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12318 Simplify Sideslip Computation 
12334 Elimination of Interface Between Deorbit DIP and TRANS DAP 
12336 I-Load OFT-1 Baseline 
12337 I-Load OFT-1 Baseline 
12339 I-Load OFT-1 Baseline 
12404A Proposed FCS 9 and Changes to Ascent FSSR and CR 12030 
124078 Addition of Trans Port Delay Compensation to Antenna Arrangement 
124113 OMS Engine FDI Simplification (Remove ACCUM_DELTA_VO 
12423A Changes to the Ascent/RTLS and Entry Navigation FSSR'’s to Obtain 

Attitude Data for A/E Precise Predictor 
12432A Mods to Area Nav PF per Crew Assessment Working Group (Delete 

HEADVALID) 
12442 Integrated Entry/Navigation, Ascent Navigation, and Orbit 

Navigation Interface Requirements 
124688 Aeroject DAP Roll/Yaw Update 
124748 Reduce IMU Velocity Processing Rate (Scrub Item I[-106) 
12490 Attitude Sample Rate Reduction for Ascent and Entry 
12499D Manual Landing SOP 
12519 Change From Yaw to Three~Axis Attitude Hold 
12521a Variable LY Targeting (STS~-3) 
12557 RTLS Mated Coast and -Z Translation Guidance 
12570 Rate Command/Attitude Hold Mode for Ascent 
12586 Integrated Signal Interfaces for 6.35, 6.46, and Associated 

Maneuver DIP's 
12600¢ Integrated MSID Assignment for Uplink, D&C, and GN&C Requirements 

for OPS 1, 2, 3, 6, and 9 
12624 Software Modifications Required to Support MCR 4598 (Flight Control 

Switch Modification) 
126454 ATT PROC, ADI and HSI Modifications for Ascent Powered Flight 
12665 Determination of ASC/Entry ATT PROC LLOAD Value for DTIMU 
12683 Replacement of Bank Angle With Body Roll Angle 
126898 Commanded Body Attitude During OMS Burns 
12693B ADI and IMU Quaternion Availability for Telemetry 
12770 BF Command RM 
12846 Change MPS Gains for RTLS Powered Pitchdown 
12896 ET Separation Sequence Cleanup 
12899 Ascent FCS FSSR Cleanup 
12907 GC-STEER Derived Rate Calculation 
129208 GRTLS DAP Lash-Up (Add GRILS DAP as destination of ALPHA_N) 
12927 Deletion of the Simplification to Sideslip Computation (CR 12318) 
12950 Three~Axis RHC Scheduling in Ascent 
12972 I-Load Changes for Ascent DAP 
12982 ASC DAP ILOAD Update 

12983 Last Chance I-Load for 12-l1 Drop FCS 
12993 I-Loads Version FACI 
12994 I-Loads OFT~1 FACI Update 
19022 Modifications to 9-4-78 and 12-11-78 MPAD ILOAD Paper Baseline of 

9-21-78 

19033 Resolution of [-Load Data Base Discrepancies 
19039 Ascent/Entry Structural PTI's     
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19614A Corrections to the Rate Bias Estimator Computation of the 
Ascent/Entry Attitude Processor Inner Loop (STS-2) 

19617 Delete GNC/SM Payload Angles From ATT_PROC During OPS 1 
19713 Make Work Correction to CR 19280 (3 Eng out RCS Control) and CR 

12899A (Ascent FSSR Clear Up-RCS Control) 
19882 Additional FRF Unique I-Load Parameter 
19888 I-Load Change to Fix Incorrect Implementation of CR 19101A 
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290468 FCS Switch Nomenclature Change in Compliance With MCR 5949 
29067 SRB I-Load Changes 
29093E MPAD I-Load Update No. 1 for STS-1 Cycle 3 
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29296 Engine Out I-Load Update for STS-1 Cycle 3 
29356A Entry FCS FSL Verification Anomalies Update No.l 
29417A Modification of CR 29356A_ I-Load Changes 
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29450A Correct Rate - CAPABILITY - NO FAILS 

29500 FSSR Update No. 7 

29612A Opposing RHC Deflections 
29620 Mod CR 29560 Quaternion Ih 
29655 MSC Constants and I-Loads‘!) (Level B Changes) 
29800 FSSR Update No. 8 

294718 HFE Overrun Definition 
29750A SRB ATVC FDIR at SRB [Ignition 

29798 SSME/OMS Clearance Problem 
29915 SSME/OMS Interface 
39000 FSSR Update No. 9 
19988A Aerosurface Limit Cycle During LOA 
290534 Remove First VREL Breakpoints 
29112A Delete CR 12866A 
29114 Delete CR 19448 (ADI Error Needles During Ascent) STS-2 
296928 A/E and ORB ATT PROC Cold Start 
296948 STS-1 Cycle 3.1.1 MPAD Abort I/L 
29700 Matching I/L for Standard IMU 
29715A Ascent HSI Moding Change 
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CR No. Title 

39803¢ Launch Delay Window 
59253A Corrections to CR 39803C 
59324A HUD A/L Monitor Clean-up 
39954 IMU S/N 7 I-LOAD, SLOT 1 OV-099 (I-loads only) 
59631 STS-9 CY 1 ASC ABORT I-LOADS (STS-9 I-loads only) 

59735A | Lst STG Roll Rate LIM I/L (I-loads only) 
69088 STS 9.3 Option B Ascent IL's (STS-9 only) 
29786A Single ME Control Enhancement 
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59653A Delete Ascent MSID (Ref only) 
59749 Correct CR 29786A = Single SSME 
69372 Disable 2nd STG Pitch Parallel (ll-only) 
69485 Disable 2nd STG Pitch Parallel (13-only) 
69519 PRE-IMRB RI I/L Ownership (Ref only) 
69528 Parallel Pitch Off Occurrence (IMRB) 
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*See Appendix E for Requirements (CR 694414). 
69700 FSSR Update 
59245A Stable ATT-IMU CF, OPS Change 
59653A Delete Ascent MSID (Ref only) 
59764E OPS 101 SSME TVC ACT CMD UTIL 
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69599C Supplement CR's 59245A/69200A 

69717A Bending Filter for FWC SRB's 
69890B | ASC ENT ATT PROC Doc Cleanup (IDD only) 
59954 I-Load Scrub: Star Tracker 
59955 I-Load Scrub: Power Guidance 
69555A TAL/RTLS Weather Alternate 
69833A LVLH ATT Independent of ADI 
7T9167A Code Change for FWC SRB's 
79209B FWC SRB Timing (Ref Only) 
79377 Ascent Scrub FCS Downmode 
79505 Inhibit Inadvertent Roll Reversals in MM 103 
79705 Ascent HSI Oscillation Correction 
79790A CR Implementation Baseline = November 1985 
89366B FSSR Errata STS 83-0Q008A, Vol. 1     
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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 - System-level constraints and capabilities 

Level B - Functional requirements 

Level C - Detailed-level requirements 

Level A CPDS specifies system-Level constraints and capabilities that are 

not oriented toward any particular program end item. The Level B CPDS speci~ 

fies system-level requirements for guidance, navigation, and control (GN&C) 

and detailed requirements for systems management (SM) and vehicle utility 

(VU). The Level C FSSR's specify the detailed requirements for GN&C and 

display/controls. The Level C reconfigurable requirements are specified in 

the systems management and payload documents. The Level 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 purpose of the Flight Control (FC) Level C document is to present the 
requirement details and formulations of the FC Level B functional requirements 
for 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 Ascent phase of OFT. The FC fune= 
tions 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 Requirements 

Section 1 defines the purpose, scope, and organization of this docu- 
mente Section 2 lists the applicable document. Section 3 provides an over- 
view of the OFP software functions and discusses the contents of Section 4. 

Section 4 specifies the requirement details. 
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Operational Flight Level C, Functional Subsystem 
Software Requirements} Guidance, Navigation, and 
Control, Part C, Flight Control Entry < GRTLS 

Operational Flight Level C, Functional Subsystem 
Software Requirements} Guidance, Navigation, and 
Control, Part C, Flight Control Volume 1, Ascent 
Flight Phase, Volume 2, Ascent 

Operational Flight Level C, Functional Subsystem 
Software Requirements} Guidance, Navigation, and 
Control, Part C, Flight Control Orbit DAP 

Operational Flight Level C, Functional Subsystem 
Software Requirements; Guidance, Navigation, and 

Control, Part D, Redundancy Management 

Operational Flight Level C, Functional Subsystem 
Software Requirements; Guidance, Navigation, and 
Control, Part E, Inertial Measurement Unit Subsytem 
Operating Program 

Operational Flight Level C, Functional Subsystem 
Software Requirements; Guidance, Navigation, and 

Control, Part E, Volume 1, Navigation Aids Subsystem ny 
Operating Program, Volume 2, Star Tracker Subsystem 
Operating Program 

Operational Flight Level C, Functional Subsystem 
Software Requirements; Guidance, Navigation, and 
Control, Part E, Subsystem Operating Programs, FC 

Sensor/Controller 

Operational Flight Level C, Functional Subsystem 
Software Requirements; Guidance, Navigation, and 
Control, Part E, Subsystem Operating Programs, FC 

Effector 

Operational Flight Level C, Functional Subsystem 
Software Requirements; Remote Manipulator System 

Operational Flight Level C, Functional Subsystem 
Software Requirements; Displays and Controls 

Operational Flight Level C, Functional Subsystem 
Software Requirements; Guidance, Navigation, and 

Control, Sequencing 

fa) 
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2.1 LEVEL A DOCUMENTS 

2.2 

2.3 

SS-P-0002-140 

SS-P-0002-150 

SS-P-0002-170 

LEVEL B DOCUMENTS 

SS-P-0002-510 

SS-P-0002-550 

SS-P-0002-580 

LEVEL C DOCUMENTS 

STS 83-0001 

STS 83-0002 

STS 83-0003 

STS 83-0004 

STS 83-0005 

STS 83-0006 

Space T: portati Rockwell 

Systems Division él International 

2. APPLICABLE DOCUMENTS 

NSTS Downlist/Uplink Software Requirements 

NSTS Launch Data Bus Software Interface Requirements 

NSTS Systems Level Requirements, Software 

NSTS Functional Level Requirements, GN&C 

NSTS Functional Level Requirements, Vehicle Utility 

NSTS Functional Level Requirements, Systems 
Management 

Operational Flight Level C, Functional Subsystem 
Software Requirements; Guidance, Navigation, and 
Control, Part A, Entry Through Landing Guidance 

Operational Flight Level C, Functional Subsystem 
Software Requirements; Guidance, Navigation, and 
Control, Part A, Guidance Ascent/RTLS 

Operational Flight Level C, Functional Subsystem 
Software Requirements; Guidance, Navigation, and 
Control, Part A, Guidance On-Orbit/Deorbit 

Operational Flight Level C, Functional Subsystem 
Software Requirements; Guidance, Navigation, and 
Control, Part B, Entry Through Landing Navigation 

Operational Flight Level C, Functional Subsystem 
Software Requirements; Guidance, Navigation, and 
Control, Part B, Navigation Ascent/RTLS 

Operational Flight Level C, Functional Subsystem 
Software Requirements; Guidance, Navigation, and 
Control, Part B, On-Orbit Navigation 
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JSC-19350 NSTS Flight Software Initialization Load 

© Volume I General Requirements 

e Volume II Mission I-Load Requirements 

JSC=-19478 Payload Management, Level C Flight Software 
Requirements 

JSc 19590 Systems Management, Level C Flight Software 
Requirements 

2.4 ICD DOCUMENTS 

ICD-3-1011-02 GPC/DEU ICD 

ICD 3-0068-03 PASS/BFS ICD 

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 
Requirements, Software. 
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module can be thought of as containing a hierar~ 
The flight control (FC) . i . 

chy of nodules, the top level of which 18 shown in Figure 3.3-1. The presen-~ 

tation of the detailed functional requirements in Section 4.0 follows the same 

organization, as indicated by the subsection numbers shown on the figure. 

Subsection 4.1 presents the high-level requirements for the modules shown 

These requirements include constraints on execution times, in Figure 3.3-l. : 

delay times, cycle frequencies, and module sequencing order. 

Functions, such as filters and quaternion operations that are utilized in 

several modules, are grouped in Subsection 4.7 under the heading of Utility 
This grouping is done for convenience to avoid repeating detailed 

specifications, Furthermore, it makes explicit the existence of identical 
specifications in several modules. It does not, however, imply that these 
functions need necessarily be subroutines in the software implementation. 

Functions.
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3.0 OVERVIEW 

3.1 OPERATIONAL FLIGHT PROGRAM 

The Operational Flight Program (OFP) represents the total computer pro- 
gram which operates in the orbiter general-purpose flight computer subsystem. 
For the orbiter flight tests, the OFP will consist of two versions: one for 
the approach and landing test (ALT) and one for the orbital flight test 
(OFT). The requirements for each OFP are specified at three levels: System 
Level (A), Functional Level (B), and Detail Level (C) requirements. In addi- 
tion, 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. This document is the Flight Control (FC) part of the GN&C 
Level C OFP requirements for the OFT ascent flight phase. 

3.2 GN&C SOFTWARE MAJOR FUNCTIONS 

The orbiter general-purpose computers (GPC) 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 
major function C above, Flight Control. 

3.3 FLIGHT CONTROL SYSTEM OVERVIEW 

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

e Ascent DAP 

e A/E Attitude processor 

e GC Steer 

3-1 
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4.0 FLIGHT CONTROL FUNCTIONAL REQUIREMENTS 

4.1 TIMING, SEQUENCING, AND INITIALIZATION REQUIREMENTS 

4.1.1 Interpretation of Detailed Material 

The term “module” is used generally in this document to mean a group of 
related functions. Specifically, the term "function module” is used in refer- 
ence to the basic building blocks of this specification. Function modules are 
to be traceable in the flight software as identifiable entities that perform 
the functions specified in this document, such as filtering, limiting, inte- 
grating, and fading. 

The general rules for determining the order for executing any set of 
modules are set forth in Subsection 4.1.3. In addition, as part of the 
description of each module in Section 4.0 which contains smaller, internal 
modules, there is a flow chart which strings together the internal modules. 

Although these flow charts are presented as "sequencing requirements," it 
should be understood that they only present one particular way of correctly 
sequencing these modules. 

Wherever details are presented within a function module, they are 
included to facilitate the presentation, not as a specification. It is 
required only that the functional relationship between input and output of a 
function module be preserved. For example, if a function module contains a 
filter followed by a constant gain, as shown in Figure 4.1.1-l, it would be 
permissible to implement the module with the gain merged into the filter 
coefficients, as suggested by Figure 4.1.1-2. On the other hand, this docu- 

ment does specify everything not contained within the function modules, 
including traceability in the flight code and input-output signals of the 
modules. 

It is required that initialization be functionally equivalent to that 
indicated in the discussions of the individual modules. It is not required 
that the initialization be done within the module. See Subsection 4.1.4 for a 
further discussion of initialization. 

4.1.2 Timing Requirements 

Timing in this document is related to error-free processing conditions. 
See Level A CPDS, SS-P-0001-170, paragraph 4.4,.2A, for timing related to error 
processing conditions. 

Timing control is performed by the flight computer operating system 

(FCOS). Requirements relating to the FC module are as follows: 

A. A minor cycle rate of 25 Hz. The cycle-to-cycle time period toler- 
ance of the minor cycle is specified in CPDS Level A, Section 4.4.2. 

4.1-1 
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B. Worst-case transport delay in the minor cycle of 20 ms from data 
input to data output, including delays associated with MDM/IOP 
operation. 

The allowable software-incurred delays are specified in CPDS Level A, 
Section 4.4.2 

C. A requirement for execution rates that are the following submultiples 
of the minor cycle rate: 25, 12.5, 6.25, 25/12 ~ 2.08, 25/48 ~ 
0.52 Hz. Some of these rates may be achieved by use of counters 
within the FC module, rather than be scheduling through FCOS. 

4.1.3 Sequencing Requirements 

Sequencing requirements for GUID, NAV, MSC, SOP's, etc., as they relate 

to flight control are not dealt with, per se, in this document. A rough 
attempt to Lay down some requirements is presented in Figure 4.1.3-1. (Note 
that the functions shown in dashed lines are not covered by this document.) 
In lieu of firm sequencing requirements for GN&C (from the flight control 
point of view) consideration has been given to the maximum transport lag 
tolerable by the flight control system or input variables. These transport 
lag requirements are summarized in Subsection 6.4 of the Level A 
CPDS SS-P-0002-170. 

Whereas sequencing requirements for all of ASCENT GN&C cannot be dealt 
with properly in this document, the sequencing requirements for the ASCENT 
phase flight control can (including ASCENT DAP, GRTLS DAP, TRANSITION DAP, 
ATTITUDE PROCESSOR and GC STEER). These requirements are show in 

Figure 4.1.3-l. 

The following general statements are made regarding the sequencing 
requirements for the flight control system: 

A. Within a rate group, modules are executed prior to modules to which 
they supply data. 

*B. *Modules not processed at 25 Hz may be performed in that portion of 
the minor cycle which does not contribute to 25 Hz transport delay. 
High-rate computations which do not contribute to the output of the 
current non-transport-delay-critical part of the minor cycle. They 
are not flagged out in this document. 

C. When reconfiguration (including first pass) occurs, those modules 
that supply data to transport-delay-critical modules will be executed 
before the first pass in the new configuration. Note that this 
requirement, together with the requirement to mechanize reconfigura- 
tion within 80 ms of recognition of a valid mode-change request, may 
necessitate an unscheduled execution of low-rate modules. 

4.1-3 
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Sequencing requirements for GN&C are presented in Figure 4.1.3-l. 
Functions shown in dashed Lines are not covered by this document. 
The modules that do not contribute to transport-delay-critical 
modules, e.g., a separate HAL process, may be used. 

4.1.4 Parameter Initialization 

Parameter initialization requirements are specified in this document at 
the local level. The detailed requirements subsection for each function 
module specifies initialization requirements for variables and/or parameters 
within the module. This does not preclude centralized remote initialization 
in the software implementation, subject to the stated initialization require- 
ments. 

A. 

Some general notes on initialization follow: 

Initialization of a module is the processor assigning values to 
quantities referenced by that module (variables and/or parameters), 
whenever required by discrete changes in external conditions. 

Dynamic initialization of a module uses current values of variables, 
instead of simple constants. An example of dynamic initialization is 
the de initialization of a filter based upon the current value of its 
input, instead of simple nulling of the filter output and nodes. 

Local initialization of a module is performed by the module itself, 
at the local module Level. 

Remote initialization of a module is performed in some central place, 
along with other similar remote initializations. Constants or glob- 
ally available variables can be used. 

Local dynamic initialization of a module permits the use of quanti- 
ties computed in modules executed prior to the one being initialized. 

In general, filter initialization has been specified to occur when, 
and only when, the filter goes from an inactive to an active state. 
Filters are inactive (not executed) when their outputs are not being 
used. Filters are discussed further in Subsections 4.7.1, 4.7.2, 
4.7.3 and 4.7.4. 

The “first pass" condition, which is specified for some initializa- 
tions, is defined as the initial activiation pass through the FC 
module after it has been in an inactive state. Such remote 
initialization can be impLlementationally efficient, and so is 
suggested even though the module may not be activated until several 

subphases Later. 

The impact of initialization on function module grouping according to 
sample rate is discussed in Subsection 4.1.3, Item C. 
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4.1.5 Software Implementation Constraints 

Several constraints and assumptions apply to the flight software imple- 
mentation of the requirements in the following subsections. The flight soft- 
ware shall be capable of recovering from transient erroneous inputs without 
causing a processing halt. Check or error interrupts shall be prevented by 
appropriate safeguards. Specifically, the standard fixup and error returns 
described below shall be provided: 

A. Floating Point Overflow, The task in process should be terminated and the 
previous stored value of the variable retained. 

B. Floating Point Underflow. This may be treated in the same manner as 
floating point overflow, or the variable may be set to zero and processing 

continued. 

C. Divide by Zero. This should be treated in the same manner as floating 
point overflow. 

D. Square Root. The square root of a negative number should be treated in 
the same manner as floating point overflow. 

4.1.6 Traceability 

Table 4.1.6-1 shows t he traceability of the software segments in the 
FSSR Level C with respect to the Level B CPDS. 

Table 4.1.6-l. Level C to Level B Traceability 

  

  

Level B 

Level C Level B Principal Function 
Document Section Principal Function Name Paragraph Number 

4.2 Ascent DAP Ascent Digital Autopilot 4.176 
Functional 
Requirements 

4.3. Guidance/Control Guidance/Control Steering 4.175 
Steering 
Interface 

4.6 Ascent/Entry Ascent/Entry Attitude 4.226 
Attitude Processing 
Processor         
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4.1.7 Documented Requirements Precedence 

Requirements precedence in this document shall be as follows: 

1. If there is a conflict between the data in the function subtables and 

the standard principal function tables, the principal function tables 

shall have precedence. 

2. If there is a conflict between the data in the flow diagrams and the 

written requirements, the written requirements shall have precedence. 
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4.2 ASCENT DAP FUNCTIONAL REQUIREMENTS 

4.2.1 Introduction 

The ASCENT DAP module controls the vehicle in response to automatic 
commands during the ascent flight phase, using the SRB and SSME TVC actuating 
systems and RCS. 

4.2.2 Interface Requirements 

The interface variables required to properly execute the ASCENT DAP 
function are given in Tables 4.2.2-1 and 4.2.2-2. 

4,2-1 
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Table 4.2.21. 

Space Transportation 
Systems Division 

Input Variables, ASCENT DAP 

a) 

  

Rockwell 
International 

  

  

  

          

  

      

Saaple 

fSsr MSID Race (iz 
Name Deacription (MNEMONIC) Source Type Range Unies Required 

MPS _SLEW_ Indicator, Event 5A; MPS V90XB8400X ORB ACT 5 0,1 - * 
COMPLETE hydraulic eystea slew test (G$1127) SLEW, 

complece flag aS LCH SEQ 

DSFOFS COMP BF POS V95H8310C BF PFB SOP 3 -15.825, dag 6.25 

(609601) 26.675 

OELTAP_LIB LIB elevon actuator v9SP8015C DELTA P FS 8 23,000 Lb/in.? | 6.25 

differential pressure (G37803) soP 

DELTAP_LOB LOB elevon actuator V9SP8017C DELTA P FB s 23,000 1b/ia.2 6.25 

da€ferential pressure (G37804) sop 

2 
DELTAP_RIS RIB elevon actuator V95P8016C DELTA P FB s 23,000 lb/in. 6.25 

differential pressure (G37801) SoP | 

2 
DELTAP_ROB ROB elevon actuator v95P8018C DELTA P FB s 23,000 lb/in. 6.25 

differential pressure (637802) SOP 

GULDANCE_ Indicator, Event 29; v90x8630c | MSC B 0, 1 - 0.32 
INITIATE Stage 2 guidance ready (G33610) 

HYDRFALL (1) V96X3005X B 0, 1 12.5 
(646363) 

4YYORFAiL (2) Hydraulic system failure V96X3006X HYD SYS SOP B 0, 1 - 12.5 
status indicators (646364) 

HYORFAIL (3) V96X3007X B 0, 1 12.5 
(646365) 

NY Lateral acceleration (AA) v9OAs36iC | SF #1 g 25 
(614445) 

Nz Normal acceleration (AA) V90A5381¢C SF s 24 2 2s 

(G14446) 

Poa SRS 4 thrust chamber press. V90P2535¢ SF s 0,+1,000 Llb/an.2 12.5 

(614512) 

Pcs | SRB S thrust chamber press. | V90P2536C | SF s 0,+1,000] tb/in.? 12.5 
(G14513) 

P_ORS | Roll race, orbiter rate V9OR5301C SF Ss 240 deg s 25 
gyro (614443) 

ORB | Pitch rate, orbiter rate y9ORS321C SF s +20 deg s 25 
gyto (614442) 

SRB Pitch rate, SRB rate gyro V9OR2Z511C SF s 210 deg $ 25 

LoFB | Attitude error vector V95H3523¢ GC STEER v -180 to deg 25 
Celemenc order is roll, (633603) +180 
pitch, yaw) V95H3521C 

(633601) 
V95H3522C 

(633602) 

*Single-shot initialization 

42-2 
STS 83-0008B 

Volume ] 

May 6, 1988 

 



Table 4.2.21. 

Spece Transportation él 
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Input Variables, ASCENT DAP (Cont) 

  

Rockwell 
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Sample 
FSSR MSID Rate (Hz) 
Name Description (MNEMONIC) Source Type Range Units Required 

WEBI_FB Rate command vector flight ¥95H3528C GC STEER v 240 deg/s 12.3 
body inertial (element (633606) 
order ie roll, pitch, yaw) V95H3526¢ 

(633604) 
¥9SH3527C 
(633605) 

R_ORB Yaw rate, orbiter rate gyro VOORS341¢6 SF 8 #20 deg/s 25 
7 (G14444) 

RSRB Yaw rate, SRB rate gyro V9OR2512¢ SF 8 210 deg/s 25 

SRB_ Indicator, Event 19; V90X8377X RS LCH SEQ 8 0,1 - 12.5 
IGNITION_ initiate SRB ignition (623425) . 
COMMAND command ‘ 

AERO_SLEW Indicator Event 4A; V99xX8822X | LPS B 0,1 12.5 
aerosurface slew check (636305) 

SRB_MODING_ Indicator, Event 27; v90X8330X SRB SEP SEQ, 8 0,1 - 12.5 
SEP SRB SEP function (623709) ET SEP SEQ 

moding flag 

SRB_SEP_ Indicator, Event 28; V90xX8331x SRB SEP SEQ, B 0, 1 - 12.5 
CMD_FLAG SRB_SEP command flag (623710) ET SEP SEQ 

MEL FAIL_ VOSX1207x% 
SHUTDOWN (647293) 

ME2_FAIL_ Main engine out indicators V95X1208xX SSME OPS B 0,1 - 12.5 
SHUTDOWN (647294) 

ME3 FAIL_ V9SX1209X 
SHUTDOWN (647295) 

CLOCK/ CLOCK-COMPUTER (GMT) v91w5000c Frcos S 0 to 8 12.5 

CLOCKTIME (G07829) 3,000 

REL _VEL_MAG Magnitude earth-relative V95LOL51¢C ASCENT UPP s 0 to ft/s 6.25 
velocity in M50 (G03902) 30,000 

$_SSME_TRIM Indicator, Event 30A; V90X1960X ASC 2STG B 0, 1 - 0.521 
initiate main engine (G00316) GUID, PW 
pitch retria RTLS GUID 

MECO_COMMAND Indicator, Event 32; V90X8569X SSME OPS B 0,1 - 12.5 
initiate main engine (632107) 
cut-off 

SRB_SLEW_CMD SRB actuator slew position V96H0323X SRB SLEW s “4.0 to - 25 
command (G48998) +420 

MPS_SLEW_CMD MPS actuator slew position v90H1572¢ ORB ACT s =9.0 to - 25 
command (G48987) SLEW *9.0 

AERO SLEW_ Aerosurface actuator slew V9OHI571C ORB ACT Ss -10.0 to - 25 
CMD position command (648986) SLEW +10.0 

AERO_SLEW_ Aerosurface slew test V9OHIS70X ORB ACT B 0,1 - 12.5 
COMPLETE_FLAG | complete flag, indicator (G48985) SLEW 

Event 4B 
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Table 4.2.21. Input Variables, ASCENT DAP (Cont) 

Sample 

FSSR NSID Rate (Hz) 
Mane Descriptioa (MOTEMONTIC) Source Type Range Vaits Required 

MASS Estimated vehicle mace yooursdic asc 28TC 8 $,000 to | Slugs 0.521 
(048797) GUID, 150,000 

PW RTLS 
GUID 

MDOT Cetimated rate of change v90ni993¢ ASC 2STG 3 0.0 to Slugs/s 0.521 
of mase with tine GUID, 1,000 

Pw RTLS 
GUID 

ME_ZERO_THRUST {Indicator, Event 338 or V90X8638X MSC B 0,1 - 12.5 

A36A; at lease two aain (G51070) 
engines shutdown (sero 
thruse) 

MM_CODE_101 Major Mode 101 Flag V90Z8155x MSC 8 0,1 - 12.5 
(GA7944) 

OPS _6 IND Indicator, Event A30 and V90X8634X MSC 8 0,1 - 12.5 
A31] trans to OPS 6 (650365) 

SSME_STOW_ SSME stow complete fleg V95X1622x | MPS TVC B 0,1 - 1.0 
COMPLETE (651126) CMD SOP - 

MPS_SLEW Indicator, Event 5; v99x8823xX LPS 8 Oo, 1 - 12.5 

initiate MPS slew check (636400) 

SRB_SLEW Indicator, Event 8; v99xX8820X LPS B Go, 1 - 12.5 

initiate SRB hydraulic (636601) 
slew test 

SRB_SLEW_ Indicator, Event 8A; SRB V96xX0321xX SRB SLEW B 0,1 - 12.5 

COMPLETE hydraulic slew test (636605) 
complete 

PREP_SSME Indicator, Event 18A: ¥90X8373X RS LCH SEQ B 0,1 - 12.5 

CMD SSME's to LIFTOFF (647249) 
position 

AUTO_P Pitch, auto FCS mode V96X1031X GN&C SW BM B - 6.25 

pushbutton indicator (G47665) (4.180) 

AUTO_RY Roll/yaw auto FCS sode V96X1061X GN&C SW RM B - 6.25 

pushbutton indicator (G47666) (4.180) 

css _P Pitch manual mode V96X1035X GN&C SW BM 8 - 6.25 
pushbutton indicator (650206) (4.180) 

css_RY Roll/yaw manual mode V96X1045X GN&C SW RM B - 6.25 
pushbutton indicator (647669) (4.180) 

S_QUAT Attitude quaternion v90x1987X ASC 1STG 8 0,1 - 12.5 
computed Flag (G51128) GUID 

S_RTLS_TURN Indicator, initiate RTLS ¥90X2089x | PW RTLS 8 0,1 - 12.5 
turasround (600904) GUID | 

S_PPD_QUAT Indicator, initiate &TLS v90X2087X PW RTLS B 0,1 - 12.5 

powered pitch down (G00903) GUID | 
maneuver | 

RETURN SSME_ Indicator, return SSME to ¥90X8412X RS LCH SEQ 8 0, 1 - 12.5 

TO_START_PoOSs start position (648989) 
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Sanple 
FSSR MSID Rate (Hs) 
Name Description (MNEMONIG) Source Type | Range Units Required 

SRB_SEP_ SRB monator indicator V90X8193X usc 8 6,1 - 12.5 
MONITOR flag (G47556) 

FAST_SEP_ Fast separation flag V90X8267X ET SEP SEQ 0 0,1 - 6.25 
FLAG 

MECO_CONFIRM MECO confirmed flag V90K8561% SSME OPS 8 0,1 - 12.5 
(632108) 

A_D_RECYCLE_ ASG DAP recycle V90X8669X RS LCR SEQ 8 0,1 - 12.3 
COUNT (-) 

MPS LO2_DUMP_ MPS LOZ dump stop ¥90X8302X MPS DUMP SEQ} 8 0, 1 - 1.06 
sTOP (614102) 

TAL_ABORT_ Transatlantic abort V90X8658X MSC 8 0,1 “ 
DECLARED declared (~) 

AVAILABLE Jet avarlable LIL v90X4521X RBCS RM a Qo, 2 - 12.5 

JET_AFT(2) 

AVAILABLE Jet available LIU V90X4522xX RCS BM B Qo, 1 = 12.5 

JET_AFT(3) 

AVALLABLE Jet available L2L V90x4523X RCS RM 8B ae | = 12.5 

JET_AFT(17) 

AVALLABLE Jet avarlable L2U V90X4524X RCS RM 8 Qo, = 12.5 

JET_AFT(18) 

AVAILABLE_ Jet available L2D V90X4525x RCS RM 8 Qa, - 12.5 

JET AFTCL9) 

AVALLABLE_ Jet available L3L V90X4527X RCS RM 8B 0, - 12.5 

JET AFTCLO) 

AVAILABLE Jee avarlable L3D V90X4528X RCS RM 8 0,1 - 12.5 
JtT AFTCLL) 

AVAILABLE Jet available L4L V90K4529X RCS RM B Qo, 1 - 12.5 
JET AFT(23) 

AVALLABLE Jet available L4U V90X4530X RCS RM 8 Q, 1 - 12.5 
JET_ART(24) 

AVAILABLE Jet aveilable L4D V90K4531X RCS RN 8 0,1 - 12.5 
JET AFT(25) 

AVALLABLE Jet avarlable RIR V90X4535X RCS RN 8 v¥, 21 12.5 

JET AETCS) 

AVAILABLE Jet avarlable R1U V90X4536X RcS RMN 8 Qa, 1 - 12.5 

wet AFTCOD 

AVALLABLE Jet avarlable R2R V90X4537X RCS RN 8 Q, 1 - 12.5 
JET AFT(20) 

AVATLABLE Jet available R2U V90X4538X RCS RM 8 0,1 - 12.5 
pet APTC2L) 

AVALLARBLE Jet avaitable R2D V90X4539X RCS RN 8 0,1 - 12.5 

eT AFTC2Z2) 
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Table 4.2.2-1. Input Variables, ASCENT DAP (Cont) 
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Sampie 

FSSR MSID Rate (Hz) 
Nawe Description (MNEMONIC) Source Type Range Unice Required 

AVAILABLE Jet available 83k V9OX45461x RCS AM a 0, 1 125 
JeT_AFT(13) 

AVALLABLE_ Jet available &3D ¥9OK4S42X BCS SM 3 0, 1 - 12.5 
JET_AFT(14) 

AVAILABLE _ Jet available R48 V90x6543X acs aM B 0, 1 - 12.5 
JET_AFT(26) 

AVALLABLE_ Jet availagle R4U VOOXAS44X acs aN 5 0,1 ~ 12.5 
JET_AFT(27) 

AVAILABLE Jet available R4D V90K4545X RCS RM 8 0,1 - 125 
JET_APTC 28) . 

