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FOREWORD

The primary avionics software system (PASS) requirements for the computer programs that execute in the
Shuttle general—purpose computers (GPCs) are specified in the Computer Program Devel opment
Specifications (CPDSs) and the Functional Subsystem Software Requirements (FSSR) documents. The
requirements are specified at three levels:

Level A CPDS - System-evel constraints and capabilities
Level B CPDS— Functional requirements
Level C FSSR — Detailedeve requirements

The Level A CPDS specifies system-evel constraints and capabilities that are not oriented toward any
particular program end item. The Level B CPDS specifies system evel requirements for guidance,
navigation, and control (GN& C) and detailed requirements for systems management (SM) and vehicle
utility (VU). The Level C FSSRs specify the detailed requirements for GN& C and display/controls. The
Levd C reconfigurable requirements are specified in the systems management and payload documents. The
Leved A, Level B, and Level C requirements documents are listed in Section 2.0, Applicable Documents.



ST S 83-0008V2-34
December 14, 2007

This page intentionally left blank.

Vi



ST S 83-0008V2-34
December 14, 2007

DOCUMENT CHANGE RECORD

The following tabulation summarizes the change activity associated with this document.

DOCUMENT CHANGE RECORD

Issue and Date

Change Summar y/Effectivity

Ol-34 Release
December 14, 2007

This baseline release for effectivity Ol-34 and subs includes:
CR (o] Title
93017G 33 Baseline RSS99D0100 with Expanded Downlist

vii




ST S 83-0008V2-34
December 14, 2007

This page intentionally left blank.

viii



ST S 83-0008V2-34
December 14, 2007

CHANGE REQUEST SUMMARY

The following tabulation lists the paragraphs, tables (T), and figures (F) that have been changed as
aresult of approved change requests for thisrelease. Changes incorporated prior to this release are
listed in Appendix R. Changes from approved change requests (CRs) to this document are
indicated by achange bar in the outer margin of the changed page.

CHANGE REQUEST SUMMARY

Paragraph CRNo. | Ol CR Title
1.3-1.(T) 93017G | 33 |Baseline RSS99D0100 with Expanded Downlist
4.4.5-1.(T) 93017G | 33 |Basdine RSS99D0100 with Expanded Downlist
4.4.5-2.(T) 93017G | 33 |Basdine RSS99D0100 with Expanded Downlist




ST S 83-0008V2-34
December 14, 2007

This page intentionally left blank.



ST S 83-0008V2-34
December 14, 2007

Table of Contents

SECTION TITLE PAGE
10 INTRODUCTION. ..ttt e e sbb e e e s sbbe e e e e ssse e e e s enneeeeas 1
11 PURPOSE ...ttt e bttt e et e e bt e e be e e s nbeeenee 1
1.2 S (0 TSP PP 1
13 ORGANIZATION ...ttt sttt e e be e s be e st e e e rbee e sbeeesnneeans 1
20 APPLICABLE DOCUMENTS. ...ttt 5
21 LEVEL A DOCUMENTS ...ttt ettt ettt et nbe s b e e smne e 5
22 LEVEL B DOCUMENTS. ... ettt e 5
23 LEVEL CDOCUMENTS. ... ettt et e 5
24 [CD DOCUMENTS.....cc ettt ettt et e e nbe e e e be e e s nne e e 6
3.0 OVERVIEW ettt e e e e s abe e e e s ennnes 7
31 OPERATIONAL FLIGHT PROGRAM ... ..ottt 7
3.2 GN&C SOFTWARE MAJOR FUNCTIONS. ...ttt 7
3.3 FLIGHT CONTROL SYSTEM OVERVIEW.......ooiiiiiiiiiiiie e 7
34 TRACEABILITY ittt ettt ettt et e e ae e s be e e st e e e naneas 7
35 DOCUMENTED REQUIREMENTS PRECEDENCE.........ccccooiiiiiieiee e 8
4.4 TRANSITION DIGITAL AUTOPILOT (DAP) (G4.201) FUNCTIONAL
REQUIREMENTS ... .ottt ettt ettt st e e eebe e e sbeeennneeen 11
441 INEOTUCTION ...ttt r e nn e e 11
4.4.2 Interface and K-Load REQUIrEMENES ........ooiiuiie i 11
4.4.3 Overview and Functional DeSCriptioN.........ccceecceeeiieeiiie e cee e 23
4.4.4 Detailed Functional REQUIFEMENES........c.eeviiiie it 25
4441  Reconfiguration Module (TRNS RECON)........ccccceevveevcieeeciee e, 25
44411  FUNCHON.....coiiiiiiine et 25
44412 Moding and SEQUENCING........ccccereiieeeriee e e siee e 25
444121 TVCALttitude Control..........cccovreeiiiieniniinincseenns 35
444122 RCSAttitude Control..........cccoeiieiiiieninieniecieens 35

Xi



ST S 83-0008V2-34
December 14, 2007

Table of Contents

SECTION TITLE PAGE
4.4.4.1.2.3 Trandation Control Mode. .........ccccoevieniririninicneenns 36

44413  Other TRNS RECON FUNCLIONS........cccveeevveeiiieeiienns 36

44414  ProcesSiNg RaAE........cccccvveiiiie e 41

44415 Inteface REQUIrEMENES. ........ccccveveiiie e 41

44416 |-Loads/K-Loads/Constants..........cccoevervirveniniecninnnens 41

44417 Initidization ReqQUIrEMENtS. .........cccveeeiveeeieeeciiee e 41

4442  Control Law MOUIE. ........ccceeiiiriiiiiiciieceee s 47
44421  StEEriNg PrOCESSON......cccvieieiieeccieeeciee et e ecee e see e 55

444211 AUTO MNVR. oot 55

444212 ET_SEP PROCESSOR......ccccooiiiiiniiieniee e 59

444213 GUIDANCE_COMPENSATION. ....cccooviiiiiiieeenieee 62

444214 MANUAL_TVC. ..t 66

444215 OMS _STEERING _TRANSITION. ...ccoeiiiiiieiiniene 68

444216 RCS ERRORS TRANSITION......cccoiiiiiiiiiiienieee 71

444217 ROT_DISC_TRANSITION....ccocoiiiiiiieiieiee e 74

444218 ROT_PULSE TRANSITION.....cccoiiiiiiiiiiieiiniiene 76

444219 RATE_FILTER. .o 80

4.4.421.10 ALFA_BETA_MNVR ...cooiii e 82

44422  RCSPIOCESSON. .....ccviirieiiienieeiiiesiee e 88

444221 JET_SELECT _TRANSITION....ccooviiiiiiiiieeiieenee 88

444222 PHASE PLANE_TRANSITION......cccooeiiiiinieneen. 133

44423  OMSPIOCESSO. ....ccueeiiriiiieiieesiee st 139

444231 TVC LAW PITCH YAW. ..oomiioieeeeeeeeereseesresnnenne 139

444232 TVC LAW ROLL...oooiiiiiiiiiieee e, 146

444233 TVC MIXER. ..o 150

445 Transition DAP Principal Function Tables. ........coooveviciieicie e, 152
APPENDIX R CHANGE AUTHORIZATION REFERENCES...........ccooiiiieeeeiee, 171

Xii



ST S 83-0008V2-34
December 14, 2007

Table of Contents

SECTION TITLE PAGE
R.1  CRREFERENCE SUMMARY ..o 171
R.2 HISTORICAL CHANGE REQUEST SUMMARY ......cooiiiiiiiiiiiieiicnee e 174

Xiii



ST S 83-0008V2-34
December 14, 2007

This page intentionally left blank.

Xiv



TABLE
1.3-1.
34-1.
3.4-2.
4.4.2-1.
4.4.2-2.
4.4.2-3.
4.4.4.1.1-1.
4.4.4.1.2-1.
4.4.4.1.3-1.

4.4.4.1.3-2.

4.4.4.1.3-3.

4.4.4.15-1.
4.4.4.1.6-1.
4.4.4.1.7-1.
4.44.2-1.

4.4.4.2-2.

4.4.4.2.1.1-1.

44421.1-2.

4.4421.2-1.

4.4.4.2.1.2-2.

ST S 83-0008V2-34
December 14, 2007

List of Tables

TITLE PAGE
Parameter Element DeSCHiPtioN .........cooiiee it 2
Level BtoLevel CTraceability .....cccceveiieeeciee e 8
Transition Digital Autopilot FSSR/PRD Correlation ..........cccccccveevieeiceeeciee e, 8
Input Parameters for the Transition DAP Maodule..........ccccoociveiiie e, 12
Output Parameters for the Transition DAP Maodule...........cccoeevevecieeiceeecieee, 16
Transition DAP |-Loadg/K-L0oads/Constants. ..........c.cceoereenieneeniniecneeeeseenens 19
Switch Settings for Mgjor Block Diagram (Figure 4.4.4.2-1) ........cccccccvvevvennee 26
Control Law Function Module Sequencing Requirements...........cccocceevcveeeineenns 28
Control Law Function Module Initiaization Conditions..............ccceevveeiiieenne. 38

TRNS DAP Internal Parameters Whose Values Are Maodified by
TRNS RECON......cttiieiestieie sttt sttt st sse et e este e e stesneeneas 39

Input and Output Parameters of the TRNS DAP Whose Values Are

Modified By TRNS RECON .......oouieeeeeeeeeeseeeeesssesseseseseeseessessessessessessennes 41
TRNS RECON Interface ReqUIrEMENS..........oeicvieeiiee e eseee e 42
TRNS RECON I-Loads/K-Loads/Constants..........cccccevueeeieeescieeeciee e 45
TRNS RECON Initialization ReqUIreMENts...........cccccueeeieeeiiieeesiee e svee e 47
RCS Manual Rotation Moding and Signal FIOW ..........c.ccocvieiiie e, 51
TVC Control ConfigUIation ...........cccceeeiieeiiiee e see st see e sree e sree e sree e 52
AUTO_MNVR Interface REQUIFEMENES.........cccueeiieeeiiie e cieeesvee e sree s 56
AUTO_MNVR K-Loads/CoNSLantsS.........ccuveicieeeiieeesieecieeesieeesreessveeesvee e 56
ET_SEP PROCESSOR Interface RequIirements.........ccccecceeevveeeceeesciee s 60
ET_SEP_PROCESSOR 1-L0AS w.....eoveveeeeeeeeeeeeeeeeeeeeeseesseeseessesseeesesseeeesnes 60

XV



ST S 83-0008V2-34
December 14, 2007

TABLE

4.4.4.2.1.2-3.

4.4.4.2.1.3-1.

4.44.2.1.3-2.

4.4.4.2.1.3-3.

4.4.4.2.1.4-1.

4.4.4.2.1.4-2.

4442151

4.4.4.2.1.5-2.

4.44.2.1.5-3.

4.44.2.1.6-1.

4.4.4.2.1.6-2.

4.4.4.2.1.6-3.

4.4421.7-1.

4.4.4.21.7-2.

4.4.4.2.1.8-1.

4.4.4.2.1.8-2.

4.4.4.2.1.8-3.

4.44.2.19-1.

4.4.4.2.1.9-2.

4.4.4.2.1.10-1.

4.44221-1A.

XVi

List of Tables

TITLE PAGE
ET_SEP PROCESSOR Initialization Requirements...........cccocceeeeeeeicieeesvee e, 60
GUIDANCE_COMPENSATION Interface Requirements...........ccccceevcveeenneenns 63
GUIDANCE_COMPENSATION K-L0O&GS........ccoieeiiinieeieenieeieesee e 63
GUIDANCE_COMPENSATION Initialization Requirements (Note 1) ............. 63
MANUAL_TVC Interface ReEQUIrEMENES .......cccveeeiiee e 66
MANUAL_TVC K-LOBAS........coitieiiiiiiiiiiesie et 66
OMS _STEERING_TRANSITION Interface Requirements............cccceeceeevnene 68
OMS_STEERING_TRANSITION K-L0ads/Constants..........ccccevveeneeneenieenns 69
OMS STEERING_TRANSITION Initialization Requirements............ccccccveu.. 69
RCS ERRORS TRANSITION Interface Requirements.........cccccccvevcveeevveeenne, 72
RCS _ERRORS_TRANSITION CONStANES ......ccuveieieeeiieeeniee e 72
RCS ERRORS TRANSITION Initialization Requirements.............c.ccceevuveennee. 72
ROT_DISC_TRANSITION Interface Requirements..........ccccccveeeeveevcieecseeeene, 74
ROT_DISC_TRANSITION K-LOAIS......cccviiieiieiieiieesie e 74
ROT_PULSE TRANSITION Interface Requirements..........cccccceeveeeeicieecineens 76
ROT_PULSE_TRANSITION K-L0ads/Constants............ccocerreererrieesnieesennnns 77
ROT_PULSE TRANSITION Initialization Requirements...........ccccccceveevveenee. 77
RATE_FILTER Interface ReqQUIrEMENES ........ccceeecvie e 80
RATE_FILTER Initialization Requirements...........ccccccvuveiieeeicieecsee e 80
ALFA_BETA _MNVR Interface Requirements .........cccceeceeevceecciee e, 85

Z Trandation and/or Roll Rotation and/or Pitch Rotation Jet Groups
(Separation Phase With -Z Trangdlation, Without -X Tranglation, and
Either With Crossfeed Closed or Without +X Trandation) ...........cccceeeeeevveennee. 93



TABLE

4.4.4.22.1-1B.

4.44.22.1-1C.

4.44.22.1-1D.

4.44.22.1-1E.

4.44.22.1-2.

4.4.4.2.2.1-3.

4.44.2.2.1-4.

4.44.2.2.1-5.

4.4.4.2.2.2-1.

4.4.4.2.2.2-2.

4.4.4.2.2.2-3.

4.4.4.2.2.2-4.

4.4.4.2.2.2-5.

4.4.4.2.3.1-1.

4.44.2.3.1-2.

4.4.4.2.3.1-3.

4.4.4.2.3.2-1.

ST S 83-0008V2-34
December 14, 2007

List of Tables
TITLE PAGE

Z Trandlation and/or Roll Rotation and/or Pitch Rotation Jet Groups
(Separation Phase With -Z Trandation and With -X Trandation) ...................... 98

Z Trandlation and/or Roll Rotation and/or Pitch Rotation Jet Groups
(Separation Phase With -Z Trandation, +X Trandlation, and Open

Z Trandation and/or Roll Rotation and/or Pitch Rotation Jet Groups
(Post-Separation Phase With -Z Trandation)...........ccccevceeevieecviee s, 108

Z Trandation and/or Roll Rotation and/or Pitch Rotation Jet Groups

(+Z Trandation or NO Z Tranglation).........ccceeeiieeeceeesieeesiee e siee e 110
Y Tranglation and/or Y aw Rotation Jet GroUPS .......ccveevcveeevcieeesieecsieeesiee e 114
X Tranglation JEt GrOUDS........cccvvieiieeeieieesieeesteeesreeesteeessreeesreesnraeesreeesnseeans 115
RCS Jet Grouping, Prioritization, and 1/O Mapping ........ccccceeveveeeieeesiieeesienns 116
JET_SELECT_TRANSITION Interface Requirements..........ccccccceevcvveecveenee 117

Control Actions by Function P_P_TRANSITION in Regions of the

PhaSE Plane .........ooiiiii s 133
Definition of SWItChiNg LINES.........ccvviiiiiii e 134
PHASE PLANE_TRANSITION Interface Requirements.........c.ccccoeevveeenneen. 134
PHASE_PLANE_TRANSITION K-L0ads/Constants............cccoceereervesieeenenn 136
PHASE PLANE TRANSITION Initialization Requirements.............ccccceuvee.. 136
TVC_LAW_PITCH_YAW Interface Requirements........ccccocceeevveeccieeeciee e, 141
TVC_LAW_PITCH_YAW K-L0adS/CONSANES...........ceeveeeeeerrsesresrsrensssens. 143
TVC_LAW_PITCH_YAW Initidization Requirements...........c.ccocveveveeesvenenne. 144
TVC_LAW_ROLL Interface ReQUIrEMENES ........cceeeviie i 146

XVii



ST S 83-0008V2-34
December 14, 2007

TABLE

4.4.4.2.3.2-2.
4.4.4.2.3.2-3.
4.44.2.3.3-1.
4.4.4.2.3.3-2.

4.4.5-1.

4.4.5-2.

4.4.5-3.
4.45-4.
4.4.5-5.
R.1-1.

R.2-1.

XViii

List of Tables

TITLE PAGE
TVC_LAW_ROLL K-L0OadS/CONSLANLS......cccverieieiienieenieesiie e siee e 147
TVC_LAW_ROLL Initialization ReqUIirements...........cccccveeevvveeesveescieeesvee e 147
TVC_MIXER Interface REQUIFEMENES.........ocicviieiiee e 150
TVC_MIXER K-LOAH... ..ottt 150

INPUT FUNCTIONAL PARAMETERS FOR TRANSITION
DIGITAL AUTOPILOT (G4.201).......ceiuerieeiiiiienieseesieeresie e

OUTPUT FUNCTIONAL PARAMETERS FROM TRANSITION
DIGITAL AUTOPILOT (G4.201).......ceiuiiuieiiriienieseesieeeesie e

TRANSITION DIGITAL AUTOPILOT (G4.201) I-LOADS.......cccvvveeieenen.
TRANSITION DIGITAL AUTOPILOT (G4.201) K-LOADS........cccveienee.
TRANSITION DIGITAL AUTOPILOT (G4.201) CONSTANTS.......cccveeneee.
CR REFErENCE SUMIMAIY ......ociiieeciie ettt e tee st e e st e e anneas

Historical Change REqUESE SUMIMEAIY .......cccuvieiieeeiieeccieeesieeesree e sree e



FIGURE
3.3-1.
4431,
44.41.2-1.()
44.41.2-1.(2)
4.4.41.2-1.(3)
44.4.1.2-1.(4)
4.4.4.1.2-1.(5)
4.4.4.1.2-1.(6)
444.2-1.
44.421.1-1.
44.4.2.1.1-2.
4.4.42.1.2-1.
4442.13-1.
4442141,
4442151,
4.4.42.16-1.
44.421.7-1.
4442181
4442191,
44421101

4.4.4.22.1-1.

ST S 83-0008V2-34
December 14, 2007

List of Figures

TITLE PAGE
Ascent Phase Flight Control High-Level Organization ............ccccccevveciveiceecineenn, 9
Relationship of FC Module Reconfiguration Logic and Control Laws................ 24
Control Law Function Module Sequencing Requirements (Sheet 1 of 6)............. 29
Control Law Function Module Sequencing Requirements (Sheet 2 of 6)............. 30
Control Law Function Module Sequencing Requirements (Sheet 3 of 6)............. 31
Control Law Function Module Sequencing Requirements (Sheet 4 of 6)............. 32
Control Law Function Module Sequencing Requirements (Sheet 5 of 6)............. 33
Control Law Function Module Sequencing Requirements (Sheet 6 of 6)............. 34
Transition DAP Control Law MoOdUIE ...........coviiiiiiiiiiecieeceeeeseeee e 53
AUTO _IMNVR .ot saneas 57
EXTRACT_ERROR_VECTOR. ...ttt 58
ET_SEP_PROCESSOR ....evreveevesteseeeeeeseesseseeeessesesseeseessessesseseessesssseesesses 61
GUIDANCE_COMPENSATION.....ciiiiiiiitieriie ettt 65
MANUAL_TVC ettt bttt e 67
OMS_STEERING_TRANSITION.....ccctiitiiiiterit et 70
RCS _ERRORS_TRANSITION ...coiiiiiiiiie ettt 73
ROT_DISC_TRANSITION ..ottt sene e 75
ROT_PULSE_ TRANSITION ..ottt 79
RATE_FILTER ...ttt 81
ALFA_BETA _MNVR Lo 87
JET_SELECT_TRANSITION ..ot 118

XiX



ST S 83-0008V2-34
December 14, 2007

FIGURE
4.4.4.2.2.1-2.
4.4.4.2.2.1-3.
4.4.4.2.2.1-3A.
4.4.4.2.2.1-4.
4.44.2.2.1-5.
4.4.4.2.2.1-6.
4.4.4.2.2.1-7.
4.4.4.2.2.1-8.
4.4.4.2.2.1-8A.
4.4.4.2.2.1-9.
4.4.4.2.2.1-10.
4.4.4.2.2.1-11.
4.44.22.1-12.
4.4.4.2.2.1-13.
4.4.4.2.2.2-1.
4.44.2.2.2-2.
4.44.23.1-1.
4.4.4.2.3.2-1.

4.4.4.2.3.3-1.

XX

List of Figures

TITLE PAGE
Table Lookup and Default LOGQIC.......ccceeiiieeiiiieciee e 119
Binary Command GENEIEON ...........ccuveeireeeiieesieeesteeesieeesteeesseessreeesnreeesneeans 120
Single AXISTrangdation LOGIC........ccccveeeiieeeiiie ettt e 121
Y-Trandation Default LOGIC .......cceeiiiieiiee et 121
Aft Z-Rate DEfaUIt LOGIC.....ccccuieiieeeciie ettt 122
X _RATE DEfAUIT LOGIC....ceiiieieiiie et ctee e stee et et stee st s et a e 123
Aft PItch Default LOGIC.......veeiieieciee ettt 124
High-Level Roll Command LOGIC.........ccveeieieiiie e eeee e 125
High Yaw Command LOGIC........uieiieeeiiie ettt et e 126
HIGh RO LOGIC....eeiieieiiie ettt st et e et e e snnea e 127
Pitch/Roll Rate REAUCEION LOGIC .......ceecevieeiiiecieeesiee e eetee e 129
Failure ReCONfIQUIELION ........eeeiiieeciee et et 130
Forward Propellant DUMP LOGIC.......coocuieiieecieeeciee et steeesvee et 131
RCS Jet Location and PIUmME DIreCtions............cevireeninieinicieseereseee e 132
PHASE PLANE_TRANSITION ..ottt 137
Phase Plane for FUNCLION P _P.......c.oooiiie e 138
TVC LAW _PITCH_ Y AW woooeoeeeeeeeeeeeeeeeeeeeeeee s e ee e se s s s s, 145
TVC LAW _ROLL oottt eeese e e e s esesse s s s 149
TVC _MIEXER. .ttt 151



ST S 83-0008V2-34
December 14, 2007

1.0 INTRODUCTION

1.1 PURPOSE

The purpose of the Flight Control (FC) Level C document isto present the requirement details and
formulations of the FC Level B functional requirementsfor the integrated vehicle GN& C flight software.

1.2 SCOPE

This document contains the requirement details and formulations for those FC functions which are
operative during the transition phase of flight. The FC functions are those specified in the GN&C Level B
functional requirements document.

1.3 ORGANIZATION

This document is organized into the following sections:
1.0 Introduction
2.0 Applicable Documents
3.0 Overview
4.0 Flight Control Functional Reguirements

Section 1 defines the purpose, scope, and organization of this document. Section 2 lists the applicable
documents. Section 3 provides an overview of the OFP software functions and discusses the contents of
Section 4. Section 4 specifiesthe requirement details. It also contains applicable tables (Interface
Definition Document (1DD) inputs/outputs, 1-L oads, K—Loads, and Constants) located at the end of each
Principal Function.

The automated IDD tables provided herein define signal (parameter) interface requirements either between
hardware (LRU) and software elements or between software elements and other software elements. A
GN& C software element is either a sequenced principal function (PF), crew generated specialist/display
function, or an OPS display function. In the event of aconflict between the IDD tables and other internal
text input/output tables, the SASCB data base—controlled IDD tables take precedence.
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The following table defines the data elements found in the IDD input/output, |I-Load, K—Load, and
Constant tables for each principal function.

Table 1.3-1. Parameter Element Description

Title Definition Valid Entries
CAT Category of thel-Load (""Note) | Three alphanumeric characters: the first character must
be a phabetic.
D Dependency of the I-Load D= Desgn M = Mission L =LRU
DESCRIPTION Parameter description of the K— | A string of < 64 characters.
Load or Constant.
DESTINATION Destination of the output Abbreviated functiondl titles. (""Note)

parameter

DT or DATA TYPE

Data Type

" Seereference (1) for valid I-Load, K-Load and
Constant data types.

See reference (2) for valid IDD data types for
parameters with destination TLM.

See reference (3) for valid IDD datatypes for all
other parameters.

*

ENG UNITS or Engineering Units See reference (1) for valid I-Load, K—Load and

UNITS Constant units.

" Seereference (2) for valid IDD units for parameters
with destination TLM.

" Seereference (3) for valid IDD unitsfor all other
parameters.

FSSR NAME Requirements parameter name | A string (with no embedded blanks) of < 32 characters
consisting of aphanumerics, underscores, parenthesis,
commas and slashes. Parenthesis are used for array
elements. Commas separate the different indices of
multidimensional arrays. Slashes are used to separate
multiple names used for asingle MSID.

LAST CR Thelast CR affecting the 5 digit number with an alphabetic revision letter.

parameter

MC Memory Configuration 00=Generic 05 = SM4 Orhit P/L
01=GN1 Ascent/GN6 RTLS 06 = PIL9 MMU
02=GN2 Orhit 07 = Not Assigned
03=GN3 Entry 08 = GN8 On-Orhit C/O
04=SM2 On-Orbhit 09 = GN9 Preflight

MSID or M/SID M easurement/Stimulus Maximum of 10 a phanumeric characters.

I dentification " See reference (3) for specifications

NOMENCLATURE | Parameter description of the String of < 34 characters (including underscores and

IDD parameter. blank spaces).
PR or PREC Precision D, DP =Double S, SP=Single
SOURCE Origin of the input parameter Abbreviated functional titles.
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Table 1.3-1. Parameter Element Description

Title Definition Valid Entries
S Software Utilization C = Common B = BFS Unique
P = Primary X = BFSDerived
A = BFSConverted
PRFCTN Crossreference of the principal | SeeLevel B GN&C CPDS SS-P-0002-510
function identifiers that are
applicable to this parameter.
VALUE The value of the K-Load or " See reference (1) for valid value formats.
Constant
REV Revision indicator An Asterisk (*) indicates changes for the current Ol
version.
* References. (1) JSC 19350 I-Load Requirements Document Volumel
(2) SSP-0002-140 Level A SS Downlist/Uplink CPDS
(3) JSC 18206 Shuttle Data Integration Plan Volume 1l MAST 11/STAR Deliverable Products.
** Note For additional information on any |-Load, contact the I-Load owner defined in CR 98032,
JSC, USA, and Boeing I-Load Owner Assignments
*** Note IDD output (source) tables which reflect parameters going to input (destination) “TLM”

shall not be interpreted as asignal actually being downlisted. The parameter is only available
for downlist in COMPOOL and does not appear in adownlist format. Parameters actually on
the downlist will be designated with a destination denoting the downlist Format with a

Rate Code. The Rate Code legend appears at the end of each FSSR data table.

To complete the downlist information, Parent MSIDs (indicated by a'P' in the 9" character

of the MSID) are now included in the software function output data tablesin which a

Child MSID already appears. A Parent MSID will have the same downlist destinations as its
Child(ren) MSID(s).




ST S 83-0008V2-34
December 14, 2007

This page intentionally left blank.



21

2.2

2.3

ST S 83-0008V2-34
December 14, 2007

20 APPLICABLE DOCUMENTS

LEVEL A DOCUMENTS
SS-P-0002-140  Shuttle Downlist/Uplink Software Requirements

SSP-0002-150  Shuttle Launch Data Bus Software Interface Requirements

SS-P-0002-170  Shuttle Systems Level Requirements, Software

LEVEL B DOCUMENTS
SS-P-0002-510  Shuttle Functional Level Requirements, GN&C

SS-P-0002-550  Shuttle Functional Level Requirements, Vehicle Utility

SS-P-0002-580  Shuttle Functional Level Requirements, Systems Management

LEVEL C DOCUMENTS

STS 83-0001 Operationa Flight Level C, Functiona Subsystem Software Requirements;
Guidance, Navigation, and Control, Part A, Entry Through Landing Guidance

STS 83-0002 Operationa Flight Level C, Functiona Subsystem Software Requirements;
Guidance, Navigation, and Control, Part A, Guidance Ascent/RTLS

STS 83-0003 Operationa Flight Level C, Functiona Subsystem Software Requirements;
Guidance, Navigation, and Control, Part A, Guidance On—Orhit/Deorbit

STS 83-0004 Operationa Flight Level C, Functiona Subsystem Software Requirements;
Guidance, Navigation, and Control, Part B, Entry Through Landing Navigation

STS 83-0005 Operationa Flight Level C, Functiona Subsystem Software Requirements,
Guidance, Navigation, and Control, Part B, Navigation Ascent/RTLS

STS 83-0006 Operational Flight Level C, Functiona Subsystem Software Requirements,
Guidance, Navigation, and Control, Part B, On—Orbit Navigation

STS 83-0007 Operationa Flight Level C, Functiona Subsystem Software Requirements;
Guidance, Navigation, and Control, Part C, Flight Control Entry—-GRTLS

STS 83-0008 Operationa Flight Level C, Functiona Subsystem Software Requirements;
Guidance, Navigation, and Control, Part C, Flight Control, Volume 1, Ascent
Flight Phase, Volume 2, Ascent.

STS 83-0009 Operationa Flight Level C, Functiona Subsystem Software Requirements;,
Guidance, Navigation, and Control, Part C, Flight Control Orbit DAP

STS 83-0010 Operational Flight Level C, Functiona Subsystem Software Requirements;
Guidance, Navigation, and Control, Part D, Redundancy Management
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STS 83-0013 Operationa Flight Level C, Functiona Subsystem Software Requirements;
Guidance, Navigation, and Control, Part E, Inertial Measurement Unit
Subsystem Operating Program

STS 83-0014 Operationa Flight Level C, Functional Subsystem Software Requirements;
Guidance, Navigation, and Control, Part E, Volume 1, Navigation Aids
Subsystem Operating Program, Volume 2, Star Tracker Subsystem Operating
Program

STS 83-0015 Operationa Flight Level C, Functiona Subsystem Software Requirements;
Guidance, Navigation, and Control, Part E, Subsystem Operating Programs,
FC Sensor/Controller

STS 83-0016 Operationa Flight Level C, Functiona Subsystem Software Requirements;
Guidance, Navigation, and Control, Part E, Subsystem Operating Programs,
FC Effector

STS 87-0017 Operationa Flight Level C, Functiona Subsystem Software Requirements;
Remote Manipulator System

STS 83-0020 Operationa Flight Level C, Functiona Subsystem Software Requirements;
Displays and Controls

STS 83-0026 Operationa Flight Level C, Functiona Subsystem Software Requirements;
Guidance, Navigation, and Control, Sequencing

JSC-19350 Shuttle Flight Software Initialization Load
e Volumel General Requirements
e Volumell Mission I-Load Requirements
JSC-19478 Payload Management, Level C Flight Software Requirements

JSC-19590 Systems Management, Level C Flight Software Requirements

24 |CD DOCUMENTS
ICD 3-1011-02  GPC/DEU ICD

ICD 2-1S001 Orbiter Primary Flight Software System and Backup Flight System Software
Interface

In the event of a conflict between the documents referenced herein and the contents of this specification, the
precedence shall be determined as defined in paragraph 1.3 of CPDS SS-P-0002—-170, Volume 1, System
Level Reguirements, Software.
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30 OVERVIEW

3.1 OPERATIONAL FLIGHT PROGRAM

The Operational Flight Program (OFP) represents the total computer program which operates in the orbiter
general—purpose flight computer subsystem. The requirements for each OFP are specified at three levels:
systemevel (A), functionad-eve (B), and detailHevel (C) requirements. In addition, the Level B and C
requirements are specified in separate documents for guidance, navigation, and control (GN&C); for
system management (SM), and for vehicle utility. Thisdocument isthe flight control (FC) part of the
GN&C Level C OFP requirements for the transition flight phase.

32 GN&C SOFTWARE MAJOR FUNCTIONS

The orbiter general—purpose computers (GPCs) provide the following GN& C major functions:
A. Guidance
B. Navigation
C. Flight control
D. Redundancy management/moding, sequencing, and control
E. Subsystems operating programs
F. Display interface processor

Additional GN& C major functions provided by the GPC software are the flight computer operating system,
GN& C system management and performance monitoring, and checkout.

This document specifies the software functional requirements for the GN& C flight control major function.

3.3 FLIGHT CONTROL SYSTEM OVERVIEW

In this FSSR release, the detailed functional requirements are presented for the following principal
function:

e« Transition DAP

Theflight control (FC) module can be thought of as containing a hierarchy of modules, the top level of
which isshownin Figure 3.3-1.

Subsection 4.4 presents the detailed functional requirements for the Transition DAP module shown in
Figure 3.3-1. These requirements include constraints on execution times, delay times, cycle frequencies,
and module sequencing order.

34 TRACEABILITY

Table 3.4-1 shows the traceability of the software paragraphs in this FSSR with respect to the
corresponding Sections of the Level B CPDS' documentation. In addition, table 3.4-2 shows the
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traceability of the PASS GN& C principal functions located in this FSSR with respect to the applicable
BFS paragraphsin the Level C PRD specifications. These tables are provided for information only.

Table 3.4-1. Level B to Level C Traceability

Level B Level B PF Name Level CFSSR
PF No. (Acronym) Section No.
4.201 Transition Digital Autopilot 44
(TRANSDAP)

Table 3.4-2. Transtion Digital Autopilot FSSR/PRD Correlation

Principal FSSR FSSR BFS PRD BFS
Function | Paragraph Title PRD Paragraph Title
G4.201 4.4 Transition DAP Functional MG038105 3244 Transition Digital Autopilot
Requirements (T_DAP)

35 DOCUMENTED REQUIREMENTSPRECEDENCE

Reguirements precedence in this document shall be as follows:

1. If thereisaconflict between the datain the function subtables and the standard principal
function tables, the principal function tables shall have precedence.

2. If thereisaconflict between the datain the flow diagrams and the written requirements, the
written requirements shall have precedence.




ASC_DAP ACS_DAP
GRTLS_DAP UTILITY GRTLS_DAP
FROM TRANS_DAP —» FUNCTIONS  —»T0J TRANS DAP
GC_STEER (SECTION 4.7) GC_STEER
ATT_PROC ATT_PROC
MANUAL CMDS > g MODING TO
BODY ACCELERATIONS > ASCENT GC_STEER
ESEY ANGULAR RATES > DAP >
: | (SECTION 4.2) | spp wps cmDs
— > |
>
»| GC_STEER CRT DISPLAY >
p| (SECTION 4.3)
GIMBAL ANGLES
: B ATTITUDE ing
| PROCESSOR L ] >
POSITION, VELOCITY ___ gu|(SECTION 4.6) |— | GRTLS
> SECTDISZ 4.5
. 5) >
QBMS50, DVB_SEC, RG_CORR, PHL OMS GIMBAL CMDS
.
RM INPUTS q
SEQUENCER INPUTS, MSC INPUTS > TRANSITION
GUIDANCE CMDS QCBM50, LAMC DAP
P>((SECTION 4.4)
MANUAL CMDS RHC, THC > RCS CMDS -
POSITION, RELATIVE VELOCITY (ASC_UPP) >

FIGURE 3.3-1.  Ascent Phase Flight Control High-Level Organization
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44  TRANSITION DIGITAL AUTOPILOT (DAP) (G4.201) FUNCTIONAL
REQUIREMENTS

441 I ntroduction

Theflight contral (FC) module controls the vehicle in response to either automatic or manual commands
during the insertion (OPS 1) and deorbit (OPS 3) flight phases. The effectors used to produce control
forces and moments on the vehicle are the OM S engines and primary RCSjets. When the OM S engines
are firing, the main control mode is engine thrust vector control (TVC); but the RCS jets are also available
to provide additiona control authority (e.g., to cover asingle OMS engine failure).

4.4.2 Interface and K-L oad Requirements

The interface requirements for the transition DAP are given in Tables 4.4.2—1 and 4.4.2-2. Table 4.4.2-1
liststhe input variables, including some that are K- oads for the insertion phase and some that are carry—
overs from the on—orbit phase (OPS 2) for use in the deorbit phase. (Some input variables have both
atributes.) Table 4.4.2-2 lists the output variables. Update rates and sample ratesin Tables 4.4.2—-1 and
4.4.2-2 mean, respectively, the rate at which a parameter is assigned and the rate at which it is referenced.
Thus, the update rates in Table 4.4.2—1 and the sample ratesin Table 4.4.2-2 are rates at which functions
interfacing with the DAP are expected to perform their I/O operations. In both of these tables, the MSID
column gives an identifying code. For multi—element variables (such as arrays, vectors, or structures) of
reasonable size, one code is given for each element. The order of listing of the codes correspondsto a
certain order of elements. Thisordering is given parenthetically below the codes, isincluded in the
description column, or is understood to be X, Y, Z or roll, pitch, yaw, whichever applies.

