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FOREWORD

The primary avionics software system (PASS) requirements for the computer programs that execute in the
Shuttle general—purpose computers (GPC' s) are specified in the Computer Program Development
Specifications (CPDS's) 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). TheLevel C FSSR’s 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, Applicable Documents.
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1.0 INTRODUCTION

1.1 PURPOSE

The Flight Control (FC) Level C document presents the requirement details and formulations of the FC
Leve B functional requirements for the integrated vehicle GN& C flight software

1.2 SCOPE

This document contains the regquirement details and formulations for the FC functions operative during the
entry phase of orbital operationa 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. Introduction
2. Applicable Documents
3. Overview
4. Flight Control Requirements

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 function and discusses the contents of
Section 4. Section 4 specifies the 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.

Also included as part of the Aerojet DAP are various modules and switches that are used only for
Transatlantic Abort (TAL)

The automated |DD 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 a conflict between the IDD tables and other internal
text input/output tables, the SASCB data base—controlled IDD tables take precedence.

The data types identified in the subfunction tables within Section 4 are described in Table 1.3-2.
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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 units for 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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Table1.3-1. Parameter Element Description

Title

Definition Valid Entries

Software Utilization C = Common B = BFS Unique
P = Primary X = BFSDerived
A = BFSConverted

PRFCTN

Cross reference of the principal | See Level 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:

** Note

*** Note

(1) JSC 19350 I-Load Requirements Document Volumel

(2) SS-P-0002-140 Level A SS Downlist/Uplink CPDS

(3) JSC 18206 Shuttle Data Integration Plan Volume 1l MAST 11/STAR Deliverable Products.
For additional information on any 1-Load, contact the |-L oad owner defined in CR 98032,

JSC, USA, and Boeing I-L oad Owner Assignments

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.
downl

now included in the software function output data tables in which a Child MSID already
appears. A Parent MSID will have the same downlist destinations as its Child(ren)

MSID

The Rate Code legend appears at the end of each FSSR datatable. To complete the
ist information, Parent MSIDs (indicated by a'P" in the 9" character of the MSID) are

(9.

Table1.3-2. DataTypesUsed in Internal Subfunction Tables

Symbol

Description

om~— X

K—L oaded Parameter

Decimal Fixed Point Integer parameter
Decimal Floating Point Scaler parameter
Discrete parameter
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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 Operational 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 Genera Requirements
¢ Volumell Mission |-Load Requirements
JSC-19478 Payload Management, Level C Flight Software Requirements

JSC-19590 Systems Management, Level C Flight Software Requirements

24  INTERFACE CONTROL 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

The operational flight programs (OFP) are executed by the avionics general—purpose computers (GPC).
For the orbiter test flight series, the OFP consisted of two general versions. one version used was for
approach and landing tests (ALT), and a second version was for the Space Transportation System (STS)
orbita flight tests (OFT). Unigueness of the operational system is designated by change bars.

The STS orbiter computer program devel opment specifications (CPDS) establish the requirements and
constraints the software system (program) must satisfy. The OFP requirements are specified at three
levels:

e Leve “A” — System requirements
e Leve “B” —Functiona regquirements
e Leve “C" —Detail requirements

This document specifies the detailed requirements for the Aerojet DAP, the GRTLS DAP, and the mated
coast and ETSEP mini-DAFP's; and it is the single-thread flight control portion of the GN&C, Level C,
and OFP requirements for the entry flight phase.

The entry flight phase begins upon completion of the deorbit maneuver and shutdown of the OM S engines.
With the transition to Major Mode 304, the Aerojet DAP is used to control the vehicle through entry,
terminal area energy management (TAEM), and landing, terminating with the completion of rollout on the
runway.

In the event of an RTL S abort, the GRTLS DAP is used to control the vehicle beginning as early asthe
second stage of the launch phase, after the SRB solid propellant rockets have burned out and separated
from the orbiter/ET mated configuration.

The MC and ETSEP mini-DAP’ s are used to complete the mated coast and separation of the external tank
(ET). The glide phase of the GRTLS DAP then functionsin a manner similar to the Aerojet DAP, while
operating over asubstantially lower range of Mach numbers. The glide includesa TAEM and landing
phase as does the Aerojet DAP, aswell as control after touchdown on the runway through completion of
rollout.