AVAILABLE Jet available FLF V90K4548X RCS OM B 0,1 - 12.5 
JET_Fwo(ly, 

AVALLABLE Jet available FIL ¥90X4549X RCS 8M 8 0, 1 - 12.5 
JET_Fwo(2) 

AVAILABLE Jet available FLU V90K45S0X RCS QM B 0,1 : 125 
JeT_Fwo(3) 

AVAILABLE _ Jet available F1D V90x4551X RCS BM B 10,1 jo 12.5 
JET_FWD(4) | { 

AVALLABLE Jet available F2R v90x4553x RCS RM B 10,1 ' o- 1Z.5 
JET_FWD(6), | 

AVALLABLE_ Jet available F2U ¥90X4554X RCS RM B 0,1 —_ 17.5 
JSET_FWD(7) | 

AVALLABLE_ Jet available F2D V90X4555X RCS BM B 0,1 | - 42.5 
JET_FWD(8* 

! 

AVAILABLF | Jet available F3L V90xX4557X RcS RM 3B 0, 1 ! - 12.5 

JET_FWD( 14) 
| 

AVAILABLE _ Jet available F3U V90X4558X RCS &M 8 0,1 , ot 12.5 
JET_FWD(15) 

AVALLABLE_ Jet available 3D V9OX4559X RCS BM B 0,1 oo? 12.9 
JET_FWD( 16) 

AVAILABLE _ Jet available F4R V90X4560X RCS 8M 8 0,1 - 12.5 
JET_EwD(9) 

AVAILABLE _ Jet available F4D V90X4561X RCS RM B 0,1 - 12.5 
JET_FwD(16) 

DY1_BLAS MPS ENG | P SIAS ¥96U7984C vu s 26.0 DEG 

DY2_BIAS MPS ENG 2 P BIAS V96U7985C vu s £6.0 | DEG 

{ 

DY3_BIAS MPS ENG 3 P BIAS ¥9607986C vu | s £6.0 | DEG 

| | 
DZ2_BLAS MPS ENG 2 ¥ BIAS ¥9607987C vw | s 3.5,0 | vec 

! ! DZ3_B1AS ‘ MPS ENG 3 Y BLAS V96U7988C vu s 0, 3.5 j mes           
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Table 4.2.2~2. Output Variables, ASCENT DAP 

Sample 

FSSR MSID Rate (Nz) 
Name Description (MNEMONIC) Destination Type Range Unite Required 

DBFRC Body flap deflection v90H1580C AERO ACT SOP, t 0, 21 deg 6.25 
command (G06008 ) BF CMD aM 

DLIBPC Elevon LIB position yv90H1734¢ AERO ACT 8 -35, #20 deg 6.25/2$* 
CMD (636307) SOP 

DLOBPC Elevon LOB position v90u1735¢ AERO ACT 8 =35, #20 deg 6.28/258 
CMD (636308) SOP 

DRIBPC Elevon RIB position V9081737¢ AERO ACT 8 -35, #20 deg 6.23/25* 
CMD (G47344) SOP 

DROBPC Elevon ROB position V90H1738C AERO ACT s -35, +20 deg 6.25/25 
CMD (647345) soP 

DRPC Rudder command v90R1550¢ AERO ACT Ss 427.1 deg 6.25/25" 
(606024) SoP 

DSBPC Speed brake command V90R1560C AERO ACT s 98.6 deg 4.25/25* 
(606025) SOP 

DR4CL Actuator deflection V90H1728¢ SRB TVC CMD s 25.0 deg 25 
command, SRB 4& rock (633907) soP 

DRSCL Actuator deflection V90H1729C SRB TVC CMD s 25.0 deg 25 
command, SRB 5 rock (633908) soP 

DT4CL Actuator deflection V90H1731C SRB TVC CMD s 25.0 deg 25 
command, SRB 4 tilt (633909) SoP 

DTSCI Actuator deflection V90H1732C SRB TVC CMD s 25.0 deg 25 
command, SRB 5 tilt (633910) sop 

ny‘) Actuator deflection V90H1718C MPS TVC Ss 210.5 deg 25 
command, SSME 1 patch (633901) CMD SOP 

DYC2 Actuetor deflection V90H1719¢C MPS TVC S #10.5 deg 25 
command, SSME 2 pitch (633902) CMD SOP 

bYC3 Actuator deflection v90H1720C MPS TVC s 10.5 deg 25 
command, SSME 3 patch (633903) CMD SOP 

D2cl Actuator deflection V90H1724C MPS TVC s £8.5 deg 25 
command, SSME 1 yaw (633904) CMD SOP 

DZC2 Actuator deflection V9OHL725C MPS TVC S 28.5 deg 24 

command, SSME 2 yaw (633905) CMD SOP 

)ZC3 Actuator deflection V90H1726C MPS TVC s #8.5 deg 2s 
command, SSME 3 yaw (633906) CMD SOP 

SIG Indicator, STG] V90X1713x GC STEER, B 0,1 - 12.5 

guidance (-) TLM 

FRZCMD Indicator, freese V9OX1714X GC STEER, B 0,1 12.5 
desired body command (650358) TLM 

ATTFILT Indicator, filcer V90X1709X GC STEER, B 0,1 - 12.5 
actual body attitude (-) TLM 

*Races x/y; x normal, y slew checks 
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Table 4.2.2+2. Output Variables, ASCENT DAP (Cont) 

Seuple 

FSSR wg ID Race (Hz) 
Name Description (MNEMONIC) Destination Type Range Units Required 

SEC_ME FL_ 2ad SSNE fail confire ¥90K17212 MSC, SSME OPS,| 3B 0,1 - 12.5 
CNFM (650234) ABT CNTL SEQ, 

RT SEP SEQ, 
5.21 

NEW_JONLST RCS Jet FIL OW comand ¥90X14425 asc RCS CHD 3 0,1 - 25 
(4) (639305) 8oP 

NEW_JONLST RCS Jet FIL OW command V90X14S0K ASC RCR CHD 3 0,1 - 25 
(5) (639313) soP 

NEW_JONLST RCS Jet F2R ON command V90K1446X ASC RCS CMD B 0,1 - 25 
(6) (639321) soP 

NEW_JONLST RCS Jet F&R ON command ¥90X1453R | ASC RCS CMD B 0,1 - 25 
(7) (639327) soP 

NEW JONLST RCS Jet LIL ON command V90X1673K asc RCS CMD B 0,1 - 25 
(22) (606038) SOP 

NEW JONLST RCS Jet LIU ON command V90X1674X ASC RCS CHD B 0,1 - 25 
(297 (606039) SOP 

NEW JONLST RCS Jet L2L ON command V90Z1675X ASC RCS CHD B 0,1 - 25 
(20) (606040) sor 

NEW JONLST RCS Jet L2U ON command V90X1676X ASC RCS CMD B 0,1 - 25 
(28) (606041) sop 

NEW_JONLST RCS Jet L2D ON command ¥90X1677X ASC RCS CMD B 0,) - 25 
(34) (06042) SOP 

NEW JONLST RCS Jet L3L ON command ¥90X1678X ASC RCS CMD B 0,1 - 25 
(219 (606043) soP 

NEW JONLST RCS Jet L3D ON command V90X1679X ASC RCS CMD 3B 0,) - 25 
(35) (606044) SOP 

NEW_JONLST RCS Jet L4L ON command ¥90X1680X ASC RCS CMD B 0,1 - 25 

(19) (606045) SOP 

NEW_JONLST RCS Jee L4U ON command V90X1681X ASC RCS CMD B 0,1 - 25 
(27) (606046) SOP 

NEW_JONLST RCS Jet L4D ON comeand V90X1682X ASC RCS CMD 3 0,2 - 25 
(33) (606047) SOP 

NEW JONLS1 RCS Jet RIR ON command 990X1683X ASC RCS CMD B 0,1 - 25 
26), (606048) SOP 

NEW JONLST RCS Jet R1U ON command ¥90X1684X ASC RCS CMD 8 0,1 - 25 
(32) (606049) soP 

NEW JONLST RCS Jet R22 ON command ¥90X1685X ASC RCS CMD B 0,1 - 25 
(26) (G06050) soP 

NEW JONLST RCS Jet R2U ON command ¥90X1686X ASC RCS CMD B 0,1 - 25 
(ay (606051) SOP 

NEW JONLST RCS Jet R2D OW command ¥90X1687X ASC RCS CHD B 0,1 - 25 
(37) (G06052) SOP 

NEW JONLST RCS Jet RIR ON command ¥90X1688X ASC RCS CMD 8 0,1 - 25 
(25) (c06053) soP 
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Samp e 
FSSR HS TO Rete a 
Name Description CME MONIC) Destinetion Type Range Gusta Required 

NFW JONLST RCS Jet RID ON command V9OX16892 ASC 2c3 COM 8 e -_ 24 
3a) (G0¢054) sop 

NEW JONLST RCS Jet RGR ON command V90K1690E ASC &tcs Cw 8 1 - 3% 
(23) (c060s5) sor 

NEW_JONLST RCS Jet R4U ON command V9OX16912 asc acs o@ 3s el - 23 
(30) (606056) sop 

NEW _JONLST RCS Jet R&D OW command V90X1692x asc acs Cp 5S o1 - 23 
(36) (G06057) soP 

RTLS_TURN Indicator, RTLS turn V90X1756X GC STEER 8 e1 - 12 3 
around maneuver (G00904) 

PEGCMD Indicator, S2G steering V90X1757X GC STEER, TL 8 e1 - 2.3 
node (G$0357) 

ATTCMD Indicator, ATTFILT, SiG V90X1712% GC STEER, TLS 8 el - 12.3 

or PPD steering aode (G30356) 

PPD Indicator, RTLS powered V90X1760X GC STEER, TUM 8 e - Lz 3 
pitch down maneuver (650363) 

AUTO Indicator, automatic V90X1710X GC STEER, 8 et ~~ 1S 

guidance steering mode (G50361) asc 2STG 
GoID, 

ABT CNTL 

SEQ, 
Pw RTLS 

GUID, 

GRTLS DAP, 

TLM 

no oFF Indicator, SRB separa- V9OOX1761X GC STEER, TLN 4 ® AS 5 

tion subphase 

4 FAI S Indi ator, SSME failure V90X1763X INTERPS, TLN t Vs $ 

status SSME_CxD_PROC 

MMi) oft Mie {ndi ator, Evene Ll; faree V9OX1764X GC STEER, TLM 8 dv - Rw 

time AS DAP scheduled 

11 F AMP vit fh eavuto FCS sode ¥72X5 240X D&C PNL, TUM 8 ~3 
lamp, Left (622202) 

WA TU PL AMP Pitch auto FCS mode V72X5 140K D&C PNL, TLH 8 v 23 

lamp, Fight (G22203) 

A ot YT AME Koll yaw auto Fes V72X5243X D&C PNL TLM 8 ® a $ 
trode lamp, Left (G22206) 

WA TT MYTAMP ] Moll yaw euto FCS V72X5143X DAC PNL TLN % a 5 
trode lamp, right (G22207) 

vi ANP Pitch manual FCS V72X5241X pac PNL, TLS % 5 
mode lanp, left (622204) 3AX RHC SUP 

i AME Kitrh manual FCS V72X5141K pac PNL LMR 5 
mode lamp, right (622205) 
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Table 4.2.2-2. Output Variables, ASCENT DAP (Cont) 

Sauple 

FSSR MSID Rate (Hz) 

Name Description CANEMONIC) Destination Type Range Units Required 

LCSS_RYLAMP Roll/yav eanual FCS V72X5245xX D&C PNL, TLM 5 0,1 - 12.5 

mode lamp, left (622208) 

RCSS_RYLAMP Roll/yaw manual FCS ¥72XS145X D&C PHL, TLM 5 0,1 - 12.5 

wode lamp, right (G22209) 

LAUTO_BFLAMP Auto body flap Lamp, ¥72X4996X D&C PML, TLM 5 0,1 - 12.5 

left (622212) 

RAUTO_BFLAMP Auto body flep lasap, ¥72X4896X D&C PML, TLM B 0,1 - 12.5 

right (622213) 

LMNL_SFLAMP Manual body flap lamp, V72X46997X D&C PNL, TL B 0,1 - 12.5 
lefe (G22210) . ; 

RMNL_BFLAMP Manual body flap Lemp, V72X4897X D&C PNL, TL™ B 0,1 - 12.5 

righe (622211) 

LAUTO_SBLAMP Auto speed brake laap V72X5136X D&C PNL, TLM B 0,l - 12.5 

lefc (622214) 

RAUTO_SBLAMP L.C. Auto speed brake V72X5134x D&C PNL, TLM B 0,1 ~ 12.5 

laep, right (G22215) 

MNLSB_ CMDR_O Commander's manual V72X5137X D&C PNL, TLM B 0,1 - 12.5 

speed brake lamp (G22216) 

MNLSB_PLT_O Pilot's manual speed V72X5135X D&C PNL, TLM B 0,1 - 12.5 

brake lamp (622217) 

byl Pitch command, SSME 1 V90H1745C Prelaunch TLM s 211.0 deg 25 

DzL Yaw command, SSME 1 V90H1746C Prelaunch TLM s £9.0 deg 25 

OY2 Pitch command, SSME 2 V90B1747¢C Prelaunch TLM s 211.0 deg 25 

0Z2 Yaw command, SSME 2 V90H1748C Prelauoch TIM s 29.0 deg 25 

oY3 Pitch command, SSME 3 V90H1749C Prelaunch TLM s 211.0 deg 25 

023 Yaw command, SSME 3 V90H1750C Prelaunch TLM s £9.0 deg 25 

OT4C Tilt command, SRB 4 V90H1751C Prelaunch TLM s 26.7 deg 25 

OT4CL TILT ACTR DEF, CMD V90H1731C SRB TVR CMD 

(SRB 4) SOP, TLM 

DR4C Rock command, SRB 4 V90H1752C Prelaunch TLM s 26.7 deg 25 

DR4CL ROCK ACTR DEF, CMD V90H1728C SRB TVC CMD 

(ses 4) SOP, TLM 

DTSC Tilt command, SRB 5 ¥9081753C Prelaunch TLM s 26.7 deg 25 

OT5CL TILE ACTR DEF, CMD V90H1732C SRB TVC CMD 
(SRB 5) SOP, TLM 

DRSC Rock command, SRB 5 v9081754C Prelaunch TIM s 26.7 deg 25 

DRSCL ROCK ACTR DEF, CMD V90H1729C SRB TVC CMD 

(SRB 5) SOP, TLM 

SRB_NULL_CMD Event 27, indicator V90H1769C A/E ATT PROC B 0, 1 - 12.5 

OQTVC_INT Picch integrator output V90H1772C TLM 8 +10.0 deg 12.5                 
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Output Variables, ASCENT DAP (Cont) 

  

OLD Facet 

  

  

  
  

            
  

  
  

Semple 

FSSR MSID Rate (Ms) 
New Description (nannontc) Destination Type Range Unies Required 

ORTVG_INT Yaw integrator output w90H81773C TLM 8 #100 deg 12,5 

DPIVG_INT Roll integrator output wooul774C TLM 8 410.0 dag 12.5 

OQTVG Picek TVG loop error v90H1758C TL & 216.0 deg/s 23.0 
eagnal 

ORTIVG Yaw TVS loop error v90H1759C TLM 8 20.0 deg/s 25.0 
signal 

SLEY UR Elevon load relief V90X1716X GC STEER 8 0,1 - 12.5 

redicator 

NZ_ FBR Compensated Normal V90A1765C GC STEER, 8 ald.0 dag/e 25.0 

Accel Error TLN 

NY_FaK Compensated Lateral V90A1766C GC STEER, 8 410.0 deg/s 25.0 

Accel Error TLN 

KM_THETA Variable Gain Attitude- ¥90U1767¢ GC STEER 8 deg/s/ 6.25 
Patek deg 

KN_PSI Variable Gain Attitude- V90U1768C GG STEER 8 deg/s/ 6.25 

Yaw deg 

K_ LOAD Var Load Relief Gain V90IL7O4C aSC 1STG 8 - 6.25 
RELIEF Guip 
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4.2.3 System Overview 

The detailed overview block diagram for the ASCENT DAP (ASC_DAP) system 
is presented in Figure 4.2.3-1. ASCENT DAP implements and processes the 
algorithms that convert steering commands and vehicle attitude, attitude rate, 
and acceleration inputs into control element deflections. A list of input 
variables is given in Table 4.2.2-1, and a List of output variables is given 
in Table 4.2.2-2. ASCENT DAP consists of the following functional software 
modules: 

A. ASCENT RECONFIGURATION LOGIC (ASC RECON) generates the moding, sequencing 
and initialization indicators that are required by ASC_DAP and GC poTEER. In 
addition, it receives AUTO/MANUAL indications from pushbutton indicators and 
lights appropriate Lamps. 

B. ASCENT THRUST VECTOR CONTROL (ASC TVC) closes acceleration and/or rate 
loops within the outer attitude Loop to generate body axis attitude rate 
commands for the MPS and SBB. 

C. MPS COMMAND PROCESSOR (CMD PROC MPS) applies authority limits, trim 
biases, and mixing logic to generate SSME actuator commands, and applies posi- 
tion and rate limiting, including priority rate limiting, and also nulling of 
failed SSME's. 

D. SRB COMMAND PROCESSOR (CMD PROC SRB) applies pitch trim, pitch commands 
for clearance of the hold-down support, and mixing logic to generate SRB 
actuator commands. It then applies position and rate Limiting. 

E. LINEAR INTERPOLATIONS (INTERPS) generates acceleration profiles, trims, 

elevon schedules, and scheduled gains as functions of earth relative velocity 
magnitude, mission elapsed time, and estimated vehicle mass. 

F. AEROSURFACE CONTROL (AEROSURFACE CONTROL) provides hinge moment load 

relief for the elevon actuators, positions the body flap, and positions the 
rudder and speed brake. 

G. RCS COMMANDS (CMD PROC RCS) provides RCS jet ON/OFF commands for roll con- 
trol in the event that two or three SSME's shut down in first stage or two 
SSME's shut down in second stage. The CMD_PROC_RCS is initiated when the ENA_ 
RCS_CNIL flag is set and terminated at ZERO THRUST in MM 103 or MECO CMD in 
MM 601. 

The sequencing requirements for ASCENT DAP are shown in Figure 4.2.3-2. 
Figure 4.2.3-2A shows the high level sequencing requirements in terms of the 
25, 12.5, 6.25 and 0.521-Hz rate groups. The 12.5-Hz rate group is denoted 
ASC_DAP_40 and is shown in Figure 4.2.3-2B. The 12.5-Hz rate group is denoted 
ASC_ DAP “80 and is shown in Figure 4.2.3-2C. The 6.25-Hz rate group is denoted 
ASC_ DAP_ 160 and is shown in Figure 4.2.3-2D. The 3.125-Hz rate group is 
denoted by ASC_TVC_320 and is shown in Figure 4.2.3-2E. The 0.521-Hz rate 
consists of only one module denoted by INTERPS 1920, and is shown by 

Figure 4.2.9-3. 
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Figure 4.2.3-2A. ASCENT DAP 
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25 Hz 

. ASC_DAP_40 | 

ASC_TVC_40 | 
(SEE FIGURE 4.2.5-3) 

| | 

| 
CMD PROC MPS 40 

i (SEE FIGURE 4.2.6-4) 

| | CMD_PROC_SRB_40 
| (SEE FIGURE 4.2.7-3) 

! 
l 

| AEROSURFACE_CONTROL_40 l 
{ (SEE FIGURE 4.2.8-3) ( 

l 
| 

| [ 
| CMD_PROC_RCS [ 
' (SEE FIGURE 4.2.10-1) [ 

l 
| am GT GEE GS a Gam GE a» | 

Figure 4.2.3-2B. ASC_DAP_ 40, 25 Hz Sequencing Requirements 
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6.25 Hz 

  

ASC_DAP_160 

      

      
ME ZERO THRUST INTERPS_180 ~ZERO_ | (SEE FIGURE 4.2.9-2) 
  

  

    

  
AEROSURFACE_CONTROL_160 

(SEE FIGURE 4.2.8-3)           

  
Figure 4.2.3-2D. ASC_DAP_160, 6.25 Hz Sequencing Requirements 
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3.125 Hz 

- ASC_DAP_320 

    
  

AEROSURFACE_CONTROL_ 320 

(SEE FIGURE 4.2.8-3) 

        

Figure 4.2.3-2E. 

  

ASC_DAP_320, 3.125 Hz Sequencing Requirements 
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4.2.4 ASCENT RECONFIGURATION (ASC_RECON) 

A. Functional Description 

In response to control mode changes, changes in failure status, and the 
occurrence of events, ASC_RECON generates the indicators that are needed by 
both ASC_DAP and GC_STEER for moding, sequencing, and initialization. The 
indicators needed to perform ASCENT reconfiguration are derived from events, 
failure status indicators, and control mode indicators that are generated 
externally to ASC DAP and GC_STEER and from events generated locally by ASC 

RECON. External events, failure status indicators, and control mode indica- 
tors are buffered by ASC_RECON so that initialization requirements and changes 
in sequencing requirements can be met prior to the execution of affected 
modules. Sequencing and initialization functions for ASC_DAP and GC_STEER are 
not shown to be performed by ASC_RECON. Sequencing requirements shown at the 
high level of ASC_DAP and GC_STEER are assumed to be met by an executive-type 

program. Initialization requirements shown at the module level are assumed to 
be performed by the module itself. It is recognized that, from a software 
point of view, it is not efficient to perform initializations at the module 
level. (Initialization requirements are shown at the module level because it 
is proper to do so from a functional requirements specification point of 
view.) The proper handling of initialization requirements is strongly imple- 
mentetion-dependent and as such should not necessarily be included as part of 
the functional specifications document. Part B of this subsection provides 
the software description of ASC_RECON consistent with the assumption that 
initializations are performed at the module level. 

The mode panel switches and pushbutton indicators of importance to ASC_ 
DAP and GC_STEER are shown in Figure 4.2.4-1. Subphases useful for the func- 

tional (and software) description of ASC_DAP and GC_STEER are shown in 
Figure 4,2,.4-2 for a nominal mission and in Figure 4.2.4-3 for an RTLS 
abort. The subphases are defined in terms of externally and locally derived 
events. (External event numbers are shown inside circles, and local event 
numbers are shown in boxes.) A description of the function(s) performed 
during each subphase is summarized in Table 4.2.4-1. Many subphases have 
corresponding Boolean indicators that are used for sequencing and initial- 
ization purposes. 

B. Software Specification 

ASC_RECON consists of one module, ASC_RECON, which is sequenced at 
12.5 Hz. The detailed specifications for ‘ASC_| RECON are summarized in the flow 
diagram shown in Figure 4.2.4-4. Interface requirements for ASC_RECON are 
presented in Table 4.2.4-2. ASC_RECON generates the indicators needed for 
sequencing and initialization from externally derived events, control mode 
indicators, and failure status indicators and from locally derived events. 
Externally derived events are buffered and given local event names, Detailed 
specification of the buffered "local" events and derived local events are 
summarized in Table 4.2.4-3. Detailed specifications of the reconfiguration 
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table a pene for sequencing and initialization are summarized in 
indiceta . : Table 4.2.4n4a summarizes those Boolean reconfiguration 

ors which are defined between events, Table 4.2.4-4B sunmarizes those 
Boolean reconfiguration indicators which are functions of mode indicators, 
failure status indicators, and locally derived indicators. Table 4.2.4-4C 
summarizes those reconfiguration indicators which are integers. Initial- 
ization requirements for ASC_RECON are summarized in Table 4.2.4-5. I-Loads 
for ASC RECON are shown in Table 4.2.4=6, 
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Pra-~E19 Initial Conditions: 

PRELO, S1C, S2C, INTERPS_S1, INTERPS_S2; 51G, S2G, ATTFILT, ATTCMD, FR2_CMD, PEcuM; PAL_LCH, PRU Bly 

PRL_S2. PRE_MECO; SRBLIM_ACTV; AUTOTRIM_QR, AUTOTRIM_P} AUTOTRIM_RESET, ELEV CK, FECTSW, FATE mix enaace, 
    

PC_FILTER; NYSEP_FB ENABLE; COMLIM4, COMLIMS; UNPAR_YAW ENABLE, PAR PITCH ENABLE) AUTO, 
  

RTUS_TURN: SRB_SEP; TWR_CLR_GLAS; ORB_HYD_VERIFY3; AERO_SLEW_COMPLETL; ME SLRW COMPLETE: 
  

SRE_WYD_VERIEY; SRB_SLEW COMPLETE; LAUNCH HOLD; LAUNCH_RESTART; SSME LCH_POS; ME RESTART POS, SRB IN 
CMD; LivTorF, FRE_SY; PRL_S2; AUTOTRIM_DISABLE; SRB_NULL_CMD; SRB_SEP_cMD} STC4_STEERINIT, AUTOTAIM 
ENABLE; ME_RETRIN; NECO_CND; PPD_INIT; PPD_COMPLETE; AUTOBP_LAMP; PNLBF_LAMP; AUTOSTC Lamp, FRILODTC_ 
CMDR_LAMP; NNLSBTC_PLT_LAMP; AUTOP_LAMP; CSSP_LAMP; AUTORY_LAMPs CSSRY_LAMP; ARKO BLEW; SSMB_START pos; 
ME_SLEW; PPD; SRE_SLEW; PAR_PITCH; UNPAR_YAW; ME_ZERO THRUST; AERO_GLEW_BEOIN; RE_ELEU_NECIN, BTOULI0, 

  

  

  

GRAV_POS; RECYCLE_COUNT; RECYCLE _DURING_ME SLEW; INHIBIT START_POS} SNGL_NE_CNIL_ENABLE, ETRAND) 
YFILTSW. 
HYD_FAILS = 0 
SSME_FAILS = 0 
  

  

Event Event Nase 
  

Local Variable Forcing Function* Action* 
  

SRB_IGN_CND 

194 | (LIFTOFF) 

  
198 (LU_PLUS T2) 

19¢_— (RL_NOM) 

21a (AUTOTRIM_ 
DISABLE 

21B 0 (FILTSk) 
21¢ = (YFILTSW) 
25a | (PRE_SEP) 

258 C(AUTOTRIM_ 

RESET) 

    

$1C, PRELO 

LIFTOFF 

INTERPS_S1 

$1G 

ATIFILT 
LO_PLUS_T2 

e SRBLIM_ACTV 

@ AUTOTRIM_QR 

@ ELEV_LR 
PRL_S1, PRL_LCH 

© AUTOTRIM_QR 

e FILTSW 
© YFILTSW 
@ FAIL_MIX_ENABLE 

@ PRE_SEP 

e NYSEP_FB_ENABLE 

@ PC_FILTER 

e ELEV_LR 

@ AUTOTRIM RESET   

SRB ignition command 

MET = MET LIFTOFF 

(worst case liftoff) 

(194) + (S_QUAT) 
MET = MET LIM _LCH 

(18A) + MET_9OTHRUST 

Veet 2 YREL_AUTOTRIM_ 
INHIBIT 

Veet > YREL_FILTSW 
VREL > VREL YFILTSW 
MET > MET_25A 

E25A + (PC4F< 
PC_TRIM_RESET 

+ PCSF< 
PC_TRIM_RESET) 
+ MET > MET 258   

Gontrol loops closed 

initiate fader on holddown bias 

Stage 1 gain acheduling initiated 

Stage 1 guidance commands initiated 

Accept guidance cade 

Normal SRS component limits engaged 

Pitch & yaw trim integrator turned ON 

Elevon load relief turned ON 

Normal SSME fixed rate limits engaged 

Pitch & yaw trim integratora turned OFF 

@ Roll bending filter awitched to 8 
® Switch yaw bending filter gains 

@ Enable roll mixing logic change if SSME 

failure has occurred 

@ Roll lead-lag awitched 

@ Enable fader on KL_MPS & KN_NY 

gains 

@ Enable Ny feedback for SRB separation 

control 

e@ P, monitoring/filtering initiated 

e Disable elevon load relief 

e Enable fader on trim integrators 

@ Enable fader on KN MPS, KL SRB, 
KL_DELPSI, KM_MPS, & KM_SRB GAINS 

@ Enable Stage 2 roll mixing logic 

change for no SSME failures 

@ Enable fader to DQMPST pitch trim   
  

QO Denotes external forcing function/event 

Figure 4.2.4-2A. 
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Event Event Name Local Variable Forcing Function* Action* 

258 @ UNPAR_YAW_ @ Lateral attitude gain switched 
(Cont) ENABLE 

e@ SNCL_ME_CNTL_ @ Enable RCS jet cuds ac two SSME out 
ENABLE 

25¢ (COML 144) @ COMLIMA B25B + PC4F< PC_COMLIM | @ Engege V97U2427C component limiting on 
boch SRB's 

23D (COML IMS} e@ COMLINS E25B ° PCSF< PC_COMLIM | @ Engage V97U2427C component limiting on 
boch SRB's 

255 (NYSEP_ @ NYSEP_FB_ENABLE | (COMLIMG > COMLIMS) @ Disengage Ny feedback through 4-sec 
DISABLE) + MET > MET 255 fader’ Y 8 

(27) SRB_NULL_CND | @ PC_FILTER SRB_NODING_SEP © On © Teminate P, wonitoring filcering 

@ SRB_NULL_CMD @ Mull SRB actuators 

— ® Employ orbiter pitch and yaw RGA's 

(28) (SRB_SEP_CMD) | e $2C, Sic e Stage 2 control; selected SOP's and FDIR 
(SRB separa disabled (separate CR) 
tion command . 
issued) e@ Enable 2nd stage pitch tria 

© ATTCMD e@ Roll bending filter switches to C 

@ Pitch and yaw trie integrator limits 
changed to second stage values 

e@ SRBSEP @ 4-sec SRB separation period tnitiated 

@ FRZ_CMD @ Three-axis attitude hold engaged; 
. guidance initiated for convergence 

@ PRL_S2, PRL_S1 e@ Engage PRL 

STG2_STEER_ e@ SRBSEP GUIDANCE_INITIATE = ON] @ 4-sec SRB separation period complete 
INIT 

(Stage 2 @ PEGCMD, FRZCMD 

weedy) e S26, sig e Stage 2 guidance engaged for control 

e@ INTERPS S2, e@ Stage 2 gain scheduling initiated 

INTERPS_S1 

294 CAUTOTRIM_ @ AUTOTRIM_QR fe > (tg2g + 12 SEC) - |e Roll, pitch, and yaw trim integrators 
ee 

ENABLE) @ AUTOTRIM_P SEC_ME_FL_CNFM]+ turned ON 
@ PAR_PITCH_ENABLE |[t > (tg2g + 60 SEC)> | @ Lateral attitude gain awitched 

SEC_ME_¥FL_CNFH) 

ME_RETRIM @ PAR_PITCH_ENABLE |S_SSME_TRIM = ON e Unparallel ME's in pitch (* iniciace 
ME retrim) 

@) MECO_CMD @ AUTOTRIM_QR, MECO_CMD e Trim integrators disabled 

AUTOTRIM_P 
@ UNPAR_YAW_ENABLE e@ Unpsarallel ME's in yaw 

@ PRL_S2, PRL_MECO e@ PRL limits reduced 

@ PRZCMD, PEGCMD 

e S26 

6a ME_ZERO_ ZERO_THRUST @ ASC_DAP deactivated (except body flep) 
THRUST and TRANS DAP activated 
    *Numbers in this column change when [-loads are changed.   
  