Table 4.4.2-3 liststhe |-load/K— oad/constants used by the Transition DAP.

11
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Table 4.4.2-1.1nput Parameters for the Transition DAP Module

Sample | Update Rate
Name Description MSID Source Type Range Unit Rate (Hz) | Req'd(Hz)

Crew Variables

OMS PITCH_TRIM OMS engines pitch trim anglewith | V93H6915C | See Note 1; also XXXXX S -10to deg 12.5
respect to center of gimbal travel MNVRYYYYY (6.35), 10
uU/L
OMS YAW_TRIM Left and right OM S engines yaw VI3HE916C | See Note 1; also XX XXX A(2)S -10to deg 12.5
trim angles with respect to center VIO3H6918C | MNVRYYYYY (6.35), 10
of gimbal travel uU/L
Display Data
Q_B_I_CMD Commanded vehicle attitude with V94U3980C | ASMNVR DIP (4.210) or Struct: | Oto 1; none 125 Imaneuver,
respect to reference attitude, given | V94U3981C | DEORB MNVR DIP S, V(3)S| 1tol 1.04

as the M50-to—body quaternion V94U3982C | (4.211); ORBI|
V94U3983C | NSGUID (4.3) or DEORB

GUID (4.209)

Effector Fault Flags
AVAILABLE AFT jet available status V90X4520X | RCSRM (4.91) A(28)B | 0,1 none 125 125
JET_AFT (1 =available) to

VI0X4531X,

V90X4534X

to

V90X 4545X

(PRCS only)
AVAILABLE_JET_ Fwd jet available status VI0X4548X | RCSRM (4.91) A(16)B | 0,1 none 125 125
FWD (1 = available) to

V9I0X4561X

(PRCS only)
JET_FAIL_CHANGE_ | Flag signifying changein HFAIL V90X4619X | RCSRM (4.91) B 0,1 none 125 125
FLAG (1 = changed)
JET_MAP Mapping of jet use preference V90J5727C | RCSRM (4.91) or carry— A(38)I 1-28 none 125 125

within groups to over from previous OPS

V90J5764C




Table 4.4.2-1.1nput Parameters for the Transition DAP Module
Sample | Update Rate
Name Description MSID Source Type Range Unit Rate (Hz) | Req'd (Hz)
Guidance Commands
LAMC Commanded vehicle velocity—to— V90U1954C | ORB INS GUID (4.3) or V(3)S |-1tol none 1.04 0.52
go unit vector in reference V9O0U1955C | DEORB GUID (4.209)
coordinates V90U1956C
LAMDC Commanded derivative of LAMC VO0U1957C | ORB INSGUID (4.3) or V(3)S Us 1.04 0.52
in reference coordinates V90U1958C | DEORB GUID (4.209)
V90U1959C
TLAMC Time of issuance of LAMC VIO0W1953C | ORB INSGUID (4.3) or S Oto s 1.04 0.52
command, expressed asGMT DEORB GUID (4.209) 1.0E07
HC Commands
RHC Rotationa hand controller V96HO005CB | 3-AX RHC SOP (4.171) A(3)S |-50to deg 125 125
deflection V96H0007CB 50
V96HO004CA
RHC_STATE Rotational hand controller V9610015CA | 3-AX RHC SOP (4.171) A(3)l -1,0,1 none 125 125
command V9610017CA
V9610019CA
SOFT_STOP Flag indicating rotational hand VI6X1069XA | 3-AX RHC SOP (4.171) A(3)B 0,1 none 125 125
controller is deflected beyond soft | V96X 1070XA
stop (1=beyond soft stop) V96X 1071XA
THC_FSN Trandational hand controller VI0X7694X | GN&C SW RM (4.180) A(3)B 0,1 none 6.25 6.25
negative command VI0X7695X
VI0X7696X
THC_FSP Trandational hand controller VI0X7697X | GN&C SW RM (4.180) A(3)B 01 none 6.25 6.25
positive command V90X 7698X
VI0X 7699X
Mode/Event Flags
CROSSFEED_OPEN Crossfeed between aft RCS tanks V90X1540X | RCS/RCS XFEED (4.185) B 01 none 12.5 125
is open (1=open)
SEP_MINUSZ_CMD Flag indicating auto ET separation | V90X8268X | ET SEP SEQ (4.116) B 01 none 12,5 125
burnisto begin
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Table 4.4.2-1.1nput Parameters for the Transition DAP Module
Sample | Update Rate
Name Description MSID Source Type Range Unit Rate (Hz) | Req'd(Hz)
GUIDED _ Flag indicating RCS delta-V burn VI0X8647X | MSC B 01 none 125
DELTA_V_BURN isin progress (1=burn in progress:
from 1 second before ignition time
to burn cutoff)
NOSE_DUMP Command to dump RCS fuel V94X4059X | DEORB MNVRDIP (4.211) | B 0,1 none 125 125
through forward jets (1=dump)
MM_103 Major Mode 103 VI0X8156X | MSC B 0,1 none 125 125
OMSL_ON_CMD Left OMS engine turn—on VI0X8271X | OMSFIRE SEQ (4.182) 0,1 none 125 125
command (1=on)
OMSR_ON_CMD Right OMS engine turn—on VI0X8272X | OMSFIRE SEQ (4.182) B 0,1 none 125 125
command (1=on)
OPSL_INDICATOR Flag indicating OPSlisin VI0X8648X [ MSC B 0,1 none 125 125
progress
PREBURN_MNVR Flag commanding preburn auto VO3X6912X | XXXXX MNVRYYYYY B 01 none 125 125
RCS maneuver (1=maneuver) (6.35)
TRIM_OMS GIMBALS | Preburn OMS trim command V90X8021X | MSC B 0,1 none 125
(2=trim)
Panel Switch—
Derived Commands
AUTO_REQUEST Auto mode request (momentary; VI0X7692X [ GN&C SW RM (4.180) B 0,1 none 6.25 6.25
1=auto)
DISC_REQUEST Discrete rate mode request by axis | V90X7727X | GN&C SW RM (4.180) B(3) 01 none 6.25 6.25
(momentary; 1=disc) VI0X7728X
VI0X7729X
MANUAL_REQUEST Manual mode request (momentary; | V90X7693X [ GN&C SW RM (4.180) B 0,1 none 6.25 6.25
1=manual)
PULSE_REQUEST Pulse rate mode request by axis VO0X7730X [ GN&C SW RM (4.180) B(3) 0,1 none 6.25 6.25
(momentary; 1=pulse) VI0X7731X
VI0X7732X
TAL_ABORT_ Flag indicating a transatlantic VI0X8658X | MSC B 01 none 1.04 125
DECLARED abort isin progress




Table 4.4.2-1.1nput Parameters for the Transition DAP Module
Sample | Update Rate
Name Description MSID Source Type Range Unit Rate (Hz) | Req'd(Hz)
Reference
Parameters
KP2 Pitch filter gain for TVC V97U2354C | See Note2 S 0to 10 deg/ T/maneuver | 1/phase
(two engines) (degls)
KR Rall filter gain for TVC V97U2355C | SeeNote 2 S 0to 10 deg/ 125 1/phase
(two engines) (degls)
KY2 Y aw filter gain for TVC V97U2356C | See Note2 S 0to 10 deg/ T/maneuver | 1/phase
(two engines) (degls)
PHASE_PLANE_ Magnitude of average control V97U2370C | SeeNote 1 A(3)S |0Oto5 deg/s’ | 125 1/phase
ACCEL acceleration available for each V97U2371C
axis, scaled for phase plane use V97U2372C
Vehicle State
ATTITUDE_ Body angleincrement over VO0U2333C | ASCENT/ENTRY ATT V(3)S —4to4 deg 12.5 12.5
INCREMENT sampling interval V90U2334C | PROC (4.226)
V90U2335C
DVB_SEC Vehicle velocity increment over VO0U2307C | ASCENT/ENTRY ATT V(3)S —4to4 ft/s 1.04 1.04
past 0.96 second V90U2308C | PROC (4.226)
V90U2309C
QB I Vehicle attitude with respect to VO0U2240C | ASCENT/ENTRY ATT Struct: Oto 1, none 1.04 125
reference attitude, given as the Vo0U2241C | PROC (4.226) S, V(3)S| 1tol
M50-to-body quaternion \Vo0u2242C
V9o0U2243C
RATE_GYRO_CORR Measured vehicle angular rate VI0R2692C | ASCENT/ENTRY ATT V(3)S Roll: —40 | deg/s 125 125
VI0R2693C | PROC (4.226) to 40;
VIO0R2694C pitch,
yaw: —20
to 20
T_NOW IMU attitude data time tag, VI0W2310C | ASCENT/ENTRY ATT S Oto S 1.04 12.5
expressed as GMT PROC (4.226) 1.0EQ07
PHI Body roll attitude EULER angle VO0H2202C | ASCENT/ENTRY ATT S +180 deg 12.5 6.25
PROC (4.226)
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Table 4.4.2-1.1nput Parameters for the Transition DAP Module

Sample | Update Rate
Name Description MSID Source Type Range Unit Rate (Hz) | Req'd(Hz)
R_AVGG Current shuttle position vector in V95H0185CB | ASCENT UPP (4.19) V(3)S - ft 125 1.04
M50 coordinates V95HO186CB
V95H0187CB
V_RHO Relative velocity vector in M50 VO5L0215CE | ASCENT UPP (4.19) V(3)S |- ft/s 125 1.04
V95L0216CE
V95L0217CE
Note 1. K-oad (insertion); carry—over value from on—orbit phase (deorbit).
Note 2. K-oad (insertion); subsequent to OPS 1, carry—over from previous OPS.
Table 4.4.2-2.Output Parameters for the Transition DAP Module
Sample | Update Rate
Name Description MSID Destination Type Range Unit | Rate(Hz) | Req'd (H2)
Display Data
MNVR_CMPL_TIME_ | Preburn maneuver timeto go VI5W7240CA | ASMNVR DIP (4.210) S none Sec
TGO DEORB MNVR DIP (4.211)
MNVR_HOLD Flag signifying maneuver or hold VI0X2637X ASMNVR DIP (4.210) B 01 none
state (1 = mnvr) DEORB MNVR DIP (4.211)
MNVR_IN_PROGRESS | Flag signifying auto maneuver in V90X 1589X XXXXX MNVRYYYYY B 01 none 125 125
progress (1=maneuver in progress) (6.35)
OMS PITCH_TRIM OMS engines pitch trim anglewith|  V93H6915C | ASMNVR DIP (4.210) or S —-6t06 deg 125 1.04
respect to center of gimbal travel DEORB MNVR DIP
(4.211);
XXXXX MNVR YYYYY
(6.35);
ORB INSGUID (4.3) or
DEORB GUID (4.209)




Table 4.4.2-2.Output Parameters for the Transition DAP Module

Sample | Update Rate
Name Description MSID Destination Type Range Unit | Rate(Hz) | Req'd (H2)
OMS_YAW_TRIM Left and right OMS engines yaw VIO3H6916C | ASMNVR DIP (4.210) or A(2S |-8to8 deg 125 1.04
trim angles with respect to center V93H6918C DEORB MNVR DIP
of gimbal travel (4.211);
XXXXX MNVR YYYYY
(6.35);
ORB INSGUID (4.3) or
DEORB GUID (4.209)
Q_B_I_CMD_ Commanded vehicle attitude with VO0H2721C | ASCENT/ENTRY ATT Struct: [ Oto1; none 125 1.04
DISPLAY respect to reference attitude, given to PROC (4.226) S, V(3)S| -1tol
as the M50-to—-body quaternion VI0H2724C
Effector
Commands
NEW_JONLST_AFT RCS &ft jet commands V9O0X1455X | ASRCSCMD SOP (4.190) | A(28)B | 0,1 none 125 125
(1=on; O=o0ff) to
V90X 1457X,
V90X 1459X,
VI0X1673X
to
V90X 1692X
(PRCS only)
NEW_JONLST_FWD | RCSfwd jet commands V90X1441X to | ASRCSCMD SOP (4.190) | A(16)B | 0,1 none 125 125
(1 =on; 0= off) V90X1454X
(PRCS only)
OMSL_PITCH_YAW_ | Left OMS engine pitch and yaw VO0H2180C | OMSTVC CMD SOP (4.64) | A(2)S Pitch: deg 125 125
CMD commands with respect to center VI0H2181C —-6t06
of gimbal travel Yaw:
-3t08
OMSR_PITCH_YAW_ | Right OMS engine pitch and yaw VO0H2730C | OMSTVC CMD SOP (4.64) | A(2)S Pitch: deg 125 125
CMD commands with respect to center VI0H2182C —-6t06
of gimbal travel Yaw:
-3t08
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Table 4.4.2-2.Output Parameters for the Transition DAP Module

Sample | Update Rate
Name Description MSID Destination Type Range Unit | Rate(Hz) | Req'd (Hz)
Indicator
Lamp Drives
AUTO_MODE Auto mode indicator (1 = auto) V72X2850X HDWR, 3-AX RHC SOP B 01 none 125 On
V72X 6498X (4.171) — V72X2850X only, demand
MEDS FC GNC XFER,
TLM,
XXXXX MNVRYYYYY
DISC_MODE Discrete rate mode indicator by V72X2790X HDWR B(3) 0,1 none 125 On
axis (1 =disc) r,p,y V72X2793X demand
V72X2796X
MANUAL_MODE Manual mode indicator (1 = V72X2849X HDWR, B 01 none 125 On
manual) XXXXX MNVRYYYYY demand
(6.35)
MANUAL_MODE Manual mode indicator (1 = V72X 6499X HDWR B 01 none 125 On
manual) demand
PULSE_MODE Pulse rate mode indicator by axis V72X2792X HDWR B(3) 0,1 none 125 On
(1 =pulse) r,py V72X2795X demand
V72X2798X
ROT_JET_CMD Rotation command V90U1697C RCSACT LT (4.230) A(3)l -1,0,1 none 125 125
V90U1698C
V90U1699C
Sequencing Data
SEP_COMPLETE External tank separation maneuver V90X 1460X MSC B 01 none 1.04 TBD

completeindication
(1=complete)




ST S 83-0008V2-34
December 14, 2007

Table 4.4.2-3. Transition DAP |-L oads/K -L oads/Constants

Name Description Type MSID Units | Module(s) Used by
ONE_ENG OMS | OMSenginespitchtrimangle | S VI7U2367C deg TVC LAW_
PITCH_TRIM for thrusting through C.G. PITCH_YAW
ONE_ENG _OMS_ | Left OMSengineyaw trim S V97U2368C deg TVC LAW_
YAW_TRIM(1) angle for thrusting through PITCH_YAW

C.G.
ONE_ENG _OMS_ | Right OMS engine yaw trim S V97U2369C deg TVC LAW_
YAW_TRIM(2) angle for thrusting through PITCH_YAW
C.G.
DESIRED_DVZ Desired Z—axis velocity change | S V97U2339C ft/s ET _SEP_
at ET separation completion PROCESSOR
TAL _DVZ INC Desired Z—axis velocity S V99U 7404C ft/s ET _SEP_
increment at ET SEP complete PROCESSOR
for transatlantic abort
MR Maximum angular rate during | A(3)S | V97U2357C deg/s | GUIDANCE
OMSTVC V97U2358C COMPENSATION,
V97U2359C MANUAL_TVC
PROPGRAD Manual TVC stick gain A(3)S | VI7U2374C (deg/s)| MANUAL_TVC
V97U2375C /deg
V97U2376C
D2 TVC filter coefficient (pitch S V97U2340C None | TVC LAW_
and yaw) PITCH_YAW
D3 TVC filter coefficient (pitch S VI7U2341C None | TVC LAW_
and yaw) PITCH_YAW
D4 TVC filter coefficient (pitch S VI7U2342C None | TVC LAW_
and yaw) PITCH_YAW
KINT_PY TVC integrator gain (pitchand | S V97U2352C None | TVC LAW_
yaw) PITCH_YAW
PLIM TVC pitch command limit S V97U2373C deg TVC LAW_
PITCH_YAW
YLIM1 TVC yaw command inner limit | S V97U2392C deg TVC LAW_
PITCH_YAW
YLIM2 TVC yaw command outer limit | S V96U9802C deg TVC LAW_
PITCH_YAW
D5 TVC filter coefficient (roll) S V97U2343C None | TVC LAW_ROLL
KINT_R TVC integrator gain S V97U2353C None | TVC LAW_ROLL
RLIM TVC roll command limit S V97U2389C deg TVC LAW_ROLL
K_REL Rate error lead function gain A(3)S | V97U1318C deg/s | PHASE_PLANE_
V97U1319C TRANSITION
V97U1320C
KLIM Incrementation limit I V97U2418C None | PHASE PLANE
TRANSITION
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Table 4.4.2-3. Transition DAP |-L oads/K -L oads/Constants
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Name Description Type MSID Units | Module(s) Used by
IYLIM Left and right OM S yaw S V97U1305C deg TVC_LAW_
integrator limit PITCH_YAW
IPLIM OMS pitch integrator limit S V97U1306C deg TVC_LAW_
PITCH_YAW
KSTEP Incrementation size factor I V97U2417C None | PHASE_PLANE_
TRANSITION
RTH Rate threshold A(3)S | V9ru2414C deg/s | PHASE_PLANE_
V97U2416C TRANSITION
V97U2415C
TOTAL_PITCH_ Limit of total pitchcommand | S V97U2390C deg TVC_MIXER
LIM
DB_COAST Phase plane attitude deadbands | A(3)S | V97U2326C deg TRNS_RECON
for use during post—ET SEP V97U2327C
coast V97U2328C
DB_PLUSX_RCS Phase plane attitude deadbands | A(3)S | V97U2332C deg TRNS_RECON
for use during RCS +X delta-V V97U2333C
burn V97U2334C
DB_TVC Phase plane attitude deadband | A(3)S | V97U2338C deg TRNS_RECON
for use during OMS burn V97U2404C
V97U2405C
RL_COAST Phase plane angular rate error | A(3)S | V97U2377C deg/s | TRNS_RECON
limits for use during post—ET V97U2378C
SEP coast V97U2379C
LRL_COAST Phase plane angular rate error | S V97U2423C deg/s | TRNS RECON
limits for use during post—ET
SEP coast
RL_PLUSX_RCS Phase plane angular rate error | A(3)S | V97U2380C deg/s | TRNS RECON
limits for use during RCS +X V97U2381C
delta-V burn V97U2382C
LRL_PLUSX_RCS | Phaseplane angular rateerror | S V9o7u2421C deg/s | TRNS_RECON
limits for use during RCS +X
delta-V burn
RL_TVC Phase plane angular rate error | A(3)S | V97U2386C deg/s | TRNS _RECON
limits for use during OM S burn V97U2387C
V97U2388C
LRL_TVC Phase plane angular rate error | S V97U2422C deg/s | TRNS_RECON
limits for use during OMS burn
GUID_COMP_ Filter gain for GUIDANCE_ A(3)S | V97u2344C None | TRNS RECON
GAIN_ONE_ COMPENSATION during V97U2345C
ENGINE one—engine TVC burns V97U2346C
GUID_COMP_ Filter gain for GUIDANCE_ A(3)S | V9ru2347C None | TRNS RECON
GAIN_TWO_ COMPENSATION during V97U2348C
ENGINE two—engine TV C burns V97U2349C
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Table 4.4.2-3. Transition DAP |-L oads/K -L oads/Constants

Name Description Type MSID Units | Module(s) Used by
MIN_DVB Minimum sensed delta-V for | S V97U2784C ft/s OMS_
cross product steering STEERING _
TRANSITION
DELAY Threshold for zeroing module | | V97U2663C None | OMS_
output STEERING_
TRANSITION
DISC_RATE Desired discrete angular rate S V97U1317C deg/s | ROT_DISC_
TRANSITION
MAG_PULSE Magnitude of average angular | A(3)S | V96U9747C deg/s | ROT_PULSE
rate change available for each V96U9748C TRANSITION
axis per FC cycle V96U9749C
MAG_MNVR_ Magnitude of maneuver rate S V96U8589C deg/s | TRNS_RECON
RATE about eigen axis
AMM Maneuver/hold threshold S V96U8590C deg AUTO_MNVR
DRIFT_TIME Duration of free drift state at S V96U8956C s TRNS_RECON
start of ET separation burn
RFGM Rate filter gain values (mated) | A(5)S | V99U7294C None | TRNS RECON
to
V99U7298C
RFGU Rate filter gain values A(5)S | V99U7299C None | TRNS RECON
(unmated) to
V99U7303C
L_REL Rate error lead function gain A(3)S | V99U7285C deg/s | PHASE _PLANE_
V99U7286C TRANSITION
Vo9uU7287C
KXFPY Pitch and yaw crossfeed gain S V96U9708C deg TVC_LAW_
PITCH YAW
KXFR Roll crossfeed gain S V96U9709C deg TVC_LAW_ROLL
WHIGH Upper target rate error for TVC| S V96U9710C deg/s | PHASE_PLANE_
crossfeed TRANSITION
WLOW Lower target rate error for TVC| S V9o6U9711C deg/s | PHASE _PLANE_
crossfeed TRANSITION
KP2 Pitch filter gain for TVC (2 S V97U2354C deg/ | TVC_LAW_
engines) (deg/s)| PITCH_YAW
KY2 Yaw filter gainfor TVC (2 S V97U2356C deg/ | TVC_LAW_
engines) (deg/s)| PITCH_YAW
KR Roll filter gain for TVC (2 S V97U2355C Sec TVC_LAW_ROLL
engines)
PHASE_PLANE_ Magnitude of average control | A (3)S| V97U2370C deg/s’ | PHASE PLANE_
ACCEL accelerations, scaled for phase— V97U2371C TRANSITION
plane use V97U2372C
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Name Description Type MSID Units | Module(s) Used by
OMSL_PITCH_ Left OMS engine pitch and yaw| A (2)S| V97U2361C deg Output
YAW_CMD servo commands with respect to V97U2362C

center of gimbal travel
OMSR_PITCH_ Right OMS engine pitch and A (2)S| V97U2363C deg Output
YAW_CMD yaw servo commands with V97U2364C
respect to center of gimbal
travel
OMS PITCH_ OMSenginepitchtrimangle | S V93H6915C deg TVC_LAW_
TRIM with respect to center of gimbal PITCH_YAW
travel
OMS YAW_TRIM | Left and right OMS engines A (2)S| VI3H6916CC | deg TVC_LAW_
yaw trim angles with respect to V93H6918CC PITCH_YAW
center of gimbal travel
INT_PITCH Pitch integrator S V97U2406C deg TVC_LAW_
PITCH_YAW
INT_YAW Y aw integrators A (2)S| v9ru2407C deg TVC_LAW_
V97U2408C PITCH_YAW
DB_MATED _ Phase plane attitude deadbands | A (3)S| V97U2329C deg TRNS_RECON
COAST for use during coast while V97U2330C
mated to ET V97U2331C
ALFA_NOM Desired angle of attack for S V97U2291C deg TRNS_RECON
Nominal/AOA/ATO Mated
Coast
ALFA_TAL Desired angle of attack for S V97U2292C deg TRNS_RECON
TAL abort Mated Coast
ALFA_TAL_ Desired angle of attack for S V97U2293C deg TRNS_RECON
MM104 TAL abortin MM 104
MAG_MNVR_ Magnitude of maneuver rate S V97U2294C deg/ | TRNS RECON
RATE_MC_TAL about eigen axis during TAL SeC
abort Mated Coast
MAG_MNVR_ Magnitude of maneuver rate S V97U2295C deg/ | TRNS RECON
RATE_MM104 about eigen axisfor TAL abort SeC
in MM104
MC_MNVR_ Duration of maneuver during S V97U2296C Sec TRNS_RECON
TIMER Mated Coast
ABM_NOM_FLAG | Enableflagfor B V97U2269C none | TRNS _RECON
Nominal/ATO/AOA Alpha
Beta Maneuvers
ABM_TAL_FLAG | Enableflag for TAL Alpha B V97U2290C none | TRNS _RECON
Beta Maneuvers
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Table 4.4.2-3. Transition DAP |-L oads/K -L oads/Constants

Name Description Type MSID Units | Module(s) Used by
MAG_MNVR_ Magnitude of maneuver rate S V97U2297C deg/ | TRNS RECON
RATE_MC_NOM about eigen axis during SecC

Nominal Mated Coast

4.4.3 Overview and Functional Description

A high-evd diagram (Figure 4.4.3-1) shows the major sections of the Transition DAP. Thetransition FC
system converts automatic and manual maneuver commands (from the insertion or deorbit guidance
algorithms or from the crew) to OMS engine deflections and RCS jet firings by utilizing attitude rate
feedback from the rate gyros, and attitude feedback and velocity increments from the IMU viathe attitude
processor module. As shown in the figure, the Transition DAP consists of two major subsections. the
reconfiguration logic and the control laws. The control law section is composed of three subsections. the
steering processor, the RCS processor, and the OM S processor.

A. Transition Reconfiguration Logic (TRNS RECON). Thislogic controls the moding, sequencing, and
initialization of the control law modules by processing inputs from other principal functions. It also sets
gains, deadbands, and rate limits for the control law module.

B. Steering Processor. This subfunction is an interface between the steering commands from the insertion
or deorbit guidance functions and the Transition DAP. It also processes manual command inputs, provides
commands for the —Z—axis separation maneuver at ET_SEP, and provides attitude error information for

display.

C. RCSProcessor. This subfunction generates the RCS jet commands required to produce the
commanded vehicle trandations and rotations. Its primary inputs are attitude and rate error signals from
the steering processor, although there is a manual input acceleration mode. Additional inputs are
deadbands, rate limits, etc. The outputs areindividual jet commands, as well as data to other principal
functions.

D. OMS Processor. This subfunction generates the OM S engine actuator commands required to gimbal
the engines and produce the desired vehicle/engine attitude and thrust direction. Its primary inputs are the
attitude rate commands from the steering processor, along with rate gyro feedback signals and initial engine
trim values. There are also discrete inputs for initialization and gain changing. The outputs arethe OMS
engine actuator commands, as well as the engine trim values for display.
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FC MODULE

SWITCH PANEL
COMMANDS (SW RM)

' SWITCH PANEL COMMAND

ACKNOWLEDGEMENTS (SOP)
RECONFIGURATION

MODE/EVENT LOGIC
FLAGS (MSC) > MODE/EVENT FLAGS (MSC)

CALLS,

FLAGS, AND
HC COMMANDS PARAMETERS
(SOP, SW RM) >

CONTROL LAWS
GUIDANCE COMMANDS
EFFECTOR COMMANDS

(GUID)

> | s (SOP)
EFFECTOR FAULT T | RCSPROC
FLAGS (RM) E

» | DEDICATED
VEHICLE STATE R DISPLAY
(ATT PROC, SF, ASC UPP) > | DATA (D&C, ATT PROC)

N
G

REF PARAMETERS

> | P DATA FOR FAILURE
CREW VARIABLES R [ OMS PROC DETECTION (RM)
(D&C) 0

> | ¢

FIGURE 4.4.3-1. Relationship of FC Module Reconfiguration Logic and Control Laws
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444 Detailed Functional Requirements
4441 Reconfiguration Module (TRNS_RECON).

44411 Function.

The primary function of TRNS_RECON isto cal the various modules of the TRNS _DAP in their proper
sequence. This sequence is determined by checking parameters that define the current operating mode. It
isaso the function of TRNS_RECON to specify configuration—dependent parameters, such as rates and
gains; set initiaization flags when required; set up the signalsto light panel lamps; keep aclock to time the
processing of “dow” modules; and perform certain “housekeeping” operations.

Theinputsto TRNS_RECON are used to determine how the modules of the Transition DAP should be
strung together to perform the desired processing. Table 4.4.4.1.1-1 describes the positions of the switches
of Figure 4.4.4.2-1 in terms of these inputs. The switchesin this diagram control data flow among the
function modules; their positions define which modules are needed and, to an extent, their sequencing
requirements. If, with a given switch configuration, module A’ s outputs are not received anywhere, then
module A isnot needed. Also, if module B drives only module A, it too is not needed. Generdly, if B
drives A and both are needed, B should precede A; however, exceptions can be found, such as one—cycle
delaysin Figure 4.4.4.2-1. These one—cycle delays occur when a downstream module must pass
information back to an upstream module. The upstream module will not be able to process the new
information until the following pass. Logical combinations of controlling inputs required for each switch
position are given in the table.

44412 Moding and Sequencing.

Attitude control for the Transition DAP will be performed in one of two modes, TVC or RCS. However,
the RCS processor will run during both the RCS and TV C maodes. Trandation control by the RCS
processor will be active at al times. The control modes may be broken down into a number of submodes
that are defined in terms of moding inputs. These modes are defined in Table 4.4.4.1.2-1. Thistable
serves as an index to Figure 4.4.4.1.2-1, which gives the module—by—modul e sequencing requirements for
each listed mode.

The diagrams of Figure 4.4.4.1.2-1 areread verticaly from top to bottom. Requirements for sequential
execution are indicated with solid-ine arrows. For those casesin which two or more modules are at a
given level, there is no execution sequencing requirement. For example, indiagram 1.A.1., TVC LAW _
ROLL must be executed before TVC_MIXER in agiven cycle; similarly, TVC_LAW_PITCH_YAW
must be executed before TVC_MIXER. However, there is no requirement as to the execution sequence of
TVC_LAW_ROLL withrespectto TVC_LAW_PITCH_YAW. (Later developments may indicate that
transport delays might be aleviated by executing one or the other of these first, but this document does not
deal with such considerations.)

It should be noted that ROT_ACCEL and TRANS ACCEL_TRANSITION are treated as modulesin
Figure 4.4.4.1.2-1, although they are simple unity gains and, therefore, not described in Subsection 4.4.4.2.

In general, the sequential execution requirements are determined by the data flow requirements between
OFC modules. There are some cases, however, in which the outputs of one module may overwrite the
outputs of another. Consequently, the order in which these modules are processed is important; and this
relationship isindicated by the use of a dashed line in the diagram.
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Table4.4.4.1.1-1. Switch Settings for Major Block Diagram (Figure 4.4.4.2-1)

S1

A

B

C
(Momentary)

SEP_ COMPLETE « THC RESPOND * SEP_MINUSZ_CMD -
OPS1_INDICATOR

THC_RESPOND
SEP_MINUSZ CMD = 0 - 1

A

ROT_SUBMODE, s = 6
ROT_SUBMODEs = 2
ROT_SUBMODELs = 5
(ROT_SUBMODE, s = 3) + (ROT_SUBMODE, = 4)

TVC+ MANUAL_MODE
TVC+ AUTO_MODE

SEP_COMPLETE » SEP_MINUSZ_CMD « OPS1_INDICATOR
SEP_COMPLETE + SEP_MINUSZ_CMD + OPS1_INDICATOR

>lm > > 00 ®

(ROT_SUBMODE, s = 2) + (ROT_SUBMODE, = 5) +
(ROT_SUBMODE, = 6)

SOFT_STOPas

ROT_SUBMODELs = 3

DRIFT ads

TVC+ TWO_ENG
TVC+TWO _ENG + RCS+ TRIM_OMS GIMBALS

S7

TVC + RCS+ TRIM_OMS GIMBALS
RCS+ TRIM_OMS_GIMBALS

> >W>00®

o8]

RCS+ PREBURN_MNVR « AUTO_MODE + TVC
+ GUIDED_DELTA_V_BURN

(First passinsertion) + (first pass deorbit) + (ALFA_MNVR=1 - 0)
+ ((RCS = 0 — 1) « PREBURN_MNVR))

+ (GUIDED_DELTA_V_BURN =1 - 0)

+ (SEP_MINUSZ_CMD = 0 - 1) + (GUIDED DELTA V_BURN
* RCS+ (AUTO MODE =1 - 0 + AUTO MODE =0 - 1)

* PREBURN_MNVR) + (NEW_QBI_CMD_FLAG « MNVR_HOLD)
A*B

MM_103
MM_103

S10

SEP_ COMPLETE « SEP_MINUSZ_CMD « OPS1_INDICATOR
A

S11

O W >»| W > W >0

ALFA_MNVR
ALFA_MNVR=0 - 1
A*B
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Table4.4.4.1.1-1. Switch Settings for Major Block Diagram (Figure 4.4.4.2-1)

Notes:

1. Logica symbols used:

+ - OR

0 - exclusive OR

- - AND
x — NOT x

[y] # OFF atleastoneelement of y array # OFF

2. Thefollowing mode abbreviations are used:

TVC
RCS

TWO_ENG
ACCELams
DRI I_—raxis

THC_RESPOND =

ROT_OPTIONxis =

ROT_SUBMODEaxis

PREBURN_LATCH =

NEW_QBI_CMD_FLAG

OMSL_ON_CMD + OMSR_ON_CMD

OMSL_ON_CMD * OMSR_ON_CMD

OMSL_ON_CMD « OMSR_ON_CMD
SOI_—I-_STOPams + DRI I_—raxis

((RCS + TVC+ TWO _ENG - roll axisonly)
» (RHC was, and is no longer, beyond the soft stop by axis and has not yet been
returned to detent or changed sign of deflection in that axis))

setto ON: initially

set to OFF: SEP_MINUSZ_CMD = 0 - 1
setto ON; [THC_FSN] # OFFor [THC_FSP| # OFF
or SEP_ COMPLETE = 0 - 1

set to 2 (disc):
set to 3 (pulse):

set to 2 (disc):
set to 3 (pulse):

set to 4 (accdl):
setto 5 (TVCrate):

set to 6 (auto mnvr):

set to ON:

= setto OFF:

set to ON:
set to OFF:

(DISC_REQUESTads= 0 — 1) « ((RHC_STATE] = 0) + TVC)
(PULSE_REQUESTais= 0 — 1) » ([RHC_STATE] = 0) + TVC)

MANUAL_MODE * ACCELais* (RCS * (ROT_OPTIONais = 2) +
GUIDED_DELTA_V_BURN + TVC+ TWO ENG (axis = roll))
MANUAL_MODE * ACCELais * GUIDED DELTA V_BURN

+ RCS* (ROT_OPTIONays = 3)

ACCELams

ACCELaxis* TVC « (AUTO_MODE + TWO_ENG + (axis # roll))
RCS+ AUTO_MODE

RCS+ PREBURN_MNVR *« AUTO_MODE
((RCS+ AUTO_MODE » GUIDED DELTA V BURN=1 - 0) +
(NEW_QBI_CMD_FLAG)

PREBURN_LATCH +(Q B_| CMD # Q B_|_CMD_DESIRED)
NEW_QBI_CMD_FLAG=0 - 1
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Table 4.4.4.1.2-1.Control Law Function Module Sequencing Requirements

Relationship Between TRNS_DAP Modes and TRNS_RECON Moding Inputs

Mode and Submode Input Condition®
I. TVC attitude | A. AUTO 1. Two engines commanded OMSL_ON_CMD * OMSR_ON_CMD * AUTO_MODE
2. One engine commanded (OMSL_ON_CMD [J OMSR_ON_CMD) * AUTO_MODE
B. MANUAL |1 Twoengines |a RHC notbeyondsoft |OMSL_ON_CMD ¢ OMSR_ ON_CMD ¢ AUTO MODE
commanded stop by axis SOFT STOPuis
b. RHC beyond soft stop | OMSL_ON_CMD * OMSR_ON_CMD ¢ AUTO MODE ¢
by axis SOFT_STOPxis
2. Oneengine  |a RHC not downmoded | (OMSL_ON_CMD [J OMSR_ON_CMD) * AUTO MODE
commanded to ACCEL by axis ACCEL s
b. RHC downmodedto | (OMSL_ON_CMD [0 OMSR_ON_CMD) * AUTO_MODE ¢
ACCEL by axis. ACCELaxis
1. In roll
2. In pitch/yaw
Il. RCSattitude |A AUTO OMSL _ON CMD * OMSR_ON CMD * AUTO_MODE
B MANUAL | 1. Discrete rate command/attitude hold OMSL_ON CMD * OMSR _ON CMD * MANUAL_MODE *
ACCELais * (ROT_OPTIONais = 2) + GUIDED_RCS)
2. Acceleration command OMSL ON CMD * OMSR ON CMD * ACCEL ais
3. Pulse command OMSL _ON CMD * OMSR ON CMD * MANUAL_MODE ¢
ACCELax|s . (ROT_OPTIONans = 3) . G[JIDEDiRCS
Il RCS A. Acceleration command THC_RESPOND
translation?
B. AutoZ SEP_ COMPLETE * THC RESPOND ¢ SEP_MINUSZ_CMD *

OPS1_INDICATOR

Notes: 1. Symbols and some of the terms used in this column are defined in the notesto Table 4.4.4.1.1.-1
2. RCStrangdlation is compatible with both RCS and TV C attitude control.
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[.LA.1. TVC ATTITUDE (AUTO): TWO ENGINES COMMANDED

RATE_FILTER @

vy

RCS_ERRORS_TRANSITION

14 v V

:

TVC_LAW_ROLL TVC_LAW_PITCH_YAW PHASE_PLANE_TRANSITION

v

v

TVC_MIXER

OMS_STEERING_TRANSITION

v

GUIDANCE_COMPENSATION

v

__p|  TVC_LAW_
PITCH_YAW

v

JET_SELECT_TRANSITION

[.LA.2. TVC ATTITUDE (AUTO): ONE ENGINE COMMANDED

i RATE_FILTER @

RCS_ERRORS_TRANSITION

IF SEP_COMPLETE OR
SEP_MINUSZ_CMD OR

v

OPS1_INDICATOR

PHASE_PLANE_TRANSITION

i

JET_SELECT_TRANSITION

FIGURE 4.4.4.1.2-1.(1) Control Law Function Module Sequencing Requirements (Sheet 1 of 6)
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[.B.1.A. TVC ATTITUDE (MANUAL):
TWO ENGINES COMMANDED

AXES WITH RHC NOT

BEYOND SOFT STOP

RATE_FILTER @

MANUAL_TVC
RCS_ERRORS_TRANSITION
vy v vy ¥ i
TVC_LAW PITCH_ TVC_LAW_
YAW ROLL PHASE_PLANE_TRANSITION
TVC_MIXER JET_SELECT_TRANSITION
1.B.1.B. AXES WITH RHC BEYOND SOFT STOP
RATE_FILTER @ MANUAL_TVC
Y vy v ¥ |
TVC_LAW PITCH_ TVC_LAW_ 0T ACCEL
YAW ROLL -
TVC_MIXER JET_SELECT_TRANSITION

@ IF SEP_COMPLETE OR SEP_MINUSZ_CMD OR OPS1_INDICATOR

FIGURE 4.4.4.1.2-1.(2) Control Law Function Module Sequencing Requirements (Sheet 2 of 6)
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ONE_ENGINE COMMANDED; AXES WITH RHC NOT DOWN-MODED TO ACCEL

MANUAL_TVC

!