The Aerojet DAP is used to control the vehicle during TAL after automatically sequencing to MM 304.
There are minor differences between the Aerojet DAP for TAL and for nominal end of mission.

31 DOCUMENTATION

This document specifies the requirements for two distinct major DAP’ s and two mini-DAP’'s. The Aerojet
DAP requirements address the single-thread flight control during entry, beginning with reentry into the
amosphere and continuing through TAEM, approach and landing through touchdown, rollout, and stop on
the runway.
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In the event of alaunch abort and areturn to launch site (RTLS), the GRTLS DAPisrequired. The
GRTLS DAP includes software modules from the Aerojet DAP, aswell as unique modules such as the
mated coast and ETSEP mini-DAP's. To support the RTLS flight capability, it is necessary to load the
GRTLSDAP into Memory Configuration 1 (OPS 1) to be available in the event an abort does occur. In
the normal mission, this DAP isnot used at all, while the Aerojet DAP is used in Memory Configuration 3
(OPS 3).

The flow charts or functional schematics depicting the Aerojet and GRTLS DAP control channels are
complete showing al the modules common to OPS 1 and OPS 3, aswell as modules unique to OPS 1 or
OPS 3. In thetext, the common modules are presented first, and unique modules are identified as Aerojet
unique (OPS 3) or GRTLS unique (OPS 1).

The FSW subroutine designators, athree-etter code, identify the modules on the flow chartsasa
convenience in the use of this document during software testing. These designators are established and
used at the discretion of the FSW contractor and do not constitute a requirement.

32 GN&C SOFTWARE MAJOR FUNCTIONS

The orbiter general—purpose computers provide the following GN& C major functions:
1. Guidance
2. Navigation
3. Flight control
4. Redundancy management/moding, sequencing, and control
5. Subsystems operating programs
6. Display interface processor

Additional GN& C magjor functions provided by the GPC software are the flight computer operating system
(FCOS), GN& C system management and performance monitoring (SM/PM), and checkout (C/O).

This document specifies the software functiona requirements for the GN& C major function and flight
control, for the entry flight phase.

The rdationship of the flight control module to other GN& C major functionsisillustrated in Figure 3.2-1.
The module receivesinputs from the subsystems operating programs (SOP); guidance (GUID); navigation
(NAV); redundancy management (RM); display interface processor (DIP); and moding, sequencing, and
control (MSC) software modules. The flight control module provides outputs to the orbiter control surface
actuators and displays via actuator SOP, dedicated display SOP, and DIP. In addition, guidanceis
provided with the flight control AUTO mode status indicators.

Theinput/output interface of the flight control module and the functional relationship of the reconfiguration
module and control laws within the flight control module are illustrated in Figure 3.2-2.
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FIGURE 3.2-2.  Functional Relationship of Reconfiguration Module and Control Laws for the Flight
Control Module

3.3 AEROJET DAP FLIGHT CONTROL SYSTEM

331 Flight Control System Flight Phases

The basic function of the flight control system (FCS) isto stabilize and control the vehicle in response to
manual or automatic commands during all orbiter flight phases. FCS flight phases for OFT entry flight
consist of the following major modes:

1. Predeorbit Coast (MM 301).
2. Deorbit Execution (MM 302).

3. Pre-entry Monitor (MM 303).
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4.  Entry (MM 304).
5. Termina Area Energy Management (TAEM) (MM 305).

These flight phases correspond to the major modes defined in Level B CPDS, Section 3.3. Indication of
flight phaseis provided to the flight control module by MSC. Flight control operation in each flight phase
is described briefly in Table 3.3.1-1.

Alternate sequences of flight control functions at the subphase level are determined in accordance with the
additional indicators listed in Table 3.3.1-2.