Figure 4.2.4-2A. 
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ATTCMO FRZCMD PEGCMD ATTCMO 
&c soreeR. q RTLS TURN 

4 $16 S26 PPD | 
L mn TRARS 

f $2C 
PRL _S2 PRL_MECO 

    

      

     

        

    

NTERPS S INTERPS S2 

ASCENT DAP J FAIL_MIX ENABLE     

   

    

  

   

  

    

  

    

   
     

  

   

  

     
SUBPHASES AUTOTRIM_QR 

Ml 

UNPARALLEL_YAW ENABLE 

PARALLEL_PITCH_ENABLE 

\ SNGL_ME_CNTL_ENABLE 

= 

RTLS_102 

  

MM CODE102 

  

MM CODE601 

MAJOR JRTLS_103 PRE 
MODES }STG 2_STEER_INIT     MM CODE102 MM CODE601 

      RTLS_103 POST 
STG 2 STEER INIT@ MM CODE102 MM CODE103 MM CODE601 

Figure 4.2.4-3. RTLS Abort Subphases 
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Ores Terme Orvelon gt International 

GENERATE EVENTS NEEDED FOR 
RECONFIGURATION INDICATORS 
BY BUFFERING EXTERNALLY 
DERIVED EVENTS AND BY 
DERIVING LOCAL EVENTS 
(SEE TABLE 4.2.4-3 FOR 
DETAILED SPECIFICATION)   
  

  
  

  

GENERATE RECONFIGURATION 
INDICATORS FROM EVENTS, 
MODE INDICATORS AND 
FAILURE STATUSES 

(SEE TABLE 4.2.4-4 FOR 
DETAILED SPECIFICATION)   
  

ASC_RECON Function Module, Detailed Flow Diagram 
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Systems Division il International 

Table 4.2.4-1. Functional Description of ASC_DAP 
and GC_STEER Subphases 

  

  

  

Subphase Name Function(s) Performed During Subphase 

AERO_SLEW Aerosurface actuator slew test 

ATTCMD GC_STEER processes body attitude 
quaternion prior to lift-off or guidance 
commanded body attitude quaternion in 
Stage 1 or guidance commanded body 
attitude in the RTLS powered pitch-down 
mated coast and -Z translation maneuvers 

ATTFILT Body attitude quaternion filtered by 

GC_STEER prior to liftoff 

AUTOTRIM_P Roll automatic trim control 

AUTOTRIM_QR Pitch/yaw automatic trim control 

FRZCMD Freeze flight body attitude commands 

SSME_START_POS Main engines biased off to start 
position 

INTERPS Sl Stage 1 Linear interpolations; scheduled 
parameters functions of relative 

velocity and met 

INTERPS S2 Stage 2 linear interpolations; scheduled 

parameters functions of estimated mass 

ME_SLEW Main engine actuator slew test 

PARALLEL _PITCH_ENABLE Enable paralleling of main engines in 
pitch in the event of engine 2 or 3 
failure, or all three SSME's are on and 
PARALLEL PITCH_NOM is on, 

PC FILTER SRB chamber pressure filtered for SRB 
nozzle command vector limiting and for 
SRB thrust tailoff control 

PEGCMD Stage 2 steering using powered explicit 
guidance commands or powered RTLS 
explicit guidance commands       
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Space Transportation r Rockwell 
Systems Division International 

Table 4.2,.4-1 Functional Description of ASC_DAP 
and GC_STEER Subphases (Cont) 
  

Subphase Name Function(s) Performed During Subphase 
  

  

PRELO Pre-lift-off functions, including 
initialization of GC_STEER, actuator 
slew tests, and attitude filtering 

PRL_LCH Restriction of rate of change of SSME 
actuator commands so as not to exceed 
hydraulic system capability while 
engines are throttling up at launch 

PRL_MECO Restriction of rate of change of SSME 
actuator commands so as not to exceed 
hydraulic system capability while 
engines are throttling down at MECO 

PRL_S1 Fixed rate limiting of SSME actuator 
commands in Stage 1] 

PRL S2 Normal restriction of rate of change of 
~ SSME actuator commands so that hydraulic 

system capability is not exceeded with 
or without APU failures; Stage 2 only 

§1¢c Stage 1 automatic thrust vector control 

uSing rate gyro feedback, normal and 

lateral acceleration feedback, and 
steering commands derived from commanded 

body attitude profiles 

§2C Stage 2 automatic thrust vector control 
using rate gyro feedback and steering 
commands derived from linear tangent 
guidance parameters 

S1G Stage | steering using open-loop 
guidance profile 

S2G Stage 2 steering using powered explicit 
guidance conmands or powered RTLS 

explicit guidance commands 

SRBLIM_ACTV Imposes narrow limits on SRB actuator 
deflections at launch       

4.2-30 

STS 83-0008B 
Volume 1 

 



Table 4.2.4-1 e 

Spece Transportation 
Syatems Division 

  

¢g ® Rockwell 
International 

Functional Description of ASC_DAP and 
GC_STEER Subphases (Cont) 

  

Subphase Name Function(s) Performed During Subphase 
  

  

SRBSEP 

SRB_SLEW 

FAIL_MIX_ENABLE 

UNPARALLEL_YAW_ 
ENABLE 

ELEV_LR 

NYSEP_FB_ENABLE 

SNGL_ME_CNTL_ENABLE 

PPD 

RTLS_TURN 

GRAV_POS 

ZTRANS   

Activates SRB separation attitude 
control logic 

SRB actuator slew test 

Enable main engine mixing logic changes 
for engine failures 

Enable unparalleling of main engines in 
yaw in the event of main engine failure 

Provides vehicle aerodynamic load relief 
via elevon surface control 

Activates Y axis acceleration feedback 

for SRB separation control 

Allows moding DAP to provide RCS jet 
commands for roll control if two-SSME- 

out condition exists 

Stage 2 steering using RTLS powered 
pitch-down maneuver 

Stage 2 steering using RTLS powered 
explicit guidance commands for the 
turnaround maneuver 

Main engine biased to gravity position 

Stage 2 steering during RTLS external 
tank separation     
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Space Traneportation g ® Rockwell 
Systems Division international 

Table 4.2.4-2. ASC_RECON Interface Requirements 

Rate 
Required/ 

Source or Praduced 
Module Name Description Destination Type | Range Unite Ac (Ws) 

Inputs 

MEL_FAIL_ 
SHUTOONN 

Swap” Main engine out indicators SSME_OPS 8 ° 12,5 

MES FATL_ 
SRUTDOWN 

WYDRFAILC)) 

WYORFAIL(2) Bydraulic systen HYD_SYS_SOP t . 12.5 
€ailure indicators 

WYDRFAIL(3) 

wPS_SLEW_ Iadicator, Event 5A; ORB_ACT_SLEW, t * 12.5 
COMPLETE orbiter hydraulic systea RS_LCR_SEQ 

slew test complete 

SRB_IGNITION_ Indicator, Event 19; ini- RS_LCR_SEQ 8 - 12.5 
COMMAND tiate SRB IGN comand 

SR8_MODING SEP Indicator, Event 27; ini- SRB_SEP_SEQ B - 12.5 
tiace SRB null comand ET_SEP_SEQ 

SRB_SEPARATION_ Indicator, Event 28; ini- SRB_SEP_SEQ 8 - 12.5 
COMMAND_FLAG tiate SRB separation ET_SEP_SEQ 

coamand 

GUIDANCE _ Indicator, Event 29; MS¢ B - 12.5 

INUTIATE Stage 2 guidance ready 

CLOCK Clock-computer (CMT) FCOS s sec 25 

REL_VEL MAG Earth-relative velocity ASCENT_UPP $ fps 6.25 
magnitude 

AUTOP Pitch auto aode push GN&C_SW_EN B - 6.25 
button indicator 

$_quat Ascent Ist stage guidance ASC_ISTG_GUIO B - 4.25 

ready flag 

RS_AUTO_SEQ | Indicator, Event 6; LPS RS_LCH_SEQ B 12.5 

START go for auto sequence start 

AUTORY Roll/yaw auto mode push- GN&C_SW_RN B - 6.28 

button indicator 

csse Pitch manual mode push= GN&C_SW_RN 8 - 4.25 
button indicator 

cssrey Roll/yaw manual aode push- GNbC_SW_ RN 8 - 6.25 

button indicator 

$_SSME_TRIM Indicator, Event WA, ASC_2STG_GUID B - 521 
initisce main engine retrin 

WECO_COMMAND Indicator, Event 32, ini- SSME_OPS B - 12.5 
trate main engine cut off             
    CLOCK @ Time From SRB ignition comand 

* CNT = GiToag ignition 
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Table 4.2 24-2. 

Space Transportation 
Systems Division a Rockwell 

international 

ASC_RECON Interface Requirements (Cont) 

  

  

              

  

  

  

Rate 

Required/ 
Source or Produced 

Module Name Description Destination Type | Range Unite At (Rs) 

Inputs (Cont) 

ME_ZERO_ THRUST Indicator, Event 33B or A36A; | MSC 5 - 12.5 
ac least two main engines 
shutdown (sero thrust) 

PCF Filtered chamber pressure, Q1D_PROC_SRB 8 - 12.5 
left SRB 

PCSF Filtered chamber pressure, GYD_PROC_SRB $ - | 12.5 
right SRB 

FAST_SEP_ FLAG Fast separation flag ET_SEP.SEQ D - 6.25 

OPS 6 IND Indicator, Event A30 and MSC 8 - 12.5 

A31 trane to OPS 6 

SSME_STOW_ SSME stow complete SSME_TVC_CMD_ B - 1.0 

COMPLETE flag SOP 

MECO_CONF IRM MECO CONFIRMED FLAG SSME OPS 5 - 12.$§ 

TRANSITION _ Indicator, Event 1; Msc 8 - 12.5 

TO_oPs 1 transition to OPS 1 

SRB_SLEW Indicator, Event 8; LPS B - 12.8 
initiate SRB slew test 

SRB_SLEW_ Indicator, Event 8A; SRB SRB_SLEW B 12.5 

COMPLETE hydraulic slew test 
complete 

AERO SLEW Indicator, Event 4A; LPS B 12.5 
initiate aerosurface 
hydraulic system slew 

check 

MPS SLEW Indicator, Event 5; LPS B 12.5 
~ initiate MPS hydraulic 

system slew check 

PREP_SSME Indicator, Event 18A; com- RS_LCH_SEQ B 12.8 
mand SSMES to liftoff 

position 

$ _RTLS_TURN Indicator, RTLS turnaround Pw_RTLS_ GUID B 12.5 

S_PPD _QUAT Indicator, initiate RTLS PW_RTLS_GUID B 12.5 
powered pitch down 

maneuver 

EVENT_A37 Indicator, Event A37; ET_SEP_SEQ 8 12.5 
ET separation comand 

MM _CODE_602 Major Mode 602 flag MSC B 12.5 

AERO_SLEW_ Indicator, Event 4B; aero- ORB_ACT_SLEW B 12.5 
COMPLETE surface slew test complete 

A_D_RECYCLE_ ASC DAP recycle RS_LCR_SEQ B 12.5 
COUNT indicator 

RETURN_SSME_ Indicator, return SSME to RS_LCH_SEQ B 12.8 

TO_START_POS start position flare 
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Table 4.2.4-2. 

Space Transportation 
Systems Division oO Rockwell 

international 

ASC_RECON Interface Requirements (Cont) 

  

  

  

  

                  

  

Rate 

Required/ 
Source or Produced 

Module Name Description Descination Type | Range Unite Ac (Hz) 

Inputs (Coat) 

TAL_ABORT TAL abort declared MSC 5 ” 
DECLARED 

MPS_LO2 DUMP MPS dump complete MPS_DUMP_SEQ B - 

STOP 

Outputs 

HYD_FALLS Indicator, buffered WYD_ CMD_PROC_MPS I ~ 12.5 
FALL_STATUS : 

Sle Indicator, Stage ] coatrol CMD _PROC_SRB B - 12.5 
ASC_TVC 

$2C Indicator, Stage 2 control ASC_TVC B - 12.5 

AUTUTRIM_P Indicator, enable roll ASC_TVC B - 42.5 
autotria 

INTERPS S1 Indicator, Stage 1 INTERPS INTERPS 8B - 12.5 

INTERPS $2 Indicator, Stage 2 INTERPS INTERPS B - 12.5 

scheduling 

PEGCMD Indicator, S2G steering GC_STEER B - 12.5 

mode 

ATTGMD Indicator, ATTFILT, S1G or GC_STEER 5 - 12.5 

PPD steering mode 

AUTO Indicator, automatic ASC_2STG GUID B - 125 

steering mode GC_STEER 

PwW_RTLS GUID 
ABT_CNTL_SEQ 
GRTLS_DAP 

PPD Indicator, RTLS powered GC_STEER B - 12.5 

pitch down maneuver INTERPS 

$1G ladicator, Stage | guidance GC_STEER B ~ 12.5 

FRZCMD Indicator, freeze desired GC_STEER B - 12.5 
body command 

ATTFLLT Indicator, filter actual GC_STEER B - 12.5 
body attitude 

SRB_NULL_CMD Indicator, .initiate SRB ASC _TVC B - 12.5 

null CMD, Event 27 CMD_PROC SRB 

A/E ATT_PROC 

NYSEP_FB_ ENABLE Indicator to switch NY { ASC_TVC ! 5 - 12.5 

feedback | INTERPS | 

PC_FILTER Iadicator, SRB chamber CMD_PROG_ SRB B - 12.5 
pressure filtering 

COMLILM4 lodicator, SRB4 component CMD_PROC_SRB B - 12.5 
limiting 

COMLIMS Indicator, SR35 component CAD_PROC SRB 8 - 12.5 

Limiting 
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Space Transportation 
Syetems Division OD fecha 

Table 4.2.4-2. ASC RECON Interface Requirements (Cont) 

  

  

  

  

      
  

  
  

  

Rate 
Required/ 

Souree of Preésced 

Wodule Name Description Destination Type | Range Carts ac ar 

Qutputs (Cont) 

LAUTO_PLANP Left pitch auto FCS aode D&C _PNL, TLM a - us 

lamp 

RAUTO_PLANP Right pitch auto FCS mode D&C_PNL, TLM 8 - 12.5 
lamp 

LAUTO_RYLANP Left roll/yaw auto FCS DaC_PNL, TLM 8 - 12.3 
wode lamp 

RAUTO_RYLAMP Baght roll/yaw auto FCS D&C _PNL, TLM 8 - 12.3 
mode lanp 

LCSS_PLAMP Left pitch manual FCS DéC_PNL, TLM 8 - 12.5 
wode lamp 

RCSS_PLANP Bight pitch manual FCS D&C_PNL, TLM 8 - 12.3 
mode lamp 

LCSS_RYLAMP Left roll/yaw manual FCS D&éC_PNL, TLM 8 - 12.3 

mode lamp 

RCSS_RYLAMP Right roll/yaw manual FCS D&C_PNL, TLM 8 - 12.5 
mode lamp 

LAUTO_BFLAMP Left auto body flap lamp D&C _PNL, TLM 3 - 22.5 

RAUTO_BFLAMP Raght auto body flap lamp D&C_PNL, TLM 3 - 12.3 

LMNL_BFLAMP Left manual body flap lamp D&C_PNL, TLM a - 25 

RMNL_BFLAMP Raght manual body flap lamp D&C_PNL, TLM 8 - 12.5 

LAUTO_SBSLAMP Left auto speed brake lamp D&C_PNL, TLM 8 - 12.5 

RAUTO_SBLAMP Right auto speed brake lamp D&C_PNL, TLM 8 - 12.3 

MNLSB_CHDR_O Commander's manual speed 8 - 2.3 
brake lamp 

MNLSB_PLT_0 Piloc's manual speed brake 8 - 12.5 
lamp 

SRBSEP Indicator, SRB separation GC_STEER | = RB 
subphase 

PRE_SEP Indicator, inictace INTERPS a - 12.5 
separation preparation 

SSME_FAILS Indicacor, 8SME failure {CD PROC MPS) I - ws 

ecatus [ INTERPS ! 

FILTSW Indicator, TVC filter aSC_TVC 8 - awzas 
coefficient switching 

YFILTSW Indicator, yaw filter ASC_TVC 8 ™ wz S 
coefficient evwitcching 

PARALLEL PITCH Indicator, parallel prech CMD _PROC_MPS 8 . 12.5 
thrust 

UNPARALLEL YAW Indicator, unparallel yaw C4D_PROC_MPS a ws 
theuac 
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Space Transportation g Rockwell 
Systems Division International 

Table 4.2.4°2. ASC_RECON Interface Requirements (Cont) 

dace 
Required 

Source or Produced 
Module Name Description Destination Type | Range Units ac (az 

Outputs (Cont) 

MECO_CMD Indicator, initiate MECO CMD_PROC_MPS 8 12.5 
command 

MM101_ INIT Caudicator, MMIO1] startup INTERPS 8 12.5 

AEROSURFACE_ 
CONTROL 

asc_Tvc 
CMD_PROC_MPS 
CMD_PROC_SRB 
Gc_STEER 

LIFTOFF Indicator, nominal vehicle CMD_PROC_MPS 8 12.5 
liftoff CMD_PROC_SRB 

AUTOCRIM_RESET Indicator, ramp autotria CMD_PROC_MPS 8 12.5 
integrators to zero asc_Tvc . 

INTERPS 

SSME_START_POS Indicator, SSME start CMD_PROC_MPS 8 12.5 
position 

PRL_MECO Indicator, PRL Lamps CMD_PROC_NPS 8 12.5 
reduced 

PRL_S2 Indicator, rate limit for CMD_PROC_NPS t 12.5 

Stage 2 

PRL_S1 Indicator, rate limit for CMD_PROC MPS a 12.5 

Stage l 

TWR_CLR_BIAS ME 2 failed at lift-off asc_Tvc a 12.5 
prior to LO-plus-T2 

SSME_LCH_POS Indicator, retrim engines CMD_PROC MPS 3 12.5 
to launch position 

STOW_SB Indicator, stow speed brake AKROSURFACE__ a 12.5 
to closed position CONTROL 

AUTOTRIM_QR Indicator, enable pitch ASC_TVG 8 12.5 
and yew sutocris 

SRBLIM_ACTV SRB limiting active CMD_PROC_SRS a 12.5 

ELEV_UR Elevon load relief AZROSURFACR 4 12.5 
indicator CONTROL, 

GC_STEER 

PRE_SEP Indicator, PRE_SEP phase INTERPE, a 12.3 
Asc_Tv¢ 

SRB_SEP_CMD Indicator, SRB separation INTERPS 4 12.5 
iniciaced 

FALL MIX ENABLE Indicator, enable main CMD PROC MVE a te ee : 12.5 
engine mixing logic changes 
for engine failures 

ME_SLEW Indicator, main engine CMD PROC NEB a 12.5 
actuator slew cest ARROSURFAL 

CONTROL 

SRB_SLEW Indicator, SRB actuator CMD Pad AAe A 12.5 
slew cest ARROBITRY AG . 

CONTROL 
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Table 4.2.4-2. 

+ 

Space Transportation 
Systems Division 

  

a Rockwell 
International 

ASC_RECON Interface Requirements (Cont) 

  

  

  
  

  

  

  

        

    

Rate 

Required/ 
Source ofr Produced 

Modu le Name Description Destination Type | Range Unite At (Ha) 

Qutputs \Cone) 

AERO_SLEW Lndacator, aerosurtace AEROSURFACE _ 5 - 12.5 
actuator slew test CONTROL 

RTLS_ TURN Indacator, RTLS turn- GC_STEER 5 » 12.3 
around maneuver 

PRL_LCW | indicator, lower rate- CMD_PROC_MPS 8 12.5 
| limiting 

SEC_ME FL _CNFN Second MB fail confirm MSC 8 - 42.38 
discrete ABI_CTL_SEQ, 12.5 

CMD_PROC_MPS 
| ASC_TVC 12.5 

GRAV_POS Indicator, SSME gravity CMD_PROC_MPS B - 12.3 
position 

ENA_RCS_CNTL Enable RCS control discrete CMD_PROC_ RCS B - 12.3 

PRELO Indicator AEROSURFACE_ 8 - 12.5 
CONTROL 

ZIRANS Indicator, RTLS external GC_STEER B - 12.3 
Cank separation maneuver | 

| ‘ 

\ 

1 

{ 

, 
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Table &.2.4°3. 

Rockwell Space Transportation 
‘ome International Systeme Division a 

Definition of Local Events Used for ASC_DAP 
and GC_STEER Reconfiguration 

—, 

e23 
  

  

Local Event Name Event Ne, Condition Under Which Event is "On" 

MM101_INIT ’ TRANSITION _TO_OPS_1 

RECYCLE COUNT 3 &_D_RECYCLE CouNT 

RECYCLE DURING _ME SLEW 3a RECYCLE COUNT + ME_SLEW 

AERO_SLEW_BEGIN 4a ABROSURFACE_SLEW_CHECK_INDICATOR 

AERO_SLEW_COMPLETE aa ABROSURFACE_SLEW_COMPLETE_FLAG 

ME_SLEW_BEGIN $ WPS_GINBAL SLEW CHECK_INDICATOR 

ME_SLEW_COMPLETE Sa NPS_SLEW_CHECK_COMPLETE 

STOW_SB 6 BS_AUTO_SEQ START 

SRB_HYD VERIFY 8 SRB_FCS_HYD_ VERIFICATION 

SRB_SLEW_ COMPLETE 8a SRB_FCS_BYD_VERIFY_COMPLETE 

SSME_LCH_POS 18a PREP_SSMES_FOR_LIFTOFF 

ME_RESTART_POS 20 RETURN SSME TO START_POS 

SRB_IGN CMD 19 SEB_IGNITION_CMD* 

LIFTOFF 194 MET 2 MET_LIFIOFF 

LO_PLUS T2 193 MET > MET LIM LCH 

RL_NOM i9c MET (184 + MET SOTHRUST) 

AUTOTRIM_DISABLE 21a REL _VEL_MAG 2 VREL_AUTOTRIM_INHIBIT 

FILTSW 218 REL_VEL_MAG 2 VREL_FILTSW 

YFILTSW 21c REL_VEL_MAG > VREL_YFILTSW 

PRE_SEP 254 MET = MET_25A 

AUTOTRIM_RESET 253 PRE_SEP*[(PC4F < PC_TRIM RESET)*(PCSF < PC_TRIM_RESET)] + 
MET 2 MET _25B 

COMLIM4 25¢ (AUTOTRIM_RESET)°(PC4F < PC_COMLIM) 

COMLIMS 25D (AUTOTRIM_RESET)*(PC5F < PC_COMLIM) 

NYSEP_ DISABLE 252 (COMLIMG)°(COMLIMS) + (MET 2 MET 255) 

SRB_KULL_CMD 27 S&B_KODINC SEP         *Equivalently set, MET = 0     
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Rockwell socsrarseatee OR iitetstona 

  

  

Table 4.2.4-3. Definition of Local Events Used for ASC_DAP 
» and GC_STEER Reconfiguration (Cont) 

Local Event Name Event No. Condition Under Which Event is “Os” 

SRB_SEP_CMD 28 + A30 SRB_SEP_ CMD FLAG 

STG2_STEER_INIT 29 + A3I1A GUIDANCE INTIATE 

AUTOTRIM_ENABLE 29A (SRB_SEP_CMD) * (SEC_ME FL_CNFM * (MET >(MET_SRB_ 
SEP + DELTAT AUTOTRIM-ENABLE)) + SEC ME FL CHFM ° 

(MET > (MET_SRB_SEP + 60))] 

ME_RETRIM 30A S_SSME_TRIM 

MECO_CMD 32 + A35 MECO_COMMAND + MECO_COMMAND (m1601) @ 

ME_ZERO_THRUST 33B + A36A | ZERO_THRUST_(33B OR A36A) 

PPD_INIT A34 S_PPD QUAT 

RTLS_ET_SEP_CMD A37 EVENT A37 

RTLS_TURN_LIMIT A30A S_RTLS_TURN 

MM_602 A39 MM _CODE_602       
NOTE Over | SRB_SEP is a snapshot of MET at SRB SEP CMD which must be performed before 

AUTOTRIM | ENABLE is set. 

y @ initialization specified to occur at MECO CMD will only be performed if SRB 3 SEP 

  
CMD has occurred with the exception of SSME , FAILS. SSME_FAILS will not be Yeset 
after MECO CMD regardless of when it occurs. 
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Table 4,.2.4°4A, 

  

Space Transportation 
Systems Division 

Rockwell 
International A 

Definition of ASC_DAP and GC_STEER 
Boolean Reconfiguration Indicators 

ee, 

(er 
  

Definition of "ON" State 
  

  

  

  

From To 

Tndacator Name Event No. Local Event Name Event No, Local Event Name 

AERO_SLEW 4a AERO _SLEW_BEGIN 4B AERO SLEW COMPLETE 

ATTCMD 1 MM101_INIT 28 SRB_SEP_CMD 
1 MM101_ INIT A30 SRB_SEP_CMD 
AS& PPD INIT A39 MM_602 

ATTFILT l MM10 1_IN IT 19A° S_QUAT L IFTOFF_AND_S_ QUAT 

AUTOTRIM_P 29A AUTOTRIM ENABLE 32 MECO_CMD 

29a AUTOTRIM_ENABLE A35 MECO_CMD 

AUTOTRIM_QR 19B LO! PLUS T2 214A AUTOTRIM DISABLE 

29a AUTOTRIM_1 ENABLE 32 MECO CMD 

29A AUTOTRIM_ENABLE A35 MECO_CMD 

FRZCMD 28 SRB | SEP | CMD 29 STG2_STEER_INIT 

28 SRB | SEP | CMD A31A STG2_STEER_INIT 

A30 SRB_SEP | CMD A31A STG2_STEER_INIT 

32 MECO CMD 33B ME ZERO THRUST 

INTERPS Sl 19A LIFTOFF 29 STG2_STEER_INIT 

19a LIFTOFF A3Z1A STG2_STEER_INIT 

ME_SLEW 5 ME_SLEW_BEGIN 5A ME_SLEW_COMPLETE 

PARALLEL PITCH ENABLE 29A AUTOTRIM_ENABLE 30A ME RETRIM 

PC_FILTER 25 PRE_SEP 27 SRB_NULL_CMD 

PEGCMD 29 STG2_STEER_INIT 32 MECO CMD 
29 STG2_! STEER _| INIT A34 PPD INIT 

AZIA STG2_STEER_INIT A34 PPD INIT 

PPD A34 PPD_INIT A37 RTLS_ET_SEP_CMD 

PRELO (* $1C°S2C) 1 MM101_ INIT 19A LIFTOFF 

PRL_LCH 1 MM101_ INIT 19¢ RL_NOM 

$1¢ 19A LIFTOFF 28 SRB_SEP_ CMD 

19A LIFTOFF A30 SRB_SEP_CMD 

$2C 28 SRB_SEP_CMD 338 ME ZERO ) THRUST 

28 SRB SEP_CMD A36A ME_ZERO THRUST 
A30 SRB_SEP_CMD A36A ME_ZERO THRUST 

INTERPS S2 29 STG2_STEER_INIT 33B ME ZERO THRUST 

29 STG2_! STEER INIT AJ6A ME_ZERO_ THRUST 

A31A STG2_! STEER __ . INIT A36A ME ZERO THRUST           
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Table 4.2.4-4A. 

Space Transportation 
Systems Division 

Rockwell 
international OS 

Definition of ASC_DAP and GC_STEER 
Boolean Reconfiguration Indicators (Cont) 

  

Definition of “ON” State 
  

  

  

  

Froa To 

Iadicator Name Event No. Local Event Name Event No. Local Event Name 

§1G 19A°S QUAT LIFTOFF _AND_8 QUAT 29 STG2_STEER_INIT 

19A°S QUAT LIFTOFF_ AND 8 SQUAT | A3Z1A STG2_STEER_INIT 

SRBLIM ACTV l MM1O1 INIT 198 LO_PLUS 12 

SRBSEP 28 SRB }_ SEP ( CMD 29 S8TG2 , STEER L INIT 

28 SRB | SEP | CMD A31A STC? | ) STEER_! INIT 

A30 SRB $ y SEP CMD ASIA STG2_STEER_INIT 

SRB_SLEW 8 SRB_HYD VERIFY 8A SRB_SLEW_COMPLETE 

FAIL_MIX_ENABLE 254 PRE_SEP 33B ME ZERO THRUST 
25h PRE_SEP A36A ME_ZERO THRUST 

UNPARALLEL YAW EN ABLE 25B AUTOTRI M RE SET 32 MECO_ CMD 

25B AUTOTRIM RESET A35 MECO_CMD 

PRL SI 19C RL_NOM 28 SRB | SEP ¢ CMD 

19C RL_NOM A30 SRB | ) SEP ¢ CMD 

PRL_S2 28 SRB SEP _( CMD 32 MECO CMD 

28 SRB_SEP_CMD A35 MECO_CMD 
A30 SRB_SEP_CMD A35 MECO_CMD 

PRL_MECO 32 MECO_ CMD 33B ME: ZERO ° THRUST 

A35 MECO_CMD A36A ME_ZERO THRUST 

ELEV_ LR 198 LO_ PLUS T2 254A PRE SEP 

NYSEP_FB_ ENABLE 25A PRE SEP 25E NYSEP_ DISABLE 

S2G 29 STG2_STEER_INIT 32 MECO_CMD 
29 STG2_STEER_INIT A34 PPD_INIT 
A31A STG2_STEER_INIT A34 PPD _INIT 

RTLS_ TURN A30A RTLS_ TURN INIT A34 PPD_INIT 

ZTRANS A3?7 RTLS_ET_SEP_CMD A39 MM_602 

SNGL_ME_CNTL_ENABLE 25B AUTOTRIM RESET 33B + A35 | ME ZERO THRUST + 
MECO | CMD 

INHIBIT _START_POS 3A RECYCLE _DURING_ 5 ME_SLEW BEGIN}     ME ; SLEW         Iscart of ME SLEW if any, after the one 1n progress at time of recycle count 
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Table 4.2.4-4B. Definition of ASC_DAP and GC_STEER 
Complex Boolean Reconfiguration Indicators 

  

Indicator Name Definition of "ON" Stage 

  

AUTO 
  

LIFTOFF + ((AUTOP + AUTORY) + AUTO ° (CSSP + CSSRY)] ° (FAST_SEP_FLAG) 

PARALLEL PITCH {PARALLEL PITCH ENABLE] ° [(SSME_FAILS = 2 OR 3) + (SSME_FAILS = 0) 
(PARALLEL _PITCH_NOM) } 

UNPARALLEL_YAW (SSME_FAILS = 2 or 3) ° (UNPARALLEL_YAW ENABLE) + HYD FAILS >0 + 
UNPARALLEL YAW 

TWR_CLR_BIAS LIFTOFF ° LO PLUS 12 ° (ME2_FALL_SHUTDOWN = ON) 

SSME 
    

;_start_pos © [(ME_RESTART_POS * GRAV_POS)] + ({(ME_SLEW) - (SSME_LCH_POS)] 

[(ME_SLEW COMPLETE) ° INHIBIT _START_POS + (RS_AUTO_SEQ START)] 

@ @ 
tTwo_ssme_FaIL @ (SNGL_ME_CNTL_ENABLE) * [(MULTIPLE SSME FAILURE) * (SRB_SEP_ CMD) + 

GRAV 

ee eneeeee oo 

(MULTIPLE SSME FAILURE) * (SRB_SEP_CMD) * QMECO_CONFIRM) ] 

, pos © (RECYCLE_COUNT ° ME SLEW + INHIBIT_START_POS) 

sec_ME_FL_cnru @ (MET > (MET_TWO_SSME_FAIL + MM_DL)] * (TWO_SSME_FAIL) + SEC_ME FL_CNFM 

ena_rcs_ cnt @ (MET > (MET _TWO_SSME FAIL + ORI_DL)} * (SEC_ME FL CNFM) * (SNGL_ME CNTL_ 
ENABLE )   
  

  
@ 

@ 

©
6
8
 

O 

NOTES 

This indicates more than one engine in shutdown phase. See Table 4.2.4-4C for Boolean 
definition 
In first stage, this indicates that 2 or 3 engines are in shutdown phase during the R&CS 
control enable window. In second stage, it indicates that 2 engines (and not the third) 
have shut down during the enable window. It starts a time which allows time for a 3 
sigma slow engine to reach 30 percent thrust. 