ROT_DISC_

TRANSITION @

v

TVC_LAW_PITCH_YAW

v ¥

RCS_ERRORS_TRANSITION

v

PHASE_PLANE_TRANSITION

+ L |

JET_SELECT_TRANSITION

ROT_ACCEL

v

JET_SELECT_TRANSITION

[.B.2.B.1. RHC DOWN-MODED TO ACCEL IN ROLL

[.B.2.B.2. RHC DOWN-MODED TO ACCEL IN PITCH AND/OR YAW

RATE_FILTER @

RATE_FILTER @

ROT_ACCEL MANUAL_TVC RATE_FILTER @
JET_SELECT_ TVC_LAW_ IF SEP_COMPLETE OR
TRANSITION PITCH_YAW

SEP_MINUSZ_CMD OR OPSI_INDICATOR

@ ROLL PROCESSING ONLY

FIGURE 4.4.4.1.2-1.(3) Control Law Function Module Sequencing Requirements (Sheet 3 of 6)
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[I.LA. RCS ATTITUDE: AUTO MANEUVER/HOLD

RATE_FILTER @ AUTO_MNVR

v

L p»| RCS_ERRORS_TRANSITION

v

PHASE_PLANE_TRANSITION

v

JET_SELECT_TRANSITION

@ IF SEP_COMPLETE OR SEP_MINUSZ_CMD OR OPSI1_INDICATOR

FIGURE 4.4.4.1.2-1.(4) Control Law Function Module Sequencing Requirements (Sheet 4 of 6)
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[1.B.1. RCS ATTITUDE: MANUAL DISCRETE RATE COMMAND/ATTITUDE HOLD

ROT_DISC_TRANSITION RATE_FILTER @
RCS_ERRORS_TRANSITION D EE—

'

PHASE_PLANE_TRANSITION

i

JET_SELECT_TRANSITION

[1.B.2. RCS ATTITUDE: MANUAL ACCELERATION COMMAND

ROT_ACCEL RATE_FILTER @

'

JET_SELECT_TRANSITION

[1.B.3. RCS ATTITUDE: MANUAL PULSE RATE COMMAND

ROT_PULSE_ RATE_FILTER ®
TRANSITION -

'

JET_SELECT_TRANSITION

@ IF SEP_COMPLETE OR SEP_MINUSZ_CMD OR OPS1_INDICATOR

FIGURE 4.4.4.1.2-1.(5) Control Law Function Module Sequencing Requirements (Sheet 5 of 6)
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[11.A. RCS TRANSLATION: ACCELERATION COMMAND

ET_SEP_ @

TRANS_ACCEL_TRANSITION
PROCESSOR

i

JET_SELECT_TRANSITION

@ CALLED ONLY IF SEP_COMPLETE ¢ THC_OVERRIDE

[11.B. RCS TRANSLATION: AUTO -Z

ET_SEP_PROCESSOR

!

JET_SELECT_TRANSITION

FIGURE 4.4.4.1.2-1.(6) Control Law Function Module Sequencing Requirements (Sheet 6 of 6)
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444121 TVC Attitude Controal.

The TVC mode is entered when an ON command is present for one or both OMS engines. Six submodes
exist, depending on the number of OMS engines burning, whether auto or manual has been selected, and on
the position of the RHC. The processing requirements differ for each submode, asindicated in Table
4.4.41.2-1 and Figure 4.4.4.1.2-1.

It is assumed that for a two—engine burn, the ON commands for both engines will be turned on together and
off together.

TRNS RECON will configure for atwo—engine burn if an ON command is present for both engines. If
one of the ON commands s turned off during atwo—engine burn for any reason, TRNS RECON will
automatically reconfigurethe TRANS DAP to one-engine status. The transition DAP does not prevent
nor isit required to support areversal of this reconfiguration during the remainder of the burn. Itis
possible to make a nominal one—-engine burn, whether or not the unused engine has failed.

The crew may choose to perform the OMS burn under automatic or manual control by means of the
AUTO/INTRL PBIs. Changesfrom auto to manual or manual to auto are allowed at any time. Manual
submodes may also be selected by moving the RHC out of detent. The TRNS DAP will thenremainin
manual until the RHC is returned to detent and the AUTO PBI is depressed.

The auto submodes are determined on the basis of engine status (two engines or one engine). The RCS
processor will run while the OM S processor is running during all auto submodes.

The manua submodes are determined on the basis of engine status and RHC position. The nominal
manua mode will be proportional rate command, processed by the MANUAL_TVC module of the steering
processor. The RCS processor will be driven by MANUAL_TVC except in the following cases:

a. If the soft stop for agiven axisis exceeded, then that axis is downmoded to the ACCEL
submode. The other axes are not affected. This submode passes RHC commands straight to
JET_SELECT_TRANSITION and bypasses the phase plane. Moding returnsto proportional
rate command when the RHC is no longer deflected beyond the soft stop.

b. Discrete rate command/attitude hold will be provided during single—engine burns for the roll
axisonly. If soft stop for theroll axisis exceeded, the roll axisis downmoded to acceleration
command. Moding returnsto discrete rate command/attitude hold upon the return of the RHC
to detent. This scheme allows for afree drift about the roll axis while the RHC is between
detent and the soft stop.

444.1.2.2 RCSAttitude Control.

The RCS modeis entered in the absence of an ON command for either OMS engine. Selection of the
automatic or manual mode of RCS attitude control is afunction of PBI selection and RHC “hot stick”
downmoding. The automatic mode is entered when the DAP AUTO PBI is pressed with the RHC in detent.
TRNS RECON sedlects atarget attitude, and AUTO_MNVR performs the maneuver and/or attitude hold.
This mode implements an attitude hold by selecting the target attitude as the existing attitude upon amode
change from manual to automatic or vice versa, so long as a guided RCS burn is not under way, upon first
pass insertion and deorbit, upon ET SEP initiation, and upon completion of an OMS burn. Also, if the
PREBURN_MNVR flag is set on during automatic mode, the target attitude is the attitude commanded by
the XXXXX MNVRYYYYY display. If thetarget attitude is a displacement of more than AMM from the
current attitude, an automatic maneuver will precede the attitude held. 1f the PREBURN_MNVR flagis
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set on during manual mode, the flag isignored. Aslong asthe target attitude isidentical with the
commanded attitude on the XXXXX MNVR YYYYY display and AUTO_MNVR isactive, the
MNVR_IN_PROGRESS flag is on to indicate that the autopilot is automatically tracking the displayed
atitude. If the commanded attitude is changed while the MNVR_IN_PROGRESS flag is on, the flag will
be set off. Additionally, if maneuvering, the maneuver isterminated and attitude hold is established at the
exigting attitude. The target attitude is sent to A/E ATT_PROC as the display attitude pre-MM 104.
Upon entering MM 104 and thereafter, the commanded attitude, Q B | CMD, issent to the A/E
ATT_PROC asthe display attitude. The manual mode is entered if the DAP INTRL PBI is pressed or the
RHC ismoved out of detent. If apreburn maneuver wasin progress at the time of the mode change, it
cannot be resumed simply by remoding to automatic; the PREBURN_MNVR flag must be turned ON
again by the XXXXX MNVR YYYYY display. Inthe manua mode, the TRANS DAP may be
configured in the discrete rate command/ attitude hold submode or the pulse submode through axis-by—axis
PBI selection. If the soft stop is exceeded for agiven axis, control for that axisis downmoded to
acceleration command. Moding returnsto the previoudly selected submode upon return of the RHC to
detent. This scheme allows for afree drift about the downmoded axis while the RHC is between detent and
the soft stop.

For atimeinterva equa to DRIFT_TIME after receipt of the ET separation command,
SEP_MINUSZ_CMD, thereis no RCS attitude contral; i.e., al three body rotation axes are in free drift.
The free drift isimplemented without reconfiguring by zeroing the rotation command ROT_JET_CMD
while rotation control modules dictated by the current mode continue to execute. Attitude control is
resumed by alowing ROT_JET_CMD to pass unchanged after expiration of DRIFT_TIME. Since no
module initializations occur upon resumption of attitude control, the attitude hold reference continues to be
the attitude of the vehicle at thetime SEP_MINUSZ_CMD was set, assuming a closed loop mode (manual
discrete/attitude hold or auto) isin use.

444.1.2.3 Trandation Control Mode.

The TRNS DAPisinamanua transglation acceleration command submode at all times except during an
automatic —Z maneuver, which will be active from the time that the SEP_MINUSZ_CMD is received until
the separation is complete. TRNS _RECON will set [TRANS JET CMD] to [0,0,0,0,0,1] upon receipt of
SEP_MINUSZ_CMD. If the THC ismoved from detent during this maneuver, automatic —Z commands
will no longer beissued. The overrideis not reversible, and the manual acceleration command submode
will take over. However, the ET_SEP_PROCESSOR will continue to run until the SEP_COMPLETE flag
isturned on. If the THC isthen returned to detent before the SEP_ COMPLETE flag isturned ON,

TRNS RECON will set the SEP_ COMPLETE flag to ON at the start of the ensuing OMS burn.

44413 Other TRNS_RECON Functions.

a.  Set moduleinitialization flags. TRNS RECON will set the initialization flags used by the
control law modules. The names of the flags and the conditions for setting them are given in
Table4.4.4.1.3-1.

b. OMSgimbal trim. TRNS RECON must initialize and call the module TVC_LAW _
PITCH_YAW to trim the OMS engines. TRNS RECON will cause agimbal trim to occur
whenever either of the following two events takes place:
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(1) TheTRIM_OMS GIMBALSflagis ON and an OMS burn is not in progress.
TVC_LAW_PITCH_YAW will beinitidized and executed each pass while thisflag is set.
Thetrim values are K- oad values or the K- oad values updated by the crew or the trim
integrator during a burn.

(2) One OMS engine has been shut down during atwo—engine burn. TRNS RECON will
initializeTVC_LAW_PITCH_YAW at thetime of shutdown. Execution of
TVC_LAW_PITCH_YAW will continue without interruption. The trim values will be
taken from a K- oad.

(OMS engine trimming after ET separation, in preparation for the OMS 1 burn, is accomplished
externally to the Transition DAP, using the K- oaded values of OMSL_PITCH_YAW_CMD and
OMSR _PITCH_YAW _CMD. Thistrimisinitiated by activating the OMS TVC CMD SOP at the
transitioninto MM 104.) TRNS RECON will also set thevalueof TVC_ LAW _P_Y_GAIN_
FLAG (Table 4.4.4.1.3-2) as afunction of the number of OM S engines commanded on.

C.

Set gains, deadbands, flags, etc. Table 4.4.4.1.3-3isalist of TRNS DAP interface
parameters that are modified by TRNS RECON. Table4.4.4.1.3-2 isalist of parameters
used within the TRNS DAP whose values are modified by TRNS RECON. The need for most
of the latter are found in the modul e descriptions of Subsection 4.4.4.2.

Clocking dow modules. TRNS_RECON will keep the clocks that are necessary to determine
the proper time for calls to modules that are processed at arate lower than 12.5 Hz.

TRNS RECON and the higher level scheduler must ensure that

OMS STEERING_TRANSITION is executed no later than 180 milliseconds after the IMU
accelerometer read that generated the current value of DVB_SEC.

Panel switch interfacing. TRNS_RECON will respond to moding requests from eight ORB
DAP panel PBIsand will provide illumination to those PBIs indicating the moding in effect,
except as noted in paragraph (2). The PBlsare DAP AUTO and DAP INTRL, used to specify
automatic or manual moding, and a DISC RATE PBI and a PUL SE PBI for each rotational
axis, used to specify discrete rate or pulse rotation submaodes of RCS-only operation. Inputs
from these switches are momentary; that is, ON when a switch is presented, OFF when it is
released.

(1) Automatic/manual moding. Thelogical expressions for responseto the AUTO
REQUEST and MANUAL_REQUEST discretesare givenin Table 4.4.4.1.3-3. RHC
out—of—detent override to manual mode will be indicated by the PBIs.

(2) Discrete/pulse RCSrotation moding. Thelogica expressions for response to the
DISC_REQUEST and PULSE _REQUEST discretes are given in the notesto Table
44.4.1.1-1andin Table 4.4.4.1.3-3. RCS submodesin use during TVC, aguided RCS
trand ation burn, or RHC soft-stop downmoding at any time, will not be indicated by the
PBls. During RCS-only operation, TRNS RECON will not respond to or remember
rotation submode change requests while the RHC is out of detent, and that fact will be
indicated by the PBIs. RCS rotation submodes can be preset by PBI in either TV C mode
regardiess of RHC state, or guided RCS mode so long asthe RHC isin detent. In this
case, the PBIlsindicate the mode that will bein effect during nonguided RCS-only
operations.
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Table 4.4.4.1.3-1. Control Law Function Module Initialization Conditions

Initialization Flag

Set flag on ENTRY into the specified mode or submode or when
condition occurs

INIT_AUTO_MNVR

INIT_GUIDANCE_COMPENSATION

INIT_OMS_STEERING
INIT_PHASE_PLANE

[INIT_RCS ERRORS]*

INIT_ROT_DISC

INIT_ROT_PULSE

INIT_TVC_LAW_PITCH_YAW

INIT_TVC_LAW_ROLL

[(RCS * AUTO_MODE) =0 - 1] + (RCS+ PREBURN_MNVR *
ALFA_MNVR « AUTO_MODE) + (NEW_QBI_CMD_FLAG e
MNVR_HOLD) + [SEP_MINUSZ_ CMD =0 - 1] +
(ALFA_MNVR=1 - 0+ ALFA_MNVR=0 - 1)

1.  TVCauto, change from two engines to one engine (flag =1)
2.  TVCauto (flag=2)

TVC auto

1. Eachtime PHASE PLANE_TRANSITION iscaled if it was not
called on the previous pass for agiven axis

2. Every passwhile (SEP_COMPLETE ¢ SEP_MINUSZ_CMD -
OPSL_INDICATOR) =1

TVC

RCS

Set by axiseach time ACCEL 5s=1 - 0
SEP MINUSZ CMD=0 -1
GUIDED DELTA_V_BURN

akrwbdpE

Eachtime ROT_DISC_TRANSITION iscaled if it was not called
on the previous pass for a given axis

Eachtime ROT_PULSE TRANSITION iscalled if it was not called
on the previous pass for a given axis

1. RCS«TRIM_OMS GIMBALS (flag=1)
2. Change from TV C two enginesto TVC one engine (flag = 2)
3. TVC(flag=13)

TVC two-engine

*See also Subsection 4.4.4.2.1.7 for information about setting this flag.
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Table4.4.4.1.3-2.TRNS_DAP Interna Parameters Whose Values Are Modified by TRNS RECON

Variable Name

Vaue

Condition*

AXIS

1,2,3 set sequentially

Used when aloop variable for axis-by—
axis processing of modulesis required

DEADBAND

DB_MATED_COAST

DB_SEP

DB_PLUSX_RCS

First passinsertion until ET SEP start

ET SEP start until
SEP_ COMPLETE = ON

GUIDED_DELTA_V_BURN

DB_TVC TVC
DB_COAST All other times
FORCE_FIREs ON ACCEL 4;s= ON - OFF and either RCS

or TVC manual 1-engineroll axis

GUID_COMP_GAIN

GUID_COMP_GAIN_ONE_ENGINE
GUID_COMP_GAIN_TWO_ENGINES

TVC auto 1-engine
TVC auto 2—engine

OMEGA_E_ 0 TVC ¢ ACCEL 4is= OFF - ON
DESIRED 4s
RATE_LIMIT, RL_SEP,LRL_SEP First pass insertion until
LOWER_RATE_ SEP_COMPLETE = ON
LIMIT
RL_PLUSX_RCS, LRL_PLUSX_RCS GUIDED_DELTA_V_BURN
RL_TVC,LRL_TVC TVC
RL_COAST, LRL_COAST All other times
[RFG] [RFGM] First passinsertion until ET_SEP start
[RFGU] SEP_COMPLETE or
OPS1_INDICATOR
[ROT_JET_CMD] [0,0,0]** (SEP_TIME < DRIFT_TIME) * SEP_
MINUSZ_CMD
SEP_TIME 0 Initially
SEP_TIME + TDAP (incremented once | (SEP_TIME < DRIFT_TIME) « SEP_
per cycle) MINUSZ _CMD
TVC LAW P Y _ 2 TVC l-engine
GAIN_FLAG
1 TVC 2-engine
MNVR_RATE MAG_MNVR_RATE_MC _NOM ABM_NOM_FLAG*

TAL ABORT DECLARED *
SEP_MINUSZ_CMD

MAG_MNVR RATE_MC_TAL

ABM_TAL_FLAG -
TAL_ABORT DECLARED -
SEP_MINUSZ_CMD
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Table4.4.4.1.3-2.TRNS_DAP Interna Parameters Whose Values Are Modified by TRNS RECON

Variable Name Vaue

Condition*

MAG_MNVR_RATE_MM104

ABM_TAL_FLAG
TAL_ABORT DECLARED »
SEP_COMPLETE » OPSL_INDICATOR

MAG_MNVR_RATE

All other times

ALPHAQ ALFA_NOM + 90°

TAL ABORT DECLARED

ALFA_TAL + 90°

TAL_ABORT_DECLARED -
SEP COMPLETE

ALFA_TAL_MM104 + 90°

TAL_ABORT_DECLARED -
SEP_COMPLETE

MC_TIME 0

Initially

MC _TIME + TDAP
(Incremented once per cycle)

MC_TIME < MC_MNVR_TIMER

ALFA_NOM_FLAG | ON

ABM_NOM_FLAG -
TAL_ABORT DECLARED »
(MC_TIME < MC_MNVR_TIMER)

OFF

All other times

ALFA_TAL_FLAG ON

ABM_TAL_FLAG
TAL_ABORT_DECLARED »
(MC_TIME < MC_MNVR_TIMER)

OFF All other times
ALFA_TAL_MM104_ | ON ABM_TAL_FLAG-
FLAG TAL_ABORT_DECLARED -
SEP_COMPLETE « OPS1 INDICATOR
OFF All other times
ALFA_MNVR ON ALFA_NOM_FLAG +
ALFA TAL FLAG+
ALFA TAL_MM104 FLAG
OFF All other times

* ACCEL and TVC are defined in notesto Table 4.4.4.1.1-1.

** After execution of PHASE PLANE_TRANSITION, before execution of JET SELECT_TRANSITION
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Table 4.4.4.1.3-3.1nput and Output Parameters of the TRNS_DAP Whose Values Are Modified by

TRNS RECON
Variable Name Vaue Condition*
AUTO_MODE OFF (RHC out of detent in any axis) or
MANUAL _REQUEST =0 - 1
ON (RHC in detent in all axes) and
AUTO_REQUEST =0 - 1
DISC_MODEs ON ROT_OPTIONgs = 2
OFF ROT_OPTION,is # 2
MANUAL_MODE AUTO _MODE Always
MNVR_IN_PROGRESS PREBURN_LATCH Always

PREBURN_MNVR
PULSE_MODEqs
SEP_COMPLETE
TERM_AUTO

NEW _QBI CMD FLAG
«ALFA_MNVR

OFF
DISC_MODE 45
ON

ON
OFF

PREBURN_MNVR e+ ALFA_ MNVR
Always

TVC=0 - 1or OPSL_INDICATOR=0
NEW_QBI_CMD_FLAG * MNVR_HOLD

NEW_QBI_CMD FLAG + MNVR_HOLD

*RCSand TVC are defined in notesto Table 4.4.4.1.1-1.

44414

Processing Rate.

TRNS_RECON is processed at 12.5 Hz.

44415

I nterface Requirements.

Theinterface requirements of TRNS_RECON are givenin Table 4.4.4.1.5-1.

4.4.4.1.6

|-L oads/K -L oads/Constants.

|-loads/K—- oads/constants for TRNS_RECON are givenin Table 4.4.4.1.6-1.

4.4.41.7

Initialization Requirements.

Theinitialization requirements of TRNS_RECON are givenin Table 4.4.4.1.7-1.
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Table4.4.4.1.5-1. TRNS_RECON Interface Requirements

Sample
Name Description Source or Destination Type Range | Unit | Rate
(Hz)

INPUTS

AUTO_REQUEST Auto mode request (momentary; | GN&C SW RM B 0,1 none | 12.5
1=auto)

DISC_REQUEST Discrete rate mode request by GN&C SW RM B(3) 0,1 none | 125
axis (momentary; 1=disc)

SEP_MINUSZ_ Flag indicating auto ET SEPis | ET SEP SEQ B 0,1 none | 12.5

CMD to begin (1=begin)

GUIDED _DELTA_ Flag indicating RCS delta-V MSC B 0,1 none | 12.5

V_BURN burnisin progress (1=burnin
progress. from 1 second before
ignition time to burn cutoff)

MANUAL _ Manua mode request GN&C SW RM B 0,1 none | 12.5

REQUEST (momentary; 1=manual)

MM_103 Major Mode 103 MSC B 0,1 none | 12.5

MNVR_HOLD Flag specifying maneuver or AUTO_MNVR 0,1 none | 12.5
hold state (1=mnvr)

OMSL_ON_CMD Left OMS engine turn—on OMSFIRE SEQ B 01 none | 125
command (1=command to turn
on)

OMSR_ON_CMD Right OMS engine turn—-on OMS FIRE SEQ B 0,1 none | 12.5
command (1=command to turn
on)

OPSL_INDICATOR Flag indicating OPS1isin MSC B 0,1 none | 12.5
progress

PREBURN_MNVR Flag commanding preburn auto [ XXXXX MNVRYYYYY B 0,1 none | 12.5
RCS maneuver

PULSE_REQUEST Pulse rate mode request by axis | GN&C SW RM B(3) 0,1 none | 125
(momentary; 1=pulse)

RHC_STATE Rotational hand controller 3-AX RHC SOP AR | -1,0,1 none | 12.5
command

SEP_COMPLETE —Z separation velocity hasbeen | ET_SEP_PROCESSOR, B 0,1 none | 12.5
achieved (1=complete) TRNS_RECON

SOFT_STOP Flag indicating rotational hand 3-AX RHC SOP ARB | 01 none | 125
controller is deflected beyond
soft stop (1=beyond soft stop)

THC_FSN Tranglationa hand controller GN&C SW RM A(3B | 01 none | 12.5
negative command

THC_FSP Trandational hand controller GN&C SW RM A(RB | 01 none | 125
positive command

TRIM_OMS _ OMS prethrust trim set—up MSC B 0,1 none | 12.5

GIMBALS enable (1=enable)

TAL_ABORT_ Transatlantic Abort Flag MSC B 0,1 none | 12.5

DECLARED
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Table4.4.4.1.5-1. TRNS_RECON Interface Requirements

Sample
Name Description Source or Destination Type Range | Unit | Rate
(H2)
OUTPUTS
AUTO_MODE Auto mode indicator (1=auto) HDWR, 3-AX RHC SOP, B 0,1 none | 12.5
TLM,
MEDS FC GNC XFER,
XXXXX MNVRYYYYY
AXIS Body axis for this execution ROT_DISC TRANSITION, | | 1,2,3 none | 12.5
ROT_PULSE Jaxis
TRANSITION, PHASE
PLANE_TRANSITION
DEADBAND Attitude deadbands PHASE PLANE_ A(3)S| 0to20 | deg | 125
TRANSITION
DISC_MODE Discrete rate mode indicator by | HDWR B(3) 0,1 none | 12.5
axis (1=disc)
FORCE_FIRE Rate damping initiation flagby | PHASE PLANE_ B(3) 0,1for | none| 125
axis (1=damp rate) TRANSITION each bit
GUID_COMP_GAIN| TVC compensation gains GUIDANCE _ A(R)S | 0to5 none | 12.5
COMPENSATION
INIT_AUTO_MNVR | Moduleinitialization flag AUTO_MNVR B 0,1 none | 12.5
(1=init)
INIT_GUIDANCE Moduleinitialization flag (0=no | GUIDANCE_ 0,1,2 none | 12.5
COMPENSATION init; 1=two engine to one engine | COMPENSATION
transition init; 2=normal init)
INIT_OMS_ Moduleinitialization flag OMS STEERING _ B 0,1 none | 12.5
STEERING (1=init) TRANSITION
INIT_PHASE _ Moduleinitialization flag PHASE PLANE ARB | 01 none | 12.5
PLANE (1=init) TRANSITION
INIT_RCS ERRORS | Moduleinitialization flag RCS_ERRORS A(3B | 0,1 none | 12.5
(1=init) TRANSITION
INIT_ROT_DISC Module initialization flag ROT_DISC TRANSITION | B 0,1 none | 12.5
(1=init)
INIT_ROT_PULSE Module initialization flag ROT_PULSE_ B 0,1 none | 12.5
(1=init) TRANSITION
INIT_TVC LAW_ Moduleinitiaization flag (O=no | TVC_LAW_PITCH_YAW I 0,1,23 | none| 125
PITCH_YAW init; 1=prethrust trim; 2=two
engine to one engine transition
trim; 3=first dynamic pass after
prethrust trim)
INIT_TVC LAW_ Moduleinitialization flag TVC LAW_ROLL B 0,1 none | 12.5
ROLL (1=init)
LOWER_RATE_ Phase plane lower rate limit PHASE PLANE S 0to2 deg/s| 125
LIMIT TRANSITION
MANUAL_MODE Manual mode indicator HDWR, B 0,1 none | 12.5
(1=manual) XXXXX MNVRYYYYY
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Table4.4.4.1.5-1. TRNS_RECON Interface Requirements

Sample
Name Description Source or Destination Type Range | Unit | Rate
(H2)
MNVR_IN_ Flag signifying auto RCS XXXXX MNVRYYYYY B 0,1 none | 12.5
PROGRESS maneuver in progress
OMEGA _E Desired angular rate error TVC LAW_PITCH_YAW, | V(3)S | -5to5 | deg/s| 125
DESIRED TVC _LAW_ROLL
PULSE_MODE Pulse rate mode indicator by HDWR B(3) 0,1 none | 12.5
axis (1=pulse)
RATE_LIMIT Angular rate error limit by axis | PHASE_PLANE_ A(3)S | 0to3.5 | deg/s| 125
TRANSITION
RFG Rate filter gains RATE_FILTER A(5)S none | 125
ROT_JET_CMD RCS rotation command PHASE PLANE ARl | 1,01 none | 12.5
TRANSITION,
JET_SELECT
TRANSITION,
RCSACTLT
SEP_COMPLETE —Z separation velocity hasbeen | TRNS_RECON, B 0,1 none | 12.5
achieved (1=complete) JET_SELECT_
TRANSITION,
MSC
TRANS JET_CMD Trandation command JET_SELECT_ A(6)B | 0,1 none | 12.5
(+X, =X, +Y, =Y, +Z,-2Z) TRANSITION
TVC LAW P Y_ Flag indicating number of OMS | TVC LAW_PITCH_YAW | | 1,2 none | 12.5
GAIN_FLAG engines to burn (1=two engines,
2=0ne engine)
TERM_AUTO Flag indicating that guidance AUTO_MNVR B 0,1 none | 12.5
has updated the desired attitude
during a preburn maneuver
ALPHAQ Desired alphatarget TRNS _RECON, S 0to180 |deg |125
ALFA_BETA_MNVR
MNVR_RATE Maneuver rate about eigen axis |AUTO_MNVR S .5t05.0 |deg/s [12.5
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Table 4.4.4.1.6-1. TRNS_RECON I-Loads/K-L oads/Constants

Name Description Type MSID/Vaue Unit
DB_COAST Phase plane attitude deadbands for use during post— | A(3)S V97U2326C/3.5 | deg
ET SEP coast V97U2327C/3.5
V97U2328C/3.5
DB_MATED_COAST Phase plane attitude deadbands for use during coast | A(3)S V97U2329C deg
while mated to ET V97U2330C
V97U2331C
DB_PLUSX_RCS Phase plane attitude deadbands for use during RCS | A(3)S V97U2332C/3.0 | deg
+X delta-V burn V97U2333C/3.0
V97U2334C/3.0
DB_SEP Phase plane attitude deadbands for use during ET A3)S 3.0,3.03.0 deg
separation
DB _TVC Phase plane attitude deadbands for use during OMS | A(3)S V97U2338C/5.0 | deg
burn V97U2404C/10.0
V97U2405C/10.0
GUID_COMP_GAIN_ Filter gain for GUIDANCE_COMPENSATION A(3)S V97U2344C/ none
ONE_ENGINE during one engine TVC burns 0.0005656
V97U2345C/0
V97U2346C/
0.992
GUID_COMP_GAIN_ Filter gain for GUIDANCE_COMPENSATION A(3)S V97U2347C/ none
TWO_ENGINES during two engine TV C burns 0.023543
V97U2348C/
0.022532
V97U2349C/
0.9864
RL_COAST Phase plane angular rate error limitsfor useduring | A(3)S V97U2377C/0.5 | deg/s
post—ET SEP coast V97U2378C/0.5
V97U2379C/0.5
LRL_COAST Phase plane angular rate error limitsfor useduring | S V97U2423C/0.1 | deg/s
post—ET SEP coast
RL_PLUSX_RCS Phase plane angular rate error limitsfor use during | A(3)S V97U2380C/0.5 | deg/s
RCS +X delta-V burn V97U2381C/0.5
V97U2382C/0.5
LRL_PLUSX_RCS Phase plane angular rate error limitsfor useduring | S V97U2421C/0.1 | deg/s
RCS +X delta-V burn
RL_SEP Phase plane angular rate error limitsfor use during | A(3)S 0.5,0.5,0.5 deg/s
coast while mated to ET and during ET separation
LRL_SEP Phase plane angular rate error limitsfor useduring | S 0.1 deg/s
coast while mated to ET and during ET separation
RL_TVC Phase plane angular rate error limitsfor use during | A(3)S V97U2386C/2.05 | degl/s
OMS burn V97U2387C/2.05
V97U2388C/2.05
LRL_TVC Phase plane angular rate error limitsfor useduring | S V97U2422C/0.3 | deg/s
OMS burn
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Table 4.4.4.1.6-1. TRNS_RECON I-Loads/K-L oads/Constants

Name Description Type MSID/Vaue Unit
RFGM Rate filter gain values (mated) A(5)S VO9U7294C/ none
0.096458
V99U7295C/
0.192916
V99U7296C/
0.096458
Vo9U7297C/
0.95008
V99U 7298C/
0.335916
RFGU Rate filter gain values (unmated) A(5)S VI99U7299C/ none
0.096458
V99U 7300C/
0.192916
V99U7301C/
0.096458
V99U 7302C/
0.95008
V99U 7303C/
0.335916
DRIFT_TIME Duration of free drift state at start of ET separation | S V96U8956C S
burn
TDAP Period of TRANS DAP cycle S 0.08 S
ALFA_NOM Desired angle of attack for Nominal/AOA/ATO S V97U2291C deg
Mated Coast
ALFA_TAL Desired angle of attack for TAL abort Mated Coast | S \V97U2292C deg
ALFA_TAL_MM104 Desired angle of attack for TAL in MM 104 S V97U2293C deg
MAG_MNVR_RATE Magnitude of maneuver rate about eigen axis S \V96U8589C / deg/
5 Sec
MAG_MNVR_RATE _ Magnitude of maneuver rate about eigen axisduring| S V97U2294C deg/
MC_TAL TAL abort Mated Coast sec
MAG_MNVR_ Magnitude of maneuver rate about eigen axis for S V97U2295C deg/
RATE_MM104 TAL abortin MM 104 sec
MC_MNVR_TIMER Duration of maneuver during Mated Coast S V97U2296C sec
ABM_NOM_FLAG Enable flag for Nomina/ATO/AOA AlphaBeta B V97U2269C none
Maneuvers
ABM_TAL_FLAG Enable flag for TAL AlphaBeta Maneuvers B V97U2290C none
MAG_MNVR_RATE _ Magnitude of maneuver rate about eigen axisduring| S V97U2297C deg/
MC_NOM Nomina Mated Coast sec
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Table4.4.4.1.7-1. TRNS_RECON Initialization Requirements

Initialize on Initialize on
Transition From Transition To Variable Initial Value

First pass AUTO_MODE ON
INIT_RCS ERRORS ON
INIT_ROT_DISC ON
MANUAL_MODE OFF
ROT_JET_CMD 0
ROT_OPTION 2

4442 Control Law Module.

Figure 4.4.4.2-1 isthe major block diagram of the transition FC control law module. This module contains
anumber of function modules that execute the control laws. On any given pass, the configuration of the
control law module (i.e., the effective interconnection and behavior of the function modules) is determined
by inputs from the supervisory module TRNS RECON.

Configuration control isimplemented in four ways:

1. By executing the particular function modules necessary to perform a given task in the sequence
required. Thisfunctionis performed by TRNS RECON and indicated in Figure 4.4.4.2—1 by
switches whose logic was described in Subsection 4.4.4.1.

2. By passing initialization flags to the function modules which, in general, initialize pass—to—ass
storage elements, such asfilters, counters, and integrators.

3. By passing flags defining qualitative behavior of certain function modules. These flags perform
low—evel reconfigurations within the modules.

4, By passing parameters defining quantitative behavior of certain function modules. These
parameters include gains and deadbands. (Certain other parameters are pad- oaded values that
remain constant throughout the transition phases.)

The control law function modules are grouped into three categories. steering processor, RCS processor,
and OMS processor. The general sequence of processing is (1) steering processor and (2) RCS, or RCS
and OMS, processor.

A. Steering Processor. The steering processor converts avariety of input commands and datato forms
acceptable by the RCS and OMS processors. It also generates an ET separation complete flag, and an
attitude command used to generate an error display for manual steeringin OMS TV C and guided manual
RCS delta-V burns. In Figure 4.4.4.2-1, these modules are divided into the following types:

1. Onemanua RCStrandation (TRANS_ACCEL_TRANSITION).
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2. Oneautomatic RCS tranglation and ET separation monitor (ET_SEP_ PROCESSOR).

3. Three manua RCSrotation (ROT_ACCEL, ROT_DISC TRANSITION, and ROT _
PULSE_TRANSITION).

4. Oneautomatic RCSrotation (AUTO_MNVR).

5. Two automatic OMS steering (OMS_STEERING_TRANSITION and GUIDANCE _
COMPENSATION).

6. Onemanua OMS steering (MANUAL_TVC).
7. OneRCS error determination and attitude data processing (RCS_ERRORS TRANSITION).
8. Onerategyro output filter (RATE_FILTER).

The RCS trand ation modules generate commands for the jet selection module in the RCS processor. The
manual RCS trandation module processes the three vehicle axes together. The automatic RCS trangdlation
module processes only the vehicle Z—axis and, in addition, monitors the separation velacity in both manual
and automatic trandation modes, setting the SEP_ COMPLETE flag when the desired separation velocity is
achieved.

