72 174. 72
84 3 11 71 154. 57 184. 57
84 3 21 81 164. 43 194. 43
84 3 31 91 174. 29 204. 29
84 4 10 101 184. 14 214.14
84 4 20 111 194. 00 224. 00
84 4 30 121 203. 86 233. 86
84 5 10 131 213.71 243. 71
84 5 20 141 223. 57 253. 57
84 5 30 151 233. 42 263. 42
84 6 9 161 243. 28 273. 28
84 6 19 171 253. 14 283.14
84 6 29 181 262. 99 292. 99
84 7 9 191 272. 85 302. 85
84 7 19 201 282.71 312. 71
84 7 29 211 292. 56 322. 56
84 8 8 221 302. 42 332. 42
84 8 18 231 312. 28 342. 28
84 8 28 241 322. 13 352. 13
84 9 7 251 331. 99 1.99
84 9 17 261 341. 85 11. 85
84 9 27 271 351. 70 21.70
84 10 7 281 1.56 31.56
84 10 17 291 11. 42 41. 42
84 10 27 301 21. 27 51. 27
84 11 6 311 31.13 61.13
84 11 16 321 40. 99 70. 99
84 11 26 331 50. 84 80. 84
84 12 6 341 60. 70 90.70
84 12 16 351 70. 55 100. 55
84 12 26 361 80.41 110.41
*In true-of -date coordinate system
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Tabl e 1-2.-

FOR ( PAYLOAD NAME)

( EXAMPLE TABLE -

RI GHT ASCENSI ON* OF THE ASCENDI NG NODE LI M TS
I NJECTI ON (M DNI GHT LAUNCH, DESCENDI NG
NODE | NJECTI ON)

REPLACE W TH ACTUAL DATA)

RAAN (deq)

YR MO DA DOY

Open Cl ose
84 1 1 1 265. 33 295. 33
84 1 11 11 275.19 305. 19
84 1 21 21 285. 05 315. 05
84 1 31 31 294. 90 324. 90
84 2 10 41 304.76 334.76
84 2 20 51 314. 62 344. 62
84 3 1 61 324. 47 354. 47
84 3 11 71 334. 33 4. 33
84 3 21 81 344. 19 14. 19
84 3 31 91 354. 04 24. 04
84 4 10 101 3.90 33.90
84 4 20 111 13. 75 43.75
84 4 30 121 23.61 53. 61
84 5 10 131 33. 47 63. 47
84 5 20 141 43. 32 73. 32
84 5 30 151 53. 18 83. 18
84 6 9 161 63. 04 93. 04
84 6 19 171 72.89 102. 89
84 6 29 181 82.75 112. 75
84 7 9 191 92.61 122. 61
84 7 19 201 102. 46 132. 46
84 7 29 211 112. 32 142. 32
84 8 8 221 122.18 152. 18
84 8 18 231 132. 03 162. 03
84 8 28 241 141. 89 171. 89
84 9 7 251 151. 75 181. 75
84 9 17 261 161. 60 191. 60
84 9 27 271 171. 46 201. 46
84 10 7 281 181. 32 211. 32
84 10 17 291 191. 17 221. 17
84 10 27 301 201. 03 231. 03
84 11 6 311 210. 89 240. 89
84 11 16 321 220.74 250. 74
84 11 26 331 230. 60 260. 60
84 12 6 341 240. 46 270. 46
84 12 16 351 250. 31 280. 31
84 12 26 361 260. 17 290. 17
*In true-of -date coordinate system
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2.0 UPPER- STAGE | NJECTI ON NODE LONG TUDE CONSTRAI NTS

This section will include data detailing the Earth-relative
geonetry requi renents of the upper-stage depl oynent by specifying
t he acceptabl e | ongitude ranges of the injection node for both
ascendi ng and descendi ng injections. The specified ranges nust
be in accordance with PIP section 4.3.3.3, although a nore
restrictive range may be identified as desirable.

3.0 DEPLOY TARCET REQUI REMENTS

This section will include the targeting data required for

depl oying spin stabilized upper stage payloads. Table 3-1 and

t he acconpanying notes will be included for both ascendi ng and
descendi ng node injections. The follow ng paragraph should be in
this section.