DAP initiates abort control sequencer to interconnect OMS and RCS propellant systems, 

starts the RCS Command SOP, and disables roll commands to the SSME TVC. 

Initiates commanding of RCS jets by CMD PROC RCS. 
This allows RCS roll control. 
If a recycle count is done, gravity positions are to be used. If the ME_SLEW is active 
at the time the recycle count is done, care must be taken to ensure use of gravity 
positions instead of start at completion of the slew. (This is the purpose of INHIBIT 
START_POS.) When a pad shutdown is done, start positions are to be used until SSME 
prevalve closure is complete, after which gravity positions are to be used. 
The discrete PARALLEL PITCH_NOM will be latched to "off" by the ASC_RECON if the 
hydraulic system fail | indicator AYD_FAILS > 0. (In other worda, for no hydraulic system 

fails and PARALLEL PITCH_NOM enabled for the d-engine burning case, PARALLEL PITCH will 
be allowed, otherwise not). 

Logical “and" * Logical “or" XXXXX Logical not   
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Table 4.2.4-4C. Definition of ASC DAP and GC_STEER 
Integer Recognition Ind{cators 

  

  

Indicator Integer 

Name Values Condition for Integer Value 

HYD_FAILS 0 No hydraulic system failures 

1 HYDR_SYS1_TVC_FAIL_STATUS#0ON 

2 HYDR_SYS2_TVC_FAIL_STATUS=ON 

3 HYDR_SYS3_TVC_FAIL_STATUS#=ON 

4 Hydraulic System 1 and 2 failed resulting in 
SSME 2 lockup 

5 Hydraulic System 1 and 3 failed resulting in 
SSME 1 Lockup 

6 Hydraulic System 2 and 3 failed resulting in 
SSME 3 Lockup 

SSME FAILS 0 No SSME failures 

1 (ME1_FAIL_SHUTDOWN=ON) »* MECO_CMD + SRB_IGN_CMD 

2 (ME2_FAIL_SHUTDOWN=ON) * MECO CMD ¢ SRB_ICGN CMD 

3 (ME3_FAIL_SHUTDOWN=ON) * MECO_CMD « SRB_IGN CMD 

4 *(Multiple SSME failure) * MECO_CMD « SRB_IGN CMD     
az

€ 
16

84
9 

    *Multiple SSME failure = (MEl_FAIL SHUTDOWN=ON) « (ME2_FAIL_SHUTDOWN=ON) 

+ (ME]_ FAIL_SHUTDOWN=ON) ¢ (ME3_FAIL_SHUTDOWN=ON) 

+ (ME2_FAIL SHUTDOWN=ON) * (ME3_FAIL_SHUTDOWN=ON)   
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Table 4.2.4-5. ASC_RECON Initialization Requirements 

  

  

  

  

  

  

    

Initialize on Transition 
Initial if 

Module Component Frou To Variable Value 

ASC_RECON Boolean local events - WM101_INIT ORA_HYD_VERIFY OFF 

RECYCLE COUNT OFF 

AERO_SLEW_BEGIN OFF 

AERO_SLEW_COMPLETE OFF 

RECYCLE _DURING ME SLEW OFF a! ws 

ME_SLEW_BEGIN OFF ie ae 

ME_SLEW_COMPLETE AFF 

SRB_HYD_VERIFY OFF 

SRB_SLEW_COMPLETE OFF 

LAUNCH_HOLD OFF 

LAUNCH_RESTART OFF 

SSME_LCH_POS OFF 

ME_RESTART_POS OFF 

SRB_IGN_CMD OFF 

LIFTOFF FF 

PRL_St OFF 0 

PRL_S2 OFF 

AUTOTRIM_NDISABLE OFF 

FILTSW AFF 

YF ILTSW OFF 

AUTOTRIM_RESET OFF 

COMLIM4 OFF 

. COMLIMS OFF 

NYSEP_DISABLE OFF 

SRB_NULL_CMD OFF 

SRB_SEP_CMD OFF " 

STG2_STEER_INIT OFF 

AUTOTRIM_ENAB LE OFF 

ME_RETRIM OFF 

SRB LIM_ACTV ON 

PRELO AN 

STOW_SB OFF 

PRL_MECO OFF .) 

a\ {             
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Table 4.2.4-5. ASC_RECON Initialization Requirements (Cont) 

  

  

  

  

‘ Initialize on Transition 
Initial 

Module Component Frou To Variable Value 

ASC_RECON Boolean Local events - MMIO1 INIT TWR_CLR_ BIAS OFF 

(Cont) (Cont) RTLS_£T SEP CID OFF 

MM_602 OFF 

4ECO_C1D OFF 

“E_ZERO_THRUST ore 

PPD_INIT OFF 

PPD_COMPLETE OFF 

Display panel Lamp LAUTO_®FLAMP ow 
Boolean indicators 

RAUTO_BFLAMP on 

LANL_BF LAMP OFF 

RMNL_BFLAMP OFF 

LAUTO_SBLAMP on 

RAUTO_SBLAMP on 

MNLSB_C1DR_O OFF 

MNLSB_PLT_ - OFF 

LAUTO_PLAMP ow 

RAUTO_PLAMP oN 

LCSS_PLANP OFF 

RCSS_PLANP OFF 

LAUTO_RYLANP ON 

RAUTO_RYLAMP an 

UCSS_RYLAMP OFF 

RCSS_RYLANP nFF 

Boolean reconfiguration AERO SLEW OFF 
indicators 

ATTCND Ww 

ATTETLT Ww 

AUTOTRIN, P FF 

AUTOTRIN OR OFF 

FRED are 

SME START POS are 

INTERES $1 OFF 

INTERES 9 yee 

WE SLEW rr             
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Table 4.2.4-5. ASC_RECON Initialization Requirements (Cont) 

<==, 

  

  

  

  
    

  

  

  

  

  

  

—
 

az
€1
68
Hy
d 

  
  

Initialize on Transition 
Initial 

Module Component Froa To Variable Value 

ASC_RECON Boolean reconfiguration - MM1O1 INIT PARALLEL _PITCH_ENABLE orr 

(Coat) indicators (Cont) 
PC_FILTER OFF 

PEGCMD orr 

PPD | ovr 

ZTRANS | OFF 

SNGL_ME_CNTL_ENABLE | OFF 

PRL_LCH | oN 

RTLS_TURN | oF 

! sic OFF 

S2c | OFF 

| $1G OFF 

$2G | ore 

; | SRBSEP OFF 

| SRB_SLEW OFF 

ELEV_LR OFF 

| NYSEP_FB_ENABLE OFF 

FAIL_MIX_ENABLE OFF 

UNPARALLEL_YAW_ENABLE OFF 

AUTO ON 

GRAV_POS OFF 

| PARALLEL_PITCH OFF 

INHIBIT_START_POS OFF 

UNPARALLEL_YAW OFF 

HYD_FAILS 0 

SSME_FAILS 0 

HYD_FAILS = 0 HYD_FAILS = 0 PARALLEL_PITCH_NOM OFF 

UNPARALLEL_YAW on 

Slew phase indicators | AERO_SLEW_BEGIN | AERO_SLEW BEGIN AERO_ SLEW ON 

AERO_SLEW_COMPLETE| AERO _SLEW_COMPLETE| AERO_SLEW OFF 

ME_SLEW_BEGIN ° ME_SLEW_BEGIN * ME_SLEW { ON 

ME_RESTART POS | NE_RESTART_POS 
ME_SLEW COMPLETE | ME_SLEW COMPLETE | ME_SLEW | OFF 

ME_RESTART_POS ME_RESTART_POS ME_SLEW OFF 
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ASC_RECON Initialization Requirements (Cont) 

  

Taitraliae on Transition 
  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

Tascial 
Module Component From To Variable Value 

ASC_RECON ; Slew phase indicatora SRB_WYD VERIFY SRB_HYD_VERLFY SRB_SLEW ON 
(Cont) (Cont) 

! SRB_SLEW_COMNPLETE SRB_SLEW COMPLETE SRB SLEW OFF 

Main engine posation ME SLEW * SSME_ ME SLEW * SSME_ SSME_START_POS ON 
' indicators LGH Pus * LCH POS * 

UNKIB START_ INHIBIT _START_ 
| POS POS 
\ 

RS_AUTO_SEQ_ RS_AUTO_SEQ_ SSME_START_POS oN 
| START START 

| SSME_LCH_ POS SSME_LCH_POs SSME_START_POS | OFF 

RECYCLE_COUNT . RECYCLECOUNT ° GRAV_ POS ON 

ME_SLEW ME_ SLEW | 

NE SLEW * ME_SLEW * GRAV_POS | ON 
. LNHLBLT_START_ 

Pos * POS * | 
! SSME_LCH_POS SSME_LCH_POS | 

ME_RESTART_POS ME_RESTART_POS SSME_LCH_POS OFF 

| SSME_START_POS ON 

ME, SLEW * SSME_ | MELSLEW ° SSME_ SSME_START_POS OFF 

Luk_ POs LCH_POS 

GRAV_POS OFF 

RECYCLE_DURING__ UFF 
ME_SLEW 

Diaplay panel Svolean AUTO AUTU LAUTO_PLAMP OFF 
andicatore 

RAUTO_PLAMP FF 

LAUTO_RYLAMP ure 
( 

RAUTO_RYLAMP uF 

LCSS_PLAMP ON 

RCSS_ PLAMP ON 

LCSS_RYLAMP uN 

RCSS_RYLAMP uN 

AUTO AUTO LuS S_PLAMP uke 

| RCSS_PLAMP UrF 

| LCSS_RYLAMP OFF 

| RCS RYLAMP UFF | _ 

| ‘ 
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Table 4.2.4-5 e ASC_RECON Initialization Requirements (Cont) 
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Initialize on Transition 
Initial 

Module Component From To Variable Value 

ASC_RECON Display panel Boolean AUTO AUTO LAUTO_PLAMP ON 

(Cont) indicators (Cont) 

RAUTO_PLAMP oN 

LAUTO_RYLAMP ON 

RAUTO_RYLAMP ON 

§ RB_S E P_CMD s RB_S E P_CMD ME TS RB_S EP MET 

TWO_SSME_FAIL TWO SSME FAIL MET_TWO_ MET 

~ 7 SSME_FAIL 

ME_ZERO_THRUST ME ZERO THRUST LAUTO_SBLAMP OFF 

~ RAUTO_SBLAMP OFF 
MNLSB_CMDR_Q OFF 
MNLSB_PLT_Q OFF 

(TAL ABORT _ (TAL_ABORT_ 
———a——e _———i a 

DECLARED ° DECLARED °* 

SSME STOW SSME_S'TOW__ 

COMPLETE ° COMPLETE ° LAUTO_BFLAMP OFF 

OPS_6 IND) + OPS_6 IND) + 

(TAL_ABORT_ ( TAL_ABO RT_ {ravto_srLaap OFF 

DECLARED ° DECLARED ° 

MPS _LO2 MPS_LO2_ 
DUMP_STOP ) DUMP_ STOP ) 

ME ZERO THRUST ° ME ZERO THRUST °* LAUTO_PLAMP OFF 

OPS_6 IND OPS_6_IND RAUTO_PLAMP 
LAUTO_RYLAMP 

RAUTO_RYLAMP 
LCSS_PLAMP 
RCSS_PLAMP 
LCSS_RYLAMP 
RCSS_RYLAMP 

RECYCLE_COUNT RECYCLE COUNT @ RS_AUTO_SEQ_ START OFF 

ME_SLEW_ COMPLETE OFF 
STOW_SB OFF 

RECYCLE COUNT OFF     

  
® causes ME to move to gravicy and SB to DSB BIAS SLEW. 

@ recycue_count is turned off after all other initializations are done. 
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Table 4.2.4-6. ASC_RECON I=-Loads 

Module Name Description Type MSID Units 

ASC_RECON | VREL_AUTOTRIM_ Velocity during STG 1 above s V97U2275C ft/s 
~ INHIBIT which pitch and yaw autotrim 

functions are inhibited 

MET_LIFTOFF Nominal mission elasped time of 8 V97U2061C sec 
liftoff 

DELTAT_AUTOTRIM Time relative to SRB SEP CMD s V98U9809C sec 
ENABLE after which roll, pitch, and yaw 

autotrim functions are enabled 

MET_LIM_LCH MET (post-liftoff) at which s V97U2062C sec 
SRB limits are raised to nominal 
values 

VREL_FILTSW VREL at which TVC filters are s V97U2284C ft/s 
switched 

VREL_YFILTSW VREL at which yaw filters are s v99U9597C ft/s 
switched 

PC_COMLIM Value of filtered SRB chamber s V97U2203¢C psi 

pressure at which vector limit- 
ing is activated for that SRB 

PC_TRIM_RESET Minimum value of filtered SRB Ss V97U2202¢ psi 
chamber pressures at which 
integrators are ramped to null 

MM_DL Time delay to allow for manual Ss V97U2403¢C sec 
MECO before setting SEC ME FL_ 
CNFM flag 

MET_9OTHRUST Time from ME's at 90% thrust s V97U2487C sec 
when ME rate limits changed to 
normal 

MET_25A Event 25A time s V97U2435C sec 

MET_25B Backup time for E25B S V9702436C sec 

MET_25E Backup time for E25E Ss V97U2437C sec 

ORI_DL Time delay to permit OMS to s V97U1362C sec 
RCS switching 

PARALLEL _PITCH_ Discrete indicating SSME pitch D V99U7557C ND 
NOM paralleling is allowed for all 

three SSME's burning           
  

4. 2-49 

STS 83~0008B 
Volume 1 

 



Rockwell 
International 

Space Transportation é 
Systems Division 

4.2.5 Ascent Thrust Vector Control Laws (ASC TVC) 

  

  

A. Functional Description. The functional block diagram for ASC_TVC are 
shown in Figures 4.2.5-1lA through E. 

Functions of ASC_TVC are conveniently presented on an axis-by-axis basis, 
i.e., roll, pitch, and yaw body~axis control algorithms. Figure 4.2.5-1B and 
1C present the roll-axis overview block diagram. Figure 4.2.5-1D presents the 
pitch-axis overview block diagram. Figure 4.2.5-lE presents the yaw-axis 
overview block diagram. 

TvC control differs for first- and second-stage flight. From navigation 
initiation until lift-off, the control subphase is designated PRELO, during 
which time orbiter outputs are sent to R/S_LAUNCH_SEQUENCER. From lift-off 
until SRB separation command, the control Subphase is designated S1C. From 
the nulling of the SRB's to the post-MECO descheduling of the TVC, the control 
subphase is designated S2C. Transition from first to second-stage flight 
(MM_CODE = 102 to 103) occurs at the SRB separation command. 

Body~axis attitude errors and body-axis rate commands from GC_STEER are 
the command inputs to each axis. During SIC, the primary feedback inputs are 
body~axis rates; roll from the ORB RGA, pitch from the SRB RGA, and yaw from 
the SRB RGA for steel SRB cases or with SRB RGA and ORB RGA for FWC SRB's 
mixing with ORB RGA. A normal and lateral acceleration obtained from the AA 
is also fed back during SIC in the pitch and yaw axes, respectively, for load 
relief. Acceleration command references, which are functions of VREL or 
constant, are obtained from INTERPS. Body~axis rates from the orbiter RGA are { 
the feedback inputs during S2C. 

During SIC, the yaw attitude error is crossfed from the yaw axis to the 
roll axis. The yaw TVC loop error signal is crossfed from yaw to roll axis 
during SRB thrust tailoff and the early part of S2C. Scheduled gains from 
INTERPS are utilized during both first and second stages. The transition from 
SiC to S2C gains is accomplished by ramping from one gain level to the other 
over a specified time interval. 

The output signals, namely, roll, pitch, and yaw thrust vector deflection 
commands for the orbiter and the SRB, are sent to the CMD PROC MPS and CMD_ 
PROC_SRB modules, respectively, for trimming, mixing, biasing, and limiting. 

B. Sottware Description. An overview of ASC_TVC is presented in Fig- 
ure 4.2.5-2. Its input/output requirements are summarized in Table 4.2.5-1. 
ASC _TVC consists of ten modules separated into three functional groupings: 
ASC | “TVC ROLL, ASC_TVC PITCH, and ASC_TVC_YAW. Sequencing requirements for the 

ten modules are shown in Figure 4.2. 5-3. 

ASC_TVC_ROLL consists of two modules, CMD_ROLL and ROLL ATT_INTEGRAL, 

which are shown in detail in Figures 4.2.5-4A and B, respectively. The 

intermodule interface requirements for ASC_TVC ROLL are presented in 
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Table 4.2.5=2 Initializati . 
- tion and I-loads/ constant requirements are presented in Tables 4.3.5-3 and 4.2.5-4, respectively. 

520 prneH CPI TCH consists of four modules, CMD_PITCH, FDBK_S1C_PITCH, FDBK_ 7 » and PITCH ATT_INTEGRAL, which are shown in detail in Fig- ures 4.2.5-5, 4.2.5-6, 4.2.5-7, and 4.2.5-8, respectively. The intermodule 
interface requirements for ASC TVC PITCH are presented in Table 4.2.5-5. Initialization and I-loads/constants requirements are presented in 
Tables 4.2.5-6 and 4.2.5.7, respectively. 

ASC_TVC_YAW consists of four modules, CMD YAW, FDBK S1C YAW, FDBK S2C 
YAW, and YAW_ATT_ INTEGRAL, which are shown in detail in Figures 4.2.5-12, — 
4.2.5-11, 4.2.5~10, and 4.2.5-9, respectively. The intermodule interface 
requirements for ASC_TVC_YAW are presented in Table 4.2.5-8. Initialization 
and I-loads/constants requirements are presented in Tables 4.2.5-9 and 
4.2.5-10, respectively. 
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WFBI_FB, 
EBFB, 3 
PORB ORTVG > DPTVC > 

Tve ROLL DPTVC_INT 

  

  

  >       
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Figure 4,2,5-1A, Thrust Vector Control, Functional Overview 
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Figure 4.2.5-1B. TVC Roll Control, First Stage, Functional Block Diagram 
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Figure 4.2.5-1C. TVC Roll Control, Second Stage, Functfonal Block Diagras
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Figure 4.2.5-1D. TVC Pitch Control, First and Second Stages, Functional Block Diagram
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Space Transportation r ® Rockwell 
Systems Division International 

Table 4.2.5-1. ASC_TVC Interface Requirements 

Rate 

Required/ 
Source or Produced 

Module Name Description Destination Type | Range Unite At (M2) 

Inputs 

EBFB Attitude errors GC_STEER v deg 12.5 

WFBI_FB Rotational velocity, flight GC_STEER v deg/s 12.5 
body wrt inertial, coordi= 
natized in flight body 

PORB Roll rate, orbiter rate gyros| S® (ORB RGA) s deg/s 25 

QORB Pitch rate, orbiter rate SF (ORB RGA) 3 deg/s 25 
gyros 

RORB Yaw rate, orbiter rate gyros | SF (ORB RGA) $s deg/e 25 

QSRB Pitch rate, SRB rate gyro SF (SRB RGA) 8 deg/s 25 

RSRB Yaw rate, SRB rate gyro S¥ (SRB RGA) s deg/s 28 

NY Lateral acceleration S¥ (AA) 8 g 25 

NZ Normal acceleration SF (AA) s g 2s 

NYREF Scheduled lateral accelera- INTERPS s g 6.25 
tion reference 

Scheduled normal accelera- INTERPS s g 6.25 
tion reference 

SRB_NULL_CMD Indicator, SRB_NULL_CMD ASC_RECON B - 12.8 

AUTOTRIM_P Indicator, enable roll ASC_RECON B - 12.5 
autotrim 

AUTOTRIM_QR Indicator, enable yaw and ASC_RECON B - 12.5 

pitch autotrim 

KL_PHI Variable gain (attitude INTERPS s (deg/s) 6.25 
roll) deg 

KL_DELPSI Variable gain (yaw cmd INTERPS s (deg/s)/ 6.25 

crossfeed, roll) deg 

TWR_CLR_BIAS Indicator SSME No. 2 ASC_RECON B - 12.5 

failed at Lift off 

NYSEP_FB_ENABLE Indicator, NY feedback ASC_RECON B * 12.5 

sic Indicator, Stage t ASC_RECON B . 12.5 

$2C Indicator, Stage 2 ASC_RECON B - 2.5 

KM_INT Variable gain (pitch INTERPS s - 6.25 
attitude integral) 

KN_INT Variable gain (yaw INTER PS s - 6.25 
attitude integral) 

KL_PS1 Variable gain (yaw INTERPS s (deg/s)/ 6.25 

attitude error crossfeed deg 
roll) 
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Space Traneportstion ¢ Rockwell 
Systems Division International 

Table 4.2.5-1. ASC_TVC Interface Requirements (Cont) 

Rate 

Required/ 
Source or Produced 

Modu le Kane Description Destination Type | Range Units Ac (Hz) 

Inputs (Cont) 

KN_PRHP Variable gain (4.9, roli- INTERPS 8 (deg/s)/ 6.25 
yaw cate, yaw) (deg/s) 

KM_TRETA Variable gain (atcicude, INTERPS 8 (dag/s)/ 6.25 
pitch) deg 

KM_NZ Variable gain (NZ feedback, INTERPS 8 (deg/s)/ 6.25 
pitch) & 

KN_PSI Variable gain (attitude/ LINTERPS s (deg/s)/ 6.25 
tate ratio, yaw) deg 

KN_NY Variable gain (NY feedback, INTERPS s (deg/s)/ 6.25 

yaw) g 

AUTOTRIM_RESET Indicator ASC_RECON 8 - 12.5 

PRE_SEP Indicator ASC_RECON B - 12.5 

FLLISW Indicator ASC_RECON - B - 12.5 

YFILTSW Indicator ASC_RECON B - 12.5 

MM101_ INIT Indicator ASC _RECON B - 12.5 

NYSEP_FS_ENABLE Indicator ASC_RECON B - 12.5 

Outputs 

pPTvc Roll TVC loop error signal CMD_PROC_MPS s deg/s 25 
CMD_PROC_SRB 

pqTve Pitch TVC loop error signal CMD_PROC_MPS s deg/s 25 
CMD_PROC_SRB 

DRTVC Yaw TVC loop error signal CMD_PROC_MPS s deg/s 25 
CMD_PROC_SRSB 
CMD_ROLL 

DQTVC_ENT Pitch TVC trim integrator CMD _PROC_MPS s deg 25 
output CMD_PROC SRB 

DRTVC_INT Yaw TVC trim integrator CMD_PROC_MPS s deg 25 
output 

CMD_PROC_SRB 

NZ_FBK Compensated normal GC_STEER s deg/s 25 
acceleration error 

NY_FBK Compensated lateral GC_STEER S deg/s 25 

acceleration error 

4.2-60 
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SRB_IGN_CMD \—_ 
  

  
      

    

      

  

      

  

  cand 

  

  
SRB_NULL_CMD 

  

  

  

  

  
CMD_PITCH 

        
CMD_YAW 
  

    

  CMD_ROLL     

FDBK_S2C_PITCH 
  

    

  FDBK_S2C_YAW     

    — FDBK_S1C_PITCH 
    

    

  FDBK_S1C_YAW 
    

(2) ASC_TVC-80 MUST BE EXECUTED IN THE CRITICAL LOOP 
PRIOR TO ASC_TVC_40. 

Figure 4,.2.5-3. 
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FUNCTION MODULE ROLL_ATT_INTEGRAL = 

PHI_ERR 
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EBFB P 

KL_PHI 

+ LIMITED 
MIDVAL MIDVAL A 

+O KL_INT -—> INTEGRATOR op 

~ «| #PC_LIM a +PCIDOT_LIN | | —_o (SUBSECTION we 
oR 4.7.21) 

EBFB3 +PCI_LIM 
A 

KL_PSI | V 
§ 

AUTOTRIM P 

12.5 Hz 

Figure 4.2.5-4a. Function Module ROLL_ATT_INTEGRAL, Detailed Diagram 
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——=$2C 

m—FILTSW 

  

   

      

FUNCTION MODULE 
CMD_ROLL 

    

  

     

     

     

    

        

     

  

    

     

      

   
   
   

PHI_ERR 
——— SECOND_ORDERN 

FILTER 

DPTVCLINT | (SUBSECTION (SUBSECTION (SUBSECTION 
4.7.2) 4.7.3) CL_PBI, 4.7.2) > OPTVC 

    CL_RO, CL_LL, CL_PB2, 

    

  

    

    
      
  

  
  

  

  

  

        
  

  

  

  

  

WFBI_ FB, 

DRTVC R_XFD A 
= O 

KL_DELPSI A 

A 25 Hz 

SEC_ME_FL_CNFM 

Q) SWITCHABLE SECOND-ORDER FILTER 

PRE SEP PRE_SEP 

CL_LLy CL_LLA; CL_LLB, 

where ij = 1-5 

(2) SWITCHABLE FOURTH-ORDER FILTER 

FILTSW |FILTSWS2C | FILTSW*S2C 

CL_PB1, CL_PBAL; CL_PBB1; CL_PBC1; 

CL_PB2; CL_PBA2; CL_PBB2; } CL_PBC2;           
  

where i = 1-5 

Figure 4.2.5-4B. Function Module,CMD ROLL, Detailed Diagram 
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International Systems Division Ol 

Table 4 e 2 5-2 e 

‘ 

ASC_TVC_ROLL Inter=-Module Interface Requirements 

  

  

  

  

  

                      

Rate 
Required/ 

Source or Produced 

Module Name Description Destination Type | Range Unite At (Hz) 

loputs 

ROLL_ AUTOTRIM_P Indicator, enable roll ASC_RECON 8 - 12.5 

ATI_ autotria 

INTEGRAL 
KL_Pul Variable gain (attitude, INTERPS $ (dag/s)/ 6.25 

roll) deg 

EBFB) Roll attitude error GC_STEER s(V) deg 12.5 

' | EBFB, Yaw attitude error GC_STEER 8(V) deg 12.5 

f KL_PSI Variable gain (yaw attitude | INTERPS 8 (deg/s)/ 6.25 

crossfeed, roll) deg 

Outputs 

DPTVC_INT Roll integrator output CMD_ROLL, TLM s deg/s 12.5 

PHI_ERR Gained roll attitude error CMD_ROLL Ss deg/s 12.5 

inputs 

CMD_ROLL | WFBI_FS, Roll rotational velocity, GC_STEER S(V) deg/s 12.5 
flight-body wrt inertial, 
coordinatized in flight 

body 

PORB Roll rate, orbiter rate SF (ORB RGA) s deg/s 25 

gyros 

FILTSW Indicator ASC_RECON B - 12.5 

DRTVC Yaw TVC loop error signal CMD_YAW S deg/s 25 

KL_DELPSI Variable gain (yaw INTERPS Ss - 6.25 
actuator command crossfeed, 

roll) 

MM101_INIT Indicator ASC_RECON B - 12.5 

s2c Indicator ASC_RECON B - 12.5 

PRE _SEP Indicator, E254 ASC_RECON B - 12.5 

DPTVC_INT Roll TVC trim integrator ROLL_ATT_ S deg/s 12.5 
output INTEGRAL 

PHI_ERR Gained roll attitude error ROLL_ATT_ S deg/s 12.5 
INTEGRAL 

SEC_ME FL_ Second ME fail confirs ASC_RECON B - 12.5 
CNFM discrete 

Outputs 

DPTVC Roll TVC loop error signal CMD_PROC_ MPS Ss deg/s 25 
CMD_PROC_SRB 
TLM 
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Table 4.2.5-3. ASC_TVC ROLL Initialization Requirements 

Space Transportation 
Systems Divieion 

  

OR fect a 

  

Initialise on Transition 
  

  

  

                

Taxtial 

Module Component Froa To Veriable Valve 

ROLL_ATT_ LINITED INTEGRATOR 
INTEGRAL 

Output - MMOL INIT Output 0.0 

CMD_ROLL Faret-order falter - MMIOL INIT INIT flag 
Ut 

Tart flag - MMLOL_INIT INIT flag Orr 

Output Output 8.0 

Node Nodes 0.0 see 
Subsect 100 
4.7.1) 

Coefficients - MM101_ INIT CLLL: CR_LLAL 
(a @ 1-5) 

PRE_SEP PRE_SEP CL_LL; cL_ULB, 

Fourth-order filter 
LPB 

Tait flag - MM101_INIT INIT flag OFF 

Output Output 6.0 

Nodes Nodes 0.0 (see 
Subsectreq 
S74 

Coefficients CL_PBI, CL_PBAl, 
GQ = I-5) CL_PB2, CL_PEAL, 

FILTSW FILTSW CL_PBI r CX_ Fas 

CL_PB2, ch? ant 

S2c $2C CL_PB), CL_PRCL, 
CL_PB2, cL eect 

— —_ x 

Second-order falter 
L_RO 

Init Flag - MMIOL_INIT INIT flag ore 

Output Output 8a 

Nodes Nodes 9 @ (see 

Subsectaag 
a > ™). 

SEC ME_FL.. SEC_ME_FL_ R_XFD Qo 
CNFM CNFM 
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Space Transportation el Rockwell 
Systems Division International 

Table 4.2.5-4. ASC_TVC_ROLL I Loads/Constants 

MSID/ 
Module Name Description Type Value Units 

ROLL_ATT_ PC_LIM Roll attitude error rate limit S v97U2200C deg/s 
INTEGRAL 

KL_INT Roll trim integrator gain S V9701810C l/s 

PCIDOT_LIM Roll trim integrator rate Ss ¥97U2206C deg/s2 
limit 

PCLLIM Roll trim integrator limit S V97U2205C deg/s 

CMD_ROLL CL_LLA] Filter L_LL coefficient Ss v9701420C - 

CL_LLA2 Filter LLL coefficient s - v97U1421C - 

CL_LLA3 Filter L_LL coefficient Ss V97U1422¢ - 

CL_LLA4 Filter LLL coefficient S V97U2456C - 

CL_LLA5 Filter L_LL coefficient s V97U2457C - 

CL_LLB1 Filter L_LL coefficient s V97U1423¢C - 

CL_LLB2 Filter L_LL coefficient S V9701424C - 

CL_LLB3 Filter L_LL coefficient Ss v97U1425C - 

CL_LLB4 Filter L_LL coefficient s V97U2458C - 

CL_LLB5 Filter L_LL coefficient s V97U2459C - 

CL_PBA11 Filter L_PB coefficient s V97U1432c - 

CL_PBA12 Filter L_PB coefficient S V97U1433C - 

CL_PBA13 Filter L_PB coefficient Ss V97U1434C - 

CL_PBA14 Filter L_PB coefficient s V9701435¢ - 

CL_PBALS Filter L_PB coefficient S V97U1436C - 

CL_PBA21 Filter L_PB coefficient s V97U1437C - 

CL_PBA22 Filter L_PB coefficient s V97U1438C - 

CL_PBA23 Filter L_PB coefficient Ss V97U1439C - 

CL_PBA24 Filter L_PB coefficient Ss V97U1440C - 

CL_PBA25 Filter L_PB coefficient S V97U1441C - 

CL_PBB11 Filter L_PB coefficient Ss V97U1447C - 
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Space Transportation 6) Rockwell 
Systems Division International 

Table 4.2.5-4. ASC_TVC_ROLL I-Loads/Constants (Cont) 

MSID/ 

Module Name Description Type Value Units 

CaD_ROLL CL_PBB12 Filter LPB coefficient s V9701448C - 

(Cont) 
CL_PBB13 Filter L_PB coefficient 8 V97U1449C - 

CL_PBB14 Filter L_PB coefficient s ¥9701450C - 

CL_PBB15 Filter LPB coefficient 8 v9701451C - 

CL_PBB2} Filter L_PB coefficient $s V9701452C - 

CL_PBB22 Filter L_PB-coefficient s V9701453C - 

CL_PBB23 Filter L_PB coefficient s V9701454C - 

CL_PBB24 Filter L_PB coefficient s V9701455C - 

CL_PBB25 Filter L_PB coefficient s V9701456C - 

CL_PBC11 Filter L_PB coefficient s V9702460C - 

CL_PBC12 Filter L_PB coefficient s V9702461C - 

CL_PBC13 Filter L_PB coefficient s | v97U2462C - 

CL_PBC14 Filter L_PB coefficient Ss V97U2463C - 

CL_PBC15 Filter L_PB coefficient Ss V98U9577C - 

CL_PBC21 Filter L_PB coefficient s v98U09578C - 

CL_PBC22 Filter L_PB coefficient s v98U9579C - 

CL_PBC23 Filter L_PB coefficient Ss V98U9580C - 

CL_PBC24 Filter L_PB coefficient S v98u9581C - 

CL_PBC25 Filter L_PB coefficient s V98U9582C - 

CL_RO1 Filter L_RO coefficient Ss V9701462C - 

CL_RO2 Filter L_RO coefficient Ss V97U1463C - 

CL_RO3 Filter L_RO coefficient S V97U1464C - 

CL_RO4 Filter L_RO coefficient s V9701465C - 

CL_ROS5 Filter L_RO coefficient s V97U1466C - 

™ 12.5 Hz cycle update interval s 0.08 s 
for integrator             
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Space Transportation r Rockwell 
Systems Division International 

Table 4.2.5-5. ASC_TVC PITCH Inter-Module Interface Requirements 
! 