One of the RCS manual rotation modules, ROT_DISC_TRANSITION, generates rate commands for the
RCS error determination module; the other two, ROT_ACCEL and ROT_PULSE TRANSITION, drive
the jet selection routine directly. Each RCS manual rotation module processes one axis at atime, enabling
axis-by—axis downmaoding from the discrete rate or pulse submode to the acceleration submaode.

The automatic RCS rotation module, AUTO_MNVR, provides rate commands and attitude errorsto the
RCS error determination module to effect either an attitude hold or a maneuver to acommanded preburn
attitude followed by an attitude hold.

The rotation modules ROT_DISC TRANSITION and AUTO_MNVR supply the RCS processor with a
FORCE_FIRE flag, which acts as arate damping command. ROT_ DISC_TRANSITION requestsrate
damping each time the RHC is deflected from detent, commanding a nonzero angular rate and, each time
the RHC is returned to detent, commanding an attitude hold; TRNS_RECON makes the FORCE_FIRE
request if the RHC was moved beyond soft stop and then back to detent. AUTO_MNVR commands
FORCE_FIRE in al three axes when starting or ending a maneuver. This request causes the phase—plane
switching logic in the RCS processor to initiate a firing such asto reduce the angular rate error. Hysteresis
logic in the phase plane then continues the firing as needed to bring the rate error to an acceptably small
magnitude, whereupon the phase—plane switching logic resumes normal limit cycle operation. The
ROT_DISC_TRANSITION module must also initialize the RCS_ ERRORS _TRANSITION module at
three events in the discrete rate/attitude hold mode. This initialization setsthe desired attitude equal to the
present attitude; it is needed (1) when the mode isfirst entered, (2) when the RHC goes out of detent, and
(3) when the RHC returnsto detent.

The RATE_FILTER generatesfiltered rate gyro data for the RCS processor and is turned off during
ET_SEP. The module RCS ERRORS TRANSITION accepts attitude errorsfrom AUTO_MNVR, rate
commands from the various steering command generators, and attitude and rate data from the external
interface. From these, it derives attitude and rate errors for the RCS processor. After SEP. COMPLETE
the rate dataisfiltered by RATE_FILTER.
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The OM S steering modules generate body rate commands for the RCS processor (viaRCS

ERRORS TRANSITION) and for the OMS processor. The automatic steering module, OMS _
STEERING_TRANSITION, commands a steering angle equal to the cross product of the desired and
actual vehicle velocity vectors. The output of this moduleis scaled, filtered, and limited by
GUIDANCE_COMPENSATION. The manual steering module, MANUAL_TVC, simply commands a
rate proportional to the RHC deflection.

B. RCS Processor. The RCS processor consists of jet selection logic for rotation and trandation, preceded
by a phase—plane switching logic for rotation only, which processes attitude and angular rate errorsto drive
the vehicleinto alimit cycle about the desired attitude and angular rate. In addition, the phase plane logic
provides crossfeed signals to the OM S processor indicating the desired angular rate error and the RCS
rotation commands. The jet selection logic produces the primary RCS processor output, the on—off
commands to the RCS jets.

The command by which the phase plane drivesthe jet selection logic, ROT_JET_CMD, may be zeroed by
TRNS_RECON to implement either of two kinds of free drift: axis—by—axis drift, discussed in part D
below, and three—axis free drift for theinitial part of the ET separation burn, discussed in paragraph
444122

C. OMSProcessor. The OMS processor contains al the functions required for thrust vector control of the
OMS engines. Because pitch and yaw may be controlled differently from roll, the TV C law function is
split into two modules to prevent execution of unnecessary code, a mixer module performing the required
roll/pitch command summations. Preburn trimming of the OMS enginesis detailed in the functiona
description of themodule TVC_LAW_PITCH_YAW.

D. RCSManua Rotation Control Configuration. Anytime the discrete rate/ attitude hold or pulse rotation
mode is available (i.e., during all manual RCS-only operations and, in the roll axis only, during a manual
one-engine OMS burn), the accel eration mode is a so available when the RHC is beyond the soft stop. To
prevent fuel waste, the vehicle drifts freely when the RHC is returned to within soft stop but not to detent.
When the RHC is returned to detent, or is on the opposite side of detent (having passed through detent
undetected due to the finite RHC sampling rate) but not at the soft stop, the mode revertsto that previously
in effect. Table 4.4.4.2—1 summarizes the control action and key signa states for three RHC deflection
sequences. Sequence 1, in which the RHC remains within soft stop and the mode remains discrete
rate/attitude hold; Segquence 2, in which the RHC remains within soft stop and the mode remains pulse; and
Sequence 3, in which the RHC moves beyond soft stop and the accel/drift/discrete or accel/drift/pulse
hysteresisisimplemented. The signals described appear in Table 4.4.4.2-1.

E. RCS Trandation Control Configuration. RCStrandation is effected in one manual maode (through
TRANS ACCEL_TRANSITION) and one special—purpose automatic mode. All trangation modes supply
an RCS jet command to the RCS processor. The manual acceleration mode is dways available to the crew
and generates ajet command for agiven axis, aslong asthe THC isout of detent in that axis, to accelerate
the vehicle along that axisin adirection corresponding to the sense of the THC deflection. TRNS RECON
and ET_SEP PROCESSOR implement the automatic —Z maneuver mode, which is active only during ET
separation. In thismode, TRNS_RECON generates a—Z jet command until the vehicle has accelerated in
—Z to the desired separation velocity, at which time ET_SEP_ PROCESSOR terminates the command and
setstheflag SEP_ COMPLETE. Any use of the THC while this modeisin progress downmodes

trand ation control to manual acceleration mode; however, ET_SEP_PROCESSOR continues to monitor
separation velocity until the desired valueis reached.

49



ST S 83-0008V2-34
December 14, 2007

F. TVC Control Configuration. In TV C operation, the OMS and RCS processors are driven by three-axis
commands from the steering processor. For axesin which the OMS processor has control capability (roll,
pitch, and yaw in atwo—engine burn; pitch and yaw in a one-engine burn), it has the primary control
responsibility; and the RCS processor operates as awraparound controller, exercising RCS control only if
the TV C control authority isinadequate, as evidenced by excessive attitude or angular rate errors. Ina
one—engine burn, roll is controlled exclusively by the RCS processor, operating with the same attitude and
angular rate error tolerances as in the two—engine case.

The steering processor provides the drive signals to the OM S and RCS processors. For the OMS
processor, these drive signals are body rate commands. For the RCS processor, they are either attitude
error and angular rate error signals derived from body rate commands, or RCS jet commands. In
automatic TVC mode, OMS_STEERING_TRANSITION and GUIDANCE_COMPENSATION provide
the body rate commands to the OM S processor, and RCS ERRORS TRANSITION generates error
signals based on these commands for the RCS processor.

In manual TVC mode, MANUAL_TVC provides the body rate commands to the OM S processor, and the
RCS processor is driven by signalsthat are a function of the number of OM S engines active, the RHC
deflection (within or beyond soft stop), and (in the one-engine case) the particular body axis. In atwo—
engine burn, with the RHC within soft stop, RCS ERRORS TRANSITION supplies error signalsto the
RCS processor based on the rate commands from MANUAL_TVC. If the RHC is deflected beyond soft
stop in any axis, that axisis driven by RCS jet commands from ROT_ACCEL. In aone-engine burn,
pitch and yaw control operate identically to the two—engine case for both RHC conditions. Roll control in
the one-engine caseisby ROT_DISC_TRANSITION viaRCS ERRORS TRANSITION when the RHC
iswithin soft stop and by RCS jet command from ROT_ACCEL when the RHC is beyond soft stop. The
accel eration/drift/discrete hysteresis described in Paragraph D appliesto roll control in the one-engine
case.

Table 4.4.4.2-2 summarizes the TV C control configurations. Control inputs to the OMS and RCS
processors are indicated for al relevant combinations of mode, number of engines, RHC deflection, and
axis.

G. Attitude Command Control Configuration. The steering processor selects either of two attitude
guaternions for the automatic maneuver module, AUTO_ MNVR, which maneuversto and/or holds the
commanded attitude if in RCS automatic mode. It also supplies either of two quaternionsto the A/E ATT
PROC, which generates an attitude error signal on the ADI. In Major Made 103, the quaternion sent to
A/E ATT PROC isthe same asthat selected for AUTO_MNVR. After entering Major Mode 104, the
guaternion shipped to A/E ATT PROC isdwaysQ B | CMD. Therateat whichQ B | CMD is
supplied to the DAP and sent on to A/E ATT PROC depends on the circumstances. For apreburn
maneuver, Q B | CMD issupplied once. Duringa TV C or guided RCS burn, the commanded attitude,
Q B | CMD,issupplied at 1.04 Hz. The resulting display can be used by the crew as visual input for
manual attitude control using the RCS and/or OMS, and to monitor attitude control during an automatic
OMS burn or an automatic RCS maneuver or hold.

The quaternion received by AUTO_MNV R depends on whether it is desired to maneuver to and/or hold a
commanded attitude or to hold the current attitude. AUTO_MNVR receives the commanded attitude

Q B I CMD if PREBURN_MNVR goes high during RCS automatic mode, or if ALFA_MNVR flag is
set ON, and during aguided RCS burn. (It also “receives’ Q B | CMD, but is not executed, during a
TVCburn.) A snapshot value of the current attitude, Q B I, isprovided to AUTO_MNVR at (1) the end
of an OMS or guided RCS burn, (2) ET separation, (3) the start of the insertion and deorbit phases, (4)
change from RCS automatic to RCS manua mode or, vice versa, if aguided RCS burnis not in progress,
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(5) if the commanded attitude is changed (different from the target attitude) while in the course of an
automatic PREBURN maneuver, and (6) at the end of the ALFA_BETA maneuver.

H. Function Module Descriptions. The control law function modules are described in Subsections
4.4.4.2.1 through 4.4.4.2.3. Within these subsections, the modules are ordered a phanumerically by name.
The groupings are as follows:

Section Subject

44421 Steering processor modules

44422 RCS processor modules

44423 OMS processor modules

Table4.4.4.2-1. RCSManua Rotation Moding and Signal Flow
FORCE_FIRE,
RHC Position and Control INIT RCS ROT_JET _CMD
Relevant Conditions Action ERRORS

Sequence 1: RHC remains within soft stop for discrete rate/ attitude hold mode.
In detent Hold attitude OFF Asrequired
Out of detent, first pass Damp to rate ON +1
Out of detent, rate not achieved Damp to rate OFF +1
*Qut of detent, rate achieved Maintain rate OFF Asrequired
Back in detent, first pass Damp to zero ON +1
Back in detent, rate not zeroed Damp to zero OFF +1
Back in detent, rate zeroed Hold attitude OFF Asrequired
Sequence 2: RHC remains within soft stop for pulse mode.
In detent Free drift Don't care
Out of detent, rate change not achieved Acceleration Don't care +1
Out of detent, rate change achieved Free drift Don't care 0
In detent Free drift Don't care 0
Sequence 3: RHC moves beyond soft stop for either mode.
In detent See above
Out of detent, all conditions See above
Beyond soft stop Acceleration Don't care +1
Within soft stop, out of detent Free drift Don't care 0
Back in detent, al conditions See above
*This step is skipped if the RHC is returned to detent before the RCS can achieve the discrete rate.
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Table4.4.4.2-2. TVC Control Configuration
TVC Mode Automatic Manual
No. of
engines 2
RHC Within | Beyond
Deflection (In detent) (In detent) SS SS Within SS Beyond SS
AXxis All Roll Pitch, Any Any Roll Pitch, Roll Pitch,
Yaw yaw yaw
OMS Rate Not Rate Rate Rate Not Rate Not Rate
Processor cmds used cmds cmds cmds used cmds used cmds
Control from from from from from from
Inputs 1 1 2 2 2 2
RCS Errorsfrom| Errors Errors Errors Jet Errors Errors Jet Jet
Processor 1+4 from from from cmds from from cmds cmds
Control 1+4 1+4 2+4 from 3+4 2+4 from5 | from5
Inputs 5 (A) See (B) See
Note note
1 OMS STEERING_TRANSITION + GUIDANCE_COMPENSATION
2 MANUAL_TVC
3 ROT_DISC TRANSITION
4 RCS ERRORS TRANSITION
5 ROT_ACCEL
Note:  Accel/drift/discrete hysteresis

logic applies to transitions
between states (A) and (B) .
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44421  Steering Processor

444211 AUTO_MNVR.

A. Function. This module generates control signalsto effect an attitude hold or maneuver to acommanded
attitude followed by an attitude hold. The module initiates in a maneuver or hold mode as a function of the
magnitude of the difference between the actua vehicle attitude and the target attitude. If theinitiadl modeis
maneuver, the module computes the time needed to complete the maneuver. The time to maneuver
completion is then decremented via an open loop cycle counter. The modeis changed to hold at the end of
thistime. Thetimeisalso sent to XXXXX MNVR DIP for further processing and then displayed via
XXXXX MNVRYYYYY. The FORCE_FIRE flags are used to ensure prompt vehicle response to
transitions between these modes. The detailed block diagram for the module AUTO_MNVR is presented
inFigures4.4.4.2.1.1-1 and 4.4.4.2.1.1-2.

B. Processing Requirements. The module AUTO_MNVR shall be called on the first pass of the
TRANS DAP and processed at 1.04 Hz.

C. Interface Requirements. The interface requirements for the module AUTO_MNVR are shown in Table
4442111,

D. K-Loadg/Constants. The K- oads/constants for the module AUTO_MNVR are shown in Table
4.4421.1-2.

E. Initidization Requirements. The initialization requirements for the module AUTO_MNVR are included
inFigure4.4.4.2.1.1-1.
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Table4.4.4.2.1.1-1.

AUTO_MNVR Interface Requirements

Source or Sample
Name Description Destination Type Range | Unit | Rate(Hz)
Inputs
INIT_AUTO_ Moduleinitialization flag TRNS _RECON B 0,1 none | 1.04
MNVR (1=init)
QB Vehicle attitude with respect ASCENT/ENTRY ATT Struct:S; | Oto 1; none | 1.04
to reference attitude, givenas | PROC V(3)S —1tol
the M50—to—body quaternion
QB 1 CMD_ Commanded vehicle attitude ASCENT/ENTRY ATT Struct:S; | Otol;—| none | 1.04
DESIRED with respect to reference PROC, ASMNVR DIP, V(3)S 1ltol
attitude, given asthe M50-to— | DEORB MNVR DIP, ORB
body quaternion INSGUID, or DEORB
GUID (viaunity gain),
ALFA_BETA_MNVR
TERM_AUTO Flag indicating that guidance TRNS_RECON B 0,1 none | 1.04
has updated the desired
attitude during a preburn
maneuver
MNVR_RATE Maneuver Rate About Eigen TRNS_RECON S .5t05.0( deg/ 1.04
Axis sec
Outputs
ATTITUDE Body angle error RCS ERRORS V(3)S —360to | deg 1.04
ERROR TRANSITION 360
FORCE_FIRE Rate damping initiation flag by | PHASE_PLANE_ B(3) 0,1for [ none | 1.04
axis (1=damp rate) TRANSITION each bit
OMEGA _C_ Desired body angular rate RCS ERRORS _ V(3)S -5to5 | deg/s| 1.04
BODY TRANSITION
MNVR_CMPL__ | Preburn maneuver timeto go ASMNVRDIP, S S 1.04
TIME_TGO DEORB MNVR DIP
MNVR_HOLD | Flag specifying maneuver or TRNS_RECON, B 0,1 none | 1.04
hold state (1=mnvr) ASMNVRDIP,
DEORB MNVR DIP
Table4.4.4.21.1-2. AUTO_MNVR K-Loads/Constants
Name Description Type MSID/Vaue Unit
AMM Maneuver/hold threshold S V96U8590C/8.0 deg
DEG_PER _RAD Radians to degrees conversion factor S 180/pi deg/rad
RAD_PER_DEG Degrees to radians conversion factor S pi/180 rad/deg
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444212 ET_SEP_PROCESSOR.

A. Function. This module monitors trandation along the vehicle —Z axis until adesired velocity increment
isachieved. The module operates closed loop by using the measured vehicle velocity increments. When
the module determines that the desired velocity increment has been achieved, it zeroes the trandation
command and setsaflag. The detailed block diagram for the module ET_SEP_PROCESSOR is presented
inFigure4.4.4.2.1.2-1.

B. Processing Requirements. The module ET_SEP PROCESSOR is processed at 1.04 Hz.

C. Interface Requirements. The interface requirements for the module ET_SEP_PROCESSOR are shown
inTable4.4.4.2.1.2-1.

D. Idoads. I-Hoads for the module ET_SEP_PROCESSOR are shown in Table 4.4.4.2.1.2-2.

E. Initialization Requirements. The initiaization requirements for the module ET_SEP _PROCESSOR are
shown in Table 4.4.4.2.1.2-3.
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Table4.4.42.1.2-1. ET_SEP_PROCESSOR Interface Requirements

Source or Sample
Name Description Destination Type | Range | Unit | Rate (Hz)
Inputs
DVB_SEC Vehiclevelocity increment | ASCENT/ENTRY ATT PROC| V(3)S | —1tol | ft/s 1.04
over past 0.96 second
TAL_ABORT _ Transatlantic abort flag MSC B 0,1 none | 1.04
DECLARED
Outputs
SEP_COMPLETE Flag indicating desired MSC, TRNS_RECON, B 0,1 none | 1.04
velocity change has been JET_SELECT _TRANSITION
achieved (1=complete)
TRANS JET_CMD | Trandation command JET_SELECT_TRANSITION | A(6)B | 0,1 none | 1.04
(+X, =X, +Y, =Y, +Z,-2)

Table4.44.2.1.2-2. ET_SEP_PROCESSOR I-Loads

Name Description Type MSID Unit
DESIRED DVZ Desired Z—axis velocity change S V97U2339C ft/s
TAL_DVZ_INC Desired Z—axis velocity increment for transatlantic abort S V99U 7404C ft/s

Table4.4.4.2.1.2-3. ET_SEP_PROCESSOR Initiaization Requirements

Initialize on Transition Initialize on Transition
From To Variable Initial Value
First pass DvZz 0
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444213 GUIDANCE_COMPENSATION.

A. Function. This module provides gain, compensation filtering, and rate limiting for the guidanceloop in
pitch and yaw. Theroll rate command is set to zero. The detailed block diagram for
GUIDANCE_COMPENSATION isshownin Figure 4.4.4.2.1.3-1.

B. Processing Rate. GUIDANCE _COMPENSATION isprocessed at 12.5 Hz.

C. Interface Requirements. The interface requirements for GUIDANCE_COMPENSATION are shownin
Table4.4.4.2.1.3-1.

D. KHoads. The K-oadsfor GUIDANCE_COMPENSATION are shownin Table 4.4.4.2.1.3-2.

E. Initialization Requirements. The initialization requirements for GUIDANCE_COMPENSATION are
shown in Table 4.4.4.2.1.3-3.
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Table4.4.4.2.1.3-1.

GUIDANCE_COMPENSATION Interface Requirements

Source or Sample
Name Description Destination Type Range Unit | Rate (Hz)
Inputs
GUID_COMP_GAIN TV C compensation gains TRNS RECON A3)S Oto5 none 125
INIT_GUIDANCE Moduleinitializationflag | TRNS RECON I 0,1,2 none 12.5
COMPENSATION (O=noinit; 1=two engine to
one engine transition init;
2=normal init)
STEER_CMD Commanded body steering | OMS _STEERING— V(3)S -100to deg 125
(pitch and yaw angle TRANSITION 100
components)
Outputs
OMEGA_C_BODY Commanded body angular | RCS_ERRORS V(3)S -5to5 deg/s 125
rate TRANSITION,
Roll component:
TVC_LAW_ROLL,
Pitch and Y aw components:
TVC_LAW_PITCH_YAW
Table4.4.4.21.3-2. GUIDANCE_COMPENSATION K-Loads
Name Description Type MSID/Vaue Unit
MR Maximum angular rate command during OMSTVC A(3)S V97U2357C/2.0 | deg/s
V97U2357C/2.0
V97U2359C/2.0
Table4.4.4.2.1.3-3. GUIDANCE_COMPENSATION Initialization Requirements (Note 1)
Initialize on Transition Initialize on Transition
From To Variable Initial Value
INIT_GUIDANCE_COMPENSATION | INIT_GUIDANCE_ First order filter node OMEGA_C BODY$(2t0 3)

not=1

COMPENSATION =1

GUIDE_COMP_GAIN$3—
STEER_CMD$(2 to 3)
GUID_COMP_GAIN$2

INIT_GUIDANCE_COMPENSATION

not=2

INIT_GUIDANCE_
COMPENSATION =2

STEER_CMD
OMEGA_C BODY
First order filter node

0

OMEGA_C_BODY$(2 o 3)
GUID_COMP_GAIN$3—
STEER_CMD$(2 to 3)
GUID_COMP_GAIN$2

Note 1. Do not perform filter and limiter processing on the initialization pass.
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444214 MANUAL _TVC.

A. Function. This module provides commandsto generate a three—axis vehicle angular rate duringa TVC
burn. The generated rate corresponds in sense and magnitude to the RHC deflection and is constrained to a
limiting value. The detailed block diagram for MANUAL_TVCis presented in Figure 4.4.4.2.1.4-1.

B. Processing Rate. MANUAL_TVC isprocessed at 12.5 Hz.

C. Interface Requirements. Theinterface requirements for MANUAL_TVC are shownin Table
4442141,

D. KHoads. The K-Hoadsfor MANUAL _TVC areshownin Table 4.4.4.2.1.4-2.

E. Initiaization Requirements. There are no initialization requirements for MANUAL_TVC.

Table4.4.42.1.4-1. MANUAL_TVC Interface Requirements
Sample
Rate (Hz)
Name Description Source or Destination Type | Range Unit
Inputs
RHC Rotational hand controller 3-AX RHC SOP A(3)S | -50to deg 125
deflection 50
Output
OMEGA_C BODY | Commanded vehicleangular | RCS_ERRORS _ V(3)S| -5to5 | deg/s | 125
rate in body axes TRANSITION
Roll component:
TVC LAW_ROLL
Pitch and Y aw components:
TVC LAW_PITCH_YAW
Table4.4.4.2.1.4-2. MANUAL_TVCK-Loads
Name Description Type MSID/Vaue Unit
MR Maximum rate command during TVC A(3)S V97U2357C/ deg/s
(120
V97U2358C/
(220
V97U2359C/
3) 2.0
PROPGRAD Gain: commanded body rate divided by A(3)S V97U2374C/ (deg/s)/deg
RHC deflection (o1
V97U2375C/
(201
V97U2376C/
(3) 0.1875
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444215 OMS _STEERING_TRANSITION.

A. Function. This module commands a vehicle steering angle equal to the vector cross product of the
commanded thrust direction and the sensed vehicle velocity change. If the sensed velocity falls below a
threshold value, the module holds its output at the previous value until passage of atime delay (measured in
cycles at the module processing rate); the output is then set to zero. However, anytime the sensed vel ocity
change equals or exceeds the threshold value, normal processing is resumed and the delay timer is reset.
The detailed block diagram for OMS _STEERING_TRANSITION is presented in Figure 4.4.4.2.1.5-1.

B. Processing Rate. OMS STEERING _TRANSITION is processed at 1.04 Hz.

C. Interface Requirements. The interface requirements for OMS _STEERING_TRANSITION are

presented in Table 4.4.4.2.1.5-1.

D. K-Loads/Constants. The K-oads/constantsfor OMS _STEERING_TRANSITION are presented in

Table4.4.4.2.1.5-2.

E. Initialization Requirements. Theinitiaization requirementsfor OMS_STEERING_TRANSITION are

presented in Table 4.4.4.2.1.5-3.

Table4.4.42.15-1. OMS STEERING TRANSITION Interface Requirements
Source or Sample
Name Description Destination Type Range Unit | Rate (Hz)

Inputs

DVB_SEC Vehicle velocity increment past ASCENT/ENTRY V(3)S —4to4 ft/s 1.04
0.96 second ATT PROC

INIT_OMS_ Moduleinitialization flag TRNS_RECON B 01 none 1.04

STEERING (1 =init)

LAMC Commanded vehicle velocity—to—go | ORB INSGUID or V(3)S -1to1l none 1.04
unit vector in reference coordinates | DEORB GUID

LAMDC Commanded derivative of LAMCin| ORB INSGUID or V(3)S -1tol 1s 1.04
reference coordinates DEORB GUID

QB Vehicle attitude with respect to ASCENT/ENTRY Struct: S; | Oto 1; none 1.04
reference attitude, given asthe ATT PROC V(3)S -1to1l
M50-to-body quaternion

TLAMC GMT Time of issuance of LAMC ORB INSGUID or S 0to10" | s 1.04

DEORB GUID
TNOW Present GMT Time ASCENT/ENTRY S 0to10" | s 1.04
ATT PROC

Output

STEER_CMD | Commanded vehicle steering angle | GUIDANCE _ V(3)S -100to | deg 1.04
in body axes COMPENSATION 100
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Table4.4.4.2.1.5-2. OMS STEERING TRANSITION K-Loads/Constants
Name Description Type MSID/Vaue Unit
DELAY Number of passes sensed delta-V can be below I V97U2663C/3 none
minimum before module output is zeroed
MIN_DVB Minimum magnitude of sensed delta-V for cross S V97U2784C/0.6 ft/s
product steering
DEG_PER _RAD Radians to degrees conversion factor S 180/pi deg/rad
Table4.44.2.15-3. OMS _STEERING_TRANSITION Initiaization Requirements
Initialize on Transition Initialize on Transition Initial
From To Variable Vaue
INIT_OMS STEERING = OFF INIT_OMS STEERING = ON STEER_CMD 0
LOW_TIME 0
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444216 RCS ERRORS TRANSITION.

A. Function. This module obtains the vehicle attitude error and angular rate error based upon an angular
rate command from steering processor modules, an attitude error signa from AUTO_MNVR, and vehicle
measurement data. It first forms the desired attitude increment by multiplying the desired angular rate by
the time step. Then the attitude error is updated by the difference between the desired and measured
atitude increments. The angular rate error is the difference between the desired and measured rates.

Theinitiaization flag for this module sets a given component of the attitude error to zero. Thisactionis
typicaly invoked upon assumption or resumption of control of agiven body axis by a steering processor
module. In the particular case of the manual discrete rate command/attitude hold submode, the
initialization flag is set (in addition to entry into the submode) when the RHC is moved into or out of
detent. The detailed block diagram for the module RCS_ERRORS TRANSITION is presented in Figure
4.4.4.21.6-1.

B. Processing Requirements. The module RCS ERRORS TRANSITION is processed at 12.5 Hz.

C. Interface Requirements. The interface requirements for the module RCS ERRORS TRANSITION
areshownin Table 4.4.4.2.1.6-1.

D. Constants. The constants for the module RCS_ ERRORS TRANSITION are shown in Table
4.4.4.21.6-2.

E. Initidization Requirements. The initialization requirements for the module
RCS ERRORS TRANSITION are shownin Table 4.4.4.2.1.6-3.
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Table4.4.4.2.1.6-1.

RCS_ERRORS TRANSITION Interface Requirements

Sample
Name Description Source or Destination Type Range Unit | Rate (Hz)
Inputs
ATTITUDE_ERROR | Body angle error AUTO_MNVR V(3)S | —360to deg 125
360
ATTITUDE _ Body angle increment over ASCENT/ENTRY ATT V(S | 4to4 deg 125
INCREMENT sampling interval PROC
INIT_RCS ERRORS | Moduleinitialization flag TRNS RECON, A(3B | 0,1 none 125
ROT_DISC_TRANSITION
OMEGA_C BODY Desired body angular rate MANUAL_TVC, V(3)S | -5to5 deg/s | 125
GUIDANCE_
COMPENSATION,
ROT_DISC_TRANSITION,
AUTO_MNVR
RATE_GYRO_ Measured vehicle angular rate | ASCENT/ENTRY ATT V(3)S | Roall: deg/s | 125
FILTERED PROC, viaRATE_FILTER or —40 to 40,
unity gain Pitch,
Yaw:
—20t0 20
Outputs
ATTITUDE_ERROR | Body angle error PHASE PLANE_ V(3)S | —360to deg 125
TRANSITION 360
RATE_ERROR Body angular rate error PHASE PLANE V(S | 20to20 | deg/s | 125
TRANSITION
Table4.4.421.6-2. RCS ERRORS TRANSITION Constants
Name Description Type Vaue Unit
TDAP Period of RCSDAP cycle S 0.08 s
Table4.44.2.1.6-3. RCS ERRORS TRANSITION Initialization Requirements
Initialize on Transition Initialize on Transition Initial
From To Variable Vaue
INIT_RCS _ERRORS$(n) = OFF INIT_RCS ERRORS$(n) = ON ATTITUDE_ERROR$(n) 0

72




ST S 83-0008V2-34
December 14, 2007

L[]
[INIT_RCS_ERRORS] INITIALIZATION
- (TABLE
4.4.42.1.6-3)
ATTITUDE_ERROR ]
z
ATTITUDE _ ¥ ATTITUDE_
INCREMENT + ERROR >
TDAP
_ RATE_
OMEGA_C_BODY >® ERROR >

RATE_GYRO_FILTERED

i

RCS_ERRORS_TRANSITION

FIGURE 4.4.4.2.1.6-1. RCS_ERRORS_TRANSITION
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444217 ROT_DISC_TRANSITION.

A. Function. For each vehicle axisthat isin the manual discrete rate rotation submode, this module
provides commands to generate a predetermined vehicle angular rate about that axis while the RHC is out
of detent in that axis. The sense of the angular rate corresponds to the sense of the RHC deflection. When
the RHC isin detent, an attitude hold is performed in the affected axis; the vehicle maintains the attitude it
had at the instant the RHC went into detent. The detailed block diagram for the module

ROT_DISC TRANSITION ispresented in Figure 4.4.4.2.1.7-1.

B. Processing Requirements. The module ROT_DISC_TRANSITION is processed at 12.5 Hz per axis.

C. Interface Requirements. The interface requirements for the module ROT _DISC TRANSITION are
shownin Table 4.4.4.2.1.7-1.

D. KHoads. The K-oads for the module ROT_DISC_TRANSITION are shown in Table 4.4.4.2.1.7-2.

E. Initialization Requirements. The initialization requirements for the module ROT_DISC_TRANSITION
areincludedin Figure 4.4.4.2.1.7-1.

Table4.4.42.1.7-1. ROT_DISC_TRANSITION Interface Requirements

Source or
Name Description Destination Type | Range | Unit | Rate (Hz)
Inputs
AXIS Body axisfor this TRNS_RECON 1to3 | none | 12.5/axis
execution
INIT_ROT_DISC Moduleinitialization flag | TRNS_RECON B 01 none | 12.5/axis
RHC_STATE Rotationa hand controller | 3-AX RHC SOP A@)I [-1,0,1 | none | 12.5/axis
command with sense of
deflection
Outputs
FORCE_FIRE Rate damping initiation PHASE_PLANE_TRANSITION | B(3) 0,1for [ none | 12.5/axis
flag by axis each bit
(1=damp rate)
INIT_RCS ERRORS | Moduleinitialization flag | RCS_ERRORS_TRANSITION A(3B | 0,1 none | 12.5/axis
OMEGA_C_BODY | Desired body angular rate | RCS ERRORS_TRANSITION V(3)S | 5to5 | deg/s | 12.5/axis

Table4.44.2.1.7-2. ROT_DISC_TRANSITION K-Loads

Name Description Type MSID/Vaue Unit

DISC_RATE Desired body angular rate during deflection of rotational hand | S V97U1317C/0.5 | degls
controller
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444218 ROT_PULSE_TRANSITION.

A. Function. For each vehicle axisthat isin the manual pulse rotation submode, this module provides a
command to generate a predetermined vehicle angular rate increment about that axis for each timethe RHC
ismoved out of detent in that axis. The sense of the angular rate increment corresponds to the sense of the
RHC deflection. When the sum of all commanded rate increments about a given axis has been attained,
vehicle rotation about that axisisin free drift, regardless of whether the RHC isin detent or out of detent in
that axis. The module operates open loop by determining how many passes the RCS jets must fire to
implement each commanded rate increment and maintaining ajet command of the correct sign for the total
number of passes needed.

B. Block Diagram. The block diagram for ROT_PULSE TRANSITION isshown in Figure 4.4.4.2.1.8-1.
C. Processing Rate. The module ROT_PULSE TRANSITION is processed at 12.5 Hz/axis.

D. Interface Requirements. The interface requirements for the module ROT_PULSE_TRANSITION are
shownin Table 4.4.4.2.1.8-1.

E. K-Loadg/Constants. The K- oads/constants for the module ROT_PULSE TRANSITION are shown
inTable4.4.4.2.1.8-2.

F. Initialization Requirements. Theinitialization requirementsfor the module
ROT_PULSE _TRANSITION are shownin Table 4.4.4.2.1.8-3.

Table4.4.42.1.8-1. ROT_PULSE TRANSITION Interface Requirements
Source or Sample
Name Description Destination Type | Range | Unit | Rate(Hz)
Inputs
AXIS Body axisfor thisexecution | TRNS RECON I 1,2,3 none | 12.5/axis
INIT_ROT_PULSE | Moduleinitialization flag TRNS RECON B 0,1 none | 12.5/axis
RHC_STATE Rotational hand controller 3-AX RHCSOP | A(3)l | -1,0,1 | none | 12.5/axis
command with sense of
deflection
Output
ROT_JET_CMD RCS rotation command JET_SELECT_ | A3l | 1,01 | none | 12.5/axis
TRANSITION,
RCSACTLT
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Table4.4.4.2.1.8-2. ROT_PULSE _TRANSITION K-Loads/Constants
Name Description Type MSID/Vaue Unit
MAG_PULSE Magnitude of average angular rate change available | A(3)S | V96U9747C/ | deg/s
for each axis per FC cycle 0.0856
V96U9748C/
0.0824
V96U9749C/
0.0544
ROT_PULSE SIZE | Magnitude of desired angular rate change per S VI6U9707C/ | degl/s
deflection of rotational hand controller 0.0972
Table4.44.2.1.8-3. ROT_PULSE _TRANSITION Initialization Requirements
Initialize on Transition Initialize on Transition Initial
From To Variable Vaue
INIT_ROT_PULSE = OFF INIT_ROT_PULSE = ON OLD_RHC_STATES$ (AXIS) 0
REMAINING_PASSES$ 0

(AXIS)
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444219 RATE_FILTER.

A. Function. This module provides filtering of the rate gyro data for the RCS section of the Transition

DAP.

B. Processing Rate. RATE_FILTER is processed at 12.5 Hz.

C. Interface Regquirements. The interface requirementsfor RATE _FILTER are shown in Table

4.4.4.2.1.9-1.

D. Constants. There are no constants for RATE_FILTER.

E. Initialization Requirements. The initidization requirementsfor RATE_FILTER are shown in Table

4442192
Table4.4.42.1.9-1. RATE_FILTER Interface Requirements
Sample

Name Description Source or Destination Type | Range | Unit | Rate(Hz)
Inputs
RATE_GYRO_ | Corrected rate gyrodata| ASCENT/ENTRY ATT | V(3)S | -5to5 | deg/s | 12.5
CORR PROC
RFG Ratefilter gainvalues | TRNS _RECON A(5)S none | 12.5
Outputs
RATE_GYRO_ | Filteredrategyrodata | RCS ERRORS V(3)S | 5to5| deg/s | 125
FILTERED TRANSITION

Table4.4.4.21.9-2. RATE_FILTER Initidization Requirements
Initialize on Transition Initialize on Transition
From To Variable Initial Value
*xk First pass Second order filter nodes 0
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FIGURE 4.4.4.2.1.9-1. RATE_FILTER
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4442110 ALFA_BETA_MNVR

A. Function. Thistask calculates adesired quaternionininertial frame to keep the vehicle within the
targeted angle of attack and side dlip angle during mated coast for both nominal and TAL tragjectories and
MM-104 for TAL trajectories.

Detailed Reguirements

1) The M50-to-commanded body quaternion is computed in the following manner.

82

a) ThequaternionQ M 5 0 VRisfound by using the function RV_TO _QLVLH. Inthis
function, the coordinate system is defined by setting the Z axis equal to the unit negative of the first
input vector, the Y axis equal to the unit vector of the second input vector crossed into the first
input vector, and the X axis equal to Y x Z. The determination of a heads up or heads down
atitude is done using body roll attitude euler angle, where heads up is defined as the absol ute value
of the body roll attitude euler angle < 90°, and the heads down is the absol ute value of the body roll
atitude euler angle = 90°. The quaternion representing the transformation from this coordinate
system, caled the VR coordinate system to the M50 coordinate system is computed as follows for
heads up and heads down.

Headsup:Q M50 VR=RV_TO QLVLH(V_RHO, - R AVGG), Note negative on R_AVGG.
Headsdown: Q M50 VR=RV_TO QLVLH(V_RHO, R AVGG)

b) Congtruct the angle of rotation from the VR frame to the desired angle of attack, ALPHAQ.