Table 3.3.1-1.Flight Control System Flight Phases

Flight Phase FCS Operation

Predeorbit coast See STS 83-0008, Volume 2, Transition DAP

Deorbit execute See STS 83-0008, Volume 2, Transition DAP

Pre—entry monitor See STS 83-0008, Volume 2, Transition DAP

Entry Transition to MM 304; control from entry guidance or
manual inputs

TAEM Control from TAEM guidance or manual inputsto Aerojet
DAP

AL Control from AL guidance or manua inputsto Aerojet DAP
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Table 3.3.1-2.FCS Subphase I ndicators

Indicator Source Significance
AL_SUBPHASE Guidance Event 22A, transition to AL
(TAEM)
ENTRY_SUBPHASE Aerojet Manual override of roll channel early/late
RECON transition logic
QBAR_REGIME Aerojet Initiate commands to aerosurfaces, shut off roll
RECON jet command, and increase the number of yaw
jets from two to four as QBARFC passes
through 2, 10, and 40 Ib/ft?, respectively
ZERO_PITCH_JET Aerojet Shuts off pitch jet commands as QBARFC—
RECON passes through the 1-{oaded value of 40 Ib/ft?
RETRACT _BF Guidance Retract the body flap if the body flap channel is
(AL) configured for automatic operation and the
speed brake is contracted sufficiently
FLATTURN Landing SOP Initiate (during the AL flight phase) a period
wherein lateral acceleration feedback, turn
coordination, automatic roll trim, and aileron
crossfeed are discontinued, provided the lateral
axes are configured for automatic operation
WOWLON Landing SOP Main wheels on runway
ROLLOUT Landing SOP Nose gear on runway and WOWLON
GSENBL Landing SOP Enable nosewheel steering

12
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3.3.2 FCS Modes of Operation

The FCS modes of operation are organized into five main functional groups (pitch, roll/yaw, speed brake,
body flap, and nosewhed steering) with two subgroups each as shown in Table 3.3.2-1.

Table 3.3.2-1. Aerojet DAP Mode Characteristics
Channel Mode Operation
Pitch AUTO_PITCH Control to Alpha CMD Entry Guidance Control to
Normal Acceleration CMD from TAEM and AL
guidance
Control of pitch rate during slapdown; static load
relief after slapdown
CSS PITCH Augmented control to RHC pitch rate command
Roll/Y aw AUTO_BANK Control to roll angle command from guidance during
ENTRY, TAEM, and AL
Control to wings level command when FLAT-TURN
true
CSS BANK Augmented controls to RHC roll rate command
Speed AUTO_SB Control to deflection command from guidance during
Brake TAEM and AL; and from FC during ENTRY
MAN_SB Control to deflection command from SBTC
Body Flap AUTO _BF Control to null elevator trim command
MAN_BF Control to discrete rate command from crew
RETRACT_BF Retract upon guidance command at transition to AL
(subject to speed brake deflection being lessthan a
specified vaue)
Nosewhee! AUTO_BANK Control to yaw rate command from AL guidance
Steering during rollout when NWS1 or NWS2 true; nosewheel
free caster when NWS1 and NWS2 false
CSS BANK Augmented, lateral acceleration, and control to RPTA
commands during rollout when NWS1 or NWS2 true
Nosewheel free caster when NWS1 and NWS2 false

13
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333 Flight Control System Mode/Phase Combinations

All combinations of AUTO_PITCH/CSS PITCH, AUTO_BANK/CSS BANK, AUTO_BF/MAN_BF,
and AUTO_SB/MAN_SB modes are allowed in ENTRY, TAEM, and AL phases. Automatic body flap
retraction isinhibited unless the speed brake is sufficiently closed. Nosewhedl isinhibited until an enable
signal isreceived from the landing SOP signifying all wheels are on the ground.

3.34 Crew-Initiated Mode Changes

Mode switching is accomplished by the crew through the use of the switches and controls shown in Figure
3.3.4-1 and through ITEM entries on the Override Display (SPEC 51). All of the items shown in Figure
3.3.4-1 are provided at both crew stations [commander (LH) and pilot (RH)]. Theilluminated pushbuttons
shown within the large rectangle are located on the cockpit glare shield. The SPEED BRAKE
TAKEOVER switch is used to transfer control between crew stations and to down—mode the speed brake
from automatic to manual. Annunciation of the operating mode to the crew is accomplished through
utilization of the illumination feature of the pushbuttons. The SPDBK/THROT annunciator is divided into
two displays (AUTO, MAN) asisthe BODY FLAP (AUTO, MAN). In both cases, the switching function
of the push button is used to select the AUTO mode; the manual modes are selected by the SPEED
BRAKE TAKEOVER button and the BODY FLAP pushbutton. The ENTRY ROLL MODE switch
enables the downmoding logic in the pitch and roll/yaw FCS channels.