Rate 
Required/ 

Source or Produced 
Module Nane Description Destination Type Units At (Hz) 

Inputs 

CMD QFDBK Pitch rate + normal FDBK_S1C_PITCH 8 deg 25 
PITCH acceleration feedback 

error signal 

MM1O1_INIT Indicator ASC_RECON 8 - 12.5 

Outputs 

DQTVC Pitch TVC loop error signal { a1p_proc_mps]} s deg/s 25 
| CHD_PROC_SRB 

Inputs 

FDBK_ QSRB Pitch rate, SRB rate gyros SF (SRB RGA) s deg/s 25 

$1¢c 

PITCH WFBI_FB. Pitch rotational velocity, GC_STEER s(v) deg/s 12.5 
flight body wrt inertial, 
coordinatized in flight 
body 

N2 Normal acceleration SF (AA) s zg 25 

NZREF Scheduled normal accelera- INTERPS s g 6.25 

tion reference | 

KM_NZ Variable gain (NZ feedback, INTERPS s (deg/ 6.25 
pitch) | s)/eg 

THETA_ERR Gained pitch attitude PITCH _ATT_ s 1 deg/s 12.5 

error INTEGRAL ' 

MM1O1_INIT Indicator ASC_RECON B \ - 17.5 

Outputs 
QFDBK Pitch rate + normal CHD_PITCH i § deg/s 25 

acceleration feedback | 
error signal | 

N2_FBK Compensated normal GC_STEER | s deg/s 25 
acceleration error ‘ 

Inputs 

FDBK_ QORB Pitch rate, orbiter rate SF (ORB RGA) s deg/s 28 
$2C_ gyros | 

PITCH 

WFBI_FB. Pitch rotational velocity, GC_STEER s(v) | deg/s 12.5 
| flight body wrt inertial, ~ | 

coordinatized in flight | 
body | 

THETA_ERR Gained pitch attitude error PITCH _ATT_ s deg/s 12.5 

INTEGRAL 

MM101_ INIT Indicator, first time ASC_RECON B - 12.5 
ASCENT DAP sequenced 

r T 

Outputs | 

QFDBK Pitch rate feedback error C1D_PITCH s | | sep/s 25 

\ signal | 

4 
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Rockwell Space Transportation 

em International Systems Division os 
Table 4.2.5-5. ASC TVC_ PITCH Inter-Module Interface Requirements (Cont) 

  

  

  
  

  

Rate 

Required/ 
. Source or Produced 

Module Name Description Destination Type | Range Units at (fz) 

Japuts 

PITCH_ AUTOTRIM_QR Indicator, enable pitch ASC_RECON 8 - 12.$ 
ATT_ and yaw autotrim 
INTEGRAL 

KM_THETA Variable gain (pitch INTERPS 8 deg/s 6.25 
attitude) deg 

EBFB. Pitch attitude error GC_STEER s(v) deg 12.5 

KM_INT Pitch trim integrator gain INTERPS 8 1/s/sec 6.25 

AUTOTRIM_RESET Indicator ASC_RECON 8 - 127.4% 

MM10O1_ INIT Indicator ASC_RECON B - 12.5 

Outputs . 

DQTVC_INT Pitch trig integrator C4AD_PROC_MPS ) s deg 12.5 

output signal Q41D_PROC_SRB ° 
TLM 

TRETA_ERR Pitch attitude error FDBK_S1C_PITCH s deg/s 12.5 

signal FDBK_S2C_ PITCH     
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Table 4.2.5-6. 

Space Transportation 
Systems Division an 

ASC_TVC_PITCH Initialization Requirements 

Rockwell 
international 

  

  

  

  

  

              
  

Initialize on Transition 

Module Component Froa To Variable Initial Value 

PITCH_ATT_ LIM ITED_INTEGRATOR 
INTEGRAL 

OUTPUT - w10L_ INIT Out put 9.0 

KUTOTRIR_RESET | AUTOTRIM_RESET | Output 0.9 

FADER QCI - MM101_ INIT WRADE_INT 0.0 

AUTOTRIM RESET AUTOTRIM_RESET WFADE_INT WFADE_ 

TNT_NOM 

Integrator output - M101 INIT QCI_LIM QCT_LIMS 
” 

Livit sic $2¢ QcI_LIM QcT_LIMs, 

CMD_PITCH Second-order filter 
M_RO 

Initialization - M101 INIT INIT_FLAG OFF 
flag 

Out put - M™M101_ INIT Out put 0.0 

Nodes - MM1O1_INIT Nodes 0.0 (See 

Subsection 

4.7.2) 

FDBK_SIC_PITCH First-order filter 

M_QUP 

Initialization - MM101_ INIT INTT_FLAG OFF 

flag 

Out put - MM1OL INIT Out put 9.0 

Node - MM101_ INIT Node 0.0 (See 

Subsection 
4.7.1) 

First-order filter 

M_NZLAG 

Initialization flag - MM101_INIT INIT_FLAG OFF 

Out put - MM101_INIT Out put 9.0 

Node - M101 INIT Nodes 0.0 (See 
Subsection 

4.7.1) 

Second-order filter 

M_NZ 

Initialization flag - MM101_INIT INTT_FLAG OFF 

Output - MM101_INIT Output 0.0 

Nodes - MMIOLLINIT Nodes 0.0 (See 
Subsection 

4.7.2) 
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Table 4.2.5-6. 

Space Transportation 
Systems Division 

Rockwell 
International a 

ASC_TVC_PITCH Initialization Requirements (Cont) 

  

  

  

  

  

  

  

    
    

  

Initialize on Transition 

Module Component From To Variable Initial Value 

FDBK_SIC_ Second-order filter 
PITCH (Cont) M_QB 

Initialization flag - MM101_INTT INTT_PLAG ort 

Output : MM101_ INIT Output 0.0 

| Nodes - MMIOL_INIT Nodes 0.9 (See 
Subsection 

4.7.2) 

Second-order filter 

. M_STG] 

' Initialization flag - M101 INIT INIT_PLAG FF 

Output - MM101_INIT Output 9.9 

| Nodes - MM101_INIT Nodes N.0 (See 
| Subsection 

4.7.2) 

| Second-order filter 

| M_LLS1 

| Initialization flag - MM 101 INIT INTT_FLAG OFF 

| | 
| Output - MM101_ INIT | Output 0.0 

| Nodes - MM101_ INIT Nodes 0.0 (See 
Subsection 

4.7.2) 

FDBK_S2C_ PITCH | Fourth-order filter 

t M_QO 

' Initialization flag - MMIOL INIT | TNIT_FLAG OFF 

| Output - MM10]_ INIT Out put 0.0 

| Nodes - MM101_INIT Nodes 9.9 (See 
Subsection 

4.7.3) 

Second-order filter 

| M_LLS2 — 

Initialization flag - MM101 INIT INTT_FLAG OFF 

' Output = MM10]_ INIT Output 0.0 

Nodes - MM101_ INIT ; Nodes 0.0 (See 
Subsection 

46702) 

! | 
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Space Transportation 6) Rockwell 
Systems Division International 

Table 4.2.5-7. ASC_TVC_PITCH I-Loads/Constants 

Module Name Deacription Type MSTD Units 

PITCH_ATT_ Qc_LIM Pitch attitude error rate Limit s V97U2222C | deg/s 
INTEGRAL 

QCIDOT_LIM Pitch trim integrator rate Limit 8 V97U22246C | deg/s 

QcI_LIMS} Pitch trim integration limit, $1 s V97U2438C | des 

QCI_LIMS2 Pitch trim integration limit, $2 8 V97U2223C | deg 

NFADE_INT_NOM Cycles to fade QCI to zero s V97U2075C | counts 

™ Medium cycle time , § i 0.08 Ss 

C4D_PITCH CM_RO} Filter M_RO coefficient s V97U1558C - 

CM_RO2 Filter M_RO coefficient s V97U1559C - 
! 

CH_RO3 Filter M_RO coefficient s ' V970156NC - 

CM_RO4 Filter M_RO coefficient ; s ' VO7UT56IC - 

CM_ROS Filter M_RO coefficient s | v97U1562c - 

FDBK_SIC_PITCH KM_QHP Fixed gain, pitch high pass s 1 V97U1895C | g/d/s 

CH_QRP1 Filter M_QHP coefficient | s ' veruisanc | - 

C4_QHP2 Filter M_QHP coefficient Ss V97U1541C - 

CM_QHP3 Filter M_QHP coefficient | os v97U1542C - 

C4_NZLAG] Filter M_NZLAG coefficient |! Ss VO7UT4GRIC - 

CM_NZLAG2 Filter M_NZLAG coefficient Is | vores | - 

CH_NZLAG3 Filter M_NZLAG coefficient . § VO7UI4GARLC - 

CH_NZ1 Filter M_NZ coefficient /  § | V97U1485C - 

C4_N22 Filter M_NZ coefficient Ss V97U]486C - 

CM_NZ3 Filter M_NZ coefficient s . v97U1487C - 

CM_NZ4 Filter M_N2Z coefficient s V97U14R8C - 

CM_NZ5 Filter M_NZ coefficient s V97U1489C - 

C4_QB1 Filter M_QB coefficient Ss v97U1500C - 

CM_QB2 Filter M_QB coefficient s VO7TULSOIC - 

O4_QB3 Filter M QB coefficient | s v97u1sn2c - 
' 

CM_QB4 Filter M_QB coefficient s V97U1503C - 

O41_QB5 Filter M_QB coefficient s v97U1504C - 

CM_STG11 Filter STG] coefficient | s V98U9583C - 

C4_STG12 Filter STG coefficient | s V9BU95R4C - 

CM_STG13 Filter STG] coefficient | s V98U9585C - 

C4H_STG14 Filter STG] coefficient s V98U9586C - 

, CH_STG15 Filter STG) coefficient s V98U9587C -           
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Table 4.2.5-7. 

Space Transportation 
Systems Division a 

  

Rockwell 

ASC_TVC_PITCH I-Loads/Constants (Cont) 

International 

  

  

  

  

  

    

  

  

  

  

    

Module Name Description Type MSTD Mmits 

FDBK_S1¢_PITCH cw_LLS11 Filter LLS1 coefficient 8 VORUOSAAC - 

‘cone? CM_LLS12 Filter LLS] coefficient 8 VORUESANC « 

Ca_LLS13 Filter LLS] coefficient 8 V9ORUIS64C « 

CM_LLS14 Filter LLSI coefficient 8 ¥9809565C - 

CM_LLS15 Filter LLS1 coefficient $ ¥9809566C - 

FDBK_S2C PITCH , C4_QO11 Filter M_QO coefficient $ ¥97U1 54 4C - 

CM_QO012 Filter M_Q0 coefficient 8 V9O7UTS44C - 

, _Q013 Filter M_QO coefficient $s V97U1845C - 

CM_Q014 ; Filter M_QO coefficient 8 V9711 S46C - 

@1_Q015 Filter M_QO coefficient s V97U1547C - 

; CM_Q021 Filter M_QO coefficient s V97U1548C - 

CM_Q022 Filter M_QO coefficient s v97U1549¢ - 

CM_Q023 { Filter M_QO coefficient $s v970155NC - 

| CM_Q024 Filter M_QO coefficient s V97U1585I1C - 

CM_Q025 ' Filter M_QO coefficient s V97U1552C - 

C4_LLS21 Filter LLS2 coefficient S + VO8LIO547C - 

CM_LLS22 | Filter LIS? coefficient s | voaveserc = - 

C4_LLS23 Filter LLS2 coefficient S V9OBU9560C - 

CM_LLS24 Filter LLS2 coefficient s | yoaves7ac - 

CM_LLS25 Filter LLS2 coefficient s VORUOS71C | ~- 

| 

| ! \ 
l 

| \ 

| | | 
| 

| 
| 

| 

! | 
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Space Transportation ¢g 
Systems Division 

  

  

     
    

RFDBK P 
  

  

    

SECOND ORDER 
FILTER N_ROFF 
(SUBSECTION 4.7.2) 
CN_ROFF 

   

  

Rockwell 
international 

f DRTVC >   

25 Hz     

Figure 4.2.5-l2. Function Module, CMD YAW 
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Table 4.2.5-8. 

Space Transportation 
Systems Division a 

ASC_TVC_YAW Inter-Module Interface Requirements 

Rockwell 
International 

  

  

    
  

                    
  

Rate 

| Required/ 
Source or Produced 

Module Name Description Destination Type Range Units | At (Hz) 

CMD_YAW Inputs | 

arpsx * Yaw rate feedback FDBK_S1C_YAW 8 | deg/a « 25 
error FDBK_S2C_YAW | 

Outputs \ 

DRTVC Yaw TVC loop error CMD_PROC_MPS s | deg/s 25 
signal CMD_PROC_SRB | 

CMD_ROLL, TLM 

FDBK_S1C_YAW Inputs - | 
‘ | 

RSRB Yaw rate, SRB rate SF (SRB RGA) s | | deg/s 25 
gyro i 

| 
TWR_CLR_BIAS Indicator, SSME No. 2 ASC_RECON B | 12.5 

failed at lift-off | 

WFBI_FB; Yaw rotational veloc- | GC_STEER s | | deg/s 12.5 
ity, flight-body wrt | i 
inertial, coordina- | \ 
tized in flight body : “4 

i 
PORB Roll rate, orbiter SF (ORB RGA) Ss \ | deg/s 25 

rate gyro i | 

NY Lateral acceleration SF (AA) s | 8 25 

NYREF Scheduled lateral INTERPS Ss g | 6.25 

acceleration | 
reference 

KN_PRHP Variable gain (hi INTERPS s - l 6.25 

passed roll-yaw ; 

feedback) 

KN_NY Variable gain (NY INTERPS s deg/s | 6.25 
feedback, yaw) 

PS1_ERR Gained yaw attitude YAW_ATT_INTEGRAL s deg/s 12.5 
error 

MM101_INIT Indicator ASC_RECON B | - 12.5 

NYSEP_FB ENABLE | Indicator ASC_RECON B - + 12S 
' '‘ 

RORB Yaw rate, orbiter SF (ORB RGA) S deg/s 25 
rate gyro 

YFILTSW Indicator ASC_RECON B ! - 12.5 
i 

Outputs : 

{ 
RFDBK Yaw rate feedback CMD_YAW s deg/s — 25 

error signal | 

NY_FBK Compensated lateral GC_STEER § deg/s | 25 
acceleration error 
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Table 4.2.5-8. ASC_TVC_YAW Inter-Module 

Spece Transportation 
Systems Division 

  

PN Rockwell 
international 

Interface Requirements (Cont) 
  

  

  

  

  
  

  

              

Rate 
Required/ 

Source or Produced 
Module Nawe Deacription Destination Type | Renge | Units At (Hz) 

FDBK_S2C_YAW Tnpute 

RORB Yaw vate, orbiter rate gyros SF (ORB RGA) 3 deg/s 25 

WFBI_FB, Yaw rotational velocity GO_STEER $s deg/s 12.5 
£light-body wre inertial, 
coordinatized in flighe body 

PSI_ERR Gained yaw attitude error YAW_ATT_ INTEGRAL | § deg/s 12.5 

MM101_INIT Tadicator, first time ASC_RECON 5 - 12.5 
ASCENT_DAP sequenced 

Outputs 7 

RFDBK Yaw rate feedback error signal | CMD_YAW 8 deg/e 25 

YAW_ATT_INTEGRAL Inputs 

EBFB, Yaw attitude error GC_STEER s(v) deg 12.5 

KN_PSI Variable gain, yaw attitude INTERPS 8 deg/s 6.25 
deg 

KN_INT Yaw attitude error integral INTERPS s - 6.25 
gain 

AUTOTRIM QR Indicator ASC_RECON 8B - ; 12.5 

AUTOTRIM RESET | Indicator ASC_RECON B - , 12.5 

sic Indicator, Stage 1 control ASC_RECON B - 12.5 

| 
$2c Indicator, Stage 2 control ASC_RECON B - | 12.5 

Outputs 

PSI_ERR Gained yaw attitude error BK_S1C_YAw S deg/s | 42.5 

PDBK-82C-YAN} 

DRTVC_INT Yaw trim integrator output CMD_PROC_MPS s deg | 12.5 
CMD_PROC_SRB 

’ 
1 

{ 

| 
I 

| 
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Table 4.2.5-9. ASC_TVC_YAW Initialization Requirements 

Tnicialise on Transition 

Module Component From To Variable Inztiral Value 

YAW_ATT_ Limited incegrator 
INTEGRAL 

(Cone) Output - MM101_ INIT Output 0.0 

AUTOTRIM_RESET | AUTOTRIM_RESET | Output 0.0 

Feder, act _ W101 INIT NFADE_INT 0 not 
fou 

eee a 
AJTOTRIM_RESET AUTOTRIM_RESET NFADE_INT WPADE_INT_NOM 10 18 12 

Integrator output Limit - M1101 INIT RCI_LIM RCI_LIMS) gut pet 

sic $2¢ RCI_LIM RCI_LIMS2 aes 
+ i 

CMD_YAw Second_order filter N_ROFF 

Initialization flag - MM101_ INIT INIT flag off 

é 
Output - MM101_INIT Output 0.0 gourthror? 

Nodes - M101 INIT Nodes 0.0 (See palizat 
Subsection In 

4.7.2) 
Output 

FDBK_SIC_YAW | First-order filter N_PRHP 

des 
Initialization flag - MM101_INIT INIT flag off Ko 

Output - MMIOL INIT Output 0.0 

Node - MMIO1 INIT Node 0.0 (See | Coeffic 
Subsection 
4.7.1) 

Second-order filter N_LLA 

Initialization - MM101_ INIT INIT flag OfE 

Output Output 0.0 FDR gre 7 
=". Fourth-orde 

Node Node 0.0 (See 
Subsection . 

4.7.2) Imtialiar 

Coe fficients PRE_SEP PRE _ SEP CN_LL i CN_LLA; Ou t put 

(i = 1-5) 

First-order filter W_NYLAG DEL_DRTVC 0.0 Nodes 

Initialization flag - MM101_ INIT INIT flag OFF 

Output - Output 9.0 Steong 
“org 

Node Node 0.0 (See I * 

Subsection “thay, 
4.7.1) tat, 

‘thut 

N Mdes 

a 
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Table 4.2.5-9. 

Space Transportation 
Systems Division Ol 

ASC_TVC_YAW Initialization Requirements (Cont) 

Rockwell 
international 

  

Initialize on Transition 
  

  

      
  

          
    

STS 83-0008B 

Volume 1 

Module Component From To Variable Initial Value 

FDBK_SIC_ YAW First-order filter N_NYSEP 

(Cont) 
Initialization flag - MM101_INIT (NIT flag off 

Output - Output 0.0 

Node Node 0.0 (see 

Subsection 
4.7.1) 

Fourth-order filter N_NY 

Initialization flag MM101_INIT INIT FLAG Off 

Output - Output 0.0 

Nodes - Nodes 0.0 (see 

Subsection 
4.7.3) 

Fourthrorder filter N_RB 

Initialization flag - MM101_ INIT INIT flag Off 

Output - Output 0.9 

Nodes - Nodes 0.0 (see 

Subsection 

4.7.3) 

Coefficients (i # 1-5) - MM101_ INIT N_RBI; N_RBAl, 

N RB2; N RBAD 
—_ _ 1 

YFILTSW YFILTSW N_RB1; N_RBBI 

N_RB?; NURBBS, 

{ 4 

FDBK_S2C_YAW Fourth-order filter N_RO 

Initialization flag - MM101_ INIT INIT flag OFF 

Output - Output | 0.0 

Nodes - Nodes | 0.0 (see 

i Subsection 

a7.) 

Second-order filter N_LRB - 

Initialization flag - MM1O1_INIT INIT flag off 

Output - Outpuc 0.0 

Nodes - Nodes 0.0 (see 

Subsection 
4.7.2) 
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Space Transportation él Rockwell 
Systems Division International 

Table 4.2.5-10. ASC_TVC_YAW I-Loads/Constants a4 

MSID/ ¥ 
Module Nawe Description Type Value Units 

YAW_ATT_ RC_LIM Yaw attitude error rate limit s V97U2229C deg/s 
INTEGRAL 

™ Medium cycle time , 8 0.08 8 

RCIDOT_LIM Yew trie integrator rate limit ° 8 v97U2231C deg/s 

RCI_LIMS1 Yaw trie integrator limit, Stage 1 8 V97U2439C deg 

RCI_LIMS2 Yaw trim integrator limit, Stage 2 s V97U2230C | deg 

NFADE_INT_KOM Cycles to fade RCI to zero s v97U2075C - 

t 

FDBK_SIC_YAW KN_PHP Fixed gain, roll into yaw high pass s V97U1953C ; - 

CN_PRHP) Filter N_PRHP coefficient S v97U1602C - 

CN_PRHP2 Filter N_PRHP coefficient s v97U1603C | - 

CR_PRHP3 Filter N_PRHP coefficient s vo7uleosc =| = 

CN_NYLAG1 Filter _NYLAG coefficient s V97U1581C | - | 

CN_NYLAG2 Filter N_NYLAG coefficient Ss v9701582C - soak s2¢_YAW 

CN_NYLAG3 Filter N_NYLAG coefficient s v9701583C - - 

CN_NYSEP1 Filter N_NYSEP coefficient $s V9701584C | - 

CN_NYSEP2 Filter N_NYSEP coefficient Ss v97U1585C - 

CN_NYSEP3 Filter N_NYSEP coefficient Ss V97U1586C . - ! 

CN_NY11 Filter N_NY coefficient s V97U1587C - 

CN_NY12 Filter N_NY coefficient s V9701588C - 

CN_NY13 Filter N_NY coefficient s v97U1589C | - 

CN_NY14 Filter N_NY coefficient s v97U1590C - 

CN_NY15 Filter N_NY coefficient s v97u1591C - 

CN_NY2] Filter N_NY coefficient s v9701592C - 

CN_NY22 Filter N_NY coefficient s V97U1593C - 

CN_NY23 Filter N NY coefficient Ss V97UI594C - 

CN_NY24 Filter N_NY coefficient Ss v9701595C - 

CN_NY25 Filter N_NY coefficient Ss V97U1596C - 

CN_LLA] ‘Filter N_LLA coefficient s V9701571C - 

CN_LLA2 Filter N_LLA coefficient s V9701572C - 

CN_LLA3 Filter N_LLA coefficient s V9701573¢ - 

CN_LLAG Filter N_LLA coefficient s V97U1574C - hy 

CN_LLAS Filter N_LLA coefficient Ss V97U1575C - 

r 

“| 
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Table 4.2.5*10. ASC_TVC_YAW I-Loads/Constants (Cont) 
s 

  

  
  

    

      

      

MSID/ 
Module Name Description Type Value Unite 

FDBK_S1C_YAW 
(Cont) ~ 

CN_RBIJ Filter N_RB coefficient § v9701605C | - 

CN_RB12 Filter N_RB coefficient 8 v97U1606C * 

CN_RB1S Filter N_RB coefficient $ v9701607¢ - 

CN_RB14 Filter NLRB coefficient $s v97U1608C - 

CN_RBIS Filter N_RB coefficient 8 ¥97U1609C - 

CN_RB21 Filter N_RB coefficient $ V9701610C . 

CN_RB22 Filter N_RB coefficient $ V9O7UIGLIC - 

CN_RB23 Filter N_RB coefficient $s V97U1612C - 

CN_RB24 Filter N_RB coefficient | $s 1 V97U1613C - 

CN_RB2S Filter N_RB coefficient | $s V97U1614¢ - 

DEL_TWR_CLR Tower clear bias for SSME 2 s V97U2440C deg/s 

FDBK_S2C_YAW cN_RO1) Filter N_RO coefficient Ss V97U1645C - 

CN_RO12 Filter N_RO coefficient § V97U1646C - 

CN_RO13 Filter N_RO coefficient $ V97U1647¢C - 

CN_ROL4 Filter N_RO coefficient . s V97U1648C - 

CN ROIS Filter N_RO coefficient $s V9701649C - 

CN_RO21 Filter N_RO coefficient S v97u1650¢ - 

CN_RO22 Filter N_RO coefficient Ss V97ULESIC - 

CN_RO23 Filter N_RO coefficient Ss V97U1652¢C - 

CN_RO24 Filter N_RO coefficient s V9701653C - 

CN_RO25 Filter N_RO coefficient $ V97U1654¢ - 

CN_LLB] Filter N_LLB coefficient Ss Vv9809572C - 

CN_LLB2 Filter N_LLB coefficient S V98U9573C “ 

CN_LLBS Filter N_LLB coefficient Ss V98U9574C - 

CN_LLBs Filter N_LLB coefficient $ V98U9575C - 

CR_LLBS | Filter N_LLB coefficient s | v9su9s76c - 

CMD_YAW CN_ROFF1 | Filter N_ROFF coefficient s | V9702488C - 

CN_ROFF2 Filter N_ROFF coefficient Ss V97U2489C - 

CN_ROFF3 Filter N_ROFF coefficient S V9702490C - 

CN_ROFF4 Filter N _ROFF coefficient S V97U2491C - 

CN_ROFF5 Filter N_ROFF coefficient S V97U2492C - 

1 l 
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Table 4.2.5-10. ASC_TVC_YAW I-Loads/Constants (Cont) 

a, MS1D/ . 4 f 
Module Neme Description ' Type Value Units 6° 

FDBK_S1C_YAW KN_ORB Fixed blending gain of ORB RG 8 V99U9595Cc - 

(cone) KN_BRG Fixed blending gain of SRB RG s v99U9596C - é 

CH_RBALI Filter "_RB coefficient 8 V99U9575C " - x 

CN_RBA12 Filter HRB coefficient 8 v99U9576C - a 

CN_RBAI3 Filter N_RB coefficient 8 v99U9577¢ - we cf 

CN_RBAIS Filter N_RB coefficient s v99u9578C - él 

CN_RBAI5 Filter N_RB coefficient s v99U9579C - | 

CN_RBA2] Filter N_RB coefficient s v99U9580C - Q 

CN_RBA22 Filter N_RB coefficient s V99U9581C - 0 

CN_RBA23 Filter N_RB coefficient S V99U9582C - 

CN_RBA24 Filter N_RB coefficient Ss v99U9583C - 

CN_RBA25 Filter N_RB coefficient s v99U9584C - 

CN_RBB11 Filter N_RB coefficient s v99U9585¢c - 

CN_RBB12 Filter N_RB coefficient s 1 V99U9586C - 

CN_R8BB13 Filter N_RB coefficient s ; V99U9587C - 

CN_RBB14 Filter N_RB coefficient Ss | v99U9588C - | ( 

CN_RBB15 Filter N_RB coefficient Ss | V99U9589C - 

CN_RBB2! Filter N_RB coefficient s | v99u9590C - 

CN_RBB22 Filter N_RB coefficient Ss v99U9591C - 

CN_RBB23 Filter N_RB coefficient s , ¥99U9592¢ - 

CN_RBB24 Filter N_RB coefficient s v99U9593C - 

CN_RBB25 Filter N_RB coefficient s ; ¥99U9594C - 

FDBK_S2C_YAW cN_ROJ1 Filcer N_RO coefficient S V97U1645¢ - 

CN_RO12 Filter N_RO coefficient s V97U1646C - 

CN_RO13 Filter N_RO coefficient s V97U1647C - 

CN_RO14 Filter N_RO coefficient s V97U1648C - 

CN_ROIS Filter N_RO coefficient s V97U1649C - 

CN_RO21 Filter N_RO coefficient s v9701650C - 

CN_RO22 Filter N_RO coefficient s v97U1651C - 

CN_RO23 Filter N_RO coefficient s V97U1652C - 

CN_RO24 Filter N_RO coefficient s V97U1653C - 

CN_RO25 Filter N_RO coefficient S V97U1654C - ' 
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Table 4.2.5-10. ASC_TVC_YAW I-Loads/Constants (Cont) 

MSID/ 
Module Name Description Type Value Units 

FDBK_S2G_YAW CR_LLBI Filter N_LLB coefficient s v98u9572C - 

(cone) CN_LLB2 Filter N_LLB coefficient 8 V9809573¢ - 

CN_LLB3 Filter RLLLB coefficient s V98U95 74C - 

CN_LLBA Filter N_LLB coefficient s Vv$8U9575C - 

CN_LLBS Falter N_LLB coefficient s V98U9576C - 

CMD YAW CN_ROFF] Filter N_ROFF coefficient S V97U2488¢C - 

CN_ROFF2 Filter N_ROFF coefficient S + V97U2489C - 

CN_ROFF3 Filter N_ROFF coefficient s V97U2490C - 

CN_ROFFS Filter N_ROFF coefficient S V97U2491C - 

CN_ROFF5 Filter N_ROFF coefficient s V9702492¢ - 
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4.2.6 MPS Command Processor (CMD PROC MPS) 

A. Functional Description. The functional block diagram for CMD_PROC_MPS is 

shown in Figure 4.2.6-1. The functional requirements specification for prior- 

ity rate limiting is given in Table 4. 2.6-1. A functional flow chart for the 

priority rate Limiting computations is shown in Figure 4.2.62. 

B. Software Description. An overview of CMD _PROC_MPS is presented in Fig- 

ure 4.2.6-3. Its input/output requirements are summarized in Table 4.2.6-2. 

CMD_PROC_MPS consists of three function modules, TRIM_MIX MPS, BIAS LIM MPS, 

and PRL _ MPS, which are sequenced as shown in Figure 4.2.6-4. The detailed 

block diagrams for the function modules TRIM_MIX_MPS, BIAS LIM MPS, and PRL_ 

MPS are shown respectively in Figures 4.2.6- 5, 4.2.6-6, and 4.2.6-7. The 

intermodule interface requirements for CMD_PROC_MPS are presented in 

Table 4.2.6-3, initialization requirements are presented in Table 4.2.6-4, and 

I-lLoads/constants are presented in Table 4.2.6-5. 
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4.2.6 MPS Command Processor (CMD PROC MPS) 

A. Functional Description. The functional block diagram for CMD_PROC_MPS is 
shown in Figure 4.2.6-1. The functional requirements specification for prior- ity rate limiting is given in Table 4.2.6-1. A functional flow chart for the priority rate limiting computations is shown in Figure 4.2.6-2. 

B. Software Description. An overview of CMD_PROC_MPS is presented in Fig- 
ure 4.2.6-3. Its input/output requirements are summarized in Table 4.2.62, CMD_PROC_MPS consists of three function modules, TRIM_MIX_MPS, BIAS LIM MPs, and PRL_MPS, which are sequenced as shown in Figure 4.2.6-4. The detailed block diagrams for the function modules TRIM_MIX_MPS, BIAS_LIM_MPS, and PRL_ 
MPS are shown respectively in Figures 4.2.6-5, 4.2.6-6, and 4.2.6-7. The intermodule interface requirements for CMD PROC_MPS are presented in 
Table 4.2.6-3, initialization requirements are presented in Table 4.2.6-4, and I-loads/constants are presented in Table 4.2.6-5. 
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Table 4.2.6-1. 