The depl oy targeting consists of a Mean of 1950 (Mb0O) Rel ative

Ri ght Ascension (RRA) and an MbO Declination (DEC) to define the
spacecraft spin-axis target relative to the Mb0 node of injection
(figure 3-1). The Perigee Kick Mtor (PKM Tine of lgnition
(TIG is defined to be delta T sec fromthe projected MO
equatorial crossing, assum ng no burn took place (positive is
after the node). The deploy time is TBS mn before PKMignition.
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DEPLOYED
SPACECRAFT
ORBIT

SPIN AXIS
TARGET VECTOR

(aga,¢5A)

MEAN OF 1950
EQUATOR

= Mgg RIGHT ASCENSION =0
agp = Mg RIGHT ASCENSION OF SPIN AXIS TARGET
an = Mgq RIGHT ASCENSION OF INJECTION NODE (CROSSING OF M50 EQUATOR)
RRA = RELATIVE RIGHT ASCENSION
aga = an + RRA
Mgq DECLINATION OF SPIN AXIS TARGET
TIME AFTER M50 NODE OF PKM IGNITION

dsA
AT

Figure 3-1.- Targeting paraneter definition:
RRA, DEC, and delta T.
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Tabl e 3-1.- DEPLOY TARGETI NG DATA

Injection Altitude (n. m.)
100 120 140 160 180

Mb0 RRA*
100 M0 DECt* TBS TBS TBS TBS TBS
Delta Tx**
MbO RRA
120 MO DEC TBS TBS TBS TBS TBS
RAAN Delta T
(M0) Mb0 RRA
at time| 140 MO DEC TBS TBS TBS TBS TBS
of 1n- Delta T
jection Mb0 RRA
160 M0 DEC TBS TBS TBS TBS TBS
Delta T
MbO RRA
180 M0 DEC TBS TBS TBS TBS TBS
Delta T
*Mb0 Rel ative R ght Ascension (RRA) (deg).
**Mb0 Declination (DEC) (deg).
***Delta Tis the tine relative to the M0 equatorial crossing
(assum ng no burn has occurred) where the PKM TIG w || occur
(positive is after the node) (sec).

NOTE: 1. Earth radius used is 3443.93 n. m. One n. m.
equal s 6076.115 ft.

2. Injection altitude is defined as the difference
between the radius of the Obiter's orbit at the
MbO equatorial crossing (assum ng no burn has
occurred) and the radius of the Earth.

3. Spacecraft expected separation rate is TBS ft/sec.

4. The range of RAAN s and injection altitudes nust
include all val ues necessary for nom nal and
contingency trajectories for a specific flight.

5. The above data is effective TBS.
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APPENDI X A
ACRONYMS AND ABBREVI ATI ONS

AFD Aft Flight Deck

ASE Ai rborne Support Equi pnent

DEC Declination

EVA Ext ravehi cul ar Activity

FOV Field of View

FPA Fl i ght Pl anning Annex (PIP Annex 2)
Gmt. G eenwi ch nmean tine

JSC Lyndon B. Johnson Space Center
MCcC M ssion Control Center

VECO Mai n Engi ne Cut O f

VET M ssion El apsed Ti ne

\%510) Mean of 1950

N A Not Applicable

N R Not Required

n. m. nautical mle

oV Or bi ter Maneuvering Subsystem
P/ L Payl oad

PET Phase El apsed Tine

Pl P Payl oad I ntegration Plan

PKM Peri gee Kick Mot or

PLB Payl oad Bay

PRCS Primary Reaction Control System
RAAN Ri ght Ascension of the Ascendi ng Node
RCS Reaction Control System

REV Revol uti on

RVS Renot e Mani pul at or System

RRA Rel ati ve Ri ght Ascension

S/C Spacecr aft

SSP Space Shuttle Program
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TBD To be determ ned

TBS To be supplied

TDRSS Tracking and Data Relay Satellite System
TG Time of Ignition

VRCS Verni er Reaction Control System
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