The glare shield pushbuttons are momentary contact, nonlatching switches.The SPEED BRAKE
TAKEOVER pushbutton is also a momentary switch. The BODY FLAP manual control isathree—
position lever—ock toggle switch: momentary down (DOWN), maintain center (AUTO/OFF), momentary
up (UP). Therotation hand controls (RHC) PITCH and ROLL produce analog signals proportional to
deflection (these signals are associated with “ hot—stick” moding).

An indication of the state of each switch is provided by the SOP software. Thisincludes determination of
the best state estimate from a sampling of the redundant inputs based upon continuous failure assessment
and the “ORing” of corresponding switches at the pilot’s (RH) and commander’s (LH) crew stations. The
SOP software a so processes the RHC deflectionsin asimilar manner; and based upon the positionin each
axis from both crew stations, an indication of CSS takeover request is provided. Table 3.3.4-1 identifies
the relationship of switches and controls to mode request states for appropriate crew action. The requests
TAKEOVER_Pand TAKEOVER_R/Y correspond to “hot—stick” activation in either RHC axis when that
axisis currently configured in the AUTO mode.

Since the switches and controls utilized by the crew for mode change requests are mechanically and
eectrically independent functions, it is required that the reconfiguration logic establish alegality check to
determine appropriate action in the event multiple requests are sensed during any given sampling period.
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FIGURE 3.3.4-1. FCS Switches and Controls

Therules, which are to be applied in the sequence indicated, are as follows:
*A. If both pitch requests (AUTOP and CSSP) are active, then AUTOP is processed as inactive.

*B. If aTAKEOVER_P request is active simultaneously with an AUTOP request,then AUTOP is
processed asinactive; if aTAKEOVER P request is active simultaneously with a CSSP request, then the
CSSPrequest is processed as inactive.

C. If an active request corresponds to the presently active mode, then it is processed asinactive.
D. RulesA, B, and C are applied in similar fashion to the roll/yaw request.

E. The speed brake will beinitialized to the AUTO mode on first pass. Thetop half (AUTO) of the
commander’s and pilot’s speed brake annunciators will light up.

F. The speed brake can be switched to its manual mode at either station viathe SBTC takeover switch.
The bottom half of the speed brake annunciator (MAN) will light up at the station where the switching
request occurred. The speed brake annunciator at the other station will be off, both top and bottom.

G. Manual speed brake control can be transferred from one station to the other by actuating the SBTC
takeover switch at the station desiring control. The bottom half of the speed brake annunciator (MAN) will
be in a steady—on state at the station having control. If the LH and RH SBTC takeover switches are
depressed simultaneously, the SBTC SOP station select will give the LH switch precedence.

H. To return the speed brake to automatic control, the speed brake pushbutton on the glare shield must be
depressed. The top half of the speed brake annunciator (AUTO) will then illuminate at both stations.
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I.  The automatic body flap modeis engaged (with any pitch—roll/yaw mode combination) by actuating the
lighted pushbutton BODY FLAP mounted on the glare shield. The top half of the pushbutton (AUTO) will
illuminate at each station.

J. Themanua body flap modeis engaged by actuating the BODY FLAP push—button. The bottom half
(MAN) of the BODY FLAP pushbutton switch on the glare shield will illuminate at each station.

First Switch Second Switch FCS Command
AUTO/Off AUTO/Off AUTO/Off
AUTO/Off Up Up

AUTO/Off Down Down

Up AUTO/Off Up

Up Up Up

Up Down Up

Down AUTO/Off Down

Down Up Up

Down Down Down

Two logic statements come out of the table:

1. Manud (i.e, Up or Down) takes precedence over OFF.
2. Up takes precedence over Down.

Thislogic will be implemented in the body flap dew SOP.

K. The WRAP MODE (ITEM 45) on the Override Display (SPEC 51) alowsthe crew to select the
wraparound flight control system mode. This mode modifies gainsin the roll/yaw channel and widens the
yaw RCS jet deadbands. The NO Y JET mode selected through the ENTRY ROLL MODE switch takes
priority over the wraparound flight control system mode.

L. TheENTRY ROLL MODE switch permitsthe CDR to select alternate control modes. Selection of
LGAIN resultsin modification of aileron, rudder, and elevator forward loop gains. Selection of NO YJET
will ground the yaw jet commands, modify gainsin the roll/yaw channel, and force CSSroll/yaw.