Space Transportation 
Systems Division 

Rockwell 
international a) 

Functional Requirements Specification for Priority Rate 
Limiting of SSME Bell Deflection Commands From SR3B SEP Command 
  

Race Capability X (deg/sec) 
  

Mode f @ 

  

  

  
  

  

  

  

      
  

  

    
  

    
  

  

  
  

1 

Actuator Rate va ® Mode II 

Hydraulic Hydraulic Equations SRB SEP CMD to MECO MECU 

Sys Sys (2, © Pitch i Actuator Rate, 100% APU - 0,1 Fail h00% APU = 0,1 Fail 
Failed Oper 2; = Yaw i Actuator Rate) 110% APU = 2 Faal 110% APU © 2 Faal 

q 

26 + fz 
t ' ?| |2,| = xe, 

None 2 {,| ¢ 2,| s XC, 

3 z | | z | c | 3} *] 4a] * %¢5 
, 2 {| +| 2, + |2,| = xc, 

; ; > 
224 = . 1S. 3 1.2 kA + |*,| + |2,| XC, 18.0 5.6 

1 1.24 |, + | + 2,| = xc, 
2 (V97U2228C) (V97U2225C) 

Y z 2 xc TF TF 
3 | 3| * | if * 1*,) " *3 
1 1.26 [24 + [24 +72] = xc 

3 | i| | | | i| l 

: Y ¥ Zz | Cc 2 | | * | 3l + |] = xe, J 
= ar ; ; J j 162 3 1.2 [*,| + [2,| + {¥,| + {2,| = XC, 18.6 16.5 

L& Y Zz Y Z_i= XC Vv » 7U22 3 2 |*, | + |2,| + |, + [2,| XC, (V97U2227C) (V97U2220C) 
TF TF 

*1.26 /¥ 2 y 2| = ves [Pedal Bal [él -         /   
  

  
@ 1f che sum of commands (XC) is less than the rate capability (X), (XC £X); then the actuator's 

1f XC >X, then the actuator's rate = (X/XC)* (commanded rate); an rate ™ command rate. 

absolute rate limit of 10.0 deg/sec for each actuator 15 assumed downstream, i.e., 

$10.0 deg/sec, [Z,| < 10.0 deg/sec. a 

® Includes Athrottle effects. 

@ PRL 1s not executed in MM 102. 
Table 4.2.6-la. 

Fixed actuator rate limits for MM 102 are given in 

[¥3| 
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Table 4.2.6°1A. Functional Requirements Specification for SSME 
Bell Deflection Commands From Liftoff to SRB SEP Command 

  

Hydraulic 
System SSME TVC Actuator Rate Limit @ 

Time or Event Failures ‘ (deg/sec) 
  

G
e
 

e
d
 A
 Befare Event 19C None (RATE_CAPABILITY_LIFTOFF)/TF, 

  

N
e
 

p
e
 Any one S (RATE_CAPABILITY_LIFTOFF)/TF 

  

“
G
e
 

iA
 Event 19¢ to SRB None 

SEP comand 
(RATE_CAPABILITY_NOFAILS)/TF, 

  

      
  

Z,|< (RATE_CAPABILITY_NOFAILS)/TF 

Any one ¥; |S (RATE_CAPABILITY_ONEFAIL)/TF, 

Z;|< (RATE_CAPABILITY_ONEFAIL)/TF 

Any two Y; |< (RATE_CAPABILITY_TWOFAIL)/TF, 

Z.|< (RATE_CAPABILITY_TWOFAIL)/TE 

SRB SEP command See Use PRL in Table 4.2.6-1l. 
through Event 338 | Table 4.2.6-1 
(ME_ZERO_ THRUST)         Q) Includes 4 throttle and 4 elevon effects. 
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IF SYSTEM DEMAND EXCEEDS \ sYSrEN caPaBLITY 

SYSTEM CAPABILITY — (Pens, 
/ (Sram DEMAND a 

= 
N 
4, x 
~ e & 

SE 

‘ 
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Table 4.2.6-2. CMD_PROC_MPS Interface Requirements 

Rate 

Required/ 
Source or Produced 

Module Name Description Destination Type Range Unite At (Hz) 

Inputs 

DPTVC Roll TVC loop error ASC_TVC § deg/s 25 
signal 

pQTVC Pitch TVC loop error ASC_TVC s deg/s 25 
signal 

DRTVC Yaw TVC loop error ASC_TVC Ss deg/s 25 
signal 

DOMPST Pitch thrust vector INTERPS s deg 6.25 
deflection trim, MPS 

KL_MPS Variable gain (roll INTERPS s deg 6.25 
rate, MPS) deg s 

KM_MPS Variable gain (pitch INTERPS Ss deg 6.25 
rate, MPS) deg s 

KN_MPS Variable gain (vaw INTERPS s deg 6.25 
rate, MPS) deg s 

MPS_SLEW_CMD MPS actuator slew ORB_ACT_ SLEW s - 25 

position command 

SSME_FAILS Indicator, main engine ASC_RECON B - 12.5 

failures 

SSME_START_POS Indicator ASC_RECON B - 12.5 

ME_SLEW Indicator ASC_RECON B - 12.5 

HYD FAILS Indicator, hydraulic ASC_RECON I - 12.5 

system failure 

PRL_MECO Indicator ASC_RECON B - 12.5 

PRL_LCH Indicator ASC_RECON B - 12.5 

FAIL_MIX_ENABLE Indicator ASC_RECON B - 12.5 

PARALLEL PITCH Indicator ASC_RECON B - 12.5 

PRL_S2 Indicator, Stage 2 ASC_RECON B - 12.5 

control 

UNPARALLEL YAW Indicator ASC_RECON B - 12.5 

DQTVC_INT Pitch trim integ output ASC_TVC Ss deg/s 25 

DRTVC_INT Yaw trim integ output ASC_TVC S degis 25 

MECO_CMD Indicator ASC_RECON B - 12.5 

SSME_LCH_POS Indicator ASC_RECON B - 12.5 

GRAV_POS Indicator ASC_RECON B - 12.5 

4,2-96 
STS 83-0008B 

Volume 1 

  
  

yo 

  

ul 

 



Table 4.2.62. 

Space Transportation ¢g 
Systems Division 

Rockwell 
International 

CMD_PROC_MPS Interface Requirements (Cont) 

  

  

  

  

Race 
Required 

Source or Produced 

Modu le Name Description Destination Type | Raage Uarts ac (M2) 

Inputa (Cont) 

MM101_ INIT Indicator ASC_RECON 5 - 42.3 

AUTOTRIN_RESET tadicator ASC_RECON 8 - 12.5 

PRELO Indacator ASC_RECON 5 - 12.5 

PRL_S1 Tadacator ASC_RECON 5B - 42.5 

SEC_ME_FL_CNFN Indicator . ASC_RECON—* B - 12.3 

Outputs 

DYC1 Engine bell deflection MPS_TVC_CMD_SOP s deg 25 
command S8SME 1 patch 

021 Bogine bell deflection MPS_TVC_CMD SOP 3 ceg 35 
command SSME 1 yaw 

DYC2 Engine bell deflection MPS TVC_CMD_ SOP s deg 3 

command SSME 2 patch 

DzC2 Engine bell deflection MPS TVC_CMD_SOP s deg 25 
command SSME 2 yaw 

bYC3 Engine bell deflection MPS _TVC_CMD SOP Ss deg =5 
command SSME 3 pitch 

DZC3 Engine bell deflection MPS_TVC_CMD_SOP s deg 25 
command SSME 3 yaw 

DP_ORB Qgrbiuter coll loop error CMD_PROC_RCS Ss deg s 25 

    
signal 
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Space Transportation ¢g Rockwell 
Systems Division International 

  

  
  

  
  

  

    
  

ot 
§ 

AT 25 Hz | 

LIFTOFF >— TRIM_MIX_MPS 

rye! 

af 
Vy 

BIAS_LIM_MPS 

  @   
  

    
  

— — —— 

(1) THIS MODULE PERFORMS THE SLEW TEST AND PRIORITY 
RATE LIMITING (PRL). 

Figure 4.2.6-4, CMD PROC MPS Function Module Sequence Requirements 
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Space Transportaton 
Systems Division dl Rockwell 

Internatonal 

DP_ORB 
  

  

    
  

   

  

  
  

  

  

  

  

              

  

      

    

  

  

      

  

  
  

        

  

  

  

  

  

                  

  

            

> 

OPTVC 1 MIDVAL oPyt oy! 
C KPvl 2 OPY! LIM [| 

KL_MPS q@ 

MIOVAL]_OPZ1 of 
KPZY PTs pez LIM re 

© on] [1 of o o !t Jol for | MIDVAL bPY23 | 1, | bye 
KPY23 PT. ppy23 LIM oz) 0 -1f 0 0 4° 1] [oPz1 —> 

ove} {9 Ol =P 0) To] Jopyzs 
Q@) ozz} jo ol o) 10 i 0p723 

MIDVAL 0PZ23 oY3 0 of s) 0 y1 1 0| |oqmese] 1222 
“my KP223 ey. 0pz23 LIM | = 073] [0 0; O+1 4,0 , 3} [DRMPSP 

ah DOTVC_INT ' 

oy3 
w oa 

i? ¢' MIDVAL DQMPSP 
Ot 4 DONPST + DQMPSP LIM | 

———PORTVE_INT 023 
KN MPS 

) ' 
DRTVC / + MIDVAL DRMPSP 

* DRMPSP_LIM 
«5 Hz 

NOTE es 
© (FAIL_MIX_ENABLE) (FAIL_MIX_ENABLE) @) 

ROLL * SEC_M 
MIXING | +(AUTOTRIM_RESET) | (AUTOTRIM_RESET) OSH FAILS 1 Fo) FL NEM 
GAINS © (SSME_FAILS = 0) * (HYD_FATLS © J > 3)] ~ e(SSME_FAILS = 0) _ 

e(HYD FAILS < 4) e(KYD FAILS < 4) [yeype iea¢ t= 3+ 
- j=5 y:4 2= 6 

2.5 2.5 KPYT 0.0 0.0 0.0 “KPY] FAIL23 } KPYT FAIL23 | 9-0 
0.75 0.75 0.75 2.0 2.0 

kP21 KPZ1_NOM KPZ1_NOM KPZT_NOM | —KPZ1 FAIL23 | KPZ1 FAIL23 | 9-35 
2.0 2.0 

KPZ23 0.0 0.0 0.0 KPZ23 FAIL23 | KPz23 FAIL23}~ 9-35 
2.5 2.5 2.5 2.5 

kPY23 | Kpy23_s2c | KPY23. S2C | KPY23 S2c. | xpy23.szc | 9-38 
£19 E25A E25B £338 
Vv Y V 

FAIL_MIX_ENABLE FAIL MIX_ENABLE 

AUTOTRIM_RESET AUTOTRIM_RESET 

Note @ : If after an SSME fails or 1s locked up, a different SSHE locks up or 
1s failed, respectively, do not change roll-mixing gatns. 

Note G) . If the failure transitions from (SSME FAILS = 0 and HYD FAILS > 3) 

Figure 4.2.6-5. 

to (SSME FAILS = 0 and HYD FAILS < 3), change back to the 
appropriate nonfarlure roll-mixing gains 
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(2) A = SiC + S2c: = PRELO 
NOTES 

  

@ 
(SSME_FAILS = 4) + 
(ME_SLEW-SSME_LCH POS) + PARALLEL PITCH 
  

  

    

  

    

SSME_START_POS (SSME_LCH POS: SSME_ SSME_FAILS GRAV_POS MM101_INIT 

PARALLEL_PITCH ) FAILS = 0 = 20R 3 

DY1 BIAS DY1_START 0.0 +4 DEG + PITCH BIAS DYI_GRAV | CARRYOVER © 
DY2_ BIAS DY2_ START 0.0 PARALLEL — py2 GRAY | VALUES FROM 
DY3 BIAS DY3_ START 0.0 ~2 DEG - PITCH BIAS | DY3_GRAV | GNC OPS 9 

PARALLEL (v4.18) 
-2 DEG - PITCH BIAS_ 

PARALLEL 

(SSME_FAILS = 4) + 
MECO_CMD + 

@) SSME_START_POS (SSHE-LCH- POS UNPARALLEL_YAW GRAV POS | MM101_INIT 

UNPARALLEL_YAW ° HECO_CMD 

DZ2 BIAS DZ2_START 0.0 - YAW_BIAS_NOM DZ2_GRAY | CARRYOVER 
DZ3_BIAS DZ3_ START 0.0 + YAW_BIAS_NOM 023 GRAY | VALUES FROM 

- - - GNC OPS 9 
(v4.18)               

(4) By IS TRUE IF SSME FAILS 
DETECTED TO BE FAILED. 

Figure 4.2.6-6. 

= 4 OR SSME_FAILS = 4 AND THE ith ENGINE WAS THE FIRST ONE 
IN THE CASE OF SIMULTANEOUS FAILURES ONLY THE LOWEST 

NUMBERED FAILED ENGINE WILL BE PLACED IN THE FAILED POSITION. 

BIAS LIM MPS Modules, Detailed Diagram (Sheet 2 of 3) 
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Space Transportation 
Systems Division 

G) PATE LIMIT ON GOOD ENGINES (MES_RLIM_TF) IS DEFINED AS FOLLOWS: 

¢ Rockwell 
International 

  

  

  

PRL_S! 
PRL_LCH + - 

ME_RESTART HYD_FAILS PRL_S2 + PRL_MECO 

Q 1, 2, OR 3 24 
  

RATE_CAPABILITY_ | RATE_CAPABILITY_ | RATE_CAPABILITY_ {| RATE_CAPABILITY_ 
LIFTOFF NOFAIL ONE_FAIL TWO_FAIL           

SSME_RLIM_NOM   
  PRIOR TO MECO_CMD 

ON FIRST FAILED ENGINE RATE_CAPABILITY = SSME_RLIM_FAIL 

ON 2ND FAILED ENGINE DON'T CHANGE RATE LIMIT 

SSME_RLIM FAIL WILL BE USED FOR ENGINE { IF SSME FAILS = t OR 
SSME_FAILS = 4 AND THE 1" ENGINE WAS THE FIRST ONE DETECTED TO 
HAVE FAILED. IN THE CASE OF SIMULTANEOUS FAILURES, SSME_RLIM_ 
FAIL WILL ONLY BE USED FOR THE LOWEST NUMBERED FAILED ENGINE. 

AFTER MECO_CMD 
DON'T CHANGE THE RATE LIMIT ON ANY FAILED ENGINE 

  

€19 E19C £32 

  

£338 

  

  

        
  

    

      

PRL_MECO 

ME_SLEW ME_SCEW + SSME_START_POS 

G) SF_MPS_SLEW SF_MPS_SLEW_NOM 0.0 

ovcl 
L 

Y, ry * KDYZ1 # OYCI 
@ pYC] < -5.0 LIM 

DIC1 = MIDVAL (-Y, yy» OZCT, * Y ry) 
  

WHERE KOYZ1 = 13.7 DEG; KDYZ) IS REQUIRED TO BE AN 
INDEPENDENT CONSTANT 

Figure 4.2.6-6. BIAS LIM MPS Modules, Detailed Diagram (Sheet 3 of 3) 
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Figure 4.2.6-7. 

Space Transportation 
Systems Division 

Rockwell 
International é) 

  

  

ACUTE e Lo2e] OFLoVCi| + | OEL_9zC2 

ac_2_te © | o€u_ovcz | + j ofL_oze3 
XC_3_TF ¢| O€L_9¥C3| + | O€L_OZCI 
  

    

    

l 
Tear SFY, © A_UE/HC_1_TF 

WeALTF » 1. | sty 2 sv, 
| 
    

mC_2TF > 2 tr -— 
SFYg © X_TH/XC_2_TF 
SF2y @ SFY, 

    

] 
      an SFY) © _TF/AC_3_TF 

SFZ, © SFY4 
    

  

  

2C_2_TF = | O€L_OVCZ | + | OEL_OzC2 | +] DEL_ozZC3{ 
1C_1TR © 1.26 | OEL_ovc! | +| O€L_ove3| +| DEL_ozC1| 
  

  

XC_2.1F > X_TF 
  

SF¥g © X_TF/XC_2_1F 
SFZy * SFY9 

SFZ2 © SFY> 
  

  

    

  _1TR> LIF — 

SFY) © X_TR/AC_3_TF 
SFY3 © SFY, 
SFZ, = SFY, 
  

  

  

RC_1_TF © | DEL_OWC2 | + | 1.26| DEL_OYC1| +} OEL_0z2| 
1C_3_TF =| DeL_ozci | + | DEL_ovc3 | +| o€t_o2zc3| 
  

  

  

xC_1_TF > X_TF > 
  

SFY, © X_TR/KC_1_TF 
SFY, = SFY) 
SFZp © SFY) 
  

  

    
XC_3_TF > x_TF -—   

SFI © X_TF/XC_1_1F 
SFY, = SFZ3 

SFT, © SFZ3 
  

  

  

XC_I_TF © | O€L_ozc2 | + 1.24 | DEL_OYC1 | | DEL_02C1| 

  

XC_2_TF =| DEL_OZC3 | + | O€L_ovc2 {| +| DEL + orca] 

  

KC_LTR> X_TF : 

  

SFY) © 1_TF/xC_1_TF 
SFZq © SFY) 

SFZ, ° SFY, 
  

  

    
_2TF > x TF —   

SFY, © K_TF/XC_2_TF 

SFY9 © SFY3 

SFZ3° SFY 
  

  

      XC_3_TF © 1.26 OEL_OYC1 | +| OEL_OZC2 | + | OEL_OvCI 
| O&t_ozc3| 
  

  

    

  
CUT? > iF —— 

  

SFY, © a_TR/xC_1_1F     
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5 XC_2_TF =(DEL_OYC2|+|DEL_DzC2| 

+|DEL_DYC3|+|O&L_02C3| 
  

    

  

SFY, = X_TF/X¢_2_TF 
SFZ, * SFY, 

XC_2_1F > 7 > SFz. = SFY 
3 * SFY, 

SFY, = SFY 

    
    

      
      
  

  

  

3 2 

6 XC_1_TF =(DEL_DYC2|+1.24|DEL_DYC1|+|DEL_0ZC1|+ 
|DEL_ozc2| 

a, 

SFY, = X_TF/XC_1_TF 
1 

SFY, = SFY, 
XC_l_TF > X_TF | 

- SFZ, = SFY, 

SFZ, * SFY, 

  

  
2       ee 

Figure 4.2.6-7. PRL_MPS Function Module, Detailed Diagram (Sheet 3 of 3) 
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Table 4.2.6°3. 

Space Transportation 
Systems Division a 

CMD_PROC_ MPS Inter-Module Interface Requirements 

  

Rockwell 
International 

  

  

    

  

Rate 

Required/ 
Source or Produced 

Module Name Description Destination Type | Range Units At (Hz) 

inputs 

TRIM_ DPTVC Roll TVC loop error * ASC_TVC 8 dez/s 25 
MIX_MPS signal 

DQTVC Pitch TVC loop error ASC_TVC 8 dea/s 28 
signal 

DQTVC_INT Pitch TVC integrator ASC_TVC Ss deg 12.5 
output 

DRTVC Yaw TVC loop error ASC_TVC s deg/s 25 
signal 

DRTVC_INT Yaw TVC integrator ASC_TVC s deg 12.5 
output ~ | 

DQMPST Pitch thrust vector INTERPS Ss deg I 6.25 
deflection trim, MPS | 

KL_MPS Fixed gain (roll INTERPS s | deg i 6.25 
rate, MPS) | deg/s 

i 

KM_MPS Variable gain (pitch INTERPS s deg } 6.25 
rate, MPS) ' ‘dep/s 

i 
t 

KN_MPS Variable gain (yaw INTERPS s ; dee 6,25 
rate, MPS) | deg/s 

| 
AUTOTRIM_RESET Indicator ASC_RECON B 2 12.5 

MM101_INIT Indicator ASC_RECON B ‘ - 12.5 

FAIL_MIX_ENABLE Indicator ASC_RECON B - 12.5 

SSME_FAILS Indicator ASC_RECON B - 12.5 

SEC_ME_FL_CNFM Indicator, 2nd SSME ASC_RECON B - 12.5 
fail confirmed | 

HYD_FAILS Indicator hydraulic ASC_RECON I }- 1 1905 
system failure ; 

Outputs 

DY] Pitch command, SSME 1 BIAS_LIM_MPS s deg 25 

D21 Yaw command, SSME | BIAS_LIM_MPS S: deg 25 

DY2 Pitch command, SSME 2 BIAS_LIM_MPS s deg 25 

DZ2 Yaw command, SSME 2 BIAS _LIM_MPS s ' deg 25 

DY3 Pitch command, SSME 3 BIAS_LIM_MPS s | deg 25 

D023 Yaw command, SSME 3 BIAS_LIM_MPS s deg 25 

DP_ORB Orbiter roll loop error CiD_PROC_RCS s ; deg/s 25 
signal           
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Table 4.2.6-3. 

Space Transportation 
Systems Division 

¢g ® Rockwell 
International 

CMD_PROC_MPS Inter-Module Interface Requirements (Cont). 

  

  

          

  
  

  

    

  

  

  

    

Rate 

Requrred/ 
Source or Produced 

Module Name Description Destination Type Range Units At (H2) 

Inputs ‘ . 

BIAS __ pyl Pitch command, SSME 1 TRIM_MIX MPS s deg 25 
LIM_MPS 

D2Z1 Yaw command, SSME 1 TRIM_MLX_MPS $ deg 25 

DY2 Pitch command, SSME 2 TRIM_M1X_MPS & 1 deg 238 

D22 Yaw command, SSME 2 TRIM_MLX_ MPS 8 | deg 25 

t 

DY3 Pitch command, SSME 3 TRLM_MLX_MPS s deg {| 25 

DzZ3 Yaw command, SSME 3 TRIM_M1X_MPS s dey \ 25 

MM101_ INIT Indicator ASC_RECON ! B 1 | 12.35 

GRAV_POS Indicator ASC_RECON / 28 - | 12.5 

ME RESTART Indicator ASC_RECON B - 12.5 

SSME_START_ POS Indicator ASC_RECON \ B - ‘ $2.5 

SSME_LCH_ POS Indicator ASC_RECON B - 12.5 

SSME_FAILS Indicator, main engine ASC_RECON 1 - 12.5 

failure status 
! 

ME SLEW Indicator ASC_RECON B - ; 12.5 

PRL LCH Indicator ASC RECON B - 12.5 — — ' 

PARALLEL PITCH Indicator ASC_RECON B - 12.5 

PRL MECO Indicator ASC_RECON B - 12.5 

UNPARALLEL_YAW Indicator ASC_RECON B - 12.5 
t 

PRL S] Indicator ASC_RECON }  =B - | 42.5 

HYD FAILS Indicator ASC_RECON | I - | 12.5 

MPS SLEW CMD MPS actuator slew ORB ACT SLEW s - 25 
~ position command | ’ 

PRL S2 Indicator ASC_RECON | B - 12.5 

SFY] ME] pitch rate scale PRL_MPS s | deg 12.5 
factor 

SF21 MEL yaw rate scale PRL_MPS s deg 12.5 
| factor 

SFY2 ME2 pitch rate scale PRL_MPS S | deg 12.5 
factor | 

\ 

SFZ2 ME2 yaw rate scale PRL_MPS s } deg 12.5 
tactor 

SFY3 ;  ME3 patch rate scale PRL_MPS S deg 12.5 
‘ factor 

SF2Z3 ME3 yaw rate scale PRL_MPS § deg 12.5 
| factor 

MECO CMD | Indicator ASC_RECON B - 12.5 
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Table 4.2.6-3. 

Rockwell Transportati 
Spesyateme Division 6 International 

CMD_PROC_MPS Inter-Module Interface Requirements (Cont) 

  

  

  
  

  

  

q Rate 
Required/ 

Source or Produced 
Module Name Description Destination Type Range Units at (wz) 

Outputs t 

DYC) ‘4 { 
0201 Main engine bell MPS_TVC_CHD_SOP 8 - 25 

DYCc2 deflection comands ' 

DzCc2 with priority rate 
pvyc3 limiting 

D2c3 \ 
' 

DEL_DYC} s | | des 25 
DEL_DzZC1 Main engine bell PRL_MPS s deg 25 
DEL_DYCc2 deflection command s deg 25 
DEL_D2c2 increment without s | deg 25 
DEL_DYC3 priority rate limiting s | deg 25 
DEL_D2C3 s deg 25 

Inputs 1 

PRL_MPS DEL_DYC] ME] pitch bell deflec- BIAS _LIM_MPS s deg 25 

tion command increment \ 
without priority rate i 
Limiting ; 

DEL_D2C) ME] yaw bell deflec- BIAS _LIM_MPS s deg ‘ 95 
tion command increment I 
without priority rate 
limiting ' 

DEL_DYC2 ME2 pitch bell deflec- BIAS_LIM_MPS s deg 26 
tion command increment ' ! 
without priority rate 
limiting 

DEL_D2C2 ME2 yaw bell deflec- BIAS LIM_MPS s deg 75 
tion command increment 

without priority rate 
limiting ! 

DEL_DYC3 ME3 pitch bell deflec- BIAS_LIM_MPS s deg 98 
tion command increment 

without priority rate { 
limiting ; | 

i 

DEL_pzc3 ME3 yaw deflection com- | BIAS_LIM MPS 5 | | deg 95 
mand increment without i i | 
priority rate limiting | 

HYD_FAILS Indicator ASC_RECON 1, - | 12.5 

MM101_INIT Indicator ASC_RECON B - i 19,5 
| 

PRL_MECO Indicator ASC_RECON 8 - 12.5 

PRL_S2 Indicator ASC_RECON B - 12.5 
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Table 4.2.6-3, 

Space Transportation 
Systems Division Os 

  

Rockwell 
international 

CMD_PROC_MPS Inter-Module Interface Requirements (Cont) 

  

  

  

C { Race 
, Required/ 

Modul , Source or \ Produced ule Name Description Destination Type | Range, Units | At (Hz) 

Outputs 

PRL_MPS | SFY) Rate scale factor, BIAS_LIM_MPS 8 | deg 28 (Cont) SSME } pitch ~ ‘ | 

SFZ1 Rate scale factor, BIAS_LIM_MPS $ ~4ea b 95 
SSME 1 yaw j 

SFY2 Rate scale factor, BIAS _LIM_MPS s deg 28 
SSME 2 pitch ~ 

SFZ2 Rate scale factor, BIAS_LIM MPS s deg 25 
SSME 2 yaw | 

SFY3 Rate scale factor, BIAS_LIM_ MPS s deg 25 
SSME 3 pitch ' 

SF23 Rate scale factor, BIAS_LIM_MPS s ' deg 25 
SSME 3 yaw 

‘ 
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Table 4.2.6-4. 

Space Transportation 
Systems Division a 

CMD _PROC_MPS Initialization Requirements 

Rockwell 
International 

  

  

  

  

Initialize on Transition 

Module Component From To Variable Initial Value 

TRIM_ Roll mixing gains MMLOI_INIT KPY], KPZ23 0.0 
MLX_MPS 

KPZ1 KPZ1_NOM 

KPY23 1.0 

A * (SSME_ A * L(SSME_ KP21 KP21_FAIL23 
FAILS © 0) ° FAILS > 1) + KP2Z23 KP223_FALL25 
(HYD_FAILS < 4) (HYD_FAILS = 4)+ 

(HYD_FAILS = 6)] 

A* B° (SSME_ A+ B* (CSSME_ KPY23 KPY23_$2C 
FAILS = 0) ° FALLS > 0) + 
(BYD_FAILS < 4) (HYD_FAILS > 3)] 

A * (SSME A * [(SSME_ KPY1 “KPY1_FALL23 
FAILS = 0) ° FAILS = 2) + 
(HY¥D_FAILS < 4) (HYD_FAILS = 4)] 

A * (SSME_ A * ((SSME_ KPY} KPY]_FAIL23 
FAILS = 0) ° FAILS = 3) + 
(HYD_FAILS <4) (HYD_FAILS = 6)] 

B* (SSME_ B* (SSME_ KPY23 KPY23_S2C 
FAILS = 0) * FAILS = 0) - 
(HYD_FAILS < 4) (HYD_FAILS < 4) 

A * LCSSME_ A * {(SSME_ KPY23 KPY23_S2C 
FAILS > 0) + FALLS > 0) + 
(HYD_FAILS > 3)] (HYD_FAILS > 3) 

®K* UCSSME_ A+ {(SSME_ KPY1 “KPY1_FAIL23 
FAILS = 2) + FAILS = 2) + 
(HYD_FALLS = 4)] (HYD_FAILS = 4)] 

A * LCSSME_ A* [(SSME_ KPY1 KPY1 FALL23 
FAILS * 3) + FAILS = 3) + 
(HYD_FAILS = 6)] (HYD_FAILS = 6)] 

A * ((SSME_ A’ (SSME_ KP21 KPZ1_FAIL23 
FAILS >1) + FAILS > 1) ¢ KPZ23 KPZ23_ FAIL23 
(HYD_FAILS = 4) + (HYD FAILS = 4) + 
(HYD_FALLS = 6)] (HYD_FAILS = 6)]) 

Where A = FAIL_ SEC_ME FL_CNFM SEC_ME FL_CNFM KPY1, 0.0 
MIX_ENABLE and KPY23, 35 
B = AUTOTRIM_RESET KPZ1, 35 

KP223 -.35 

BIAS __ Pitch bias offset MM101_ INIT DY1_ BLAS * 
LIM_MPS DY2_B1AS 

DY3_ BIAS 

PARALLEL PITCH PARALLEL PITCH ° DY1_BIAS PITCH_BIAS__ 
(SSME_FAILS = 2 DY2_BIAS PARALLEL 
or 3) DY3_BIAS -PITCH_BIAS_ 

PARALLEL 
-PITCHBIAS__ 
PARALLEL 

PARALLEL PITCH PARALLEL PITCH * DY)_ BLAS +4 DEG 
(SSME_FAILS = 0) DY2_B1As -2 DEG 

DY3_BIAS -2 DEG               *Carry over values from GNC OPS 9 (V4.18)     
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Table 4.2.674. 