00
Q CB_VR=QUAT _CALC(ALPHAQ, UY), where UY = %LS the right wing unit vector.

EVE
¢) Construct the M50-to-commanded body quaternion to command wings level, zero sidedlip, and

the computed angle of attack. The M50-to-commanded body quaternion is formed by multiplying
the rotation quaternion (Q_C1§_V R) by the conjugate of the VR-to-M50 quaternion (Q_M §O_V R).

Q B | CMD = QUAT MULT(Q CB_VR,Q VR _M50)



ST S 83-0008V2-34
December 14, 2007

d) ALPHAQissettoanl-load target +90°. Therationale for the 90° bias on ALPHAQ isthat
the bias is needed to align the x-axis of this LVLH coordinate system with the velocity
Vector.

For the heads-up case, the z-axis is pointing opposite to the velocity vector, the y-axisis
pointing to the right wing, and the coordinate system is completed with the x-axis pointing
down opposite to the general direction of the position vector.

R_AVGG
_~ v N
o
&
X
‘\\K\
X X=NVx1Z
. ZRAVGE x VRHO
" |R_AVGG x V_RHO|
_ _ _-VRHO
p ALPHA |z> Iz = IV RHO |
V_RHO K
90°
\
WX
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For the heads-down case, the z-axis is pointing opposite to the velocity vector, the y-axis
is pointing to the right wing (since it is heads-down, thisisto the left of the velocity
vector), and the coordinate system is completed with the x-axis pointing in the genera
direction of the position vector.

R_AVGG A4 X

X=1Yx1Z

RAVGG x V._RHO
|RAVGG x V_RHO |

|<‘
)
I
o
w N
Nl
n
- 1
|< |<
)
I)| 2
ollo

B. Processing Requirements. The ALFA_BETA_MNVR task is performed once each time the task is
caled.

C. Interface Requirements. Theinterface requirementsfor ALFA_BETA_MNVR are shownin Table
44421101

D. Constants. Unit vector U=0,1,0

E. Initidization Requirements. There are no initialization requirements.
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Table4.4.4.2.1.10-1. ALFA_BETA_MNVR Interface Requirements
Name Description Source/Degtination Type Range |Unit |Sample
Rate (Hz)
Inputs
ALPHAQ Desired alphatarget | TRNS _RECON S deg 12.5
V_RHO Earth relative velocity | Ascent UPP V(3) ft/lsec |12.5
vector in M50
R_AVGG Current Shuttle Ascent UPP V(3) ft 125
position in M50
coordinates
PHI Body roll attitude euler | A/E ATT PROC S +180 (deg |[6.25
angle
Outputs
QB I CMD |Commandedvehicle |AUTO MNVR Struct: [0tol;- |none | 125
attitude with respect to S ltol
reference attitude, V(3)S
given as the M50-to-
body quaternion
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44422 RCSProcessor.

444221 JET_SELECT_TRANSITION.

A. Function. This module generates jet firing commands required to implement commanded trand ations
and rotations. Thetransition jet select contains logic enabling selection of primary jetsonly. The
algorithm takes into account jet failures, ET separation, RCS propellant crossfeed valve position, and tank
congtraints. Logic isincluded to permit propellant dumping through forward RCS jets for vehicle mass and
c.g. control. Trandation commands are ignored during dumping. Jet selection is according to atable look—
up scheme, described in this subsection under paragraph F and in Tables 4.4.4.2.2.1-1 through
4.4.4.2.2.1-4. The detailed block diagram for the module JET_SELECT_TRANSITION ispresentedin
Figures 4.4.4.2.2.1-1 through 4.4.4.2.2.1-12.

B. Processing Requirements. The module JET_SELECT TRANSITION is processed at 12.5 Hz.

C. Interface Reguirements. The interface requirements for the module JET _ SELECT_TRANSITION are
shown in Table 4.4.4.2.2.1-5.

D. Constants. There are no constantsfor JET_SELECT _TRANSITION.

E. Initidization Regquirements. There are no initialization requirements for
JET_SELECT_TRANSITION.

F. Detailed Function. This paragraph explains the table |ook—up logic and provides supporting comments
for some of the block diagrams. Also included are data on RCS jet configuration.

Thetables are divided into three sections (Tables 4.4.4.2.2.1-1 through 4.4.4.2.2.1-3). Thefirst section
providesthe logic for the 19 jets that fire into the Z—axis. Part A for through ET separation, —Z
trandation, no —X trandation, and either crossfeed closed or no +X trandation; Part B for through ET
separation, —Z trandation, and —X trandation; Part C for through ET separation, —Z translation, +X
tranglation, and crossfeed open; Part D for after ET separation and —Z trangdlation; Part E for all other
cases (i.e., no—Z trandation). Thesejets divideinto seven directiona jet clusters, namely, Groups 4, 5, 6,
11, 12, 13, and 14. The second section provides logic for the 12 jets that fire into the Y—axis. Thesejets
divideinto four directional jet clusters; namely, Groups 2, 3, 9, and 10. Thethird section provideslogic for
the seven jetsthat fire into the X—axis. These jets divideinto three directional jet clusters; namely, Groups
1,7,and 8 (see Figure 4.4.4.2.2.1-13 for RCSjet locations and plume directions).

Each page of the table look—up logic has three main divisions. The leftmost division provides the command
to be responded to. The middle division lists all relevant failure combinations (through one failure with
trand ation and two failures with no trandation). The right—-most division specifies how many jets must be
commanded to firein each directional group under the conditions specified. Inthe middle division, thefirst
row of each command configuration is always the no—failure case. The rowsthat follow list agroup
number for the location of afailed jet (e.g., 9 meansajet hasfailed in Group 9). In the event that more
failures occur than are covered by the tables, all the unfailed jets of those jets specified by the tables should
be used.

The table look—up logic determines (for nominal and failure conditions) the total number by group of RCS
jetsto befired. Thisinformation, in conjunction with the availability of jets (HFAIL_JSL), isused to
determine which jets within a particular RCS jet group should be fired (NEW_JONLST _JSL). This
selection is performed by choosing the required number of jets for each group among the unfailed jets
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within that group and with the highest priority within that group. Table 4.4.4.2.2.1-6 givesthe jet group
and jet priority associated with each element of NEW_JONLST _JSL and HFAIL_JSL. Note that no
particular RCS jet is associated with each element of either parameter.

Asalimited example, suppose the second— and third—priority jets of Group 9 were not available for firing
HFAIL_JSL 19122 = (0, 1, 1, 0) and that the table look—up logic required that two jetsin Group 9 befired,
then NEW_JONLST_JSL 19,2 Would be set equal to (1, 0, 0, 1).

The principle behind the table look—up scheme isthat al jets that fire in the Z—axis can give Z—trandation
and/or roll rotation and/or pitch rotation control. These 19 jets are considered independent of other axes,
however. All jetsfired inthe Y—axis are considered to give Y —trandation and/ or yaw rotation only. All
jetsfired in the X—axis are considered to give X—trandation control only. Interactions between axes are
handled by phaseplane feedback and/or closed oop feedback.

The priority of aparticular RCS jet within its group is a mission—dependent and/or a crew—dependent
function. Thus a mechanism is needed to identify which particular jet is associated with a particular in—
group priority. This mechanism isthe parameter JET_MAP. For JET_MAP to work properly, the input
and output interfaces (AVAILABLE_JET_FWD, AVAILABLE JET_AFT, NEW_JONLST_FWD, and
NEW_JONLST_AFT) must be dligned identically, i.e., each respective element must refer to the same
RCSjet. JET_MAPisan array of input/output interface array element numbers arranged by ascending
group number and in order of descending priority (see Table 4.4.4.2.2.1-4 for arrangement). JET_MAP s
used in the following equations (Figures 4.4.4.2.2.1-1 and —11):

I=1TO 14
HFAIL_JSL, = AVAILABLE_JET_FWD g war,

1I=15TO 38
HFAI L_\]SL| = AVAILABLE_J ET_AF T JET_MAP,

1=1TO 14
NEW_JONLST_FWDgr wap= NEW_JONLST_JSL,

1=15 TO 38
NEW_JONLST_AFT sr war= NEW_JONLST_JSL,

Asalimited example note that Group 1 Jets F1F, F2F, and F3F availability and commands are represented
by Elements 1, 5, and 13, respectively, on the input/output interface for the forward jets. Suppose that the
preferred firing order within Group 1 is F2F, F3F, F1F, then

JET_MAP; 5= (5,13,1), and
HFAIL_JSL, = AVAILABLE JET FWDs

HFAIL_JSL, = AVAILABLE JET FWDj;

HFAIL_JSL; = AVAILABLE JET FWD;,

NEW_JONLST FWDs=NEW_JONLST_JSL,
NEW_JONLST FWD;; = NEW_JONLST JSL,
NEW_JONLST _FWD, = NEW_JONLST_JSL;
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Table4.4.4.2.2.1-1isin five parts. Parts A through C areto be accessed only if thereisa—Z trangdlation
and SEP_COMPLETE = OFF. Part A isfor the case with CROSSFEED OPEN = OFF or no +X
trandation command combined with no —X trandation command. Part B isfor the case with —X
trandation command. Part Cisfor the case with CROSSFEED OPEN = ON combined with +X
trandation command. Part D isto be accessed only if thereis—Z trandation command and
SEP_COMPLETE = ON. Part E isto be accessed only if there is no —Z trandation command. The
following inputs signify the following commands:

ACOM: ACOM; 04 Ignore
ACOMg ON =Z trandation required
OFF = No Z trandlation required
ACOM5; ON =Minussign for Z trandation
OFF = Plus sign for Z trandation
ACOMg ON =Raoall rotation required
OFF = No roll rotation required
ACOM- ON = Minussign for roll rotation
OFF = Plus sign for roll rotation
ACOM g ON = Pitch rotation required
OFF = No pitch rotation required
ACOMgq ON = Minussign for pitch rotation
OFF = Plus sign for pitch rotation

ACOMy1012  lgnore
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In Table 4.4.4.2.2.1-2, the following inputs signify the following commands:
ACOM: ACOM; 02 Ignore
ACOM, ON =Y trandation required
OFF =NoY trangdlation required
ACOM; ON =Minussignfor Y trandation
OFF = Plussign for Y trandation
ACOMs010 Ignore
ACOM, ON = Yaw rotation required
OFF = No yaw rotation required
ACOM; ON = Minussign for yaw rotation
OFF = Plus sign for yaw rotation
In Table 4.4.4.2.2.1-3, the following inputs signify the following commands:
ACOM: ACOM, ON =X trandation required
OFF = No X trandation required
ACOM; ON =Minussign for X trandation
OFF = Plus sign for X translation
ACOM3i012 Ignore

RCS tank constraints are met by either modifying the trandation and rotation commands (represented by
the ACOM array) prior to the table look—up or by modifying the jet commands (represented by the
NEW_JONLST JSL array) after the table look—up. The requirements are written in thisway so that when
the tank constraints are removed, the basic look—up tables will not change. Thus, even though
simultaneous X and Z trangdlations are prevented by the single—axis trandation logic, the look—up tables
contain entries for smultaneous X and Z trand ation.

The purpose of the single axistrandation logic (Figure 4.4.4.2.2.1-3A) isto prevent jets from being
commanded simultaneoudly in the X and Z trandation axesin the event of simultaneous trandation
commands. The result isareduced likelihood of exceeding the number of simultaneousjet firings that
permit helium gas ingestion into the RCS propellant tank lower compartment. In the event that both the X
and Z trandation commands are generated, priorities for response are used. The priorities are Z axisfirst
and X axis second through ET separation and X axisfirst and Z axis second after ET separation.

The purpose of the Y trandation default (Figure 4.4.4.2.2.1-4) condition isto ensurethat no Y trandation
is attempted when both forward Y —firing jets on the same side of the vehicle nose have failed. Without so
doing, trandation could only be accomplished with excessive yaw rotation.
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The purpose of the aft Z—rate default (Figure 4.4.4.2.2.1-5) condition is to meet post—ET separation tank
constraints with an open RCS propellant crossfeed valve or an open RCS/OMS interconnect valve. After
ET separation, only five aft jets can fire ssimultaneoudly with open crossfeed. If +X trandation and —Z
trand ation occur simultaneously, —Z trandation must be degraded to keep within the five—jet limit.

The purpose of the X—rate default (Figure 4.4.4.2.2.1-6) condition isto meet tank constraints. After ET
separation with open crossfeed, alimit of five aft jets applies. Between degrading —Z trandlation to two aft
jetsand +X trandation to two aft jets, the constraint can be met. The +X trandation is thus degraded if
any Z jetsare used. Through ET separation, two problem areas occur. With open crossfeed, a seven—aft—
jet limit applies. If —Z trandation and +X trandation occur simultaneously, both must be degraded to stay
within constraints. The +X change isreflected in the block diagram, the —Z changein the tables (it is
reduced from high —Z to near nominal). With closed crossfeed, a constraint of five jets per aft pod must be
met. This can be exceeded when —Z and +X trangdlation occur simultaneously with Y trandlation or yaw
rotation. By degrading +X, the constraint is met.

The aft pitch default (Figure 4.4.4.2.2.1-7) prevents forward pitch jets from being utilized during —X
trandation. This assures that no more than three forward tank jets are simultaneously commanded on
nominally, reducing the likelihood of helium gasingestion in the forward propellant tank lower
compartment.

The high-Hevel roll command (Figures 4.4.4.2.2.1-8 and —9) condition increases the number of roll jets
used, when possible, if ayaw rotation is commanded simultaneously with roll in adirection that couples
unfavorably into theroll axis. Thisisrequired to overcome very largeroll coupling dueto inertia
properties with a connected ET.

The high yaw command logic (Figure 4.4.4.2.2.1-8A) increases the number of aft yaw jets used if the
following conditions apply: (1) —Z trandation is commanded, (2) both yaw jets and both +pitch jets on the
same side of the nose have failed (e.g., two manifold closures), and (3) the commanded yaw opposes the
failure-induced disturbance.

The purpose of the pitch/roll rate reduction logic (Figure 4.4.4.2.2.1-10) is to reduce the number of jets
used for combined —pitch and roll maneuvers after ET separation. Thisresultsin areduced likelihood of
exceeding the number of simultaneousjet firings that cause helium gas ingestion into the RCS propellant
tank lower compartment.

Thefailure reconfiguration block (Figure 4.4.4.2.2.1-11) outputs severa discretes which indicate failure
status of various jet groupings. It isexecuted only when JET_FAIL_CHANGE _FLAG isset ON.
JET_SELECT_TRANSITION then resetsthisflag. The outputs are as follows:

1. HFAIL_JSL isthe complement of AVAILABLE_JET FWD and AVAILABLE _JET AFT
mapped into the array order used within the jet selection algorithms.

2. NEG_ZFAIL indicatesfailure status in the two aft —Z firing jet groups.
3. NO_DUMPIndicatesfailure statusin thenose Y jets.

The forward propellant dump logic (Figure 4.4.4.2.2.1-12) block executes only when the forward RCS
dump isrequired and is possible. It determines whether two or four opposing Y jetsin the nose areto fire
and outputs the commands. It also reduces attitude control to aft only by turning off other forward jets.
Trandation isinactive when this option isin use.

Figure 4.4.4.2.2.1-13 shows RCS jet locations and plume directions.
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Table4.4.4.2.2.1-1A. Z Trandation and/or Roll Rotation and/or Pitch Rotation Jet Groups
(Separation Phase With -Z Trandation, Without -X Trandlation, and Either With Crossfeed Closed or

Without +X Trandlation)
Number of Jets Used by Group
Commands Failure Locationsby Group | G4 G5 G6 | G11| G112 | G-13 | G-14
—Z NONE 0 2 2 0 0 3 1
+ROLL 5 0 1 1 0 0 2 0
+PITCH 6 0 1 1 0 0 2 0
13 0 1 1 0 0 2 0
14 0 1 1 0 0 2 0
5 5 0 0 1 0 0 1 0
5 6 0 1 1 0 0 2 0
5 13 0 1 1 0 0 2 0
5 14 0 1 1 0 0 2 0
6 6 0 1 0 0 0 1 0
6 13 0 1 1 0 0 2 0
6 14 0 1 1 0 0 2 0
13 13 0 1 1 0 0 1 0
13 14 0 1 1 0 0 2 0
14 14 0 1 1 0 0 2 0
5 5 6 0 0 1 0 0 1 0
5 6 6 0 1 0 0 0 1 0
—Z NONE 0 1 1 0 0 3 1
+ROLL 5 0 1 1 0 0 2 0
6 0 1 1 0 0 2 0
13 0 1 1 0 0 2 0
14 0 1 1 0 0 2 0
5 5 0 0 1 0 0 2 0
5 6 0 1 1 0 0 2 0
5 13 0 1 1 0 0 2 0
5 14 0 1 1 0 0 2 0
6 6 0 1 0 0 0 2 0
6 13 0 1 1 0 0 2 0
6 14 0 1 1 0 0 2 0
13 13 0 1 1 0 0 1 0
13 14 0 1 1 0 0 2 0
14 14 0 1 1 0 0 2 0
5 5 6 0 0 1 0 0 2 0
5 6 6 0 1 0 0 0 2 0
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Table4.4.4.2.2.1-1A. Z Trandation and/or Roll Rotation and/or Pitch Rotation Jet Groups
(Separation Phase With -Z Trandation, Without -X Trandlation, and Either With Crossfeed Closed or

Without +X Trandlation)
Number of Jets Used by Group
Commands Failure Locationsby Group | G4 G5 G6 | G11| G112 | G-13 | G-14
Z NONE 0 0 0 0 0 3 1
+ROLL 5 0 0 0 0 0 2 0
-PITCH 6 0 0 0 0 0 2 0
13 0 0 0 0 0 2 0
14 0 0 0 0 0 2 0
5 5 0 0 0 0 0 2 0
5 6 0 0 0 0 0 2 0
5 13 0 0 0 0 0 2 0
5 14 0 0 0 0 0 2 0
6 6 0 0 0 0 0 2 0
6 13 0 0 0 0 0 2 0
6 14 0 0 0 0 0 2 0
13 13 0 0 0 0 0 1 0
13 14 0 0 0 0 0 2 0
14 14 0 0 0 0 0 2 0
5 5 0 0 0 0 0 2 0
5 6 0 0 0 0 0 2 0
—Z NONE 0 2 2 0 0 1 1
5 0 1 1 0 0 1 1
+PITCH 6 0 1 1 0 0 1 1
13 0 1 1 0 0 1 1
14 0 1 1 0 0 1 1
5 5 0 0 1 0 0 0 0
5 6 0 1 1 0 0 1 1
5 13 0 1 1 0 0 1 1
5 14 0 1 1 0 0 1 1
6 6 0 1 0 0 0 0 0
6 13 0 1 1 0 0 1 1
6 14 0 1 1 0 0 1 1
13 13 0 1 1 0 0 1 1
13 14 0 1 1 0 0 1 1
14 14 0 1 1 0 0 1 1
5 5 0 0 1 0 0 0 0
5 6 0 1 0 0 0 0 0
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Table4.4.4.2.2.1-1A. Z Trandation and/or Roll Rotation and/or Pitch Rotation Jet Groups
(Separation Phase With -Z Trandation, Without -X Trandlation, and Either With Crossfeed Closed or

Without +X Trandlation)
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Table4.4.4.2.2.1-1A. Z Trandation and/or Roll Rotation and/or Pitch Rotation Jet Groups

(Separation Phase With -Z Trandation, Without -X Trandlation, and Either With Crossfeed Closed or

Without +X Trandlation)
Number of Jets Used by Group
Commands Failure Locationsby Group | G4 G5 G6 | G11| G112 | G-13 | G-14
—Z NONE 0 2 2 0 0 1 3
—ROLL 5 0 1 1 0 0 0 2
+PITCH 6 0 1 1 0 0 0 2
13 0 1 1 0 0 0 2
14 0 1 1 0 0 0 2
5 5 0 0 1 0 0 0 1
5 6 0 1 1 0 0 0 2
5 13 0 1 1 0 0 0 2
5 14 0 1 1 0 0 0 2
6 6 0 1 0 0 0 0 1
6 13 0 1 1 0 0 0 2
6 14 0 1 1 0 0 0 2
13 13 0 1 1 0 0 0 2
13 14 0 1 1 0 0 0 2
14 14 0 1 1 0 0 0 1
5 5 6 0 0 1 0 0 0 1
5 6 6 0 1 0 0 0 0 1
—Z NONE 0 1 1 0 0 1 3
—ROLL 5 0 1 1 0 0 0 2
6 0 1 1 0 0 0 2
13 0 1 1 0 0 0 2
14 0 1 1 0 0 0 2
5 5 0 0 1 0 0 0 2
5 6 0 1 1 0 0 0 2
5 13 0 1 1 0 0 0 2
5 14 0 1 1 0 0 0 2
6 6 0 1 0 0 0 0 2
6 13 0 1 1 0 0 0 2
6 14 0 1 1 0 0 0 2
13 13 0 1 1 0 0 0 2
13 14 0 1 1 0 0 0 2
14 14 0 1 1 0 0 0 1
5 5 6 0 0 1 0 0 0 2
5 6 6 0 1 0 0 0 0 2
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Table4.4.4.2.2.1-1A. Z Trandation and/or Roll Rotation and/or Pitch Rotation Jet Groups
(Separation Phase With -Z Trandation, Without -X Trandlation, and Either With Crossfeed Closed or
Without +X Trandlation)
Number of Jets Used by Group
Commands Failure Locationsby Group | G4 G5 G6 | G11| G112 | G-13 | G-14
—Z NONE 0 0 0 0 0 1 3
—ROLL 5 0 0 0 0 0 0 2
—PITCH 6 0 0 0 0 0 0 2
13 0 0 0 0 0 0 2
14 0 0 0 0 0 0 2
5 5 0 0 0 0 0 0 2
5 6 0 0 0 0 0 0 2
5 13 0 0 0 0 0 0 2
5 14 0 0 0 0 0 0 2
6 6 0 0 0 0 0 0 2
6 13 0 0 0 0 0 0 2
6 14 0 0 0 0 0 0 2
13 13 0 0 0 0 0 0 2
13 14 0 0 0 0 0 0 2
14 14 0 0 0 0 0 0 1
5 5 6 0 0 0 0 0 0 2
5 6 6 0 0 0 0 0 0 2
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Table4.4.4.2.2.1-1B. Z Trandation and/or Roll Rotation and/or Pitch Rotation Jet Groups

(Separation Phase With -Z Trandation and With -X Trandation)
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Table4.4.4.2.2.1-1B. Z Trandation and/or Roll Rotation and/or Pitch Rotation Jet Groups

(Separation Phase With -Z Trandation and With -X Trandation)
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Table4.4.4.2.2.1-1B. Z Trandation and/or Roll Rotation and/or Pitch Rotation Jet Groups

(Separation Phase With -Z Trandation and With -X Trandation)
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Table4.4.4.2.2.1-1B. Z Trandation and/or Roll Rotation and/or Pitch Rotation Jet Groups

(Separation Phase With -Z Trandation and With -X Trandation)
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Table4.4.4.2.2.1-1B. Z Trandation and/or Roll Rotation and/or Pitch Rotation Jet Groups
(Separation Phase With -Z Trandation and With -X Trandation)

Number of Jets Used by Group
Commands Failure Locationsby Group | G4 G5 G6 | G11 | G112 | G-13 | G-14
Z NONE 0 0 0 0 0 0 2
—ROLL 5 0 0 0 0 0 0 2
—PITCH 6 0 0 0 0 0 0 2
—X 13 0 0 0 0 0 0 2
14 0 0 0 0 0 0 2
5 5 0 0 0 0 0 0 2
5 6 0 0 0 0 0 0 2
5 13 0 0 0 0 0 0 2
5 14 0 0 0 0 0 0 2
6 6 0 0 0 0 0 0 2
6 13 0 0 0 0 0 0 2
6 14 0 0 0 0 0 0 2
13 13 0 0 0 0 0 0 2
13 14 0 0 0 0 0 0 2
14 14 0 0 0 0 0 0 1
5 5 6 0 0 0 0 0 0 2
5 6 6 0 0 0 0 0 0 2
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Table4.4.4.2.2.1-1C. Z Trandation and/or Roll Rotation and/or Pitch Rotation Jet Groups

(Separation Phase With -Z Trandation, +X Trandation, and Open Crossfeed)
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Table4.4.4.2.2.1-1C. Z Trandation and/or Roll Rotation and/or Pitch Rotation Jet Groups

(Separation Phase With -Z Trandation, +X Trandation, and Open Crossfeed)
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Table4.4.4.2.2.1-1C. Z Trandation and/or Roll Rotation and/or Pitch Rotation Jet Groups

(Separation Phase With -Z Trandation, +X Trandation, and Open Crossfeed)
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Table4.4.4.2.2.1-1C. Z Trandation and/or Roll Rotation and/or Pitch Rotation Jet Groups

(Separation Phase With -Z Trandation, +X Trandation, and Open Crossfeed)

<
M22222 NANfdNNNN A NN NN N N[N N NN N
9
& ooofloo ooloooocoo ooofloo oolooo|looo
o
>
<]
=S N
nw, M ooofloo ooloooocoo ooofloo oolooo|looo
B8
mﬂ__
s & ooofloo oolooocoooo ooofloo oolooo|looo
G
8 % A | A oA A A | A O A [ A
S
>
Z
To)
& A | A A A A Ao A | A A A A A
MOOOOO ooloooocoo ooofloo oolooo|looo
o
>
©
S
o
)
g
S ™ Mo ™ oA K]
3 Q333333 Q333|833
o
—
Sly z
=1 Z2 ™ M m P ™ mm
z|&wel3 I wwloooB9Y §wo|T T 0w wlo ool
Lz Z
n
5
£
S =5 L
8| gk o}
ZD_“HX NE X
_ + F _ +

106



ST S 83-0008V2-34
December 14, 2007

Table4.4.4.2.2.1-1C. Z Trandation and/or Roll Rotation and/or Pitch Rotation Jet Groups
(Separation Phase With -Z Trandation, +X Trandation, and Open Crossfeed)
Number of Jets Used by Group
Commands Failure Locationsby Group | G4 G5 G6 | G11 | G112 | G-13 | G-14
—Z NONE 0 0 0 0 0 0 2
—ROLL 5 0 0 0 0 0 0 2
—PITCH 6 0 0 0 0 0 0 2
+X 13 0 0 0 0 0 0 2
14 0 0 0 0 0 0 2
5 5 0 0 0 0 0 0 2
5 6 0 0 0 0 0 0 2
5 13 0 0 0 0 0 0 2
5 14 0 0 0 0 0 0 2
6 6 0 0 0 0 0 0 2
6 13 0 0 0 0 0 0 2
6 14 0 0 0 0 0 0 2
13 13 0 0 0 0 0 0 2
13 14 0 0 0 0 0 0 2
14 14 0 0 0 0 0 0 1
5 5 6 0 0 0 0 0 0 2
5 6 6 0 0 0 0 0 0 2
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Table4.4.4.2.2.1-1D. Z Trandation and/or Roll Rotation and/or Pitch Rotation Jet Groups (Post-
Separation Phase With -Z Trandlation)

Commands

Failure Locations by Group

Number of Jets Used by Group

b

G6

G-11

G-12

G-13

G-14

-Z
+ROLL
+PITCH

NONE
5
6

13
14

+ROLL

NONE

13
14

+ROLL
—PITCH

NONE

13
14

—Z

+PITCH

NONE

13
14

NONE

13
14

—PITCH

NONE

13
14
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Table4.4.4.2.2.1-1D. Z Trandation and/or Roll Rotation and/or Pitch Rotation Jet Groups (Post-
Separation Phase With -Z Trandlation)
Number of Jets Used by Group
Commands Failure Locationsby Group | G4 G5 G6 | G11 | G112 | G-13 | G-14

—Z NONE 0 1 1 0 0 0 2
—ROLL 5 0 1 1 0 0 0 2
+PITCH 6 0 1 1 0 0 0 2
13 0 1 1 0 0 0 2

14 0 1 1 0 0 0 2

—Z NONE 0 1 1 0 0 0 2
—ROLL 5 0 1 1 0 0 0 2
6 0 1 1 0 0 0 2

13 0 1 1 0 0 0 2

14 0 1 1 0 0 0 2

—Z NONE 0 0 0 0 0 0 2
—ROLL 5 0 0 0 0 0 0 2
—PITCH 6 0 0 0 0 0 0 2
13 0 0 0 0 0 0 2

14 0 0 0 0 0 0 2
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Table4.4.4.2.2.1-1E. Z Trandation and/or Roll Rotation and/or Pitch Rotation Jet Groups (+Z
Trandation or No Z Trandation)

Number of Jets Used by Group
Commands Failure Locationsby Group | G4 G5 G6 | G11 | G112 | G-13 | G-14
+Z NONE 0 0 0 0 1 0 0
+ROLL 4 0 0 0 0 1 0 0
+PITCH 11 0 0 0 0 1 0 0
12 0 0 0 0 1 0 0
+Z NONE 1 0 0 0 1 0 0
+ROLL 4 1 0 0 0 1 0 0
11 1 0 0 0 1 0 0
12 1 0 0 0 1 0 0
+Z NONE 1 0 0 0 1 0 0
+ROLL 4 1 0 0 0 1 0 0
—PITCH 11 1 0 0 0 1 0 0
12 1 0 0 0 1 0 0
+Z NONE 0 0 0 1 1 0 0
4 0 0 0 1 1 0 0
+PITCH 11 0 0 0 1 1 0 0
12 0 0 0 1 1 0 0
+Z NONE 1 0 0 1 1 0 0
4 1 0 0 1 1 0 0
11 1 0 0 1 1 0 0
12 1 0 0 1 1 0 0
+Z NONE 1 0 0 0 0 0 0
4 1 0 0 0 0 0 0
—PITCH 11 1 0 0 0 0 0 0
12 1 0 0 0 0 0 0
+Z NONE 0 0 0 1 0 0 0
—ROLL 4 0 0 0 1 0 0 0
+PITCH 11 0 0 0 1 0 0 0
12 0 0 0 1 0 0 0
+Z NONE 1 0 0 1 0 0 0
—ROLL 4 1 0 0 1 0 0 0
11 1 0 0 1 0 0 0
12 1 0 0 1 0 0 0
+Z NONE 1 0 0 1 0 0 0
—ROLL 4 1 0 0 1 0 0 0
—PITCH 11 1 0 0 1 0 0 0
12 1 0 0 1 0 0 0
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Table4.4.4.2.2.1-1E. Z Trandation and/or Roll Rotation and/or Pitch Rotation Jet Groups (+Z

Trandation or No Z Trandation)
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Table4.4.4.2.2.1-1E. Z Trandation and/or Roll Rotation and/or Pitch Rotation Jet Groups (+Z

Trandation or No Z Trandation)

Number of Jets Used by Group

G6 | G11 | G112 | G13 | G-14

G4 | G5

Failure Locations by Group

NONE

11
12

11
12

11
12

11
12
12

11
11
12

NONE

13
14

13
14
13
14
14

13
13
14

NONE

13
14

13
14
13
14
14

13
13
14

Commands

—ROLL

+PITCH

+ROLL

—PITCH

—PITCH
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Table4.4.4.2.2.1-1E. Z Trandation and/or Roll Rotation and/or Pitch Rotation Jet Groups (+Z

Trandation or No Z Trandation)

Number of Jets Used by Group
Commands Failure Locationsby Group | G4 G5 G6 | G11 | G112 | G-13 | G-14
NONE 1 0 0 0 0 0 2
—ROLL 4 1 0 0 0 0 0 2
—PITCH 13 1 0 0 0 0 0 2
14 1 0 0 0 0 0 2
4 4 1 0 0 0 0 0 2
4 13 1 0 0 0 0 0 2
4 14 1 0 0 0 0 0 2
13 13 1 0 0 0 0 0 2
13 14 1 0 0 0 0 0 2
14 14 1 0 0 0 0 0 1
NONE 0 0 0 0 1 1 0
+ROLL 12 0 0 0 0 1 1 0
13 0 0 0 0 1 1 0
12 12 0 0 0 0 1 1 0
12 13 0 0 0 0 1 1 0
13 13 0 0 0 0 1 1 0
—ROLL NONE 0 0 0 1 0 0 1
11 0 0 0 1 0 0 1
14 0 0 0 1 0 0 1
11 11 0 0 0 1 0 0 1
11 14 0 0 0 1 0 0 1
14 14 0 0 0 1 0 0 1
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Table4.4.4.2.2.1-2. Y Trandation and/or Y aw Rotation Jet Groups
Number of Jets Used by Group
Commands Failure Locations by Group G2 G-3 G-9 G-10

+Y None 1 0 0 0
+Yaw 2 1 0 0 0
9 1 0 0 0

+Y None 1 0 1 0
2 1 0 1 0

9 1 0 1 0

+Y None 0 0 1 0
-Yaw 2 0 0 1 0
9 0 0 1 0

=Y None 0 0 0 1
+Yaw 3 0 0 0 1
10 0 0 0 1

=Y None 0 1 0 1
3 0 1 0 1

10 0 1 0 1

=Y None 0 1 0 0
-Yaw 3 0 1 0 0
10 0 1 0 0

+Yaw None 1 0 0 1
2 1 0 0 1

10 1 0 0 1

2 2 0 0 0 1

2 10 1 0 0 1

10 10 1 0 0 1

-Yaw None 0 1 1 0
3 0 1 1 0

9 0 1 1 0

3 3 0 0 1 0

3 9 0 1 1 0

9 9 0 1 1 0
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Table4.4.4.2.2.1-3. X Trandation Jet Groups
Number of Jets Used by
Group
Commands Failure Locations by Group G1 G—7 G-8
+X None 0 2 2
7 0 1 2
8 0 2 1
—X None 2 0 0
1 2 0 0
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Table4.4.4.2.2.1-4.  RCS Jet Grouping, Prioritization, and I/O Mapping

Element Number in Priority of Principal JET_MAP Values (Each Element in a Group Will
NEW_JONLST _ RCS Jet Thrust Have One of the Given Values, Mapping That
JSL, HFAIL_JSL, Jet Within Direction of Element to the Associated Jet)
and JET_MAP Group Group* Group

1 1 1 —X

2 1 2 1(F1F), 5(F2F), 13(F3F)

3 1 3

4 2 1 +Y 2(F1L), 14(F3L)

5 2 2

6 3 1 =Y 6(F2R), 9(F4R)

7 3 2

8 4 1 +Z

9 4 2 3(F1V), 7(F2V), 15(F3U)

10 4 3

11 5 1 —Z 8(F2D), 10(F4D)

12 5 2

13 6 1 —Z 4(F1D), 16(F3D)

14 6 2

15 7 1 +X 4(R1A), 12(R3A)

16 7 2

17 8 1 +X 1(L1A), 9(L3A)

18 8 2

19 9 1 +Y
20 9 2 2(L1L), 17(L2L), 10(L3L), 23(L4L)
21 9 3
22 9 4
23 10 1 -Y
24 10 2 5(R1R), 20(R2R), 13(R3R), 26(R4R)
25 10 3
26 10 4
27 11 1 +Z

28 11 2 3(L1U), 18(L2UV), 24(L4V)

29 11 3

30 12 1 +Z

31 12 2 6(R1V), 21(R2V), 27(R4U)

32 12 3

33 13 1 Z

34 13 2 19(L2D), 11(L3D), 25(L4D)

35 13 3

36 14 1 Z

37 14 2 22(R2D), 14(R3D), 28(R4D)

38 14 3

*Note: Lowest number = highest priority (i.e., No. 1 issdected first).