*When the LOAD_RELIEF discrete transitions to the enabled state, the pitch channel isinitialized to
AUTO_PITCH and takes precedence over all current crew—initiated mode requests (AUTOP, CSSP, and
TAKEOVER_P). After thisonetimeinitialization of the pitch channel duetothe LOAD_RELIEF discrete
occurs, normal pitch channel moding resumes.

3341 System requests

In addition to crew—initiated mode change requests, there is one system—initiated command. The body flap
will be retracted automatically to an angle of DBFRET degrees upon receipt of the RETRACT_BF
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command from AL guidance provided the crew had previously selected AUTO_BF and the speed brake
angleislessthan DBFRE degrees.

3.34.2 Annunciation

Crew display of operating modesis accomplished by providing to the Dedicated Display SOP the required
state of each of the lighted pushbutton annunciators shown in Figure 3.3.4-1. Table 3.3.4-2 identifies the

operating mode corresponding to a given annunciator state. Unless otherwise stated, annunciator states are
identical at both crew stations.

3.343 Mode Activation

The reconfiguration logic is required to process mode requests and to initiate and latch a corresponding
mode combination.

335 Flight Control Module

The GN& C function flight control, identified in Section 3.2, is a GPC software module identified herein as
the flight control module. The relationship of the flight control module to other GN&C magjor functionsis
illustrated in Figure 3.2—1. The FC module receives inputs from the subsystem operating programs (SOP);
guidance (GUID); navigation (NAV); redundancy management (RM); display interface processor (DIP);
and moding, sequencing, and control (M SC) software modules. The flight control module provides outputs
to the orbiter control surface actuators and displays via actuator SOP, dedicated display SOP, and DIP. In
addition, guidance is provided with the flight control AUTO mode status indicators.

Theinput/output interface of the flight control module and the functional relationship of the reconfiguration
module and control laws within the fllight control module are illustrated in Figure 3.2-2.

During entry, the flight control module processes flight control laws and provides RCS and actuator
commands in response to guidance/navigation (automatic) commands, manual commands, and feedback
sensor signals that indicate the dynamic state of the orbiter so asto accomplish the following genera
functions:

1. Acceleration, rate, and attitude response to commands
2. Trim control

3. Stability augmentation

4. Aerodynamic load relief and load limiting

5  Manua command augmentation

6. Turn coordination control

7. Slapdown and ground rollout control

The flight control module accomplishes these general functions during entry by utilizing the following force
effectors under software control:

1. Z-axisand Y—axisjetsin the aft left and aft right RCS pods for roll, pitch, and yaw effectors
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2. Elevonsfor vehicle control about the body pitch and roll axes

3. Flared rudder for vehicle control about the body yaw axis and for vehicle airspeed control

4. Body flap vehicle trim control about the body pitch axis

5. Nosewhed for control about the body yaw axis when the vehicle is on the ground

Table 3.3.4-1.Crew Mode Request Definitions (Aerojet DAP)

Switch/Control Corresponding Software Crew Action to Issue Request
Request
AUTO (Pitch) AUTOP Depression of panel switch
AUTO (Rall/Y aw) AUTORY Depression of panel switch
BODY FLAP (pushbutton) AUTOBF Depression of switch
BODY FLAP (pushbutton) MANBF Depression of switch
CSS (Pitch) CSsP Depression of panel switch
CSS (Roll/Y aw) CSSRY Depression of panel switch
ENTRY AUTO None (normal switch position)
NOSEWHEEL NWS2 Select switch to NWS2
STEERING NWS1 Select switch to NWS1
(Switch) OFF Select switch to OFF
Override Display (ITEM 45) WRAP_MODE ITEM entry on Override Display
RHC (Pitch) CSSRHCP Longitudinal RHC deflection
greater than 6.0 degrees on either
LH or RH controller*
RHC (Roall) CSSRHCRY Latera RHC deflection greater
than 6.0 degrees on either LH or
RH controller
ROLL MODE LGAIN| GEPFWD=GPFWDLO Select switch to LGAIN
(Switch) GERYFWD=GRYFWDLO
NO YJET | GALR=GALRD Select switch to NOY JET
GRCSA TO GROUND
(DRJET=0)
SET CSSRY
SPEED BRAKE AUTOSB Depression of panel switch