  

  

Spece Transportation 
Systems Division 

¢ ® Rockwell 
il International 

CMD_PROC_MPS Initialization Requirements (Cont) 

  

  

  

  
  

Initialize on Transition 

Module Component Froe To Variable TInatial Value 

BIAS_ PARALLEL_PITCH ° PARALLEL PITCH DY1_BTAS 0.0 
LIM_MPS SSME_FAILS < 4 SSME_FAILS @ 4 DY2_BIAS 9.0 
(Cont) DYJ_BIas 0.0 

MPS slew command - welOl_INTT « S¥_MPS SLEW 0.0 
scale factor SSME_START_POS 

ME_SLEW ME_SLEW SP_MPS_SLEW 0.9 

ME_SLEW ME_SLEW S¥_MPS SLEW SY_MPS_SLEW_WOM 

Yaw bias offset = , WM101_ INIT DZ2_SIAS *” 
~ DZ3_BIAS 

UNPARALLE LLYAw UNPARALLEL YAW DZ2_BIAS 0.0 

DZ3_BIAS 0.0 

MECO_ CMD MECO_CMD DZ2_BIAS 0.0 

023_ BIAS 0.0 

SSME_FAILS < & SSME_FAILS = 4 D22_BIAS 9.0 
DZz3_ BIAS 0.0 

Input commands - wM101L_INIT bY! 0.0 
D2! 0.0 

DY2 0.0 

Dz2 .9 

oy3 9.0 

DZz3 9.0 

Bias offset ME_SLEW ME_SLEW DYL_BIAS 0.0 
DY2 BIAS 9.0 

* (SSME_LCH_POS) - CSSHE_LCH_FOS) bYJ_BIAS 9.9 
Dz2_BIAS 0.0 
Dz3_ BIAS 0.0 

SSME_START_POS SSNE_START_POS DY1_BIAS DYL_START 
br2 8 TaS DY2_ START 

DY3_BIAS DY3_START 
Dz2_BIAS DZ2_ START 
DzZ3_BIAS DZT_START 

SSME_LCH_POS SSME_LCH_POS bYL_BIAS a.0 
DY2_BIAS 0.0 
DY3 BIAS 0.0 

Dz2_BIAS ~¥AW_BTAS_NOM 
Dz1_BIAS +YAW_BTAS_NOM 

SSME rate limit MMIO1_ INIT NEL_RLIN_ TF Q) 
increments ME2_RLIM_TF 

MES_RLIN_Tt 

Rate limit incre- | (SSME_FAILS = 0) | (SSME_FAILS = i), | MEi_RUIN TF @) 
ment SSME No. 1, i= 1,2,3 iet, 2,3 
2 or 3 

PRL SI + (SSME_ ME,_RLIM_TF (4) 
FAILS = 0) - 

HYD_FAILS = 0 PRL_S1 * 
(HYD_FATLS = 0)               * arty over values from GNC OPS 9 (v4.18)     
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Table 4.2.6-4. CMD_PROC_MPS Initialization 

Spece Transportation 
Systems Division On 
Requirements (Cont) 

Rockwell 
international 

  

Initialize on Transition 
  

  

  

                  

Module Component frou To Variable Initial Value 

BIAS_ PRL_S1 + (s8ME_ MEi_RLIM_1F @ 
LIM_MPS FAILS = 0) * 
(Cont) WYD_FAILS # 1,2,3 PaL_si ° 

(HYD_FAILS © 1 
or 2, or 3) 

Pal_si + (S8mE_ ME i_RLIM_TF 
FaILS © 0) * 

RYD_FAILS # 4 PRLS ° 
(HYD_FAILS 2 4) 

. (38M _ (SSME_ MEi_RLIM_TF - @ 
FAILS © 0) ° FAILS = 0) ° 
PRLS) * PRL_Si 

(SSME_ (SSME_ MEi_RLIM_TF @) 
FAILS = 0) ° PAILS = 0) * 
PRL Sl ° PRL Sl ° 
(#YD_FAILS = 0) (HYD_FAILS = 1 

or 2, or 3) 

ME_RESTART_POS ME_RESTART_POS ME1_BLIM TF 
ME2_RLIM_TF @® 
ME3_RLIM TF 

SSME_FAILS = 0 SSME_FAILS = 4 MEi_QLIM_TF @) 
i= %* 

Engine bell GRAV_POS GRAV_PoS DYcl DY1_GRAV 
deflection commends Dzcl 0.0 

DYCc2 DY2_GRAV 
Dzc2 DZ2_GRAV 
DYC3 DY3_GRAV 
Dzc3 DZ3_GRAV 

PRL_MPS PRL Sl ¢ PRL_S2 X_TF @ 
(HYD_FAILS < 4) 

PRL_$2 ° PRL_MECO X_TF © 
(HYD_PAILS < 4) 

PRL_S1 + PRL_S2 ° 2 X_TF @® 
AYD_FAILS < 4 HYD FAILS 4 

PRL _S2 + PRL MECO * = X_TF @) 
(HYD_FAILS < 4) (HYD_FAILS 4) 

Rate scale factors - MM101_ INIT SFYl 1.0 
SFZ1 1.0 
SFY2 1.0 
SF22 1.0 
SFY3 1.0 
SF23 1.0 

@ SSME_RLIM_NOM @ 8ATE_CAPABILITY_MECO 2 FAILS 
(2 SSME_RLIM FAIL @ eaTe_CAPABILITY_LIFTOFF 

RATE_CAPABILITY_NOM_SYSO_1 @ RATE_CAPABILITY_NOFAIL 
RATE_CAPABLLITY_NOM_2 @ RATE_CAPABILITY_ONEFAIL 

G RATE_CAPABLLITY_MECO @Q RATE_CAPABILITY_TWOFAIL 

**0n lowest aumbered failed engine only 
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Systems Division international 

Table 4.2.6-5. CMD_PROC_MPS I-Loads/Constants 

MSID/ 
Module Name Description Type Value Unite 

TRIM_MIX_MPS DQMPSP_LIM Pitch axis authority limit $ V97U1689C | deg 

DRMPSP_LIM Yaw axis authority limit 8 V97UL775C | deg 

4 
DPY)_LIM Roll axie authority limit, SSME 1 pitch 8 V97U1685SC | deg 

DPZ1_LIM Roll axis authority limit, SSME 1 yaw $ V9O7TULEBIC | deg 

DPY23_LIM Roll axis authority limit, SSME 2 and $ V97UL686C | deg 

3 pitch 

DPZ23_LIM Roll axis authority limit, SSME 2 and § V9O7U1688C | deg 
3 yaw deg 

KPZ1_NOM Roll axis mixing gain, nominal, for § V97U2039C | deg 

SSME 1 yaw actuator deg 

KPZ1_ FAIL23 Roll axis mixing gain, ME 2 or 3 fail, s V97U2038C | deg 

for yaw actuator deg 

KPY23_S2C Roll axis mixing gain, for SSME 2 and 3 Ss V97U2037C | deg 

pitch actuator deg 

KPZ23_ FAIL23 Roll axis mixing gain, SSME 2 or 3 fail, s V97U2040C | deg 

for SSME 2 and yaw actuator deg 

KPY1_FAIL23 Roll axis mixing gain, SSME 1! or 3 fail, S V97U2036C | deg 

for SSME | pitch actuator deg 

BIAS LIM MPS PITCH_BIAS_ PARALLEL Nozzle pitch bias for paralleling S V97U2208C deg 

YAW BIAS NOM Nominal nozzle yaw bias s V97U2325C | deg 

DY1_START Nozzle ignition position $ V97U1782C | deg 

DY2_START Nozzle ignition position Ss V97U1784C | deg 

DZ2_START Nozzle ignition position Ss V97U1788C | deg 

DY3_START Nozzle ignition position s V97U1786C , deg 

DZ3_ START Nozzle ignition position s v9701790C | deg 

SSME_RLIM_FAIL Rate limit SSME failure, LCH through MECO| Ss V97U2493C | deg/cycle 

SSME_RLIM_NOM Nominal SSME rate limit s V97U2494C | deg/cycle 

SF_MPS_SLEW_NOM Scale factor for SSME slew command Ss V97U2242C | deg 

RATE_CAPABILITY_ Nominal hydraulic system rate capability S V97U2495C | deg/cycle 

NOFAILS for Systems |] and 2 under condition of no 

failures 

Fast cycle update interval S 0.04 s 

DYLIM Pitch engine bell limit s V97U1360C | deg 

DZLIM Yaw engine bell limit Ss V97U136I1C | deg 

RDYZ1 SSME 1/OMS CLR S 13.7 deg 
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Table 4.2.6-5. CMD_PROC_MPS I-Loads/Constants 

MSID/ 

Module Name Description Type Value Units 

TRIM_MIX_MPS DQMPSP_LIM Pitch axis authority limit 8 V9701689C | deg 

DRMPSP_LIM Yaw exis authority limit 8 V97U1775C | deg 

DPY1_LIM Roll axis authority limit, tsue 1 pitch 8 V97U1685C | deg 

DPZ1_LIM Roll axie authority limit, SSME 1 yaw $ VO7TUI6B7C | deg 

DPY23_LIM Roll axis authority limit, SSME 2 and $ V97U1686C | deg 
3 pitch 

DPZ223_LIM Roll axis authority limit, SSME 2 and § VO7U1688C | deg 
3 yaw deg 

KPZ]_NOM Roll axis mixing gain, nominal, for 8 V97U2039C | deg 
SSME 1 yaw actuator deg 

KPZ1_FAIL23 Roll axis mixing gain, ME 2 or 3 fail, 8 V97U2038C | deg 

for yaw actuator deg 

KPY23_S2¢ Roll axis mixing gain, for SSME 2 and 3 s V97U2037C | deg 
pitch actuator deg 

KPZ23_ FAIL23 Roll axis mixing gain, SSME 2 or 3 fail, Ss V97U2040C | deg 

for SSME 2 and yaw actuator deg 

KPY1_ FAIL23 Roll axis mixing gain, SSME 1 or 3 fail, Ss V97U2036C | deg 

for SSME | pitch actuator deg 

BIAS LIM MPS PITCH_BIAS_ PARALLEL Nozzle pitch bias for paralleling Ss V97U2208C | deg 

YAW_BIAS_NOM Nominal nozzle yaw bias S V97U2325C | deg 

DY1_START Nozzle ignition position $s V97U1782C | deg 

DY2_START Nozzle ignition position § V97UL784C | deg 

DZ2_START Nozzle ignition position § V97U1788C | deg 

DY3_START Nozzle ignition position s V97U1786C | deg 

DZ3_ START Nozzle ignition position s V97U1790C | deg 

SSME_RLIM_FAIL Rate limit SSME failure, LCH through MECO|] 5S V97U2493C | deg/cycle 

SSME_RLIM_NOM Nominal SSME rate limit $s V97U2494C | deg/cycle 

SF_MPS_SLEW_NOM Scale factor for SSME slew command $s V97U2242C | deg 

RATE_CAPABILITY_ Nominal hydraulic system rate capability s V97U2495C | deg/cycle 

NOFAILS for Systems 1 and 2 under condition of no 

failures 

TF Fast cycle update interval s 0.04 $ 

DYLIM Pitch engine bell limit Ss V97U1360C | deg 

DZLIM Yaw engine bell limit s V97U1361C | deg 

KDYZ1 SSME 1/OMS CLR Ss 13.7 deg 
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Table 4.2.6-5. CMD_PROC_MPS I~Loads/Constants (Cont) 

MSID/ 
Module Name Description Type Value Units 

! 

BIAS_LIM_MPS | RATE_CAPABILITY_ Race limits prior to Event 19C S V97U2G96C | deg/cycle 
(Cont) LIFTOFF | 

RATE_CAPABILITY_ Race limit Stage 1, one failure s V97U2497C | deg/cycle 
ONEFAIL 

' 
4 

; RATE_CAPABILITY_ Rate limit Stage 1, two failures s , V97U2698C | deg/cycle 

TWOFAIL 
! 

DY1_FAIL Nozzle fail position Ss V9O7UI7B1C = deg 
! 

DY2_FAIL | Nozzle fail position s , V97U1783C deg 

DZ2_FAIL " Nozzle fail position s V97U1787C deg 

i 
DY3_FAIL i Nozzle fail position s V97U1785C deg 

D23_FAIL | Nozzle fail position s V97U1789C deg 

DY1_GRAV | Nozzle gravity position $s V96U7984C = deg 

DY2_GRAV | Nozzle gravity position s V96U79B5C 3=—s deg 

DZ2_GRAV _ Nozzle gravity position S V96U7987C deg 

DY3_GRAV , Nozzle gravity position Ss V96L7986C 89 deg 

DZ3_GRAV Nozzle gravity position s V96U7988C deg 

PRL_MPS RATE_CAPABILITY_ Nominal hydraulic system rate capability s V97U2228C deg cycle 

NOM_SYSO_1 under condition of no failures or one 
failure 

RATE_CAPABILITY_ Nominal hydraulic system Tate capability Ss VO7U2227C deg cycie 
NOM_2 under conditions of two failures 

TF Fast cycle update interval Ss 0.04 sec 

RATE_ Hydraulic system rate capabilaty under Ss V97U2225C deg evcle 
CAPABILITY_MECO conditions of MECO and no failure or 

one failure 

RATE_CAPABILITY_ , Hydraulic system rate capability under s V97U2226C deg evcle 

. MECO_2 FAILS ; conditions of MECO and two failures ' . 
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4.2.7 SRB Command Processor (CMD_PROC_SRB) 

A. Functional Description. The functional block diagram for CMD PROC SRB is 
shown in Figure 4.2.7-l. A correlation with the software mechanization 

described below is provided by means of the dotted lines which delineate soft~ 
ware modules. Functionally, CMD_PROC_SRB takes the body~axis roll, pitch, and 
yaw outputs from ASC TVC, and multiplies each by a gain function, adds body- 
axis trim signals, generates and applies a body-axis pitch command bias for 
clearance of the hold-down support, and then, by means of the SRB mixing 
logic, generates the SRB nozzle rock/tilt commands. Prelaunch nozzle slew 

commands are summed with the mixing logic outputs (which are set to zero until 
liftoff) during the SRB actuator slew test. The nozzle commands are then 
amplitude and rate limited. The pressure information required is obtained by 
filtering the measured chamber pressure through a first-order lag. The 
filtered pressure is used to generate the switching discretes COMLIM4 and 
COMLIMS, as well as other discretes. 

B. Software Description. An overview of CMD _PROC_SRB is presented in Fig- 
ure 4.2.7-2. Its input/output requirements are summarized in Table 4.2.7-l. 

CMD_PROC_SRB consists of three function modules, TRIM_MIX_SRB, BIAS LIM SRB 
and SRB } PC] FILTER, which are sequenced as shown in Figure . 4.2.7-3. The. 

detailed diagrams for TRIM_MIX_SRB, BIAS LIM SRB, and SRB PC FILTER are shown, 
respectively, in Figures 4.2.7- =4, 4. 2.7- 5, and 4.2.7-6. Intermodule interface 

requirements for CMD PROC_SRB are presented in Table 4.2.7-2. Initialization 
requirements are presented in Table 4.2.7-3. I-loads are presented in 
Table 4.2.7-4. 
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Table 4.2.7-1. CMD_PROC SRB Interface Requirements 

  

  

  

  

    

    

Rate 

Required/ 
Source or Produced 

Module Name Description Destination Type Range Units At (Rx) , 

Inputs 

DPTVC Roll TVC loop error signal ASC_TVC s deg/s 25 Pi 

DQTVC Pitch TVC loop error signal ASC_TVC 8 deg/s 28 

d 

DRTVC Yaw TVC loop error signal ASC_TVC s deg/s 28 pe’ 

DQSRBT Pitch thrust vector deflec- INTERPS $s deg 6.25 
tion trim, SRB pce 

KL_SRB Variable gain (roll rate, INTERPS s deg 4.25 
SRB) deg/s 

pes 
KM_SRB Variable gain (pitch rate, INTERPS s deg 6.25 

SRB) deg/s 

KN_SRB Variable gain (yaw rate, INTERPS s dex 6.25 
SRB) deg/s 

SRB_SLEW_CMD SRB actuator slew position SRB_ACT_SLEW “ § deg 28 
command 

PCS Chamber pressure, SRB4 SF Ss psi 12.5 _ 

PC5 Chamber pressure, SRB5 SF s psi 12.5 

S1c Indicator, Stage ] control ASC_RECON B - 12.5 \) 9 

COMLIM4 Indicator, begin vector ASC_RECON B - 12.5 \ 

limiting for SRB4& 

COMLIMS Indicator, begin vector ASC_RECON B - 12.5 

limiting for SRB5 

PC_FILTER Indicator, SRB chamber ASC_RECON B - 12.5 

pressure filtering 

PRELO Indicator, pre-liftoff ASC_RECON B - 127.5 

SRB_SLEW Indicator, initiate SRB ASC_RECON B - 12.5 

slew test 

SRBLIM_ACTV Indicator, initiate SRB ASC_RECON B - 12.5 

vate limiting 

DQTVC_INT Pitch TVC integrator output ASC_TVC s deg 12.5 

DRTVC_INT Yaw TVC integrator output ASC_TVC s deg 12.5 

MM10]_INIT First pass initialization ASC_RECON B - 12.5 

flag 

SRB_NULL_CMD Indicator, initiate SRB ASC_RECON B - 12.8 

null command 

SRB_SEP_CMD Indicator, SRB SEP CMD ASC_RECON B - 12.5 

(Event 28) 

LIFTOFF Indicator, liftoff ASC_RECON B - 12.5 

(Event 19A) 

eee 

lh               
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Table 4.2.7*1. CMD_PROC_SRB Interface Requirements (Cont) 
  

  

  

  

    

          

\ Rate 

Required/ 
Source or Produced 

Module Neme Deecription Destination Type Raage Uaits| at (Hz) 

Outputs 

DT4CL Actuator deflection command, | SRB _TVG_CMD SOP s deg 25 
SRB 4 eile 

DR4CL Actuator deflection command, | SRB _TVC_CMD SOP s deg 25 
SRB 4 rock 

DTSCL Actuator deflection command, | S8B_TVC_CMD SOP s deg 25 
' SRB S tilt 

i 1 
DRSCL Actuator deflection command, ' SRB TVC_CMD SOP s deg 25 

SRB 5 rock 

PC4F Filtered chamber pressure ' ASC_RECON s psi 12.5 

SRB 4 | 

PCSF Filtered chamber pressure, ASC_RECON Ss psi | 12.5 

SRB § 

! 

i 
! 
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AT 12.5 Hz AT 25 H2 

CMD_PROC_SRB_30 EMD_PROC_SRB_40 

crm) so TRIM _MIX_SRB |    
   

  

   

  

    

  

PC_FILTER SRB_PC_FILTER 
              
  

  

; 
| 
L 12.5 Hey 

          
———_\_ [atascm 5B | ETM R8 | 

L 
25 nz | 

THIS MOOULE PERFORMS THE SRu 
SLEW TEST 

  

  

Figure 4.2.7-3. CMD_PROC_SRB Function Module Sequencing Requirements 
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ec4 r FIRST-ORDER FILTER 

(SEE SUBSECTION 4.7.1) 
CSRB_PC, 

  

  

  

  

ET 

| 

| ce f | PC4F 
> 

FIRST-ORDER FILTER PCS PCSF 
(SEE SUBSECTION 4.7.1) > 

CSRB_ PC, /   
PC_FILTER | 

  
12.5 Hz_| 

4 4 Figure 4.2.7-6. SRB PC FILTER Function Module, Detailed Diagram 
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Table 4.2.7=-2. CMD _PROC_SRB Inter-Module Interface Requirements 

  

  

  

  
  

  

  

                  
  

Rate 

Required/ 
Source or Produced 

Module Naee Description Destination Type Range Units jAc (Hs) 

Zaputs 

TRIM_MIX SRB | DPTVC Roll TVC loop error signal ASC_TVC 8 deg/s 25 

DQTVC Pitch TVC loop error signal | ASC_TVC 8 deg/s 25 

DRTVC Yaw TVC loop error signal ASC_TVC s deg/s 25 

DOSRET Pitch thrust vector deflec- | INTERPS s deg 6.25 
tion trian, SRB 

¥L_SRB Variable gain (roll rate, INTERPS s qe 6.25 
SRB) deg/s 

SRB Variable gain (pitch rate, | INTERPS s deg 6.25 
SRB) deg/s 

KN_SRB Variable gain (yew rate, INTERPS s de 6.25 
SRB) deg/s 

m1101_ INIT Firet pass initialization ASC_RECON B - 12.5 
flag 

sic Indicator, Stage 1 control ASC_RECON B - 12.5 

PRELO Indicator, pre-liftoff ASC_RECON B - 12.5 

DQTVC_INT Pitch TVC integrator output | ASC_TVC Ss deg 12.5 

DRTVC_INT Yaw TVC integrator output ASC_TVC s deg 12.5 

— t 
Outputs 

DTS Tilt command (actuator BIAS_LIM_SRB s deg 25 
degree-equivalent), SRB 4 

DRS Rock command (actuator BIAS_LIM_SRB s deg 25 
degree-equivalent), SRB 4 

DT5 Tilt command (actuator BIAS_LIM_SRB s deg 25 
degree-equivalent), SRB 5 

DRS Rock command (actuator BIAS_LIM_SRB s deg 25 
degree-equivalent), SRB 5 

Inputs 

BIAS _LIM SRB | DTS Tilt command (actuator TRIM_MIX_SRB s deg 25 
degree-equivalent), SRB 4 

DRS Rock command (actuator TRIM_MIX_SRB § deg 25 
degree-equivalent), SRB 4 

ors Tile command (actuator TRIM MIX_SRB 8 deg 25 
degree-equivalent), SRB 5 

DR5 Rock command (actuator TRIM_MIX ARB 8 deg 23 
degree-equivalent), SRB 5 

sic Indicator, Stage 1 control ABC RECON B - 12.5 

SRB_WULL_CHD Indicator, initiate SRA ARC RECON a - 12.5 

null command 

42-124 
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Table 4.2.7-2. 

Space Transportation 
Systems Division O 

  

Rockwell 
International 

CMD_PROC_SRB Inter-Module Interface Requirements (Cont) 
  

  

    

    
  

  
  
  

                

Rate 
Required/ 

Source or Produced 

Module Name Description Destination Type Range Units | At (Hz) 

Inputs (Cont) 

BIAS_LIM_ SRB_SLEW Indicator, SRB actuator ASC_RECON 5 - 12.5 
SRB slew test 

(Cont ) 
SRBLIM_ACTV Indicator, SRB rate ASC_RECON 8 - 12.5 

limiting is active 
j 

SRB_SLEW_CMD SRB actuator slew position SRB_ACT_SLEW 8 - 25 
command 

COMLIM4 Indicator, begin vector ASC_RECON 8 | 12.5 
limiting for SRB 4 . 

? 

COMLIMS Indicator, begin vector ASC_RECON B | 12.5 
limiting for SRB 5 \ 

Outputs ! | 

DT4CL Actuator deflection command, | SRB_CMD_SOP s [deg | 25 
SRB 4 tilt ' 

1 

DR4CL Actuator deflection command, | SRB_CMD_SOP s \ deg '‘ 25 
SRB 4& rock | 

I 
DTSCL ‘Actuator deflection command, | SRB_CMD_ SOP s deg 25 

SRB 5S tilt \ 
f 

4 DR5CL Actuator deflection command, | SRB_CMD_SOP S deg | 25 

SRB 5 rock { 
‘ i 

Inputs ' | 

SRB_PC_FILTER | MM101_ INIT First pass initialization ASC_RECON B { 2 +f 42,5 
flag | 

PC4 Chamber pressure, SRB 4 SF § psi | 12.5 
' 

i 
PCc5 Chamber pressure, SRB 5 SF S psi 12.5 

PC_FILTER Indicator, SRB chamber ASC_RECON B - 12.5 

pressure filtering 

Outputs 

PC4F Filtered chamber pressure, BIAS_LIM_SRB, s { psi 12.5 

SRBS& ASC_RECON 

PCSF Filtered chamber pressure, BIAS _LIM_SRB, s psi 12.5 

SRB5 ASC_RECON 

4.2-125 
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Table 4.2.7-3. 

Space Transportation 

Systems Division ol Rockwell 

CMD_PROC_SRB Initialization Requirements 

Internationa 

  

  

  

    
  

    

  

                

Initialize on Transition | 

Module Component From To Variable Initial Value 

| TRIM_MIX_SRB Fader - MM1O1_ INIT NFADE_HDSCLR 0 

PRELO sic NFADE_HDSCLR NFADE _HDSCLR_ 

START 

BLAS_LIM SRB SRB slew command scale | - MMIO1_INIT | SF_SRB SLEW | 0.0 
factor } 

| SRB_SLEW SRB_SLEW ) SF_SRB_SLEW + SF_SRB_SLEW_NOM 

\ 
_ SRB_SLEW SRB_SLEW SF_SRB_SLEW 0.0 

Rate limie INIT flag - MM101 INIT Rate limit INIT On 

| ‘ | ' flag, DT4 
\ 

Rate limit INIT On 
flag, DR4 

1 

; Rate limit INIT , On 
' ; | flag, DTS 

\ 
‘ | Race limze INIT On 

; Flag, DR5 
J 

Outputs for rate - MMIO1 INIT ; DT4CL 0.0 

limiting 
t DR&CL 0.0 

i ' | 

: ’ DTSCL u.0 

' DRSCL 0.0 

SRB nozzle limit - MM101_ INIT ' SLIMP SLIM LO 

SLIMN SLIM_LO 

SRBLIM ACTV SRBLIM_ACTV SLIMP SLIM NOmp 

i SLIMN SL LM_NOMN 
t 

| SRBLIM_ACTY ) ; { SeEEHCACTY SLIMP SLIM TALL 

'\ (COMLIMG + * (COMLIMG + SLIMN SLIM TAIL 
i COML TMS) COMLIMS) 
t — Tote ee --- 

SRB _PC_FILTER SRB chamber pressure - MM101 INIT Filter SRB PC4 Ort 

filters initialization | INIT flag 
flags | | 

i 
| - Falter SRB PCS | Orf 

INIT flag \ 

———— | 
PC_FILTER ’ PC_FILTER Filter SRB PC4 On 

INIE flag 

| Filter SRB PC5 On 
| INIT flag 

j 
t 

} 
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Space Transportation ¢g Rockwell 
Systems Division international 

Table 4.2.7-4. CMD _PROC_SRB I-Loads 

Module Name Description Type MSID Units 

TRIM_MIX_SRB NFADE_HDSCLR_START Fader characteristic time s ¥9702063C - 

HOLD CLEAR_BIAS Initial value of thrust vector deflection $s V98U9793C | deg 
in nozzle deflection frame for clearance of 
the hold«down support 

BIAS_LIM_SRB SLIM_LO Actuator stroke limit during SRBLM_ACTV $ V97UZ247C | deg 

SLIM_NOMP Nominal positive SRB nozzle limit s V97U2248C | deg 

SLIM_NOMN Nominal negative SRB nozzle limit s V97U2424C | deg 

SLIM_TAIL SRB nozzle limits during tail off s V97U2427C | deg 

SRB_RLIMTF SRB nozzle rate limit s V97U2426C | deg/ 
cycle 

SF_SRB_SLEW_NOM SRB slew command scale factor s V97U2245C | deg 

SRB_PC_ FILTER CSRB _PC1 Filter coefficients, SRB chamber pressure s V97U1660C - 

filter 

CSRB_PC2 s V97U1661¢ - 

CSRB_PC3 s ¥V97U1662C - 
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Body Flap Control, Functional Overview Figure 4.2.8-1A.



AERO_SLEW CHD 

rc--— — 

PRELO > 
AERO_SLEW_ | 
COMPLETE 

| DSB_CLOSED —* — . | 

  

  

DSB_BIAS SLEW 
      

  

  
   

  

      
     

    
| sere Lcd ram (SUBSECTION 4.7.5) 

FACTOR on NFADE_DSBCLOSE 
        

  

      
      
  

      

  

e | 
- RUDDER | orec 
3 —p{ SLEW SCALE — > 

FACTOR | . 

| Py: 
$a 

| a 
° 

FSG Po ome ome ae cme comme ome — td 2 7 

<e % = tiny cn & ss Eo C) A = STOWSB a 33 
“ a Y 

— e 

2 KO 
" @ 

NOTE: The rudder slew scale factor must be sma} enough so that DRPC 5D 
(rudder position command) never exceeds 20. This prevents inter- ro 
ference between rudder/speedbrake hinges and rudder conical seal. 32 

ge 
Figure 4.2.8-1B. Rudder and Speedbrake Control, Funtional Overview 2 
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DELTAP LIB - 
= ACCUMULATOR RATE 5 DLIBPC 2 

¢ CONTROL LOGIC IMIT 2 BIAS 16 AND LIMITER re 3 
0 nn 

DELTAP_RIB . (Figure 4.2.8-8) (Figure 4.2.8-8) B tp pRiBPc | > 
Meee LL LL Le -—~_—] 

ELEVON AERO SLEW CMD SLEW , 
SCALE 
FACTOR ouTBOARD cHANNER = (Cl ~ ud, 

DELTAP ROB | , 

| BIAS_OB + ACCUMULATOR RATE B ->ptosect , 
\— CONTROL LOGIC LIMIT Lo ' 3 

> (Figure 4.2.8-8) (Figure 4.2.8-8) | 

1 | SCHEDULED 
1 | 0B ELEVON 
» | commAnos | 08S | 
a OM 

  

Figure 4.2.8-1C. 

B = AERO SLEW 

Elevon Control, Functional Overview 
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—— AEROSURFACE_CONTROL_40 

SRB_IGN_CMD > T 

    

  
a oe 

    

    
RUD_SB_CMD (2) 
  

    

ELEVON SLAVING (2)       25 Hz 

E fey ELEV LR = 

[~ 7 TT Taerosurrace_conrrou_3zo | AEROSURFACE_CONTROL_3 

ELEVON LOAD RELIEF 320 |C) 

      
    

    
3.125 Hz 

ED Gee een GSES GED eee SD   
a CS RR EEE EEE 

AEROSURFACE_CONTROL_160 

| ELEVON_LOAD_RELIEF_160 © 

BODY_FLAP_CONTROL |(2) ELEVON_SLAVING ® 

6.25 Hz 

INTERPS—320 MUST BE SEQUENCED BEFORE ELEVON_LOAD_RELIEF 

‘SLEW TESTS ARE PERFORMED IN THESE MODULES 

(3) ELEVON SLAVING EXECUTES AT 25 Hz DURING INADVERTANT 
LATE AEROSURFACE SLEW 

  
        

          
    

Figure 4.2.8-3. AEROSURFACE CONTROL, Sequencing Requirements 
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a. 7 
rl | 

| > | 

AERO_SLEW_CMD | HYSTERESIS/ | 
! > SF_BF_SLEW DEADBAND | DeFRC 

@) | . 
| DBFE | 

| \ | 
OBFOFB : 

t 

L ee |   

of
 

  

HYSTERESTS/DEADBAND 

  

(|DBFE} > OBFE_INNER)   

C(JOBFE|| > OBFE_OUTER) OR 
(DBFRC = SIGN (OBFE))] AND 

  

| OBFRC = SIGN (D8FE) 
    

  

  

| OBFRC = Q       

Figure 4.2.8-4. BODY FLAP CONTROL Function Module, Detailed Diagram 
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NOTE: 

— 

The rudder slew scale factor must be small enough so that DRPC (rudder 
position command) never exceeds 20°. This prevents interference bet 
speed brake hinges and rudder conical seal. ween rudder/ 

  

  

DSB_BIAS SLEW 

  
  

    

  

          

  

  

  

      

    

      

    
  

   

  

    
    

   

  

  
  

    
  

+ 
+ A - 

ei SF SB SLEW -—O FADER DSBPC 
a (SUBSECTION 4.7.5)}—-—» 

A NFADE_DSBCLOSE 

AERO_SLEW_CMO| 

DSB_ CLOSED 

’ DRPC 

pi SF RUD SLEW 

| 

Q) A = STOW SB. This is not a latched transition. The speed brake is to be faded back 
—~ to DSB BIAS SLEW whenever a recycle count is done following Event 6 

A = STOWSB to insure correct positioning of the speed brake should OPS 1 be 
cancelled and to permit repetition of the aero slew check after the 

recycle count. 

Figure 4.2.8-5, RUD SB CMD Function Module, Detailed Diagram 
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OT 
  NPIB 

  
27! 

    
NPIB 

@ 

| 

| 

| 

| (DPL) (NPP) (NP) 
J   

  

    

  

  

  

    
  

  

  

  

    
    
  

  

    

  
  

  

| 

| 

l 

| 
DELTAP_LIB 

| p18c 
OBC (OCP) ELEVON_LOAD_RELIEF_SUBRO (0c) , + 

DELTAP_RIB (DPR) SEE FIGURE 4.2.8-8 / - 
t | 

ara | @) feos) | 
| | 
| ILD_IB_PARAMS | 

ores | | 

boas | | 
I | 

| | 
ILD_OB_PARAMS 

| ) | 
(ILD_PARAMS) | @ (0s) ! 