116



ST S 83-0008V2-34
December 14, 2007

Table4.4.42.2.1-5. JET_SELECT_TRANSITION Interface Requirements
Source or Sample
Name Description Destination Type Range | Unit | Rate(Hz)
Inputs
CROSSFEED_OPEN Crossfeed between aft RCS RCS/RCS XFEED B 0,1 none | 125
tanksis open (1=open)
AVAILABLE_JET_ Aft jet available status RCSRM A(28B | 0,1 none | 125
AFT (1=available)
AVAILABLE JET _ Forward jet available status RCSRM A(16)B | 0,1 none | 125
FWD (1=available)
JET_FAIL_CHANGE_ | Flag signifying changein RCSRM B 0,1 none | 125
FLAG HFAIL (1=changed)
JET_MAP Mapping of jet use preference [ RCSRM or carryover | A(38)I 1-28 none | 125
within groups from previous OPS
NOSE_DUMP Request for RCS propel lant DEORB MNVR DIP B 0,1 none | 125
dump using forward jets
ROT_JET_CMD Rotation command 3-AX RHC SOP (via | A(3)l -1,0,1 | none | 125
unity gain), ROT_
PULSE
TRANSITION, or
PHASE PLANE_
TRANSITION
SEP_COMPLETE —Z separation velocity has TRNS_RECON, B 0,1 none | 125
been achieved (1=complete) ET_SEP_
PROCESSOR
SEP_MINUSZ_CMD Flag indicating auto ET ET SEP SEQ B 0,1 none | 125
separation burn isto begin
TRANS JET_CMD Transglation command (+X, GN&C SW RM (via A(6)B 0,1 none | 125
X, +Y,-Y,+Z,-2Z) unity gain), ET_SEP_
PROCESSOR, or
TRNS RECON
Output
NEW_JONLST_AFT RCS &ft jet command (1=on; | ASRCSCMD SOP A(28)B | 0,1 none | 125
0=off)
NEW_JONLST_FWD | RCSforward jet command | ASRCSCMD SOP A(16)B | 0,1 none | 125
(1=on; O=off)

117



STS 83-0008V2-34
December 14, 2007

118
NOTE: [ NEW_JONLST ] IS SET TO OFF AT THE START OF EACH JET_SELECT_TRANSITION
. PASS. JET_FAIL_CHANGE_FLAG IS RESET AFTER BEING REFERENCED.
[TRANS_JET_CMD]
g
[ROT_JET_CMD] . DUMP ON
< _
. TABLE LOOKUP
SEP_COMPLETE * *
= > ANDL%EGFl/éULT [NEW_JONLST_JSL] NEW_JONLST JSL ;104
'
SEP_MINUSZ_CMD 5| (FIGURE 4.4.42.2.12) .
. NEW_JONLST_JSL
CROSSFEED_OPEN ® - - - 15T0%
- | .
[HFAIL_JSL], . OFF | NEW_JONLST_JSL 41014
. NO_DUMP oo
JET_FAIL [NEG_ZFAIL] |
. R — 0
CHANGE FLAG | ¢ ¢ HFAIL_JSL] ON
(o] o
ONTorr O 7 oFF
FORWARD =170 14
[AVAILABLE_JET_FWD], PROPELLANT NEW_JONLST FWD ser yuo
[AVAILABLE_JET_AFT] > DUMP LOGIC - NEW JONLST zsL """
> FAILURE (FIGURE T NEN_ORESTIShy
[JET_MAP] RECONFIGURATION 44422112 =
(FIGURE 4.4.4.2.2.1-11) ) NEW_JONLST_AFT se1_mar,
= NEW_JONLST_JSL,
Y
NOT
* + [NEW_JONLST_FWD],
NOSE_DUMP »l AND [NEW_JONLST_AFT]

JET_SELECT_TRANSITION

FIGURE 4.4.4.2.2.1-1. JET_SELECT_TRANSITION




DUMP_ON

v

[ROT_JET_CMD] BINARY COMMAND [AcBM] SINGLE AXIS [ACBM] AFT Z RATE .
) GENERATOR TRANSLATION LOGIC DEFAULT LOGIC NEW_JONLST_JSL 33t 38
[TRANS_JET_CMD] (FIGURE 4.4.4.2.2.1-3) (FIGURE 4.4.4.2.2.1-3A) (FIGURE 4.4.4.2.2.1-5)
[HFAIL_JSL] Y A A Y .
SEP_COMPLETE NEW_JONLST_JSL 33 10 38
[]
CROSSFEED_OPEN
v .
NEW_JONLST_JSL
ROLL_PITCH_Z = > 27032 o,
b LOOKUP .
(TABLE 4.4.4.2.2.1-1) NEW_JONLST_JSL g 0 14
y
» HIGH-LEVEL ROLL
COMMAND LOGIC
SEP_MINUSZ_CMD (FIGURE 4.4.4.2.2.1-8)
¢ H_ROL NEW_JONLST JSL
_ _ISL 2710 38
—> HIGH ROLL <
. LOGIC .
[NEG_ZFAIL] (FIGURE 4.4.4.2.2.1-9) NEW_JONLST_JSL 57 ¢4 38
< > " >
> Y TRANSLATION (ACOM] NEW_JONLST_JSL 4 10 7
o e DEFAULT LOGIC > YAW-Y . -
X (FIGURE 4.4.4.2.2.1-4) LOOKUP NEW_JONLST_JSL 19 10 26
o (TABLE 4.4.4.2.2.1-2)
» HIGH YAW COMMAND LOGIC
> (FIGURE 4.4.4.2.2.1-8A) >
> X
LOOKUP . >
(TABLE 4.4.4.2.2.1-3) NEW_JONLST_JSL | 14 3
L]
NEW _JONLST_JSL 15 1o 18¢ ew st sst
- X RATE - — = 191038
DEFAULT LOGIC °
(FIGURE 4.4.4.2.2.1-6) NEW_JONLST_JSL 1510 18 >
Pt PITCH/ROLL RATE REDUCTION <
» LOGIC (FIGURE 4.4.4.2.2.1-10) .
AFT PITCH DEFAULT [NEW_JONLST_JSL]
L_p LOGIC >
TABLE LOOKUP AND DEFAULT LOGIC (FIGURE4.4.4.2.2.1-7) <
FIGURE 4.4.4.2.2.1-2. Table Lookup and Default Logic
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DUMP_ON

[TRANS_JET_CMD]

TRANS_JET_CMD ,

TRANS_JET_CMD,

9

[ROT_JET_CMD]

.
TRANS_JET_CMD ,
[

TRANS JET_CMD ,

TRANS_ JET_CMD
[

TRANS JET_CMD 4

ROT_JET_CMD,

ROT_JET_CMD,

ROT_JET_CMD,

NENEREYRERRE

BINARY COMMAND
GENERATOR

{4

ACOM,
OR
ACOM,
1
ACOM,
OR
. ACOM,
ACOM
OR
ACOM :
1 OFF 1
L] « I
—y 7 e_| AcCOM,
1 lo 1 . ON 2
———?1 ACOM, -
0 L]
ACOM
—* 1 L
1 o1 .
-———$1 ACOM,
0 L]
— T 9| ACOM,
1 o 1 .
ACOM
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[ACOM]

FIGURE 4.4.4.2.2.1-3. Binary Command Generator
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L[] L[]
[ACOM] ACOM,
T ACOM,
L[] L[]
ACOM, (SEP_COMPLETE |ACOM,
L[] -
SEP_COMPLETE +ACOM;)
>
L[]
v [ACOM]
A i >
L[]
ACOM,, __ACOMs *lacowm,
- (SEP_COMPLETE
ACOM, + ACOM,)
L[]
ACOM,
[ 2
L[]
ACOM ;s
[ |
L[]
ACOM7 1,
FIGURE 4.4.4.2.2.1-3A. Single Axis Trandation Logic
L[]
NO_DUMP
- ACOM, = ACOM, * .
. 4 4 [ACOM]
[ACOM] . >
> NO_DUMP

Y-TRANSLATION DEFAULT LOGIC

FIGURE 4.4.4.2.2.1-4. Y -Trandlation Default Logic
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[ACOM]

4 .
LOW_Z = SEP_COMPLETE

>
(]
(] (]
ACOM, * ACOM, * LOW_Z
[}
SEP_COMPLETE . . . .
| ACOM, ¢ ACOM,, * ACOM, ¢ ACOM,
(]
o l
HFAIL_JSL 3310 56 LOW_Z + (HFAIL_ |
o— | JSLy;® HFAIL_JSL,, ) OFF |
OFE —o ! NEW_JONLST_JSL 4
NEW_ |
JONLST_JISL 44 10 56 NEW_JONLST_JSL 4 /o
ON
: [
LOW_Z + HFAIL_JSL 4, ]
> OFF |
OFF [—0 | NEW_JONLST JSL,
NEW_JONLST_JSL 4, O/I/C ®
ON
o> —
LOW_Z + (HFAIL_ |
¢ B| JSLyHFAIL_JSL ;) OFF |
OFF f[—o | NEW_JONLST_JSL g
NEW _JONLST_JSL 4 0/.0 ®
ON
= g
[
LOW_Z + HFAIL_JSL 4 |
— > OFF !
OFF {—o | NEW_JONLST_JSL
NEW_JONLST_JSL 4, n/le
NEW_JONLST_JSL 4, ON
9
NEW _JONLST_JSL 4
& |NEW_
JONLST_
‘]SL33TO38 >
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FIGURE 4.4.4.2.2.1-5. Aft Z-Rate Default Logic
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NEW_JONLST_JSL

NEW_JONLST_JSL

120 " »{LEFT COUNT = ;% INTEGER (NEW_JONLST_JSL,)
1
2 LEFT_COUNT > T
NEW JONLST IS oz, + 2; INTEGER (NEW_JONLST_JSL;) 0 4
NEW_JONLST_JSL %
- Blaes + 35 INTEGER (NEW_JONLST_JSL;) AFT_COUNT
h
26
NEW_JONLSTISL iz RIGHT_COUNT = ‘}23 INTEGER (NEW_JONLST_JSL;)
RIGHT_COUNT !
32 hd -
NEW_JONLST IS s | + 2, INTEGER (NEW_JONLST_JSL) - L 0 !
NEW_JONLST_JISL 35,055 | + 2 0 4
> i INTEGER (NEW_JONLST_JSL,)
. i i
CROSSFEED_OPEN
. - » AND > OR_l
[ACOM] ACOM, ‘
| -
AC.OM - /
S : P OR 4>| AND_II
ACOM A
SEP_COMPLETE .
LOW_X
° L]
NEW_JONLST_JSL ;5,44 NEW_JONLST_JSL o | Low _x + NEW_JONLST_JsL OFF 4
> OFF O I NEW_JONLST_ISL
NEW_JONLST_JSL 4 /
y ON
NEW_JONLST_JSL ; LOW_X + NEW_JONLST_JSL ,, OFF 1
- |

NEW_JONLST_JSL

NEW_JONLST_JSL

NEW_JONLST_JSL

NEW_JONLST_JSL ,,

NEW_JONLST_ISL 451

FIGURE 4.4.4.2.2.1-6. X_RATE Default Logic
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ACOM,
g
[ACOM] ACOM, ACOM,* ACOM, | AFT PITCH
@ g —|
0 * ACOM 4,
ACOM I
>
I
ey
NEW_JONLST_JSL
}_&\ ) ~TTTRTOM I INEW_JONLST_JSL]
L] ° >
[NEW_JONLST_JSL] o NVEWLIONLSTISL 4101, . i
OFF

NEW JONLST_JSL | 1o,

NEW ' JONLST_JSL 1 0 38

FIGURE 4.4.4.2.2.1-7. Aft Pitch Default Logic
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[ACOM]

P HI_ROLL=ACOM g * ACOM,, *

L]
SEP_COMPLETE HI_ROLL
SEP_MINUSZ_CMD s (ACOM, G®)ACOM,, ) o >

 J

L[]
SEP_MINUSZ_CMD

A 4

SEP_COMPLETE

HIGH-LEVEL ROLL COMMAND LOGIC

FIGURE 4.4.4.2.2.1-8. High-Level Roll Command Logic
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p ACOM, * ACOM TWO_Y_JETS
[ACOM] 5 6 »| AND - -
™ « ACOM,
@ (HFAIL_JSL, * HFAIL_JSL; * HFAIL_JSL,, * HFAIL_JSL,, * ACOM, )+
[HPAIL_JSL] »| (HFAIL_JSL, * HFAIL_JSL, * HFAIL_JSL,, * HFAIL_JSL,, * ACOM,, )
ACOM
I
|
TURN ON AFT OFF
> FYAW —0{0
JET NOT YET
ON ON
TURN ON AFT
NEW_JONLST_ q YAW
¢ JET NOT YET — !
ISLigt10 26 ON ON !
NEW_JONLST_
Yo >
° ISLigro026
OFF

FIGURE 4.4.4.2.2.1-8A. High Yaw Command Logic



[NEG_ZFAIL] y| CHECK1=ACOM, ¢ ACOM
. * ((NEG_ZFAIL, * ACOM,)
[ACOM]
¢ . .
+ (NEG_ZFAIL, * ACOM,))
ACOM,
lCHECKl
HI_ROLL HI_ROLL =
» o
HI_ROLL * CHECKI
‘ HI_ROLL
1
TURN ON ONE .
! - ROLL JET COUPLE ! !
NOT YET ON | |
1 1
] N 1
NEW _JONLST_JSL 510 s ON Gy ON .
) ! NEW_JONLST_JSL 5 103
(o]
OFF .
OFF
TURN ON ONE
@ + ROLL JET COUPLE
NOT YET ON
HIGH ROLL LOGIC

FIGURE 4.4.4.2.2.1-9. High Roll Logic
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L] L]
[ACOM] ACOM

L] J—

ACOMB ACOMG. ACOMB .
L]

ACOM, ACOM e ACOM  ®
L] o L]

ACOM LOW_RATE

10

A

SEP_COMPLETE e —]
SEP_COMPLETE

L]
ACOM,

1 2

ACOM,

NEW_JONLST_JSL ,, @
> - > | oN

NEW_JONLST_JSL

L]
NEW_JONLST_JSL ,

L ]
NEW_JONLST_JSL ,

OFF
NEW_JONLST_JSL , ®

L]
[NEW_JONLST_JSL] ON
p| NEW_JONLST_JSL ,, *

NEW_JONLST_JSL ,,

L]
NEW_JONLST_JSL

L ]
NEW_JONLST_JSL .,

OFF

| NEW_JONLST_JSL 5 » | ()

NEW_JONLST_JSL

L]
NEW_JONLST_JSL ,,

L ]
NEW_JONLST_JSL ,,

OFF
NEW_JONLST_JSL ;5@

p| NEW_JONLST_JSL ,, ¢ [ ON

NEW_JONLST_JSL

L]
R NEW_JONLST_JSL ,, w y | [INEW_JONLST_JSL]
| -
NEW_JONLST_JSL ,, L A >

O
. OFF
NEW_JONLST_JISL |, 5

NEW_JONLST_JSL 4

FIGURE 4.4.4.2.2.1-10.  Pitch/Roll Rate Reduction Logic
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[HFAIL_JSL]
[AVAILABLE_JET_FWD], NEG_ZFAIL, = HFAIL_JSL 5; + HFAIL_JSL 4,
=170 14 * ;
[AVAILABLE _JET_AFT] X + HFAIL_JSL 4 INEG_ZFAIL]
HFAIL_JSL, = . . . >
[JET_MAP] NEG_ZFAIL, = HFAIL_JSL ,; + HFAIL_JSL,;
= P»AVAILABLE JET_FWD JET_MAP | .
- 1570 38 + HFAIL_JSL 4
HFAIL_JSL, =
AVAILABLE_JET_AFT ;g1 yap, [HFAIL_JSL]
® .
NO_DUMP = (HFAIL_JSL , * HFAIL_JSL) NO 'DUMp
—> + (HFAIL_JSL, * HFAIL_JSL;) >

FAILURE RECONFIGURATION

FIGURE 4.4.4.2.2.1-11.  Failure Reconfiguration
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HFAIL_
ISLst07

|
ON
_\\NEW_JONLST_JSL ;
I
S,

EW_JONLST_JSL

NEW_JONLST_
ISLy1o7

>

o |
HFAIL_JSL,
ON |
= OFF
NEW_JONLST_JSL,
ON —o
OFF
ON
OFF _\cNEW_JONLST_JSLG
|
5 ! ON
OoN I ON
. OFF
HFAIL_JSL, | N
I
OFF ——0
. . off |
HFAIL_JSL, * (HFAIL_JSL, +
>
. .
(HFAIL_JSL, * HFAIL_JSL,))
ON
OFF
. . OFF |
HFAIL_JSL, * (HFAIL_JSL, + |
o o
(HFAIL_JSL, * HFAIL_JSL,))
OFF

FIGURE 4.4.4.2.2.1-12.

Forward Propellant Dump Logic

P
NEW_JONLST_
‘]SLS TO 14
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AFT RIGHT

£
£ R

FORWARD

X q
+PITCH £ & R
+ YAW <%

©
BN

- YAW
- PITCH

FIGURE 4.4.4.2.2.1-13.
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444222 PHASE_PLANE_TRANSITION.

A. Function. For each body axis requiring RCS rotation control and not in the manual rotation acceleration
submode, this module determines whether an angular rate change is needed and the sign of the desired rate
change. The sign and magnitude of the desired rate error and the RCS rotation commands are supplied to
the OM S processor aswell. The module operatesindividually by axis. The algorithm drives and holds the
vehiclein alimit cycle about the desired attitude and attitude rate. Rate error extrapolation logic
compensates for lagsin RCS jet thrust buildup and angular rate measurement. The block diagrams for the
module PHASE PLANE_TRANSITION are presented in Figures 4.4.4.2.2.2—-1 and 4.4.4.2.2.2—2. Region
boundaries and control actions of the function P_P_TRANSITION are shown in Table 4.4.4.2.2.2-1. The
switching lines are defined in Table 4.4.4.2.2.2-2.

B. Processing Rate. The module PHASE PLANE_TRANSITION is processed at 12.5 Hz.

C. Interface Requirements. Theinterface requirements for the module PHASE PLANE TRANSITION
areshown in Table 4.4.4.2.2.2-3.

D. K—-Loads/Constants. The K—-oads/constants for the module PHASE PLANE_TRANSITION are
shown in Table 4.4.4.2.2.24.

E. Initidization Requirements. Initialization requirementsfor the module
PHASE_PLANE_TRANSITION are shown in Table 4.4.4.2.2.2-5.

Table4.4.4.22.2-1.  Control Actions by Function P_P_TRANSITION in Regions of the Phase
Plane
Region Action Region Definition
1 ROT_JET CMD = -SE;IFX2 £ S3 X1 = S1 or
THEN k = MINIMUM [k + 1, KLIM]; and X2 > S3
WED = —SEWLOW
ELSE k UNCHANGED and
WED = SE WHIGH
2 IF ROT_JET_CMD (from previous cycle) S3 = X2
= —SE,and X2#0 and
THEN (leave ROT_JET_CMD at that value) S1>X1=>%
ELSE ROT_JET _CMD =0
WED = 0
3 ROT _JET CMD = SE X1l < 2
WED = SEWLOW and
X2 < S5
4 ROT _JET CMD = 0 X1 < 2
WED = SEWLOW and
SB3=X2=255
5 ROT _JET CMD = 0 R <XL<HA
WED = SEWLOW and
X2 < S3
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Table4.4.4.2.2.2-2.  Definition of Switching Lines
Line Definition
X2?2 0.2DBk
S1 X1l = - + DB+ —,0<X2< +RL
2U, KSTEP
CX2?
IS X1l= - - 1.2DB, 0 £ X2 < + RL (seenote)
C
S3 X2 = + RL, bounded on theright by S1
S5 X2 = LRL, bounded on the right by S2
-X2°
A X1l = - DB 0< X2< +RL
2U
C
Note: C = 125, |ROT_JET CMD |#1
1.0, | ROT_JET CMD |=1
Table4.4.42.2.2-3. PHASE_PLANE_TRANSITION Interface Requirements
Source or Sample
Name Description Destination Type Range Unit Rate (Hz)
Inputs
ATTITUDE Body angle error RCS_ERRORS V(3)S -360to deg 125
ERROR TRANSITION 360
AXIS Body axisfor this execution TRNS _RECON I 12,3 none 12.5/ axis
DEADBAND Attitude deadband by axis TRNS_RECON A(3)S 0to20 deg 125
FORCE_FIRE Rate damping initiation flag by axis ROT_DISC_ B(3) 0,1 for none 125
(1=damp rate) TRANSITION, each bit
AUTO_MNVR,
TRNS RECON
INIT_PHASE _ Moduleinitialization flag (1 = init.) TRNS_RECON A3)B 0,1 none 125
PLANE
PHASE PLANE_ Magnitude of average control See Note 1 A3)S 0to5 deg/ss | 125
ACCEL acceleration available for each axis,
scaled for phase—plane use
RATE_ERROR Body angular rate error RCS _ERRORS _ V(3)S -20t0 20 deg/s 125
TRANSITION
RATE_LIMIT Angular rate error limit by axis TRNS_RECON A3)S Oto5 deg/s 125
ROT_JET_CMD Rotation command from previous PHASE PLANE A3l -1,0,1 none 125
cycle TRANSITION
LOWER _ Phase—plane lower rate limit TRNS RECON S Oto2 deg/s 125
RATE_LIMIT

134




ST S 83-0008V2-34
December 14, 2007

Table4.4.4.2.2.2-3.

PHASE PLANE_TRANSITION Interface Requirements

Name

Description

Source or
Destination

Type

Range

Unit

Sample
Rate (Hz)

Outputs

OMEGA_E_
DESIRED

ROT_JET_CMD

Desired angular rate error

Rotation command

TVC_LAW_
PITCH_YAW,
TVC_LAW_ROLL

PHASE_PLANE_
TRANSITION,
JET_SELECT
TRANSITION,
TVC_LAW_
PITCH_YAW,
TVC_LAW_
ROLL, RCSACT
LT

V(3)S

AQ)l

-5to5

-101

deg/s

none

125

125

Note 1. K-oad (Insertion); carryover value from On-Orhit phase (Deorbit)
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Table4.4.4.2.2.2-4.

PHASE_PLANE_TRANSITION K-Loads/Constants

Name

Description

Type

MSID/Value

Unit

K_REL

KLIM
KSTEP
L_REL

PHASE
PLANE_
ACCEL

TDAP
RTH

WHIGH

WLOW

Rate error lead function gain

Switching line incrementation limit
Switching line incrementation size factor
Rate error lead function gain to compensate for filter lags

Magnitude of average control acceleration available for
each axis, scaled for phase plane use

Period of RCS DAP cycle
Rate threshold

Upper target rate error for TV C crossfeed

Lower target rate error for TV C crossfeed

A(3)S

A(3)S

A(3)S

A(3)S

V97U1318C/
0.08
V97U1319C/
0.08
V97U1320C/
0.05

V97U2418C/6
Vo7U2417C/7

V99U7285C/
0.05
V99U 7286C/
0.05
Voou7287C/
0.03

V97U2370C/
0.856
V97uU2371C/
0.824
V9a7u2372C/
0.544

0.08

V9o7U2414C/
0.08
V97U2414C/
0.04
V97U2416C/
0.04

V96U9710C/
15

Vo6U9711C/
0.5

deg/s

none
none
deg/s

deg/s?

deg/s

deg/s

deg/s

Table 4.4.4.2.2.2-5.

PHASE_PLANE_TRANSITION Initialization Requirements

Initialize on Transition

Initialize on Transition
From To

Variable

Initial Value

INIT_PHASE_PLANEays =0

INIT_PHASE_PLANEays =1

PR‘I:AX IS

0
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We =RATE_ERROR .5 + K_REL s ROT_JET_CMD . + L _REL s PRIC pys

k)

X
PRIC .. - SIGN(X)
RATE_ERROR RATE_ERROR axs
e
[ROT_JET_CMD] ROT_JET_CMD axs
ROT_JET_CMD
[PHASE_PLANE_ACCEL] |PHASE_PLANE_ACCEL xs
> U, (FIGURE
[DEADBAND] DEADBAND s 4.4.4.2.2.2-2)
P DB
[RATE_LIMIT] RATE_LIMITaxs q (TABLE ON © ROT_JET_CMD s [ROT_JET_CMD]
RL 44.4.2221) >
ATTITUDE_ERROR ATTITUDE_ERROR s _+°
P10, ROT_JET_CMD I
LOWER_RATE_LIMIT LOWER_RATE_LIMIT OFF : )
AXIS »ILRL ON © OMEGA_E_DESIRED
P-(SEE NOTE 1) [P_P_TRANSITION Ao
WED OMEGA_E_
FF
[FORCE_FIRE] FORCE_FIRE 5ys (NOTE 2) 0 DESIRED s
[INIT_PHASE_PLANE] INITIALIZATION NOTES:

(TABLE 4.4.4.2.2.2-5)

1. ARRAY OR VECTOR SUBSCRIPT AXIS INDICATES
THAT THE PROCESSING SHOWN IS FOR THAT
ELEMENT SPECIFIED BY THE PRESENT VALUE
OF AXIS

2. PHASE_PLANE_TRANSITION TURNS OFF

PHASE PLANE TRANSITION FORCE_FIRE ,gs AFTER REFERENCING IT

FIGURE 4.4.4.2.2.2-1. PHASE_PLANE_TRANSITION

STS 83-0008V2-34
137 December 14, 2007



ST S 83-0008V2-34
December 14, 2007

X2
A
S3 ' 1
4
S5
S1 (K
S2 S4 2 (K)
5
3
P 1
LOCAL VARIABLE DEFINTIONS:
VARIABLE DEFINITION
SIGN (w,); | w, | >RTH
SE
SIGN (8,);] . | < RTH
X1 SE 6,
|we |;] W | > RTH
X2
0;] wg | <RTH
K SET TO ZERO IF | X1 | < 0.9 DB;

OTHERWISE, UNCHANGED

FIGURE 4.4.4.2.2.2-2. Phase Plane for Function P_P

138



ST S 83-0008V2-34
December 14, 2007

44423 OMSProcessor.

444231 TVC_LAW_PITCH_YAW.

A. Function. Thismodule closes theinner loop of the TVC DAP. Commanded pitch and yaw rates and
the corresponding desired rate errors are subtracted from the vehicle rates to form rate errors, which are
processed by compensation filters and passed through proportiona—plus-integral paths. The integral paths
are incremented as afunction of the RCS rotation commands. The outputs are limited and passed on as
position commands to the OM S engine actuator servos. Initialization of this module consists of
subfunctions, which are invoked as required. These subfunctions are described separately, and the
initialization modes are then summarized.

The pitch and yaw channels each consist of an upstream error determination and filter section, and a
downstream proportional—plus—-integral path and limiting section (Figure 4.4.4.2.3.1-1). A switch between
the sections, operated by the initialization flag, allows atrim mode, with the downstream section operating
alone with input zeroed, and a dynamic mode, with the sections connected together.

The K- oaded trim angles can be over written by adjusting the values of OMS PITCH_TRIM and

OMS YAW_TRIM viathe maneuver display principal function; or the trim angles may be left alone, in
which case they would either be their K- oaded values or the values remaining from the previous burn.
Operating the downstream section causes the existing trim value to be output from the modul e as the engine
pitch and yaw commands. In case of a mid—burn transition from two OM S engines to one engine, the trim
angles are automatically adjusted for thrusting through the c.g. by the use of internally stored constants.

TheOMS PITCH_TRIM and OMS_YAW_TRIM values provided by the maneuver display principal
function are identified in the principal function interface tables (See Tables 4.4.2-1, 4.4.2—2, and 4.4.5-1)
using different MSID and Level B mnemonic numbers from those numbers used to identify the trim values
which are outputs from this module. Providing unique identification for the input and output valuesis done
for accounting of principal function interfaces only and is not intended to preclude the possibility of using a
common compool location for storage of both values.

Dynamic gains must also be adjusted as a function of the number of OM S engines operating. Thus, on the
first dynamic pass following prethrust trimming or upon atwo to one engine transition, the reconfiguration
module indicates the number of engines viaagain flag and forces again calculation viathe initiaization
flag. Thefirst dynamic pass also requiresinitialization of the filters. The various initialization modes are
summarized below.
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Initialization
Flag Value Description
0 Normal dynamic pass
1 Prethrust trim
2 Two to one engine
trangition trim
3 First dynamic pass

after prethrust trim

These modes are sequenced as follows:

Event

Prethrust trim commanded

Engine(s) ignition

Engineg(s) on, subsequent

Midburn two to one engine transition
Remainder of burn

Action

Operate both sections of module.

Zero filter nodes, set trim angles to externally
supplied values, and operate downstream section
only.

Set trim angles to internal one
engine values, calculate gains,
and operate both sections of module.

Cadlculate gains and operate both sections.

Initialization
Flag Value

ONO WP

The detailed block diagram for TVC_LAW_PITCH_YAW ispresented in Figure 4.4.4.2.3.1-1.

B. Processing Rate. TVC LAW_PITCH_YAW isprocessed at 12.5 Hz.

C. Interface Requirements. Theinterface requirementsfor TVC LAW _PITCH_YAW are shownin Table

4.4.4.2.3.1-1.

D. K-Loads/Constants. The K-oads/constantsfor TVC_LAW_PITCH_YAW are shown in Table

4.4.4.2.3.1-2.

E. Initialization Requirements. The initialization requirementsfor TVC_LAW_PITCH_YAW are shown

in Table4.4.4.2.3.1-3.
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Table4.4423.1-1. TVC LAW_PITCH_YAW Interface Requirements
Source or Sample
Name Description Destination Type Range Unit Rate (Hz)
Inputs
INIT_TVC_LAW_| Moduleinitialization flag (O=no TRNS RECON | | 0,1,2,3 none 125
PITCH_YAW init; 1=prethrust trim; 2=two engine
to one engine transition trim;
3=first dynamic pass after prethrust
trim)
KP2 Pitch filter gain (two engines) See Note 2 S 0to10 deg/ 125
(deg/s)
KY2 Y aw filter gain (two engines) See Note 2 S 0to10 deg/ 125
(deg/s)
OMEGA_C_ Commanded body angular rate GUIDANCE_ V(3)s -5t05 deg/s 125
BODY (pitch and COMPEN-
yaw components) SATION or
MANUAL_
TVC
OMEGA _E Desired angular rate error PHASE _ V(3)S -5t05 deg/s 125
DESIRED (pitch PLANE_
and yaw TRANSITION
components)
OMS PITCH_ OMS engines pitch trim anglewith | SeeNotel;dso | S -10t0 10 | deg 125
TRIM respect to center of gimbal travel XXXXX
MNVR
YYYYY, UL
OMS YAW_ Left and right OMS engines yaw SeeNote1; also | A(2)S -10t0 10 | deg 125
TRIM trim angles with respect to center of | XXXXX
gimbal travel MNVR
YYYYY, UL
RATE_GYRO_ Measured body angular rate ASCENT/ V(3)S -20t020 | degls 125
CORR (pitch and ENTRY ATT
yaw components) PROC
ROT_JET_CMD RCS rotation command PHASE _ A3l -1,0,1 none 125
(pitch and yaw PLANE_
components) TRANSITION
TVC LAW_P_Y_ | Gainmultiplication factor based on | TRNS RECON | | 1,2 none 125
GAIN_FLAG number of OM S engines operating
(1=two engines, 2=0ne engine)
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Table4.4.4.2.3.1-1.

TVC_LAW_PITCH_YAW Interface Requirements

Source or Sample
Name Description Destination Type Range Unit Rate (Hz)
Outputs
OMS PITCH_ OMS engines pitch trim anglewith | ASMNVRDIP | S —-61t06 deg 125
TRIM respect to center of gimbal travel or DEORB
MNVR DIP,
XXXXX
MNVR
YYYYY, ORB
INSGUID or
DEORB GUID
OMS YAW _ Left and right OM S engines yaw ASMNVRDIP | A(2)S -8t08 deg 125
TRIM trim angles with respect to center of | or DEORB
gimbal travel MNVR DIP,
XXXXX
MNVR
YYYYY; ORB
INSGUID or
DEORB GUID
OMSL_PITCH_ Left OMS engine pitch and yaw OMSTVC A(2)S Pitch: deg 125
YAW_CMD servo commands with respect to CMD SOP, -51t05,
center of gimbal travel TVC_MIXER Yaw:
-8t08
OMSR _PITCH_ Right OMS engine pitch and yaw OMSTVC A(2)S Pitch: deg 125
YAW_CMD servo commands with respect to CMD SOP -51t05,
center of gimbal travel Yaw:
-8to8

Note 1. K- oad (insertion); carry over value from on—orbit phase (deorbit).
Note 2. K- oad (insertion) subsequent; to OPS 1, carry over from previous OPS.
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Table4.4.4231-2. TVC_LAW_PITCH_YAW K-LoadsConstants
Name Description Type MSID/Vaue Unit
D2 Filter coefficient S V97U2340C/ | none
0.6667
D3 Filter coefficient S V97U2341C/ | none
1.5484
D4 Filter coefficient S V97U2342C/ | none
0.6774
IYLIM Left and right OM S yaw—indicator limit S V97U1305C/ | deg
75
IPLIM OMS pitch integrator limit S V97U1306C/ | deg
55
KINT_PY Integrator gain S V97U2352C/ | none
0.075
KXFPY Pitch and yaw crossfeed gain S V96U9708C/ | deg
0.17
ONE_ENG_ OMS engines pitch trim angles for thrusting through S V97U2367C/ | deg
OMS PITCH_ Cc.0. 0.4 (OPS 1),
TRIM —0.1 (OPS 2),
—0.31 (OPS 3)
ONE_ENG_ Left and right OM S engines yaw trim angles for A(2)S V97U2368C/ | deg
OMS YAW_ thrusting through c.g. 521
TRIM V97U2369C/
-5.21
PLIM Left and right OM S pitch command limit S V97U2373C/ | deg
4.89
TDAP Period of TVC DAP cycle S 0.08 S
YLIM1 L eft—negative and right—positive OMS yaw command S V97U2392C/ | deg
limit 6.44
YLIM2 Left—positive and right-negative OM S yaw command S V96U9802C/ | deg
limit 7.29
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Table4.44.23.1-3. TVC_LAW_PITCH_YAW Initialization Requirements
Initialize on Transition| Initialize on Transition
From To Variable Initial Value
INIT_ TVC LAW_ | INIT._TVC LAW_ | INT_PITCH OMS PITCH_TRIM
PITCH_YAW =0 PITCH YAW=1
INT_YAW OMS YAW_TRIM
NODES (3 FOR 0,0,0
EACH FILTER)
INIT_ TVC LAW_ | INIT_TVC LAW_ | INT_PITCH ONE_ENG_OMS PITCH_TRIM
PITCH_YAW =0 PITCH_YAW =2
INT_YAW ONE_ENG_OMS YAW_TRIM
KP KP2TVC LAW P Y GAIN FLAG
KY KY2TVC LAW P Y _GAIN_FLAG
INIT TVC LAW INIT_ TVC LAW_ | KP KP2TVC LAW P Y _GAIN FLAG
PITCH YAW =0 PITCH_YAW =3
KY KY2TVC LAW P Y _GAIN_FLAG
FIRST PASS INT_PITCH OMS PITCH_TRIM
INSERTION PHASE | INT_YAW $1 OMS YAW_TRIM (1)
INT_YAW $2 OMS YAW_TRIM (2)
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444232 TVC_LAW_ROLL.

A. Function. This module provides control of the vehicle in roll during two—engine TV C burns.

Commanded roll rate and desired rate error are subtracted from the vehicle rate to form arate error, which
is processed by a compensation filter and passed through proportiona—plus-integral paths. Theintegral

path isincremented as afunction of the RCS rotation command and limited. The output is passed on asa
roll command to the TV C mixer module. The detailed block diagram for TVC_LAW_ROLL is presented

inFigure4.4.4.2.3.2-1.

B. Processing Rate. TVC_LAW_ROLL isprocessed at 12.5 Hz.

C. Interface Requirements. Theinterface requirementsfor TVC LAW_ROLL are shownin Table

4.4.4.2.3.2-1.

D. K-Loads/Constants. The K-oads/constantsfor TVC_LAW_ROLL are shownin Table 4.4.4.2.3.2-2.

E. Initialization Requirements. The initialization requirementsfor TVC_LAW _ROLL are shownin Table

4.4423.2-3.
Table4.4.4232-1. TVC LAW_ROLL Interface Requirements
Source or Sample
Name Description Destination Type Range Unit Rate (Hz)

Inputs
INIT_TVC_LAW_ Moduleinitialization flag TRNS_RECON B 01 none 125
ROLL
KR Roll filter gain See Note 1 S 0.312 Sec 125
OMEGA_C_BODY Commanded body angular GUIDANCE _ V(3)S -5t05 deg/s 125
(roll component) rate COMPENSATION

or MANUAL_TVC
OMEGA_E_DESIRED | Desired angular rate error PHASE_PLANE_ V@S | 5to5 deg/s 125
(roll component) TRANSITION
RATE_GYRO_CORR | Measured body angular rate | ASCENT/ENTRY V(S | —40to40 | deg/s 125
(roll component) ATT PROC
ROT_JET_CMD RCS rotation command PHASE_PLANE_ AQ)I -1,0,1 none 125

TRANSITION
Outputs
ROLL_TVC_CMD Roll component of pitch TVC_MIXER S —20t020 | deg 125

servo command for OMS
engines

Note 1. |-oad (insertion) subsequent to OPS 1; carry—over vaue from previous OPS.
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Table4.4.42.3.2-2. TVC LAW_ROLL K-Loads/Constants
Name Description Type | MSID/Vaue Unit
D5 Filter coefficient S V97U2343C/ | none
0.85185
KINT_R Integrator gain S V97U2353C/ | none
0.035
KXFR Roll crossfeed gain S VI6U9709C/ | deg
0.14
RLIM Limiting value for roll integrator S V97U2389C/ | deg
1.0
TDAP Period of TVC DAP cycle S 0.08 S
Table4.44.2.3.2-3. TVC_LAW_ROLL Initiaization Requirements
Initialize on Transition Initialize on Transition Initial
From To Variable Value
INIT_TVC ROLL = OFF INIT_TVC ROLL =ON FILTER OUT 0
INT_ROLL 0
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444233 TVC_MIXER.