SPEED BRAKE TAKEOVER

SBEV_LH, SBEV_RH

Depression of SBTC switch

*Except when load relief is active; then the valueis 21.7 degrees
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Table 3.3.4-2.Mode Annunciation (Aerojet DAP)
Pitch Roll/Y aw Speed Brake Body Flap
Active AUTO | CSS | AUTO_ | CSS_ | AUTO_ | MAN_ | AUTO_ |MAN_
Mode PITCH PITCH BANK BANK SB SB BF BF
Annunciator
Pitch AUTO ON OFF
CSS OFF ON
Roll/ AUTO ON OFF
Yaw CSS OFF ON
Speed | AUTO ON OFF
Brake MAN OFF ON
Body AUTO ON OFF
Flap MAN OFF ON

34 GRTLSFLIGHT CONTROL SYSTEM

Flight control of the orbiter during the unpowered portion of areturnto-aunch—site (RTLS) abort is
provided through the GRTLS DAP.

GRTLSDAP sfirst caled at Event A35, MECO COMMAND, and provides attitude stabilization during
the brief mated coast (MC) phase prior to separation from the external tank. Body—mounted rate gyros
provide rate feedback on all axes. Attitude error signals are provided by the GC_STEER module. The
reference attitude is defined by an axis along the earth relative velocity vector, a horizontal axis normal to
the velocity vector, and a third axis normal to the other two. Thus, the yaw error signal may be identified
with sidedlip and the pitch error signal with angle-of—attack deviations. The crew can modify the reference
attitude by employing athree—axis rotational hand controller (RHC) during MC. Effectors used during
MC consist of +Z and +Y aft RCSjetsand —Z and +Y forward RCSjets.

Event A37, RTLSET SEPARATION COMMAND, causesthe GRTLS DAP to change from the MC to
the ETSEP configuration and initiates the —Z trandational burn. All —Z jets (four forward and six aft) are
used. After adelay (I-Hoad), selected —Z jets may be turned off as heeded and aft +Z jets may be used as
required for roll/pitch control, and the forward and aft Y jets may be used for yaw control. Angular rate
feedback is provided on all axes, and roll and yaw error and rate command signals are supplied by
GC_STEER. However, the pitch error signal is not used during ETSEP. The crew can modify the
orientation of the orbiter with three—axis RHC inputs during ETSEP. In addition, the trandational hand
controller (THC) can be used to override the roll/pitch loops and turn on all the —Z RCSjets.

The DAP issues adiscrete for separation completion based on an |I-oaded deltatime from ET structure
release and minimum angle of attack being achieved. Thisdiscrete, or an input from the crew, triggers
Event A39, which initiates GRTLS GUID and causes the GRTLS DAP to mode from the ETSEP
configuration to a dightly modified AEROJET DAP configuration. If the crew has selected AUTO,
GRTLS GUID providesinputs directly to the DAP and modes through a succession of phases (IPHASE =
6,5, 4,0, 1, 2, and 3) with corresponding configuration changes in the DAP. At the end of IPHASE =3,
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GRTLS GUID terminates, and the normal Autoland (AL) sequenceisinitiated. If the crew selectsthe CSS
mode, manual control is provided via the two—axis RHC configuration and the rudder pedals. Mixed
control modes are permitted. Aft RCS jets and aerosurfaces are used as combined effectors and transitions
to aerosurfaces control only. Nosewhed steering is used during roll-out.

34.1 GRTLSFlight Phases
GRTLSflight phases for OFT entry flight consist of the following:

1. Mated coast (MM 601 and MC)

2.  ET separation (MM 601 and ET SEP)

3. Alpharecovery (MM 602 and IPHASE = 6)
4. NZhold (MM 602 and IPHASE = 5)

5. Alphatransition (MM 602 and IPHASE = 4)
6. TAEM (MM 603 and IPHASE=0, 1, 2, 3)
7. AL (MM 603 and AL)

The major modes are defined in Level B CPDS, Section 3.3. The IPHASE parameter isdefined in Level C
FSSR STS 83-0001. Indication of flight phaseis provided to the flight control module by GRTLS TAEM
GUID and MSC. Flight control operation in each flight phase is described briefly in Table 3.4.1-1.

Other sequences of flight control function at the subphase level are determined in accordance with the
additional indicators listed in Table 3.4.1-2.