A. Function. This module derivesthe left and right OMS pitch actuator servo commands as the difference
and sum respectively of the pitch and roll TVC commands. The roll command is limited as afunction of
the pitch command, so that the total pitch command cannot exceed the desired limit. The detailed block
diagram for the module TVC_MIXER is presented in Figure 4.4.4.2.3.3-1.

B. Processing Requirements. The module TVC_MIXER is processed at 12.5 Hz.

C. Interface Requirements. Theinterface requirements for the module TVC_MIXER are shownin Table

4.4.4.2.3.3-1.

D. K-Loads. The K-oadsfor the module TVC_MIXER are shown in Table 4.4.4.2.3.3-2.

E. Initialization Requirements. There are no initiaization requirementsfor TVC_MIXER.

Table4.4.4.2.3.3-1.

TVC_MIXER Interface Reguirements

Source or Sample
Name Description Destination Type Range Unit | Rate (Hz)

Inputs
OMSL_PITCH_ | Left OMSenginepitchandyaw | TVC_LAW_ A(2)S Pitch: deg 12.5
YAW_CMD Servo commands PITCH_YAW -5105,
(pitch element) Yaw:

—8to8
ROLL_TVC_ Roll component of pitch servo TVC_LAW_ROLL S —-20t020 | deg 125
CMD command for OMS engines
Outputs
OMSL_PITCH_ | Left OMSenginepitchandyaw | OMSTVC CMD SOP | A(2)S Pitch: deg 125
YAW_CMD Servo commands —6106,
(pitch element) Yaw:

-8to8
OMSR_PITCH_ | Right OMS engine pitch and OMSTVCCMD SOP | A(2S | Pitch: deg 125
YAW_CMD yaw servo commands —6106,
(pitch element) Yaw:

-8to8

Table4.4.4.23.3-2. TVC MIXERK-Load
Name Description Type MSID/Vaue Unit

TOTAL_ Limit of total pitch command S V97U2390C/ | deg
PITCH_LIM 5.89
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445 Transition DAP Principal Function Tables.

Thetransition DAP principal function IDD inputs and outputs are listed in Tables 4.4.5-1 and 4.4.5-2.
Values for the |- oads are contained in the 1-oads requirements document (JSC-19350); however, |- oad
definitions applicable to this principal function arelisted in Table 4.4.5-3. K-oads arelisted in Table
4454,

The automated Interface Definition Document (IDD) table (Tables 4.4.5-1 and 4.4.5-2) defines signal
(parameter) interface requirements either between hardware (LRU) and software elements or between
software elements and other software elements.” In the event of a conflict between the IDD tables and other
internal text input/output tables, the SASCB data base—controlled IDD tables take precedence.

1 A GN& C software element is either a sequenced principal function, crew-generated specialist/display
function, or an OPS display function.

Note that IDD output (source) tables which reflect parameters going to input (destination) “TLM” shall not
beinterpreted asasigna actually being downlisted. The parameter may only be available for downlist in
COMPOOL and may not appear in adownlist format.
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TABLE 4.4.5-1. INPUT FUNCTIONAL PARAMETERS FOR TRANSITION DIGITAL AUTOPILOT (G4.201)
FSSR NAME M/SID NOMENCLATURE SOURCE UNITS DATA P LASTCR R
TYPE R E
E \%
C
ATTI TUDE_| NCREMENT( 1) VO0U2333C  ATTI TUDE | NCREMENT- H RATE ROLL A E ATT PROC DEG 89688A
ATTI TUDE_| NCREMENT( 2) VO0U2334C  ATTI TUDE | NCREMENT-H RATE PI TCH A E ATT PROC DEG 89688A
ATTI TUDE_| NCREMENT( 3) VO0U2335C  ATTI TUDE | NCREMENT- HI RATE YAW A E ATT PROC DEG 89688A
AUTO_REQUEST VI0X7692X  SEL FWD DAP AUTO GN&C SW RM 89688A
AVAI LABLE_JET_AFT(01) V90X4520X  JET L1A AVAI LABLE RCS RM BD 93017G *
AVAI LABLE_JET_AFT(02) Vo0X4521X  JET L1L AVAI LABLE RCS RM BD 93017G *
AVAI LABLE_JET_AFT(03) Vo0X4522X  JET L1U AVAI LABLE RCS RM BD 93017G *
AVAI LABLE_JET_AFT( 04) V90X4534X  JET R1A AVAI LABLE RCS RM BD 93017G *
AVAI LABLE_JET_AFT( 05) V90X4535X  JET R1R AVAI LABLE RCS RM BD 93017G *
AVAI LABLE_JET_AFT( 06) V90X4536X  JET R1U AVAI LABLE RCS RM BD 93017G *
AVAI LABLE_JET_AFT( 09) Vo0X4526X  JET L3A AVAI LABLE RCS RM BD 93017G *
AVAI LABLE_JET_AFT(10) Vo0X4527X  JET L3L AVAI LABLE RCS RM BD 93017G *
AVAI LABLE_JET_AFT(11) Vo0X4528X  JET L3D AVAI LABLE RCS RM BD 93017G *
AVAI LABLE_JET_AFT(12) V90X4540X  JET R3A AVAI LABLE RCS RM BD 93017G *
AVAI LABLE_JET_AFT(13) V90X4541X  JET R3R AVAI LABLE RCS RM BD 93017G *
AVAI LABLE_JET_AFT(14) Vo0X4542X  JET R3D AVAI LABLE RCS RM BD 93017G *
AVAI LABLE_JET_AFT(17) Vo0X4523X  JET L2L AVAI LABLE RCS RM BD 93017G *
AVAI LABLE_JET_AFT(18) Vo0X4524X  JET L2U AVAI LABLE RCS RM BD 93017G *
AVAI LABLE_JET_AFT(19) VO0X4525X  JET L2D AVAI LABLE RCS RM BD 93017G *
AVAI LABLE_JET_AFT( 20) VO0X4537X  JET R2ZR AVAI LABLE RCS RM BD 93017G *
AVAI LABLE_JET_AFT(21) V90X4538X  JET R2U AVAI LABLE RCS RM BD 93017G *
AVAI LABLE_JET_AFT(22) V90X4539X  JET R2D AVAI LABLE RCS RM BD 93017G *
AVAI LABLE_JET_AFT(23) VO0X4529X  JET L4AL AVAI LABLE RCS RM BD 93017G *
AVAI LABLE_JET_AFT( 24) V90X4530X  JET L4U AVAI LABLE RCS RM BD 93017G *
AVAI LABLE_JET_AFT( 25) V90X4531X  JET L4D AVAI LABLE RCS RM BD 93017G *
AVAI LABLE_JET_AFT( 26) V90X4543X  JET RAR AVAI LABLE RCS RM BD 93017G *
AVAI LABLE_JET_AFT(27) Vo0X4544X  JET RAU AVAI LABLE RCS RM BD 93017G *
AVAI LABLE_JET_AFT( 28) V90X4545X  JET RAD AVAI LABLE RCS RM BD 93017G *
AVAI LABLE_JET_FWD( 01) Vo0X4548X  JET F1F AVAI LABLE RCS RM BD 93017G *
AVAI LABLE_JET_FWD( 02) Vo0X4549X  JET F1L AVAI LABLE RCS RM BD 93017G *
AVAI LABLE_JET_FWD)( 03) V90X4550X  JET F1U AVAI LABLE RCS RM BD 93017G *
AVAI LABLE_JET_FWD( 04) V90X4551X  JET F1D AVAI LABLE RCS RM BD 93017G *
AVAI LABLE_JET_FWD)( 05) Vo0X4552X  JET F2F AVAI LABLE RCS RM BD 93017G *
AVAI LABLE_JET_FWD( 06) V90X4553X  JET F2R AVAI LABLE RCS RM BD 93017G *
AVAI LABLE_JET_FWD( 07) Vo0X4554X  JET F2U AVAI LABLE RCS RM BD 93017G *
AVAI LABLE_JET_FWD( 08) V90X4555X  JET F2D AVAI LABLE RCS RM BD 93017G *
AVAI LABLE_JET_FWD( 09) V90X4560X  JET F4R AVAI LABLE RCS RM BD 93017G *
AVAI LABLE_JET_FWD( 10) V90X4561X  JET FAD AVAI LABLE RCS RM BD 93017G *
AVAI LABLE_JET_FWD( 13) V90X4556X  JET F3F AVAI LABLE RCS RM BD 93017G *
AVAI LABLE_JET_FWD( 14) VO0X4557X  JET F3L AVAI LABLE RCS RM BD 93017G *
AVAI LABLE_JET_FWD( 15) V90X4558X  JET F3U AVAI LABLE RCS RM BD 93017G *
AVAI LABLE_JET_FWD( 16) V90X4559X  JET F3D AVAI LABLE RCS RM BD 93017G *
CROSSFEED_OPEN V90X1540X  RCS CROSSFEED SEQ COMPLETE FLAG RCS/ RCS XFEED
DAMAN/ RHC( 1) VI96HO005CB  MANUAL ROLL CMD 3- AX RHC SCOP DEG
DEMAN/ RHC( 2) VI96HO007CB  MANUAL PI TCH CMVD 3- AX RHC SCOP DEG
DI SC_REQUEST( 1) VO0X7727X  SEL FWD ROTATI ON PI TCH DI SC RATE GN&C SW RM 89688A
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TABLE 4.4.5-1. INPUT FUNCTIONAL PARAMETERS FOR TRANSITION DIGITAL AUTOPILOT (G4.201)

FSSR NAME M/SID NOMENCLATURE SOURCE UNITS DATA P LASTCR R

TYPE R E
E \%
C

DI SC_REQUEST( 2) VO0X7728X  SEL FWD ROTATI ON ROLL DI SC RATE GN&C SW RM 89688A

DI SC_REQUEST( 3) VO0X7729X  SEL FWD ROTATI ON YAW DI SC RATE GN&C SW RM 89688A

DVB_SEC( 1) Vo0U2307C  BODY VEL | NCREMENT LO RATE X AX A E ATT PROC FT/ S 89688A

DVB_SEC( 2) Vo0U2308C  BODY VEL | NCREMENT LO RATE Y AX A E ATT PROC FT/ S 89688A

DVB_SEC( 3) VO0U2309C  BODY VEL | NCREMENT LO RATE Z AX A E ATT PROC FT/ S 89688A

DYMAN/ RHC( 3) VO96HO004CA MANUAL YAW COMVAND 3- AX RHC SCOP DEG

ET_SEP_CMD V90X8250X  ET SEPARATI ON CMD FLAG ET SEP SEQ BD 93017G *

GVITC/ T_NOW VO0W2310CA Ms0 TO BODY QUAT TI ME A E ATT PROC S 93017G *

GUI DED_DELTA V_BURN V90X8647X  GUI DED DELTA V BURN | ND MsC 89599C

JET_FAI L_CHANGE_FLAG VO0X4619X  JET STATUS CHANGED RCS RM 89688A

JET_MAP( 01) V90J5727C  1ST PRICRITY JET IN GROUP 1 RCS RM

JET_MAP( 02) V90J5728C  2ND PRICRITY JET IN GROUP 1 RCS RM

JET_MAP( 03) V90J5729C 3RD PRICRITY JET IN GROUP 1 RCS RM

JET_MAP( 04) V90J5730C  1ST PRICRITY JET IN GROUP 2 RCS RM

JET_MAP( 05) V90J5731C  2ND PRICRITY JET IN GROUP 2 RCS RM

JET_MAP( 06) V90J5732C  1ST PRICRITY JET IN GROUP 3 RCS RM

JET_MAP( 07) V90J5733C 2ND PRICRITY JET IN GROUP 3 RCS RM

JET_MAP( 08) V90J5734C  1ST PRICRITY JET IN GROUP 4 RCS RM

JET_MAP( 09) V90J5735C 2ND PRICRITY JET IN GROUP 4 RCS RM

JET_MAP( 10) V90J5736C 3RD PRICRITY JET IN GROUP 4 RCS RM

JET_MAP(11) V90J5737C  1ST PRICRITY JET IN GROUP 5 RCS RM

JET_MAP(12) V90J5738C  2ND PRICRITY JET IN GROUP 5 RCS RM

JET_MAP(13) V90J5739C  1ST PRICRITY JET IN GROUP 6 RCS RM

JET_MAP( 14) V90J5740C 2ND PRICRITY JET IN GROUP 6 RCS RM

JET_MAP( 15) V90J5741C  1ST PRICRITY JET IN GROUP 7 RCS RM

JET_MAP( 16) V90J5742C 2ND PRICRITY JET IN GROUP 7 RCS RM

JET_MAP(17) V90J5743C  1ST PRICRITY JET IN GROUP 8 RCS RM

JET_MAP(18) V90J5744C  2ND PRICRITY JET IN GROUP 8 RCS RM

JET_MAP(19) V90J5745C  1ST PRICRITY JET IN GROUP 9 RCS RM

JET_MAP( 20) V90J5746C 2ND PRICRITY JET IN GROUP 9 RCS RM

JET_MAP( 21) V90J5747C 3RD PRICRITY JET IN GROUP 9 RCS RM

JET_MAP( 22) V90J5748C ATH PRICRITY JET IN GROUP 9 RCS RM

JET_MAP(23) V90J5749C  1ST PRICRITY JET IN GROUP 10 RCS RM

JET_MAP( 24) V90J5750C 2ND PRICRITY JET IN GROUP 10 RCS RM

JET_MAP( 25) V90J5751C 3RD PRICRITY JET IN GROUP 10 RCS RM

JET_MAP( 26) V90J5752C ATH PRICRITY JET IN GROUP 10 RCS RM

JET_MAP( 27) V90J5753C  1ST PRICRITY JET IN GROUP 11 RCS RM

JET_MAP( 28) V90J5754C 2ND PRICRITY JET IN GROUP 11 RCS RM

JET_MAP( 29) V90J5755C 3RD PRICRITY JET IN GROUP 11 RCS RM

JET_MAP( 30) V90J5756C  1ST PRICRITY JET IN GROUP 12 RCS RM

JET_MAP(31) V90J5757C  2ND PRICRITY JET IN GROUP 12 RCS RM

JET_MAP(32) V90J5758C 3RD PRICRITY JET IN GROUP 12 RCS RM

JET_MAP( 33) V90J5759C  1ST PRICRITY JET IN GROUP 13 RCS RM

JET_MAP( 34) V90J5760C 2ND PRICRITY JET IN GROUP 13 RCS RM

JET_MAP( 35) V90J5761C 3RD PRICRITY JET IN GROUP 13 RCS RM

JET_MAP( 36) V90J5762C  1ST PRICRITY JET IN GROUP 14 RCS RM



TABLE 4.4.5-1. INPUT FUNCTIONAL PARAMETERS FOR TRANSITION DIGITAL AUTOPILOT (G4.201)

FSSR NAME M/SID NOMENCLATURE SOURCE UNITS DATA P LASTCR R

TYPE R E
E \%
C

JET_MAP(37) V90J5763C  2ND PRICRITY JET IN GROUP 14 RCS RM

JET_MAP( 38) V90J5764C  3RD PRICRITY JET IN GROUP 14 RCS RM

LAMC( X) Vo0U1954CC  X- COWP OF M0 REF THR VECTOR ORB INS GUI D 93017G *

LAMC( X) Vo0U1954CD  X- COMP OF M0 REF THR VECTOR DEORB GUI D

LAMC(Y) VO0U1955CC  Y-COW OF M0 REF THR VECTOR ORB INS GUI D 93017G *

LAMC(Y) VO0U1955CD  Y-COW OF M0 REF THR VECTOR DEORB GUI D

LAMC( Z) VO0U1956CC  Z- COMP OF Mb0 REF THR VECTOR ORB INS GUI D 93017G *

LAMC( Z) VO0U1956CD Z- COMP OF Mb0 REF THR VECTOR DEORB GUI D

LAMDC( X) VI0U1957CC  X- Mb0 DESI RED THR TRNI NG RATE VCTR ORB INS GUI D RAD/ S 93017G *

LAMDC( X) VO0U1957CD X- Mb0 DESI RED THR TRNI NG RATE VCTR DEOCRB GUI D RAD/ S

LAMDC( Y) VI0U1958CC Y- Mb0 DESI RED THR TRNI NG RATE VCTR ORB INS GUI D RAD/ S 93017G *

LAMDC( Y) VO0U1958CD Y- M0 DESI RED THR TRNI NG RATE VCTR DEOCRB GUI D RAD/ S

LAMDC( Z) VI0U1959CC Z- M0 DESI RED THR TRNI NG RATE VCTR ORB INS GUI D RAD/ S 93017G *

LAMDC( Z) VI0U1959CD Z- M0 DESI RED THR TRNI NG RATE VCTR DEOCRB GUI D RAD/ S

MANUAL _REQUEST V90X7693X  SEL FWD DAP MAN | NRTL HOLD GN&C SW RM 89688A

MM _CODE_103/ MM _103 V90X8156X  MAJOR MODE 103 FLAG MsC 93012D

MM _CODE_301/ MM 301 V90X8183X  MAJOR MODE 301 FLAG MsC 93064D

OVS_L_ON_CMD_I ND V90X8271X  OMS-L ON CMD | ND OVs FI RE SEQ 90120B

OVs_PI TCH_TRI M VO3H6915CA OMS PI TCH TRI M | NTEGRATOR XXXXX MNVR DI SP DEG SPL 93017G *

OVs_PI TCH_TRI M VI3H6915CB OMS PITCH TRIM ORB DAP DEG SPL 89645A

OVs_PI TCH_TRI M VO3H6915CD OMS PITCH TRIM uL DEG SPL 89645A

OV5_R_ON_CMD_I ND V90X8272X  OMS-R ON CMD | ND OVs FI RE SEQ 90120B

OVB_YAW TRI M 1) VO3H6916CA OMS L YAW TRI M | NTEGRATOR XXXXX MNVR DI SP DEG SPL 93017G *

OVB_YAW TRI M 1) VO3H6916CB OMS L YAWTRIM ORB DAP DEG SPL 89645A

OVB_YAW TRI M 1) VO3H6916CD OMS L YAWTRIM uL DEG SPL 89645A

OVB_YAW TRI M 2) VO3H6918CA OMS R YAW TRI M | NTEGRATOR XXXXX MNVR DI SP DEG SPL 93017G *

OVB_YAW TRI M 2) V93H6918CB OMS R YAWTRIM ORB DAP DEG SPL 89645A

OVB_YAW TRI M 2) VO3H6918CD OMS R YAWTRIM uL DEG SPL 89645A

OPS1_| NDI CATOR V90X8648X OPS 1 IND MsC 89688A

OPS3_| NDI CATOR V90X8649X  OPS 3 IND MsC BD 93023D

PHI / PHI _TOPO VO0H2202C  BODY ROLL ATTI TUDE EULER ANGLE A E ATT PROC DEG SPL 93017G *

PREBURN_M\VR V93X6912X  PREBURN M\VR CMD XXXXX MNVR DI SP BD 89688A

PROP_FLAG_CFS V94J3791CA PRI ME PROP SYS | NDI CATCR FLAG ASC M\VR DI P 93017G *

PROP_FLAG_CFS V94J3791CC PRI ME PROP SYS | NDI CATCR FLAG DEORB M\VR DI P 93017G *

PSS_EXCEED/ SOFT_STOP( 2) V96X1070XA PI TCH RHC SOFT- STCP FLAG 3- AX RHC SCOP 89558A

PULSE_REQUEST( 1) VO0X7730X  SEL FWD ROTATI ON PI TCH PULSE GN&C SW RM 89688A

PULSE_REQUEST( 2) VO0X7731X  SEL FWD ROTATI ON ROLL PULSE GN&C SW RM 89688A

PULSE_REQUEST( 3) VO0X7732X  SEL FWD ROTATI ON YAW PULSE GN&C SW RM 89688A

P_ORB VO0R5301CA SELECTED RGA ROLL RATE SF DEG S 93017G *

Q BCOD_Mb0(1)/QB_I(1) VO0U2240CA M0 TO BCDY QUAT MEASURED ELEM 1 A E ATT PROC SPL 93017G *

Q_BCOD_Mb0(2)/QB_I(2) VO0U2241CA M0 TO BCDY QUAT MEASURED ELEM 2 A E ATT PROC SPL 93017G *

Q_BCOD_Mb0(3)/QB_I(3) VO0U2242CA M0 TO BCDY QUAT MEASURED ELEM 3 A E ATT PROC SPL 93017G *

Q_BCD_Mb0(4)/ Q. B_I(4) VO0U2243CA M0 TO BCDY QUAT MEASURED ELEM 4 A E ATT PROC SPL 93017G *

Q CB_M0_S V94U3980CB M0 TO BCDY QUAT ELEM 1 DEORB GUI D

Q CB_M0_S V94U3980CC M0 TO BCDY QUAT ELEM 1 ORB INS GUI D

Q CB_M0_S V94U3980CE M0 TO BCODY QUAT ELEM 1 ASC MN\VR DI P
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TABLE 4.4.5-1. INPUT FUNCTIONAL PARAMETERS FOR TRANSITION DIGITAL AUTOPILOT (G4.201)

FSSR NAME M/SID NOMENCLATURE SOURCE UNITS DATA P LASTCR R

TYPE R E
E %
C

Q CB MBO_S VO4U3980CF M5O TO BODY QUAT ELEM 1 DECRB M\WWR DI P

Q CB _MBO_V(1) V94U3981CB M5O TO BODY QUAT ELEM 2 DECRB GUI D

Q CB_MBO_V(1) V94U3981CC M5O TO BODY QUAT ELEM 2 ORB INS GUID

Q CB_MBO_V(1) VO4U3981CE M5O TO BODY QUAT ELEM 2 ASC M\WWR DI P

Q CB MBO_V(1) VO4U3981CF MBO TO BODY QUAT ELEM 2 DECRB M\WWR DI P

Q CB_MBO_V(2) V94U3982CB M50 TO BODY QUAT ELEM 3 DECRB GUI D

Q CB_MBO_V(2) V94U3982CC M5O TO BODY QUAT ELEM 3 ORB INS GUID

Q CB_MBO_V(2) VO4U3982CE M5O TO BODY QUAT ELEM 3 ASC M\WVR DI P

Q CB_MBO_V(2) VO4U3982CF M5O TO BODY QUAT ELEM 3 DECRB M\WWR DI P

Q CB_MBO_V(3) V94U3983CB M5O TO BODY QUAT ELEM 4 DECRB GUI D

Q CB_MBO_V(3) VO4U3983CC M50 TO BODY QUAT ELEM 4 ORB INS GUID

Q CB_MBO_V(3) VO4U3983CE M5O TO BODY QUAT ELEM 4 ASC M\WWR DI P

Q CB_MBO_V(3) VO4U3983CF MBO TO BODY QUAT ELEM 4 DECRB M\WWR DI P

Q ORB/ Q VOOR5321CA SELECTED RGA Pl TCH RATE SF DEG S 93017G  *

RATE_GYRO_CORR( 1) VOOR2692C  COMPENSATED BCDY ROLL RATE AN E ATT PROC DEG S

RATE_GYRO_CORR( 2) VOOR2693C  COMPENSATED BODY Pl TCH RATE A E ATT PROC DEG S

RATE_GYRO_CORR( 3) VOOR2694C  COMPENSATED BODY YAW RATE AN E ATT PROC DEG S

RCS_DUMP_DAP/ NOSE_DUMP VO4X4059X  RCS DUMP ENABLE DI SCRETE DECRB M\WWR DI P

RECONFI G_CMPL VO0X1539X  RCS XFD RECONFI G SEQ COVPLETE FLAG RCS/ RCS XFEED 89599C

RHC_STATE( 1) VO6J0015CA RHC OUT OF DETENT ROLL 3- AX RHC SOP 89990E

RHC_STATE( 2) V96J0017CA RHC OUT OF DETENT PI TCH 3- AX RHC SOP 89990E

RHC_STATE( 3) VO6J0019CA RHC OUT OF DETENT YAW 3- AX RHC SOP 89990E

RSS_EXCEED/ SOFT_STOP( 1) VO6X1069XA ROLL RHC SOFT- STOP FLAG 3- AX RHC SOP 89558A

R_AVGG 1) VO5H0185CB  X- COMP OF CUR SHUTTLE PGS VCTR M0 ASC UPP FT DPL 93017G  *

R_AVGH 2) VO5H0186CB Y- COMP OF CUR SHUTTLE POS VCTR M50 ASC UPP FT DPL 93017G  *

R_AVGE 3) VO5H0187CB  Z- COMP OF CUR SHUTTLE POS VCTR M0 ASC UPP FT DPL 93017G  *

R_ORB VOOR5341CA SELECTED RGA YAW RATE SF DEG S 93017G  *

SEP_M NUSZ_CMD VO0X8268X  SEPARATI ON M NUS Z CMVD ET SEP SEQ

TAL_ABORT DECLARED VO0X8658X  TAL ABORT DECLARED VBC 93090E

THC_FSN( 1) VOOX7694X  SEL FWD THC NEG X OUTPUT GN&C SW RM BD 93017G  *

THC_FSN( 2) VOOX7695X  SEL FWD THC NEG Y OUTPUT GN&C SW RM BD 93017G  *

THC_FSN( 3) VOOX7696X  SEL FWD THC NEG Z OUTPUT GN&C SW RM BD 93017G  *

THC_FSP( 1) VOOX7697X  SEL FWD THC POS X OUTPUT GN&C SW RM BD 93017G  *

THC_FSP( 2) VOOX7698X  SEL FWD THC POS Y OUTPUT GN&C SW RM BD 93017G  *

THC_FSP(3) VOOX7699X  SEL FWD THC POS Z OUTPUT GN&C SW RM BD 93017G  *

TLANC VOOWL953CC  TI ME ASSOC W REF THR VECTCR ORB INS GUID s 93017G  *

TLAMC VOOWL953CD TI ME ASSOC W REF THR VECTCR DECRB GUI D S

TR M_OVB_G MBALS VO0X8021X  PREBURN OMS TRI M COMMAND MSC

V_RHO( 1) VO5L0215CE  X- COMP OF RELATIVE VEL I N M5O ASC UPP FT/' S 93090E

V_RHO( 2) VO5L0216CE Y- COMP OF RELATIVE VEL I N M5O ASC UPP FT/ S 93090E

V_RHQ( 3) VO5L0217CE  Z- COMP OF RELATIVE VEL I N M5O ASC UPP FT/ S 93090E

YSS_EXCEED/ SOFT_STOP( 3) VO6X1071XA YAW RHC SOFT- STOP FLAG 3- AX RHC SOP 89558A



TABLE 4.4.5-1. INPUT FUNCTIONAL PARAMETERS FOR TRANSITION DIGITAL AUTOPILOT (G4.201)

FSSR NAME M/SID NOMENCLATURE SOURCE UNITS DATA

P LASTCR R
TYPE R E
E \%
C
NOTE: REFERENCE TABLE 1.3-1 FOR EXPLANATION OF DATA ELEMENTS.
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TABLE 4.45-2. OUTPUT FUNCTIONAL PARAMETERS FROM TRANSITION DIGITAL AUTOPILOT (G4.201)

FSSR NAME M/SID NOMENCLATURE DESTINATION DATA LASTCR R
TYPE E
\%
AUTO_MODE V72X2850XB FWD DAP AUTO (LI GHT) 3- AX RHC SCOP 93017G *
D&C PNL
DL FMT 21/ A
MEDS FC GNC XFER
XXXXX MNVR DI SP
AUTO_MODE V72X6498XB AFT DAP AUTO (LI GHT) D&C PNL 92157
DI SC_MODE( 1) V72X2790XB FWD ROTATI ON ROLL DSCR (LI GHT) D&C PNL 89921C
DI SC_MODE( 2) V72X2793XB FWD ROTATI ON PI TCH DSCR (LI GHT) D&C PNL 89921C
DI SC_MODE( 3) V72X2796XB FWD ROTATI ON YAW DSCR (LI GHT) D&C PNL 89921C
MAN_I NRTL_ MODE V72X2849XB FWD DAP MAN | NRTL (LI GHT) D&C PNL 93017G *
DL FMT 21/ A
DL FMI 23/ A
XXXXX MNVR DI SP
MAN_I NRTL_ MODE V72X6499XB AFT DAP MAN | NRTL( LI GHT) D&C PNL 89921C
M\WVR_CMPL_TI ME_TGO VO5W240CA PREBURN MNVR TI ME TO GO ASC M\VR DI P SPL 92510E
DEORB MNVR DI P
M\WVR_HOLD VI0X2637X  FLAG SI GNI FYI NG M\VR OR HOLD STATE ASC M\VR DI P BD 92859C
DEORB M\VR DI P
NEW JONLST_AFT( 01) V90X1455XA RCS JET L1A ON CMD ASC RCS CMD SCOP 89495B
NEW JONLST_AFT( 02) V90X1673XB RCS JET L1L ON CMD ASC RCS CMD SCOP 89495B
TLM
NEW JONLST_AFT( 03) V90X1674XB RCS JET L1U ON CMD ASC RCS CMD SCOP 89495B
TLM
NEW JONLST_AFT( 04) V90X1457XA RCS JET R1A ON CMD ASC RCS CMD SCOP 89495B
TLM
NEW JONLST_AFT( 05) V90X1683XB RCS JET RIR ON CMD ASC RCS CMD SCOP 89495B
TLM
NEW JONLST_AFT( 06) V90X1684XB RCS JET R1U ON CMD ASC RCS CMD SCOP 89495B
TLM
NEW JONLST_AFT( 09) V90X1456XA RCS JET L3A ON CMD ASC RCS CMD SCOP 89495B
TLM
NEW JONLST_AFT( 10) V90X1678XB RCS JET L3L ON CMD ASC RCS CMD SCOP 89495B
TLM
NEW JONLST_AFT( 11) V90X1679XB RCS JET L3D ON CMD ASC RCS CMD SCOP 89495B
TLM
NEW JONLST_AFT( 12) VI0X1459XA RCS JET R3A ON CMD ASC RCS CMD SCOP 89495B
TLM
NEW JONLST_AFT( 13) V90X1688XB RCS JET R3R ON CMD ASC RCS CMD SCOP 89495B
TLM
NEW JONLST_AFT( 14) V90X1689XB RCS JET R3D ON CMD ASC RCS CMD SOP 89495B
TLM
NEW JONLST_AFT( 17) V90X1675XB RCS JET L2L ON CMD ASC RCS CMD SOP 89495B
TLM
NEW JONLST_AFT( 18) V90X1676XB RCS JET L2U ON CMD ASC RCS CMD SCOP 89495B

TLM



TABLE 4.45-2. OUTPUT FUNCTIONAL PARAMETERS FROM TRANSITION DIGITAL AUTOPILOT (G4.201)

FSSR NAME M/SID NOMENCLATURE DESTINATION UNITS DATA P LASTCR R
TYPE R E
E Vv
C
NEW JONLST_AFT( 19) VOOX1677XB RCS JET L2D ON CMD ASC RCS CVD SOP 894958
TLM
NEW JONLST_AFT( 20) VO0X1685XB RCS JET R2R ON CMD ASC RCS CVD SOP 894958
TLM
NEW JONLST_AFT(21) VO0X1686XB RCS JET R2U ON CMD ASC RCS CVD SOP 894958
TLM
NEW JONLST_AFT( 22) VO0X1687XB RCS JET R2D ON CMD ASC RCS CVD SOP 894958
TLM
NEW JONLST_AFT( 23) VO0X1680XB RCS JET L4L ON CMD ASC RCS CVD SOP 894958
TLM
NEW JONLST_AFT( 24) VO0X1681XB RCS JET L4U ON CMD ASC RCS CVD SOP 894958
TLM
NEW JONLST_AFT( 25) VO0X1682XB RCS JET L4D ON CMD ASC RCS CVD SOP 894958
TLM
NEW JONLST_AFT( 26) VO0X1690XB RCS JET R4R ON CMD ASC RCS CVD SOP 894958
TLM
NEW JONLST_AFT(27) VO0X1691XB RCS JET R4U ON CMD ASC RCS CVD SOP 894958
TLM
NEW JONLST_AFT( 28) VO0X1692XB RCS JET R4D ON CMD ASC RCS CVD SOP 894958
TLM
NEW JONLST_FWD( 01) VOOX1441XA RCS JET F1F ON CMD ASC RCS CVD SOP 894958
NEW JONLST_FWD( 02) VO0X1442XB RCS JET F1L ON CMD ASC RCS CVD SOP 894958
NEW JONLST_FWD( 03) VO0X1443XB RCS JET F1U ON CMD ASC RCS CVD SOP 894958
NEW JONLST_FWD( 04) VO0X1444XB RCS JET F1D ON CMD ASC RCS CVD SOP 894958
NEW JONLST_FWD( 05) VOOX1445XA RCS JET F2F ON CMD ASC RCS CVD SOP 894958
NEW JONLST_FWD( 06) VO0X1446XB RCS JET F2R ON CMD ASC RCS CVD SOP 894958
NEW JONLST_FWD( 07) VO0X1447XB RCS JET F2U ON CMD ASC RCS CVD SOP 894958
NEW JONLST_FWD( 08) VO0X1448XB RCS JET F2D ON CMD ASC RCS CVD SOP 894958
NEW JONLST_FWD( 09) VO0X1453XB RCS JET F4R ON CMD ASC RCS CVD SOP 894958
NEW JONLST_FWD( 10) VO0X1454XB RCS JET F4D ON CMD ASC RCS CVD SOP 894958
NEW JONLST_FWD( 13) VOOX1449XA RCS JET F3F ON CMD ASC RCS CVD SOP 894958
NEW JONLST_FWD( 14) VO0X1450XB RCS JET F3L ON CMD ASC RCS CVD SOP 894958
NEW JONLST_FWI( 15) VO0X1451XB RCS JET F3U ON CMD ASC RCS CVD SOP 894958
NEW JONLST_FWD( 16) VO0X1452XB RCS JET F3D ON CMD ASC RCS CVD SOP 894958
OVBL_PI TCH_YAW CMX( 1) VOOH2180CA OMS CMD PI TCH LEFT OVB TVC CVD SOP DEG
OVBL_PI TCH_YAW CMX( 2) VOOH2181CA OVS CMD YAW LEFT OVB TVC CMVD SOP DEG 89645A
OVBR_PI TCH_YAW CMD( 1) VOOH2730CA OVS CMD PI TCH RI GHT OVB TVC CVD SOP DEG
OVBR_PI TCH_YAW CMX( 2) VOOH2182CA OMS CMD YAW RI GHT OVB TVC CVD SOP DEG 89645A
OVB_PI TCH_TRI M VO3HE6915CC OVS PI TCH TRI M | NTEGRATOR ASC MWR DI P DEG SPL 93017G  *
DECRB GUI D
DL FMT 21/1
DL FMT 23/1
ORB DAP
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TABLE 4.4.5-2. OUTPUT FUNCTIONAL PARAMETERS FROM TRANSITION DIGITAL AUTOPILOT (G4.201)
FSSR NAME M/SID NOMENCLATURE DESTINATION UNITS DATA P LASTCR R
TYPE R E
E \Y
C
OVS_YAW TRIM 1) VIO3H6916CC OMS L YAW TRI M | NTEGRATOR ASC MNVR DI P DEG SPL 93017G *
DECRB GUI D
DL FMI 21/1
DL FMI 23/1
ORB DAP
ORB INS QU D
XXXXX MNVR DI SP
OVE_YAW TRI M 2) VI93H6918CC OMS R YAW TRI M | NTEGRATOR ASC MNVR DI P DEG SPL 93017G *
DECRB GUI D
DL FMI 21/1
DL FMI 23/1
ORB DAP
ORB INS QU D
XXXXX MNVR DI SP
PREBURN_M\VR_| N_PROGRESS VI0OX1589XA PRE- BURN M\VR- | N- PROGRESS FLAG XXXXX MNVR DI SP 89645A
PULSE_MODE( 1) V72X2792XB FWD ROTATI ON ROLL PULSE (LI GHT) D&C PNL 89921C
PULSE_MODE( 2) V72X2795XB FWD ROTATI ON PI TCH PULSE (LI GHT) D&C PNL 89921C
PULSE_MODE( 3) V72X2798XB FWD ROTATI ON YAW PULSE (LI GHT) D&C PNL 89921C
Q B_| _CNVD DI SPLAY(1) VO0H2721CC CND BODY WRT Mb0 QUAT ELEM 1 A E ATT PROC
Q B_| _CNMD DI SPLAY( 2) VO0H2722CC CND BODY WRT Mb0 QUAT ELEM 2 A E ATT PROC
Q B_| _CNVD DI SPLAY( 3) VO0H2723CC CNMD BODY WRT Mb0 QUAT ELEM 3 A E ATT PROC
Q B_| _CNVD DI SPLAY( 4) VO0H2724CC CND BODY WRT Mb0 QUAT ELEM 4 A E ATT PROC
ROT_JET_CMD( 1) VO0U1697C RCS ROTATI ON COMVAND( ROLL) RCS ACT LT 89921C
ROT_JET_CMD( 2) Vo0ouU1698C RCS ROTATI ON COMVAND( PI TCH) RCS ACT LT 89921C
ROT_JET_CMX 3) VOOU1699C  RCS ROTATI ON COVMAND( YAW RCS ACT LT 89921C
SEP_COWPLETE VI90X1460X ET SEP MNVR COVPLETE | ND MSC
V72M6625P MDM FFO1 DSCR OQUT SET CD 02 CH1 DL FMr 21/A 93017G *
V72M6626PB  NMDM FFO1 DSCR OUT SET CD 02 CH2 DL FMr 21/A 93017G *
DL FMI 23/ A
V90X1480X AUTO MANUAL MODE | NDI CATOR HDWR
VI90X1481X FORWARD DUMP COMIVAND VERI FI CATI ON XXXXX MNVR DI SP
VI0X2728X JSL FI RST HALF FLAG ASC RCS CMD SOP

NOTE: REFERENCE TABLE 1.3-1 FOR EXPLANATION OF DATA ELEMENTS.