Table 3.4.1-1.Flight Control System
Flight Phase FCS Operation

Mated Coast Manual and AUTO control viaGC_STEER

ET separation Manual and AUTO control viaGC_STEER

Alpharecovery Transition to MM 602; control from GRTL S guidance or manual inputs
to GRTLS Aergjet DAP

Nz hold Control from GRTL S guidance or manual inputsto GRTLS Aerojet DAP

Alphatransition Control from GRTLS guidance or manual inputs to GRTLS Aerojet DAP

TAEM Transition to MM 603; control from TAEM guidance or manual inputsto
GRTLS Aerojet DAP

AL Control from AL guidance or manual inputsto GRTLS Aerojet DAP
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Table 3.4.1-2.Flight Control Function Indicators

Indicator Source Significance

QBAR_REGIME Aerojet RECON Initiate commands to aerosurfaces, shut off roll
jet command, and increase the number of yaw jets
from two to four as QBARFC passes through 2,
10, and 40 Ib/ft?, respectively

RETRACT_BF AL Guid Retract the body flap if the body flap channel is
configured for automatic operation and the speed
brakeis contracted sufficiently

FLATTURN Landing SOP Initiate (during the AL flight phase) a period
wherein lateral acceleration feedback, turn
coordination, automatic aileron and rudder trim
are discontinued provided the lateral axes are
configured for automatic operation

WOWLON Landing SOP Initiate AUTO slapdown control Initiate
touchdown rudder and speed brake configuration

ROLLOUT Landing SOP Initiate AUTO main gear load relief. Initiate
touchdown rudder and speed brake configuration.

LOAD_RELIEF RECON Initiate main gear load relief

GSENBL Landing SOP Enable nosewheel steering

ENTRY_SUBPHASE RECON Enables low forward loop gainsor NO YAW JET
aerodynamic options

MRB_RRXF RECON Mach dependent discrete to reconfigure roll rate
crossfeed

ALT_ZERO_YAWUJET RECON Mach dependent discrete to terminate yaw RCS
control

MACH_REGIME_RUDDER RECON Mach dependent discrete to initiate rudder control

ZERO_PITCH_JET Aerojet RECON Shuts off Pitch Jet Command as QBARFC passes
through |- oaded value of 40 Ib/ft?

MACH_REGIME_AILERON RECON Mach dependent discrete to reconfigure aileron
trim

ETSEP_P_ENABLE RECON, JSL Initiate closed loop pitch control during ETSEP

ETSEP_R_ENABLE RECON Initiate closed loop roll control during ETSEP
using pitch jets

ETSEP_Y_ENABLE RECON Initiate closed loop roll/yaw control during
ETSEP using yaw jets

ETSEP_PR_ENABLE RECON Initiate closed loop pitch/roll control during
Contingency ETSEP

YAW_RCS DISCRETE RECON Altitude dependent discrete to increase yaw RCS
ontime

YAW_HYSTERESIS DISCRETE | RECON Mach dependent discrete to reconfigure yaw
hysteresis
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34.2 Flight Control System Modes of Operation

The FCS modes of operation are organized into five main functional groups (pitch, roll/yaw, speed brake,
body flap, and nosewhed steering) as shown in Table 3.4.2-1.

Table 3.4.2-1. GRTLS DAP Modes of Operation

Channel Mode Operation

Pitch AUTO PITCH Control to attitude error and rate commands from GC_STEER
(free drift during portion of ETSEP) in MM 601.

Control to Alpha and Nz commands from GRTLS guidancein
MM 602 and 603.

Control pitch rate during slapdown and provide main gear
loads relief after slapdown from within FCS.

CSS PITCH Augmented control to RHC pitch rate command

Roll/Y aw AUTO_BANK Control to attitude error and rate commands from GC_STEER
(free drift during portion of ETSEP) in MM 601.

Control to roll angle command from GRTL S guidancein MM

602 and 603.
CSS BANK Augmented controls to RHC roll rate command
Speed AUTO_SB Control to deflection command from GRTLS guidancein MM
Brake 602 and 603 (closed in MM 601).
MAN_SB Control to deflection command from SBTC.
Body Flap AUTO _BF Control to null elevator trim command
MAN_BF Control to discrete rate command from crew
RETRACT_BF Retract upon guidance command at transition to AL (subjec