Rate Codes: (HDR Only) 1 =1 sample/sec 2 =5 samples/sec 3 =12.5 samples/sec 4 = 25 samples/sec 5= 100 samples/sec
(HDR and LDR) A =1 sample/sec B =5 sampleg/sec C = 12.5 samples/sec D = 25 samples/sec E = 100 samples/sec



TABLE 4.45-3. TRANSITION DIGITAL AUTOPILOT (G4.201) I-LOADS

FSSR NAME MSID ENG UNITS DT PR D S PRFCTN MC CAT LASTCR R
E
Vv
ABM NOM FLAG VO7U2269C  NONE D D P G4 201 00  ZFN 92353D
ABM TAL_FLAG VO7U2290C  NONE D D P G4 201 00  ZFN 92353D
ALFA_NOM VO7U2291C  DEG F S D P &4.201 00  ZFN 92353D
ALFA_TAL VO7U2292C  DEG F S D P &.201 00  ZFN 92353D
ALFA_TAL_MMLO4 VO7U2293C  DEG F S D P &4.201 00  ZFN 92353D
DB_MATED_COAST( 1) VO7U2329C  DEG F S D C &4.201 00 ZFN 91013D
DB_MATED_COAST( 2) VO7U2330C  DEG F S D C &.201 00 ZFN 91013D
DB_MATED_COAST( 3) VO7U2331C  DEG F S D C 4201 00 ZFN 91013D
DESI RED_DVZ VO7U2339C  FT/ SEC F S D C &4201 00 ZFN 91013D
DRI FT_TI ME VO6US956C  SEC F S D P &4.201 00 ZFN 91013D
MAG MNVR_RATE_MC_NOM VO7U2267C  DEG SEC F S D P &4.201 00  ZFN 92433A
MAG MNVR_RATE_MC_TAL VO7U2294C  DEG SEC F S D P &.201 00  ZFN 92353D
MAG M\VR_RATE_MMLO4 VO7U2295C  DEG SEC F S D P &4.201 00  ZFN 92353D
MC_MNVR_TI MER VO7U2296C  SEC F S D P &4.201 00  ZFN 92353D
TAL_DVZ_I NC VO9U7404C  FT/ SEC F S D C &4201 00 ZFN 91013D

NOTE: REFERENCE TABLE 1.3-1 FOR EXPLANATION OF DATA ELEMENTS.
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TABLE 4.4.5-4. TRANSITION DIGITAL AUTOPILOT (G4.201) K-LOADS

STS 83-0008V2-34
December 14, 2007

FSSR NAME MSID MC  KLOAD VALUE ENG UNITS DT P S PRFCTN LASTCR R
DESCRIPTION R E
vV

AMM VO6UB590C 00  +8.0 E+00 DEG F S P &.201 90353G

D2 VO7U2340C 00  +6.667 E-01 ND F S P &.201 90353G

TVC FI LTER COEFF(PI TCH & YAW 4. 35

D3 VO7U2341C 00  +1.5484 E+00 ND F S P &.201 90353G

TVC FI LTER COEFF(PI TCH & YAW 4. 35

>4 VO7U2342C 00  +6.774 E-01 ND F S P G4.201 90353G

TVC FI LTER COEFF(PI TCH & YAW 4. 35

D5 VO7U2343C 00  +8.5185 E-01 ND F S P &.201 90353G

TVC FI LTER COEFF( ROLL) .35

DB_COAST( 1) VO7U2326C 00  +3.5000000  E+00 DEG F S C ®.201 90353G

PHASE PLANE ATT DEADBD- POST OMS BN

DB_COAST(2) VO7U2327C 00  +3.5000000  E+00 DEG F S C ®.201 90353G

PHASE PLANE ATT DEADBD- POST OMS BN

DB_COAST( 3) VO7U2328C 00  +3.5000000  E+00 DEG F S C ®.201 90353G

PHASE PLANE ATT DEADBD- POST OMS BN

DB_PLUSX_RCS( 1) VO7U2332C 00  +3.0000000  E+00 DEG F S C ®.201 90353G

PHASE PLANE ATT DEADBD-RCS + X

DB_PLUSX_RCS( 2) VO7U2333C 00  +3.0000000  E+00 DEG F S C &.201 90353G

PHASE PLANE ATT DEADBD- RCS + X

DB_PLUSX_RCS( 3) VO7U2334C 00  +3.0000000  E+00 DEG F S C ®.201 90353G

PHASE PLANE ATT DEADBD-RCS + X

DB_SEP( 1) VO7U2335C 00  +3.0 E+00 DEG F S C &.201 29667A

DB_SEP( 2) VO7U2336C 00  +3.0 E+00 DEG F S C ®.201 29667A

DB_SEP( 3) VO7U2337C 00  +3.0 E+00 DEG F S C ®.201 29667A

DB_TVC( 1) VO7U2338C 00  +5.0000000  E+00 DEG F S C ®.201 90353G

PHASE PLANE ATT DEADBD- OVS BURN .35

DB_TVC(2) VO7U2404C 00  +1.0 E+01 DEG F S P &.201 90353G
4. 35

DB_TVC(3) VO7U2405C 00  +1.0 E+01 DEG F S P &.201 90353G
4. 35

DELAY VO7U2663C 00  +3 ND | S P &.201 90353G

NO PASS SEN DELTA-V CAN BE BLW M N

DI SC_RATE VO7U1317C 00  +5.0 E-01 DEG SEC F S C &.201 90353G

ROTATI ONAL M\WVR RATE

GUI D_COMP_GAI N_ONE_ENGI NE( 1) VO7U2344C 00  +5.656 E- 04 ND F S P &.201 90353G

FILTER GAIN- GUID COMPEN 1 ENG TVC 4. 35

GUI D_COMP_GAI N_ONE_ENGI NE( 2) VO7U2345C 00  +0.0 E+00 ND F S P &.201 90353G

FILTER GAIN- GUID COMPEN 1 ENG TVC 4. 35

GUI D_COMP_GAI N_ONE_ENGI NE( 3) VO7U2346C 00  +9.92 E-01 ND F S P G4.201 90353G

FILTER GAIN- GUID COMPEN 1 ENG TVC 4. 35

GUI D_COMP_GAI N_TWO ENGI NE( 1) VO7U2347C 00  +2.3543 E- 02 ND F S P G4.201 90353G

FILTER GAIN- GUID COMPEN 2 ENG TVC .35



TABLE 4.4.5-4. TRANSITION DIGITAL AUTOPILOT (G4.201) K-LOADS

FSSR NAME MSID MC  KLOAD VALUE ENG UNITS DT P S PRFCIN LASTCR R
DESCRIPTION R E
Vv
GUI D_COMP_GAI N_TWO_ENGI NE( 2) VO7U2348C 00  +2.2532 E- 02 ND F S P G4.201 90353G
FILTER GAIN- GUID COMPEN 2 ENG TVC 4. 35
GUI D_COMP_GAI N_TWO_ENGI NE( 3) VO7U2349C 00  +9.864 E-01 ND F S P G4.201 90353G
FILTER GAIN- GUID COMPEN 2 ENG TVC &4. 35
I NT_PI TCH VO7U2406C 01  +4.0 E-01 DEG F S P G4.201 90353G
03  +4.0 E-01
| NT_YAW( 1) VO7U2407C 00  -5.75 E+00 DEG F S P 4201 90353G
| NT_YAW( 2) VO7U2408C 00  +5.75 E+00 DEG F S P G4.201 90353G
| PLI M VO7U1306C 00  +5.5 E+00 DEG F S C G4.201 90353G
OVS Pl TCH | NTEGRATOR LIM T 4. 35
I YLI M VO7U1305C 00  +7.5 E+00 DEG F S C G4.201 90353G
OVS YAW | NTEGRATOR &4. 35
KI NT_PY VO7U2352C 00  +7.5 E- 02 ND F S P G4.201 90353G
TVC 1 NTEGRATCR GAI N 4. 35
KI NT_R VO7U2353C 00  +3.5 E- 02 ND F S P G4.201 90353G
TVC 1 NTEGRATCR GAI N 4. 35
KLI M VO7U2418C 00  +6 ND | S C G4.201 90353G
KP2 VO7U2354C 00  +2.68 E-01 DEG DEG SEC F S P G4.201 90353G
PI TCH FILTER GAIN FOR TVC -2 ENG 4. 35
KR VO7U2355C 00  +3.12 E-01 SEC F S P G4.201 90353G
ROLL FILTER GAIN FOR TVC -2 ENG &4. 35
KSTEP VO7U2417C 00  +7 ND | S X G4.201 90353G
KXFPY VO6U9708C 00  +1.7 E-01 DEG F S P G4.201 90353G
4. 35
KXFR VO6UI709C 00  +1.4 E-01 DEG F S P G4.201 90353G
&4. 35
KY2 VO7U2356C 00  +2.78 E-01 DEG DEG/ SEC F S P G4.201 90353G
YAW FI LTER GAIN FOR TVC - 2 ENG N 4. 35
K_REL(1) VO7UL318C 00  +8.0 E- 02 DEG SEC F S C G4.201 90353G
K_REL(2) VO7UL319C 00  +8.0 E- 02 DEG SEC F S C G4.201 90353G
K_REL(3) VO7U1320C 00  +5.0 E- 02 DEG SEC F S C G4.201 90353G
LRL_COAST VO7U2423C 00  +1.0 E-01 DEG SEC F S C G4.201 90353G
LRL_PLUSX_RCS VO7U2421C 00  +1.0 E-01 DEG SEC F S C G4.201 90353G
LRL_SEP VO7U2420C 00  +1.0 E-01 DEG SEC F S C &.201 29667A
LRL_TVC VO7U2422C 00  +3.0 E-01 DEG SEC F S C G4.201 90353G
4. 35
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TABLE 4.4.5-4. TRANSITION DIGITAL AUTOPILOT (G4.201) K-LOADS
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FSSR NAME MSID MC  KLOAD VALUE ENG UNITS P S PRFCIN LASTCR R
DESCRIPTION R E
Vv
L_REL(1) V99U7285C 00  +5.0 E- 02 DEG/ SEC S C 4201 90353G
L_REL(2) V99U7286C 00  +5.0 E- 02 DEG/ SEC S C 4201 90353G
L_REL(3) V99U7287C 00  +3.0 E- 02 DEG/ SEC S C G4.201 90353G
MAG_M\VR_RATE V96UB589C 00  +5.0 E-01 DEG/ SEC S P G4.201 90353G
MAG PULSE( 1) V96U9747C 00  +8.56 E- 02 DEG/ SEC S P 4201 90353G
MAG_PULSE( 2) VO6U9748C 00  +8.24 E- 02 DEG SEC S P 4201 90353G
MAG PULSE( 3) VO6UI749C 00  +5.44 E- 02 DEG SEC S P 4201 90353G
M N_DVB VO7U2784C 00  +6.0 E-01 FT/ SEC S P 4201 90353G
M N SENCED DV FOR CF STEERI NG 4. 35
MR( 1) V97U2357C 00  +2.0000000  E+00 DEG/ SEC S C G4.201 90353G
MAX ANGULAR RATE DURI NG OMS TVC &4. 35
MR( 2) V97U2358C 00  +2.0000000  E+00 DEG SEC S C G4.201 90353G
MAX ANGULAR RATE DURI NG OMS TVC 4. 35
MR( 3) VO7U2359C 00  +2.0000000  E+00 DEG SEC S C &4.201 90353G
MAX ANGULAR RATE DURI NG OMS TVC &4. 35
OVBL_PI TCH_YAW CM( 1) VO7U2361C 00  +4.0 E-01 DEG S P 4201 90353G
LEFT OMB ENG NE Pl TCH & YAW CVD
OVBL_PI TCH_YAW CM( 2) V97U2362C 00  -5.75 E+00 DEG S P G4.201 90353G
LEFT OMB ENG NE Pl TCH & YAW CMD
OVBR_PI TCH_YAW CM( 1) VO7U2363C 00  +4.0 E-01 DEG S P 4201 90353G
RGHT OMB ENGI NE Pl TCH & YAW CVD
OVBR_PI TCH_YAW CM( 2) VO7U2364C 00  +5.75 E+00 DEG S P G4.201 90353G
RGHT OMB ENGI NE Pl TCH & YAW CVD
OVB_PI TCH_TRI M VO3H6915C 00  +4.0 E-01 DEG S X 4201 90353G
OVB PI TCH TRI M | NTEGRATOR
OVB_YAW TRI M 1) V93H6916CC 00  -5.75 E+00 DEG S C G4.201 90353G
OVB L YAW TRI M | NTEGRATOR
OVB_YAW TRI M 2) V93H6918CC 00  +5.75 E+00 DEG S C G4.201 90353G
OVB R YAW TRI M | NTEGRATOR
ONE_ENG OVB_PI TCH_TRI M VO7U2367C 01  +4.0 E-01 DEG S X 4.158 90353G
OVB ENG PI TCH TRI M ANG THRUST - CG 02 -1.0 E-01 G4. 201
03  -3.1 E-01 G4. 209
G4. 210
4. 211
.3
4. 35
.



TABLE 4.4.5-4. TRANSITION DIGITAL AUTOPILOT (G4.201) K-LOADS

FSSR NAME MSID MC KLOAD VALUE ENG UNITS DT P S PRFCTN LASTCR R
DESCRIPTION R E
\
ONE_ENG_OMS_YAW TRI M 1) V97U2368C 01 +5. 2100000 E+00 DEG F S C 4.158 90353G
OV5 ENG YAW TRI M ANG THRUST - CG 02 +5. 2100000 E+00 4. 201
03 +5. 2100000 E+00 4. 209
4. 210
4. 211
4.3
4. 35
.7
ONE_ENG_OMS_YAW TRI M 2) V97U2369C 01 -5.2100000 E+00 DEG F S C 4.158 90353G
OV5 ENG YAW TRI M ANG THRUST - CG 02 -5.2100000 E+00 4. 201
03 -5.2100000 E+00 4. 209
4. 210
4. 211
4.3
4. 35
.7
PHASE_PLANE_ACCEL( 1) V97U2370C 00 +8. 56 E-01 DEG SEC**2 F S X 4.201 90353G
MAG OF AVE CNTL ACCEL- PHASE- PLANE
PHASE_PLANE_ACCEL( 2) V97U2371C 00 +8. 24 E-01 DEG SEC**2 F S X 4.201 90353G
MAG OF AVE CNTL ACCEL- PHASE- PLANE
PHASE_PLANE_ACCEL( 3) Vv97U2372C 00 +5. 44 E-01 DEG SEC**2 F S X 4.201 90353G
MAG OF AVE CNTL ACCEL- PHASE- PLANE
PLI M V97U2373C 00 +4. 89 E+00 DEG F S C 4201 90353G
TVC PI TCH COWAND LIM T &4. 35
PROPGRAD( 1) V97U2374C 00 +1.0 E-01 (DEG SEC) / DEG F S C 4201 90353G
MANUAL TVC STI CK GAI N 4. 35
PROPGRAD( 2) V97U2375C 00 +1.0 E-01 (DEG SEC) / DEG F S C 4201 90353G
MANUAL TVC STI CK GAI N 4. 35
PROPGRAD( 3) V97U2376C 00 +1. 8750000 E-01 (DEG SEC) / DEG F S C 4201 90353G
MANUAL TVC STI CK GAI N 4. 35
RFGM 1) Vo9U7294C 00 +9. 6458 E- 02 NONE F S C 4201 90353G
RFGM 2) V99U7295C 00 +1. 92916 E-01 NONE F S C 4201 90353G
RFGM 3) V99U7296C 00 +9. 6458 E- 02 NONE F S C 4201 90353G
RFGM 4) Vo9uU7297C 00 +9. 5008 E-01 NONE F S A 4201 90353G
RFGM 5) Vo9uU7298C 00 +3. 35916 E-01 NONE F S C 4201 90353G
RFGU( 1) Vo9U7299C 00 +9. 6458 E- 02 NONE F S C 4201 90353G
RFGU( 2) V99U7300C 00 +1. 92916 E-01 NONE F S C 4201 90353G
RFGU( 3) V99U7301C 00 +9. 6458 E- 02 NONE F S C 4201 90353G
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TABLE 4.4.5-4. TRANSITION DIGITAL AUTOPILOT (G4.201) K-LOADS

STS 83-0008V2-34
December 14, 2007

FSSR NAME MSID MC KLOAD VALUE ENG UNITS DT P S PRFCTN LASTCR R

DESCRIPTION R

RFGU( 4) Vo9U7302C 00 +9. 5008 E-01 NONE F S A 4201 90353G

RFGU( 5) V99U7303C 00 +3. 35916 E-01 NONE F S C 4201 90353G

RLI M V97U2389C 00 +1.0 E+00 DEG F S P 4. 201 90353G

TVC ROLL COWAND LIM T 4. 35

RL_COAST( 1) Vv97U2377C 00 +5.0 E-01 DEG SEC F S C 4201 90353G

PHAS PLANE ANG RATE ERR LIM P OMS

RL_COAST( 2) Vv97U2378C 00 +5.0 E-01 DEG SEC F S C 4201 90353G

PHAS PLANE ANG RATE ERR LIM P OMS

RL_COAST( 3) V97U2379C 00 +5.0 E-01 DEG SEC F S C 4201 90353G

PHAS PLANE ANG RATE ERR LIM P OMS

RL_PLUSX_RCS( 1) V97U2380C 00 +5.0 E-01 DEG SEC F S C 4201 90353G

PHAS PLANE ANG RATE ERR LI M RCS+X

RL_PLUSX_RCS( 2) Vv97U2381C 00 +5.0 E-01 DEG SEC F S C 4201 90353G

PHAS PLANE ANG RATE ERR LI M RCS+X

RL_PLUSX_RCS( 3) Vv97U2382C 00 +5.0 E-01 DEG SEC F S C 4201 90353G

PHAS PLANE ANG RATE ERR LI M RCS+X

RL_SEP( 1) V97U2383C 00 +5.0 E-01 DEG SEC F S C 4201 29879

RL_SEP( 2) v97U2384C 00 +5.0 E-01 DEG SEC F S C 4201 29879

RL_SEP( 3) V97U2385C 00 +5.0 E-01 DEG SEC F S C 4201 29879

RL_TVC(1) V97U2386C 00 +2. 05 E+00 DEG SEC F S C 4201 90353G

PHAS PLANE ANG RATE ERR LI M OMS 4. 35

RL_TVC( 2) Vv97U2387C 00 +2. 05 E+00 DEG SEC F S P 4. 201 90353G

PHAS PLANE ANG RATE ERR LIM OMS 4. 35

RL_TVC( 3) v97U2388C 00 +2. 05 E+00 DEG SEC F S P 4. 201 90353G

PHAS PLANE ANG RATE ERR LI M OMS 4. 35

ROT_PULSE_SI ZE V96U9707C 00 +9.72 E-02 DEG SEC F S P 4. 201 29575A

RTH( 1) Vv97U2414C 00 +8.0 E- 02 DEG SEC F S C 4201 90353G

RTH( 2) V97U2416C 00 +4.0 E- 02 DEG SEC F S C 4201 90353G

RTH( 3) V97U2415C 00 +4.0 E- 02 DEG SEC F S C 4201 90353G

TOTAL_PI TCH LIM V97U2390C 00 +5. 89 E+00 DEG F S C 4201 90353G

LIMT OF TOTAL PI TCH COMVANDN (4. 35

WHI GH V96U9710C 00 +1.5 E+00 DEG SEC F S P 4. 201 90353G
(4. 35

W.ow Vo96U9711C 00 +5.0 E-01 DEG SEC F S P 4. 201 90353G
4. 35

YLI ML V97U2392C 00 +6. 44 E+00 DEG F S C 4201 90353G

TVC YAW COWAND LIM T &4. 35



TABLE 4.4.5-4. TRANSITION DIGITAL AUTOPILOT (G4.201) K-LOADS

FSSR NAME MSID MC KLOAD VALUE ENG UNITS DT P S PRFCTN LASTCR R
DESCRIPTION R E
\%
YLI M2 Vo6U9802C 00 +7.29 E+00 DEG F S P 4. 201 90353G
&4. 35

NOTE: REFERENCE TABLE 1.3-1 FOR EXPLANATION OF DATA ELEMENTS.
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TABLE 4.45-5. TRANSITION DIGITAL AUTOPILOT (G4.201) CONSTANTS

FSSR NAME MSID MC CONSTANT VALUE ENG UNITS DT P S PRFCTN LASTCR R
DESCRIPTION R E

DEG_PER_RAD V97U0112C 00 +5. 72957795131E+01 DEG RAD F S C A6.9 93090E
RADI AN TO DEGREE CONVERSI ON FACTOR
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TABLE 4.45-5. TRANSITION DIGITAL AUTOPILOT (G4.201) CONSTANTS

FSSR NAME MSID MC CONSTANT VALUE ENG UNITS DT P S PRFCTN LASTCR R
DESCRIPTION R E

\%
RAD_PER DEG V97U0383C 00 +1. 7453293 E- 02 RAD/ DEG F S C A6.9 93090E
DEGREE TO RADI AN CONVERSI ON FACTOR .1

TDAP V97U6233C 00 +8.0 E- 02 SEC F D C
PERI OD OF RCS DAP CYCLE

201 90374C

RREQRRARARIVRLRRARIARLIVRRRRARIRIRL

NOTE: REFERENCE TABLE 1.3-1 FOR EXPLANATION OF DATA ELEMENTS.
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APPENDIX R

R.1 CR REFERENCE SUMMARY

ST S 83-0008V2-34
December 14, 2007

CHANGE AUTHORIZATION REFERENCES

Table R.1-1. lists the paragraphs, tables (T), and figures (F) that have been changed as aresult of
approved change requests commencing with OI-26 up to the current Ol. Changes incorporated prior to Ol-
26 are listed in the Historical Change Request Summary.

TableR.1-1. CR Reference Summary

Paragraph CR No. | Ol CR Title
N/A 92307 29 | FSSR Format Change - Documentation Only
92958A 32 | Expand Effectivity of PASS/BFS SCRsto Include OI-32
92973 32 | Reassign Effectivity of SCRs 92542D & 92743D to OI-32
1.3-1(T) 92103A 26B | FSSR Parameter Table Upgrade
3.3-1(F) 92353D 29 | Automated Alpha-Beta Management During Mated Coast &
MM104
4.4.2 91013D 26 | Convert Second Stage Trim K-Loads to I-Loads
4.4.2-1(T) 92353D 29 | Automated Alpha-Beta Management During Mated Coast &
MM104
4.4.2-2(T) 90704F 28 | DAP Hot-Stick Downmode Alert and Message
92510E 30 | Modification to Maneuver Execute Display
92522D 30 | Overhaul MEDS Composite Flight Instrument Display
4.4.2-3(T) 91013D 26 | Convert Second Stage Trim K-Loadsto I-Loads
92353D 29 | Automated Alpha-Beta Management During Mated Coast &
MM104
4.4.3-1(F) 92353D 29 | Automated Alpha-Beta Management During Mated Coast &
MM104
4.4.41.1-1(T) 92353D 29 | Automated Alpha-Beta Management During Mated Coast &
MM104
92577 29 | TRANSDAP Reqguirements Correction for Valid Rotational
Submode Change
4.4.4.1.3-1(T) 92353D 29 | Automated Alpha-Beta Management During Mated Coast &
MM104
92501B 29 | Automated ALPHA BETA Management Correctionsto CR
92353D
4.4.41.3-2(T) 92353D 29 | Automated Alpha-Beta Management During Mated Coast &
MM104
92501B 29 | Automated ALPHA BETA Management Correctionsto CR
92353D
4.4.41.3-3(T) 92501B 29 | Automated ALPHA BETA Management Correctionsto CR

92353D
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TableR.1-1. CR Reference Summary

Paragraph CR No. | Ol CR Title
4.4.4.15-1(T) 90704F 28 | DAP Hot-Stick Downmode Alert and Message
92353D 29 | Automated Alpha-Beta Management During Mated Coast &
MM104
92510E 30 | Modification to Maneuver Execute Display
92522D 30 | Overhaul MEDS Composite Flight Instrument Display
4.4.4.1.6 91013D 26 | Convert Second Stage Trim K-Loads to |-Loads
4.4.4.1.6-1(T) 91013D 26 | Convert Second Stage Trim K-Loadsto I-Loads
92353D 29 | Automated Alpha-Beta Management During Mated Coast &
MM104
4442 92353D 29 | Automated Alpha-Beta Management During Mated Coast &
MM104
4.4.42-1(F) 92353D 29 | Automated Alpha-Beta Management During Mated Coast &
MM104
92501B 29 | Automated ALPHA BETA Management Correctionsto CR
92353D
92510E 30 | Modification to Maneuver Execute Display
92859C 32 | Preburn Maneuver Time To Go Clean-up
444211 92353D 29 | Automated Alpha-Beta Management During Mated Coast &
MM104
92510E 30 | Modification to Maneuver Execute Display
4.4.421.1-1(T) 92353D 29 | Automated Alpha-Beta Management During Mated Coast &
MM104
92510E 30 | Modification to Maneuver Execute Display
92859C 32 | Preburn Maneuver Time To Go Clean-up
4442111 (F 92353D 29 | Automated Alpha-Beta Management During Mated Coast &
MM104
92510E 30 | Modification to Maneuver Execute Display
4.4.421.1-2(T) 92353D 29 | Automated Alpha-Beta Management During Mated Coast &
MM104
444212 91013D 26 | Convert Second Stage Trim K-Loads to |-Loads
4.4.4.2.1.2-2(T) 91013D 26 | Convert Second Stage Trim K-Loadsto I-Loads
4.4.421.10 92353D 29 | Automated Alpha-Beta Management During Mated Coast &
MM104
4.4.421.10-1(T) 92353D 29 | Automated Alpha-Beta Management During Mated Coast &
MM104
4.4.421.10-1 (F) 92353D 29 | Automated Alpha-Beta Management During Mated Coast &
MM104
4.45-1(T) 92354 27 | Dédete Erroneous TLM Destinations
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TableR.1-1. CR Reference Summary

Paragraph CR No. | Ol CR Title
90724D 28 | OPS6 Entry ECAL Automation
92208C 28 | GPSlssuesfor Correction on OI-28
92306A 28 | Orbiter Window Protection
92225A 29 | ET SEP Switch Default to Auto ona TAL Abort
92353D 29 | Automated Alpha-Beta Management During Mated Coast &
MM104
92355B 29 | GPC Mégor Modeto MEDS
92404B 29 Preserve MECO Vi, Altlitude, & Altitude Ratein MM 104
92504G 30 | Alleviate ET Recontact For RTLS 2EO Yédlow and Orange
Regions
92522D 30 | Overhaul MEDS Composite Flight Instrument Display
92565A 30 | SERTLSIncreased Pitch Authority Using Forward RCS Jet
92909A 30/ | ER CameraPower Control Commands
32
92542D 32 | Deletion of LO2 Step Pressurization CMDS
93012D 32 | PASS6X TRAJDisplay Enhancement
93023D 32 | OIl-32 Remote Control Orbiter Capability
93064D 32 | Erratalssue Clean-Up Part 1|
93090E 33 | Bearing Displays
4452 (T) 90704F 28 | DAP Hot-Stick Downmode Alert and Message
92157 28 | IDD Clarification to Remove Blanks from FSSR Names
92510E 30 | Modification to Maneuver Execute Display
92522D 30 | Overhaul MEDS Composite Flight Instrument Display
92859C 32 | Preburn Maneuver Time To Go Clean-up
4.45-3(T) 91013D 26 | Convert Second Stage Trim K-Loadsto I-Loads
92353D 29 | Automated Alpha-Beta Management During Mated Coast &
MM104
92433A 29 | CR92353D Corrections
4454 (T) 91013D 26 | Convert Second Stage Trim K-Loadsto I-Loads
4.4.5-5 (T) 92389C 29 | Spird HACin TAEM AreaNavigation
92332D 30 | Add ThetaLimitsBracket to MEDS ADI Displays
92522D 30 | Overhaul MEDS Composite Flight Instrument Display
93090E 33 | Bearing Displays
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R.2 HISTORICAL CHANGE REQUEST SUMMARY

Table R.2-1. isan historical record of approved change requests incorporated since theinitial baseline up
to Ol1-25. Change requests commencing with Ol1-26 are reformatted and listed in the CR Reference
Summary.

TableR.2-1. Historica Change Request Summary

CR No. Ol CRTTitle
12071A MNVR Executive
12088 RCS Downmoding Logic Correction
12090D Deorbit DIP Trim Angles
12109 On—Orbit 1 1/0 Update
12190D PEG Mode TAEM Approved for Changes Ascent/RTL S Guidance
12225B GN&C LVLV U/L Reguirements
12233 Transition DAP Rate Change
12257 Lack of Error Needles, +X RCS Burn
12269 MSID Corrections
12270A Block Update to OPS-3
12313C Addition to TLM Requirements
12316 GN&C SW RM Rate Change
12317 A/E ATT PROC Rate, TRANS DAP
12334 Deorbit DIPITRANS DAP I/F Change
12336 |I-Load for OFT—1 Baseline
12337 |I-Load for OFT—1 Baseline
12356A 3-Axis Pulse Mode, TRANS DAP
12369D RCSRM
12411B OMS FDI Simplification
12413C TRANS_DAP Mod/Rate Gyro Noise
12443 |I-Load for Entry FACI
12474C Reduce IMU Velocity Processing Rate
12485B TRANS_DAP Cleanup
12543A Delete JSL Pre—ET Separation Roll/Y aw Coupling Logic
12565 TRANS_DAP Minimum Impulse
12586 Integrated Signal, Maneuver DIPS
12624A S/'W Mod Required to Support FCS SW Changes
12689B Command Body Attitude During OMS Burn
12690 Definition of TVC P/Y Integrator Limits
12744 Vehicle Thrust Body Geometry
12781A Vehicle OMS Trim Angle I/F
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TableR.2-1. Historica Change Request Summary

CR No. ol CRTTitle

12833A Jet Selection Change

12866B Add Auto +X Capability to TRANS_DAP

12874 CR 12485 Cleanup

12948 Addition of Automatic Maneuver

12975 3-Axis RHC Detent

12981D On—Orbit Flight Control

12993 |I-Loads FACI

12994 I-Load FACI

19010 I-Load, MSID’sfor All New Parametersin 9-4-78/9-11-78 SCB Baseline of
9-21-78

19065 I-L oad Discrepancy Cleanup

19100 FSSR Update

19143 ET Separation Documentation Change

19179 TRANS_DAP/RCS SOP Rate Reduction

19658 Jet Selection Modifications to Maintain Attitude Control During ET
Separation With Two Failures

19712 Correctionsto I-Load Data Tape for CPDS

19757A Correction to TRANS DAP RHC

19777A STS-2 Requirements Incorporation Into STS-1 Code, TRANS DAP

19827A —Z Maneuver Initialization Modification

29000 JSL Changes to Assure Front Strut Clearance During ET Separation

29191 Actuation of RCS Jet Activity Lights During OPS 2, OPS 8, and
MM 301-303

29300 FSSR Update No. 6

29341 Delete OMS Delta V Indicator

29407C MNVR EXEC DISP PFS 18/BFS 12

29438 TRANS DAP Disc Rate Reduction

29466B Simplified TRANS DAP Pulse Mode

29471B HFE Overrun Definition

29497C OMS Actuator Lock—Up Inhibit I/L

29500 FSSR Update No. 7

29509D TRANS DAP Low Bandwidth TVC

29543A RCS Firings During OM S/Shutdown

29565 High —Z Tranglation Change

29566A Single-Axis Tranglation Logic

29567A Combined —Pitch/Roll Acceleration

29568A —X Tranglation Aft Pitch Default
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TableR.2-1. Historica Change Request Summary

CR No. ol CRTTitle
29575A TRANSDAPI/L to Constants
29667A Eliminate TRANS DAP I-LOADS
29719 TRANS DAP/RCS RM Signal
29722 Pitch/Roll Rate Reduction
29762A ATT_PROC IDD Cleanup
29787A I-Load OM S/RCS Force Flight
29800 FSSR Updated
29879 TRANS DAP Rate and Attitude D/B I/L
29947 TRANS DAP Attitude Error Sign
39000 FSSR Update No. 9
39012 DAPTVC Filter Gain I-Loads
39014 Remove Duplicate DAPMSID’s
39074A OMSTVC Yaw Limit Changes
39155D RCS Jet Priority Control
39250B Hight Control for IUS P/L
39401A Transatlantic Abort Landing
39407A TRANSDAPAUTO MNVR Rate
39419 TRANS_DAP Constant Changes
39431A ADI ERROR fromQ B | _CMD
39445 ET SEPAUTO MNVR Initiate
39449 TRANSDAPAUTO MNVR Logic
39552 TVC_MIXER and TRANS DAPI/L
39849 ET_SEP Complete Flagin OPS 3
39856 Augmentation of CR 39449
39990E STS-5 Cycle 3ASC |-Loads
39997 Doc UPDATE-TRANS and Orbit DAP's
59187 TRANS DAP Parameter Renaming
59205 TRANSDAPAUTO MNVR Rate I/L (Ref Only)
59350 FSSR Update
59570 Clarify TRANS_RECON Pulse
59924A Derived BFSIL’sto Accommodate IMRB (Ref Only)
69070 FSSR Update
69220 Centaur Abort Dump
69700 FSSR Update
79044 FSSR 83-0008 Document Correction
79081 Document Correction of CR 39849
79166C RCS Document Priority Corrections
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TableR.2-1. Historica Change Request Summary

CR No. ol CRTTitle
79499 FSSR Update 5
79790A CR Implementation Baseline—November 1985
79962F Entry/GRTLS DAP OI-8C Scrub
89140E CENTAUR Requirements Deletion
89150H Abort Control Sequence Scrub
89181F Errata STS 83-0008A Vol. 2
89245D Post MECO TAL Declaration
89250B Bailout Control System
89461A FSSR STS 83-0002B 8B Errata B/L
89494A FSSR10 Errata/Document Cleanup
89495B FSSR STS 83-0008B V2 8B Errata
89558A OI-8C FCS Scrub Cleanup
89599C Cleanup Level B GN& C Document
89645A FSSR STS 83-0008B V2 Errata Update
89662B FSSR STS 83-0003B Errata Update
89688A FSSR STS 83-0008B V1 8B Errata
89741B Errata SS 830010B
89853B 1 OMS ENG to 2 OMS Reconfig
89903B Add Fuel Dissipation
89921C 20 Close Loop PRCS Pulse Mode
90054A Entry FCS Errata Ref to MM
90120B Update Guidance Downmode Reguirement
90185A 20 Add CR Field to FSSR I/O Tables
90221 Change TLAMC From MET to GMT
90353G 23 Transition Flight Control 1-Load to K—Load Conversion
90374C 20 Automated FSSR Constants
90476D 25 Wraparound Y aw Jet System w/PT|1 Effector
90606D 22 PFS/ BFSICD Basdline
90705H 25 3 Engines Out Auto Contingency
90790 24 Add Memory Configuration to the FSSR I-Load Tables
90814C 24 Add Description of Database Generated FSSR Paramter Tables
90964 25 Interface Clarification for 3 Engines Out—-CR 90705H
90966A 24 Deletion of the Qualifier from the FSSR |-Load Tables
91066D 25 Standardize the FSSR Correlation Tables
92027B 25 TDMS-2 Required FSSR Changes
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