DELTAP_LOB | (OPL) y i 

DOBC lcocp) ELEVON_Lono_AELIEF susra \ (DC) | 70BC 
DELTAP_ROB | (opr) SEE FIGURE 4.2.8-8 / | 

| (NPP) | (NP) | 

| | 
| NPOB | 

NPOB | rl | 
      

NOTES 

@) DUMMY VARIABLE NAMES ARE SHOWN IN PARENTHESES 

ILD_PARAMS 9 BIAS / RETLIM / DRVLIM 
ILD_IB PARAMS # BIAS IB / RETLIM_IB / ORVLIM_IB 
ILD_OB_PARAMS 2 BIAS_0B / RETLIM_OB / ORVLIM_08 

Figure 4.2.8-6. ELEVON LOAD RELIEF Function Module, Detailed Diagram 
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| —>{ =] DLIBPC _ 

DIBC | A | —[ R 
2 —O 4 

LOA ° 
4H —— f=] |_orieec 

SF_ELVN SLEW J———@ 

—f =]  OLOBPC 

ee eee = 1 > 
DOBC A OB | 

co =O ® 

fu | OROBPC 

: —+[=}+-- > 

Le anu GED GEE GE GEE CSSD 2S eee __|   
A = ELEV_LR 
B = AERO SLEW 

Figure 4.2.8-7. ELEVON_SLAVING Function Module, Detailed Diagram 
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IT 1 ACCUMULATOR LOGIC ! ATE LIMIT 

74 zi ‘ oce 7 
THDPOOT i iz 

i 
® ® ® NP | TEMP | @ 

OUTPUT -ORVLIM| p— +1] * 5 + : ‘ ~ 

i THE DRVLIM| - . Ht PS TLY, ATP > 

OF ThE . +DCLIM ' + THOCDOT_LIM 

Two RESET \ 
——7¥F inputs NEN 

ZERO 
\ 

-— +1 HNPLIM| -——=! i 
RETLIM "NPL IM \ 

DS (SCHEDULED CMD) 

3.125 Hz { 6.25 Hz, 
L_--_- ee ee ee ee ee ee en ee He ee ee 

Figure 4.2.8-8. ELEVON_LOAD_RELIEF_SUBRO, Detailed Diagram (Sheet 1 of 2) 

  

u
o
n
e
y
o
d
s
u
e
s
 
s
o
8
d
g
 

u
o
j
s
a
i
g
 
s
w
e
)
s
i
g
 

vs
 

JB
uo
Qe
us
aq
Uy
 

[]
aM
xy
DO
Y



\
 

  

Space Transportation 
Systems Division 

1. 

[asscort) > ABS(DPR) — T TEMP = -DOPL + BIAS 
a 

EJ TEMP = -DPR + BIAS | 

  

  

  

        
    
  

international 
¢g ll Rockwell 

[ ws (TEMP) < RETLIM a |NP| > NPLIM SY DNP = -SIGN(NP) 

  E 

      er 

  

  

ONP = 0 
NP = 0Q 

  
  

ONP = 
  ABS(TEMP) > ORVLIM YN 

_f   

  
  SIGN (TEMP) 

  

  

2. ACCUMULATOR (3.125 Hz) 

NP = NPP + DNP = TMDPOOI 

3. POSITION LIMIT (3.125 Hz) 

NP = MIDVAL [-DCLIM, (NP + DS), DCLIM] - DS 

TEMP = NP + DS 

4. RATE LIMIT AND TOTAL COMMAND (6.25 Hz) 

DP = MIDVAL [-TMDCDOTLIM, TEMP-DCP), TMDCDOTLIM] 

DC = DP + DCP 

ONP = 0     Qepneneems 

Figure 4.2.8-8,. ELEVON LOAD RELIEF SUBRO, Detailed Diagram (Sheet 2 of 2: 
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Table 4.2.81 e 

Space Transportation 
Systems Division O 

AEROSURFACE_CONTROL Interface Requirements 

Rockwell 
international 

» 
no
ne
 

  

  

  
  

  

  

  

(4.50) 

  

Rare 
Required/ 

Source/ Produced 
Module Name Description Type Destination Units (Hz) 

Inputs | 

ELEV_LR Elevon load relief indicator B ASC_RECON - : 4.25 

Diss Inboard elevon schedule comand Ss INTERPS dex 4.128 

DOBS Outboard elevon schedule comand s INTERPS deg | 4.128 

| 
DELTAP_LIB Elevon actuator differential S | DELTAP_F®_SOP pei | TD 

pressure, left inboard (6.193), 
| 

DELTAP_RIB Elevon actuator differential S DELTAP_FB_ SOP psi 4.178 
pressure, right inboard (4,199) 

| DELTAP_LOB Elevon actuator differential s | DELTAP_FB_SOP , psi 1.195 
! pressure, left outboard (4.193) ' 

| | 
1 DELTAP_ROB Elevon actuator differential S ' DELTAP_FB_ SOP psi 2.125 
| pressure, right outboard 1 (6,193) 

DBFOFB Body flap position S | BF_PFB_SOP ! deg 6.75 
(4.49) 

| | 
| PRELO Indicator B | ASC_RECON - 12.8 

STOW_SB Indicator, stow speed brake to , &B ASC_RECON - 12.8 

closed position | 
t 

MMIO1 INIT Indicator, elevon load relief . iB! ASC_RECON - 12,58 

AFCS FIRST PASS Indicator + B + ASC RECON - 12.5 _ | _ 

AERO_SLEW_CMD Aerosurface position slew command s ORB_ACT_SLEW - 25 
(4,187) 

1 AERO_SLEW_COMPLETE Indicator, aerosurface slew | B ORB_ACT_SLEW - 12.5 

complete | (4.187) 

AERO_SLEW aIndicator, aerosurface slew check B ASC_RECON - 12.5 

PRE SEP Indicator, E25A command | B | ASC_RECON - 12.8 
—_ — ! 

: i 
SRB_IGN_CMD Indicator | B | ASC_RECON - 12.5 

Outputs | 

DLOBPC Elevon command, left outboard | gs | AERO_ACT_SOP deg 98/6, 25% 

(4.50) 

i 

DLIBPC Elevon command, left inboard | s AERO_ACT_SOP deg 25/4,25% 
\ (4.50) | 

DRIBPC Elevon command, right inboard Ss AERO_ACT_SOP | deg 25/6.25* 

(4.50) | 

i \ | 
DROBPC Elevon command, right outboard s AERO_ACT_SOP deg 25/6.25* 

| (4,50) 

DBFRC Body flap rate drive command | I AERO_ACT_SOP - | 6.25           *Rate x/y, x = slew, y = normal   
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Table 4.2.81, 

  

Space Transportation ¢g 

Systems Division 

  

Rockwell 
International 

  

  

AEROSURFACE_CONTROL Interface Requirements (Cont) 

| Rate 
Required/ 

Source/ Produced 
Module Name Description Type Destination Unites (He) 

Outputs (Cont) 

DRPC Rudder command 8 AERO_ACT_SOP deg 25/6,25" 
(4,50) 

DSBPC Speed brake command s AERO_ACT_SOP deg 25/4288     (4.80)         
| 
L 

  

  

*wRate x/y, x = slew, y = normal 
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Table 4.2.8-2. 

Space Transportation 

Systems Division O Rockwell 
International 

AEROSURFACE CONTROL Inter-Module Interface Requirements 
  

  

  

      
  

  

    
  

  
  

  

    

  

      

> 

| 

Kate 

Required/ 
Source/ Produced 

Module Name Description Type Destination Units (Hz) 

Inputs 

BODY_ AERO_SLEW Indicator, aerosurface slew check B ASC_RECON - 6.25 

FLAP 

CONTROL MM101_INIT Indicator, first time ASCENT DAP B | ASC_RECON - 6.25 
| scheduled 

AERO SLEW_CMD Aerosurface position slew command Ss URB_ACT_SLEW , 7 6.25 

(4.187) I 

| DBFOFB . Body flap position S | BF_PFB_SOP 1 deg 6.25 
' ! 1 (4.49) 1 

Outputs ; 

{ I 

DBFRC ‘ Body flap rate drive i ol AERO_ACT_SOP - | 6.25 

| | (4.50) 

Inputs | | 

| ; 
RUD_ '  STOW_SB ' Indicator, stow speed brake to B  ' ASC_RECON - ! 0.25 

SB CMD ' ; closed position ' ' 
~ i \ 

"AERO SLEW ; Indicator, serosurface slew check | §$ ' ASC_RECON - i 6.25 
i { 

AERO _SLEW_COMPLETE Indicator, aerosurface slew B |: ASC_RECON - | 6.25 

; complete | t 
1 | ! 

MM101_ INIT Indicator, first time ASCENT DAP | S | ASC_RECON - 0.25 

scheduled | | 

i | 
) AERO SLEW _CMD Aerosurface position slew command | S ' ORB ACT SLEW - 25 

| (4.187) 
I 

PRELO Indicator | B | ASC_RECON - 1205 
‘ l 

i Outputs 

| | 
DSBPC Speed brake position command S | AERO ACT SOP deg | 25 

| (4.50) | 
{ 

DRPC Rudder position command , § AERO_ACT_SOP | deg "25 

| (4.50) i 

| Inputs { 
| { 

ELEVON_ DELTAP_LOB Elevon actuator differential | S | DELTAP_FB_SOP | ps2 3.125 
LOAD_ pressure, left outboard | (4.193) | 
RELIEF 

' 
\ 

DELTAP_L1B , Elevon actuator differential ' § | DELTAP_FB_SOP | psa | 3.125 
pressure, left inboard (4.193) | ; 

| 
DELTAP_R&IB Elevon actuator differential S |DELTAP_FB SOP | psi | 3-125 

pressure, Tight inboard (4.193) | 
1 

DELTAP_ROB Elevon actuator differential S | DELTAP_FB_SOP ' psi 3.125 
pressure, right outboard (4.193) ' ‘ 

! 
DIBS Inboard elevon schedule S | INTERPS | deg 3.125 

DOBS Outboard‘elevon schedule Ss INTERPS deg 3.125 

| 

pit 
yf 

py yg 

oy, gill 

of a 

git? 
pote Sy 

A 
yet 

we, 
que pee 

gtd 
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nit 
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AERO_SLEW_CMD 
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Space Transportation ¢ Rockwell 
Systems Division International 

Table 4.2.8=2. AEROSURFACE CONTROL Inter-Module 

. Interface Requirements (Cont) 

Rate 

Required/ 
Source/ Produced 

Module Name Deacripcion Type Deetination Units (Ez) 

Inputs (Cont) 

ELEVON_ prIsc Past values of outputs 8 ELEVON_LOAD deg 6.25 
LOAD_ DoBc RELIEF” 
RELLEF_ 
(cone) MMLOL_INIT Indicator, first time ASCENT DAP B | ASC_RECoN - 12.5 

echeduled 

Outputs 

DISC Taboard elevon command ELEVON SLAVING deg 6.25 

posc Outboard elevon command ELEVON_ SLAVING deg 6.238 

Inputs 

ELEVON_ DPL Differential pressure, left $ | DELTAP_FB SOP pei - 
LOAD_ elevon (4.193) 
RELIEF_ 
SUBRO DPR Differential pressure, right s DELTAP_FB_SOP ps. - 

elevon (4.193) 

Ds Scheduled elevon command INTERPS deg - 

BIAS Coumand bias to center of $s T*LOAD pei - 
structural capability . 

Outputs 

pc Total elevon command 8 Dusmy variable deg - 

Inputs 

ELEVON_ DIBC Inboard elevon command 8 ELEVON_LOAD_ deg 6.25 
SLAVING RELIEF 

DOBC Outboard elevon command 8 ELEVON LOAD_ deg 6.25 

RELIEF 

AERO_SLEW_CMD Aerosurface position slew command s ORB_SLEW_SOP - 25 
(4.187) 

MMLOL_ INIT Indicator, firse time ASCENT_DAP B ASC_RECON - 6.25 

sequenced 

AERO_SLEW Indicator, aerosurface slew check B ASC_RECON - 12.5 

ME_SLEW Indicator, main engine actuator B ACC_RECON - 12.5 
slew test 

SRB_SLEW Indicator, SRB actuator slew test 8 ACC_RECON - 12.5 

ELEV_LR& Elevon load relief indicator 8 ASC_RECON - 6.25 

Outputs . 

DLIBPC Elevon position command, left s AERO_ACT_SOP deg 25/6.25* 

inboard (4.50) 

DRIBPC Elevon position command, right Ss AERO_ACT_SOP deg 25/6.25* 

inboard (4.50) 

DLOBPC Elevon position command, left $s AERO_ACT_SOP deg 25/6.25* 

outboard (4.50) 

DROBPC Elevon position command, right s AERO_ACT_SOP deg 25/6.25* 
outboard (4.30)                 *Rate x/y x * slew, y * normal     
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Table 4.2.8-3. 

Spece Transportation 
Systems Division a) 

AEROSURFACE_CONTROL Initialization Requirements 

Rockwell 
International 

  

  

  

  

  

  

                

Initialize on Transition 

Function 

Module Component From To Variable Initial Value 

BODY_FLAP CONTROL | Race drive past value - AFCS FIRST_PASS | DBFEC 0.0 

Slew scale factor - AFCS_FIRST PASS | SF_BF_SLEW 0.0 

AERO SLEW AERO_SLEW S¥F_BF_SLEW sF_5B F_SLEW_NOM 

AERO_SLEW AERO SLEW S¥F_BF_SLEW 0.0 

RUD_SB_CHD Rudder command - AFCS_FIRST PASS DRPC 0.0 

AERO SLEW AERO_SLEW DRPC 0.0 

Speed brake command - aFCS FIRST PASS DSBPC DSB_BIAS SLEW 

STOW_SB STOW_SB OSBPC DSB_CLOSED 

Slew scale factors AERO SLEW AERO_SLEW SF_RUD_SLEW SF_RUD_SLEW_NOM 

SF_SB_SLEW SF_SB_SLEW_NOM 

AERO_SLEW AERO_SLEW SF_RUD_SLEW 0.0 

MMLO1_ INIT SF_SB_SLEW 0.0 

Fader - Ml 01_IN It NFADE_DSBCLOSE 0 

s TOW_SB STOW_SB NFADE_DSBCLOSE NFADE_DSBCLOSE_NOM 

STOW_SB STOW_SB NFADE_DSBCLOSE | NFADE_DSBCLOSE_NOM 

ELEVON LOAD RELIEF Inboard integrator - aFCS F IRST_PASS NPIB 0.0 

Outboard integrator - NPOB 0.0 

Taboard elevon command - DIBC 0.0 

Outboard elevon command - DOBC 0.0 

ELEVON_ SLAVING Slew scale factor - AFCS FIRST PASS SF_ELVN_ SLEW 0.0 

AERO_SLEW AERO_SLEW SF_ELVN_SLEW | SF_ELVN_SLEW_NOM 

AERO SLEW AERO_SLEW SF_ELVN_SLEW 0.0 

Elevon position - AFCS_FIRST_PASS | DLIBPC 0.0 
commands DRIBPC 0.0 

DLOBPC 0.0 
DROBPC 0.0 

PRESEP PRESEP DLIBPC 0.0 

DRIBPC 0.0 

OLOBPC 0.0 

DROBPC 0.0 

AERO SLEW AERO SLEW DLIBPC 0.0 

DRIBPC 0.0 

DLOBPC 0.0 

OROBPC 0.0 

ME_ SLEW ME_SLEW DLIBPC 0.0 

DRIBPC 0.0 
DLOBPC 0.0 

DROB PC 0.0 

SRB_SLEW S8B_SLEW DLIBPC 0.0 

ORIBPC 0.0 

DLOBPC 0.0 

DROBPC 0.0 
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Table 4.2.8-4. 

  

Space Transportation 
Systems Division 

AEROSURFACE CONTROL I-Loads 

a 

  

Rockwell 
International 

  

  

  

  

  

  

  

Module Name Description Type MSID Units 

ELEVON LOAD _ BIAS_IB Inboard command bias to center of structural s v97U1413C psi 
RELIEF capability 

RETLIM_IB Inboard elevon load relief return Limit 8 V97U2232¢ psa 

DRVLIM_IB Inboard elevon load relief drive Liat $ V97U1776C psi 

BIAS_OB Outboard command bias to center of structural $ V97U14160 pst 
capability 

RETLIM_OB Outboard elevon load relief return limit § | V97U2233¢ psi 

DRVLIM_OB Outboard elevon load relief drive limat s V9701777C psi 

ELEVON_LOAD_ TMDPDOT Commanded active elevon load relief S | V9702426C aey/ 
RELIEF SUBRO deflection/NP count 

DCLIM Elevon position limit s V97U2429C dey 

NPLIM Deadspace accumulator feedback s V96U8977C deg 

TMDCDOTLIM Maximum rate limited elevon deflection Ss V97U24 30L seg 

per major cycle 

BODY_FLAP_CONTROL| DBFE_ OUTER Outer or drive level for body fiap Ss VS7U16606C deg 

deadband/hysteresis function 

DBFE_INNER Inner or deadband level for body flap $ V97U1665C aeg 
deadband/hysteresis function 

SF_BF_SLEw_NOM Body flap slew scale factor S V97U2240C - 

RUD_SB_CMD SF_RUD_SLEW_NOM Rudder slew scale factor S V97U2243C - 

SF_SB_SLEW_NOM Speed brake slew scale factor S V97U2244C - 

DSB_CLOSED speed brake closed position command S V97U2425¢ aeg 

DSB_BIAS SLEW Speed brake biased position for slew check s V97U2441C deg 

NFADE_DSBULOSE_NOM Fade time for speed brake closing S V97U2431C - 

ELEVON_SLAVING SF_ELVN_ SLEW _NOM Elevon slew scale factor Ss V9702241C - 
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Space Transportation ¢g Rockwell 
Systems Division International 

4.2.9 Linear Interpolations (INTERPS) 

A. Software Description. An overview of INTERPS is presented in 

Figure 4.2.9-l. Its input/output requirements are summarized in 

Table 4.2.9-1. INTERPS consists of five function modules, Sl] TRIMS_AND_ 

ACCELREFS, ELEVON 5 SCHEDULES, MPS_SRB_| INT_( GAINS, S2_GAINS | AND _° TRIM, ‘and SLVREL_ 

S2ATT_GAINS, which are sequenced : as shown in Figure 4.2.9-2. The detail dia- 

grams for s1 TRIMS AND_ACCELREFS and ELEVON SCHEDULES are shown in Fig- 

ures 4.2.9-3 and 4.2.9- =4, respectively. The detail diagram for MPS_SRB_INT_ 

CAINS is shown in Figure 4.2.9-5. The detail diagrams for S2_< GAINS ! AND_1 TRIM 

and SIVREL_S2ATT_GAINS are shown in Figures 4.2.9-6 and 4.2. 9-7. The inter- 

module interface requirements for INTERPS are given in Table 4.2.9-2 Ini- 

tialization and I-loads requirements for INTERPS are presented in 

Tables 4.2.9-3 and 4.2.9-4, respectively. 

B. Sequencing Requirements. INTERPS operating at 6.25 Hz does not require an 
unscheduled execution prior to transport-delay-critical modules provided that 
reconfiguration is mechanized within 80 ms of recognition of a valid mode- 
change; see paragraph 4.1.3.C. 
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Figure 4.2.9-1. 
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SRB SEP CMD er _| aecee > 

SSME_FAILS S1_TRIMS_AND_ DOQSRBT > 

; ACCELREFS 
REL_VEL_MAG (FIGURE 4.2.9-3) NYREF 

> 6.25 Hz > 

AUTOTRIM_RESET INTERPS S16 OQMPST > 

INTERPS_$2 

KL DELPSI 
MASS DOT _ 

= —> S2_GAINS_ KL_MPS 
MASS AND_TRIM KM_MPS 
PPD (FIGURE 4.2.9-7) KN_MPS 

> 6.25 Hz | KM_INT 

INTERPS S2 KN_ENT > 

INTERPS $1 

KL SRB 
qu} —_ 

3 MPS_SRB_INT_GAINS KM_SRB 
MET p| (FIGURE 4.2.9-5) A_SRB » 

> 6.25 Hz 

KL_PHI STAGES 
KM_THETA 1 AND 2 

> KN PSI 
> 

AUTOTRIM_ENABLE pp] SIVREL_S2ATT_GAINS KM_NZ, KL_PSI,] space 4 
= - KN NY,KN PRHP [ ONLY 

ae (FIGURE 4.2. 9-6) = = > 
PRE_SEP peed 6.25 Hz 

NYSEP_FB ENABLE 
=> 

ELEVON_ SCHEDULES DIBS > 
> (FIGURE 4.2.9-4) p0BS >



    

  

Space Transportation | Rockwell 
Systems Division International 

INTERPS_160 

  

  
STVREL_S2ATT_GAINS 

    

    

  

  

1» TI si_TRIMS_AND_ACCELREFS INTERPS S 
  

  

      

    
MPS_SRB_INT_ GAINS 

      

      S2_GAINS AND_TRIM 
      

  

ELEV_LR 
  

  

     ELEVON SCHEDULES 

    

Figure 4.2.9-2. INTERPS Software Overview 
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(AUTOTRIM_RESET) 

-------- 

—el 

  

  

DQMPST S1_END   
  

  

A 

femmes 

  

  
            

  

oT DA FADER { 
| un or (SUBSECTION OQMPST 

SSME_FAILS J_VREL_TRIMS 4.7.5) 
>| NFADE_DQMPST 

see St J_VREL_TRIMS [ 
P_CMD _SEP_C X_INTERP RATIO _VREL_ Y_INTERP FADER | | (SUBSECTION TRIMS (SUBSECTION (SUBSECTION g DOSRET 

REL_VEL_MAG 4.7.6) 4.7.7) 4.7.5) | > 
VREL_TRIM_TAB DQSRBT_TAB NFADE_DQSRBT r 

| DQSRBT_G TAB | 

! A~ OQSRBT_1_ TAB | 
SSME_FALLS——p> , l 

2,30 DQSRBT 
Y_INTERP 3 QSRBT_2_3_TAB FADER J 
(SUBSECTION (SUBSECTION 
4.7.7) 4.7.5) | 
nzrer tan / NFADE_NZREF 

= 0o— ae = 

ae e NZREF_1 TAB | 
SSME_FAILS——p> , 

. NZREF_2_3 TAB 
2.3 --- FADER | 

(SUBSECTION 
4.7.5) 

0,1,40— NYREF_O WFADE_WYREF | 

| IF REL_VEL_MAG < REL_VEL_MAG PAST, 
THEN SET J_VREL_TRIMS = 1 Sf |_VREL_ a 20 NYREF_2 | 

| SSME_FAILS—p> [ 
j3o— NYREF 3 

  

    
   

  

    
    

  

  

    

     
    
    

    

    
    

  

   

    

      

     

  

  

      

  

  

  

  

   
   

  

  

  

  

  

          

  

  

   
  

  

  

  

  

    

  

  

  

  

  

  

  

  
  

    

   
    
    
    

    

        
   

  

  

      

  

  

      

      

    

Figure 4.2.9-3. S1 TRIMS AND ACCELREFS Function Module, Detailed Diagram 
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| Y_INTERP | 
(SUBSECTION | ores 
4.7.7) | 

| DIBS_TAB 

REL_VEL_MAG| X_INTERP {oer tu 
| (SUBSECTION J_VREL_ELVN | 

- 4.7.6) 
ho 

oO | VREL_ELVN TAB 
an 
So 

| Z 
J _VREL_ELVN Y_INTERP gs 

| (SUBSECTION p0BS 33 
uv 

S. 4 | 4.7.7) - 23 
& #2 

do (A) IF REL_VEL_MAG < REL_VEL_MAG PAST, DOBS TAB §3 
-s | THEN SET J _VREL_ELVN = 1 

Oo 

2 | 3.125 Hz pa 

(EXECUTED WHEN ELEVON LR ON) @ 
22 
eo 
= 

23 
S — 

tigure 4.2.9-4. Function Module ELEVON_ SCHEDULES, Detailed Diagram 2 
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RATIO TIME GAINS 
J_TIME GAINS 

   
   

     
   
    

X_INTERP 
(SUBSECTION 4.7.6) 

MET GAIN TAB 
MET 

   

  

   

J_TIME_GAINS 

  
Figure 4,2.9-5. 

  

KLDELPSI MASS TABI 
A= AUTOTRIM RESET 

  

  

  

KLDELPSI_S1 = 0 

      

      

  

    
  

  

  

KLMPS_S2 

    

      
  

    

x FADER 
a° (SUBSECTION KL_DELPSI 

A NFADE_KLDELPSI 
B=PRE_SEP 

  

  

  

KLMPS S$] KLMPS 

  

  

  

   

  

    

FADER 
  

  

    KLSRB_SRBSEP 

  
“A=AUTOTRIM_RESET 

NFADE_KLMPS    

  

      

   

  

Y_INTERP 
(SUBSECTION 4.7.7) 

KLSRB TIME TAB      

KLSRB_ 
TIME TAB 

  

  
KMMPS MASS TABI 

  

  

  

  

  

    

      
   

Y_INTERP 

KMMPS TIME TAB 
   

KMMPS 

TIME TAB 

  

  
VIMMPS MASS TABI 

  

    

  

  

    

    
  

  

    
  

    

    

  

   Y INTERP 
(SUBSECTION 4.7.7) 
KNMPS TIME TAB 

KNMPS 

TIME TAB 
   

   

  

  

  

  
  

  

        

FADER 
A (SUBSECTION KL SRB 

Lo 4.7.5) 
A NFADE_KLSRB 

A=AUTOTRIM_RESET 

of 
oA 3 

a 
; 3 a 

_S1 2 
A=AUTOTRIM RESET ; 

, ea 
rex FADER a 

NFADE KNMPS 
5 0 

& 8 
J 

23 
Oo — 
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Function Module MPS_SRB_INT GAINS, Detailed Diagram
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MASS RATIO_MASS 

MASS DOT ESTIMATOR (SUBSECTION 4.7.6) (SUBSECTION 4.7.7) 

Q) MASS GAIN TAB DQMPST $2 TAB 
—= K_PPD 0A KL_MPS 

KLMPS S2 A 

K_PPD | A Tkm_mps 
——$—$_——— > 

¢—P1 KM MPS = MIDVAI [KMMPS MASS TABS], (SLOPE_KMMPS) (MASS EST) + XCEPT_KMMPS ,KMMPS MASS TABS2] | A 

: KM INT       

  

KMINT_S2}-_———>—-» 
    

  

             

  

      
  

  

  

K_PPD A TKN MPS 
—_—_—— > 

7] KNMPS = MIOVAL[KNMPS MASS TABS], (SLOPE _KNMPS)(MASS EST) + XCEPT_KNMPS,KNMPS MASS TABS2] A 

I 
KNINT_S2 LL 

      

  Ki DELPSI     Lp} KL _DELPSI - MIDVAL[KLDELPSI_MASS TABS], (SLOPE_KLDELPSI)(MASS EST) + XCEPT_KLDELPSI,KLDELPSI_MASS TABS2) | 
    

  

MASS EST = MASS EST - MASS DOT * TS A = PPD 

WHERE MASS EST IS RESET TO THE VALUE 

OF MASS AT THE 0.521 Hz RATE 

(MASS DOT IS POSITIVE) 

  

Figure 4,2.9-7, $2 GAINS AND_TRIM Function Module, Detailed Diagram 
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Space Transportation ¢g Rockwell 
Systems Division international 

Table 4.2.9-1. INTERPS Interface Requirements 

T 

Rate 

Required/ 
Source or Produced 

Module Name Description Destination Type | Range | Units At (Hz) 

inputs 

MET Mission elapsed time ASC_RECON 8 sec 6.25 

REL_VEL_MAG Earth-relative velocity ASCENT_UPP s fps 6.25 
magnitude 

SSME_FAILS Buffered version of SSME_FAIL_ ASC_RECON 1 - 12.5 
STATUS | 

MASS DOT Rate of change of {ASC_2STG_ GUID) s slug/s 0.521 
vehicle mass {PW_RTLS_GUID | 

MASS Vehicle massa \ASC_2STG_GUID) s slug 0.521 
{PW_RTLS GUID | 

SRB_SEP_CMD Indicator, SRB separation ASC_RECON B - | 12.5 

command 

AUTOTRIM_RESET Indicator, reset trim ASC_RECON B - | 12.5 

integrators to zero 

MM101_INIT Indicator, first time ASC_RECON B - 1 12.5 

ASCENT DAP is scheduled | 

INTERPS_S] Indicator, stage 1 ASC_RECON B | - | 12.5 
INTERPS active i 

INTERPS S2 Indicator, stage 2 ASC_RECON B - 12.5 

INTERPS active | 

AUTOTRIM_ENABLE Indicator, enable stage 2 ASC_RECON B - 12.5 

AUTOTRIM | 

PRE_SEP Indicator, initiate separation ASC_RECON B - 12.5 
preparation 

NYSEP_FB_ENABLE Indicator, enable NY feedback ASC_RECON B - 12.5 

for separation 

PPD Indicator, RTLS powered ASC_RECON B - 12.5 
pitchdown maneuver 

Outputs 

DOMPST Pitch thrust vector deflection CMD_PROC_MPS s deg 6.25 

trim, orbiter 

DOQSRBT Pitch thrust vector deflection CMD_PROC_SRB Ss deg 6.25 

trim, SRB 

in Scheduled normal acceleration ASC_TVC s g 6.25 
reference 

WYREF Scheduled lateral acceleration ASC_TVC s g 6.25 
reference 
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Space T ti Rockwell 
Pe eysterns Division él international 

Table 4.2.9-1. INTERPS Interface Requirements (Cont) 

  

  

  

  

  

              

Rate 

Required/ 
Source or Produced 

Module Name Description Destination Type | Range | Unite At (Hz) 

Outputs 

DIBS Elevon inboard schedule AEROSURFACE_ s deg 6.25 
CONTROL 

DOBS Elevon outboard schedule AEROSURFACE_ s deg 6.25 
CONTROL 

KL_PHI Variable gain (attitude, roll) ASC_TVC g (deg/s)/| 6.25 
deg 

KM_THETA Variable gain (attitude, pitch) ASC_TVC, 8 (deg/s)/| 6.25 
GC_STEER deg 

KN_PSI Variable gain (attitude, yaw) ASC_TVC, $ (deg/s)/) 6.25 
GC_STEER deg 

KM_N2 Variable gain (NZ feedback, ASC_TVC S (deg/s)/i 6.25 
pitch) 8 

KN_NY Variable gain (NY feedback, yaw) ASC_TVC $s (deg/s)/| 6.25 

8 

KL_MPS Variable gain (rate, roll) CMD_PROC_MPS s deg/ 6.25 
(deg/s) 

KM_MPS Variable gain (rate, pitch) CMD_PROC_MPS S deg/ 6.25 

(deg/s) 

KN_MPS Variable gain (rate, yaw) CMD_PROC_MPS $s deg/ 6.25 
| (deg/s) 

KL_SRB Variable gain (rate, SRB roll) CMD_PROC_SRB Ss | deg/ 6.25 

(deg/s) 

KM_SRB Variable gain (rate, SRB pitch) CMD_PROC_SRB s deg/ 6.25 
(deg/s) 

KN SRB Variable gain (rate, SRB yaw) CMD_PROC_SRB s deg/ 6.25 

(deg/s) 

KL_PSI Variable gain (yaw attitude ASC_TVC s (deg/s) 6.25 
error crossfeed, roll) deg 

KM_INT Variable pitch integrator gain ASC_TVC S l/s 6.25 

KN_INT Variable yaw integrator gain ASC_TVC s l/s 6.25 

KL_DELPSI Variable yaw command crossfeed ASC_TVC s - 6.25 
gain 

KN_PRHP Variable roll/yaw high pass gain ASC_TVC Ss - 6.25 

K_LOAD_RELIEF Variable load relief gain ASC_ISTG_GUID Ss - 6.25 

| i | i     

4, - 

2-199 STS 83-0008B 
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Table 4.2.9-2. 

Space Transportation 
Systems Division a) 

INTERPS Inter-Module Interface Requirements 

Rockwell 
international 

  

  

  

        

  

  

                  
  

Rate 

Requared/ 

Source or Produced 

Modu le Name Description Destination Type Range Units Ac (Hz) 

Inputs 

S1_TRIMS_ | REL_VEL_MAG Earth-relative velocity ASCENT_UPP s fps 6.25 
AND_ magnitude 
ACCELREFS 

AUTOTRIM_RESET Indicator, reset trim ASC_RECON B - 12.5 
integrators to zero 

SSME FAILS Buffered, ASC_RECON 1 - 12.5 
SSME_FALL_STATUS 

- {MMlul_INIT Indicator, first time ASC_RECON B - 12.5 
ASCENT DAP sequenced 

SRB_SEP_CMD Indicator, initiate SRB | ASC_RECON B - 12.5 
separation command 

Outputs 

DQMPST Pitch thrust vector CMD_PROC_ MPS s deg 6.25 
deflection trim orbiter 

DQSRBT Pitch thrust vector CMD _PROC_SRB s deg 6.25 
deflection trim, SRB 

NZREF Scheduled normal ASC_TVC s zg 0.25 

acceleration ref 

NYREF Scheduled lateral ASC_TVC $ 18 6.25 
acceleration ref { 

Inputs 

| 
ELEVON_ REL_VEL_MAG Earth-relative velocity ASCENT_UPP s tps 6.25 
SCHEDULES magnitude 

' 

| MM104_INIT Indicator, first time ASC_RECON B - 12.5 
ASCENT DAP sequenced 

f + 

Outputs 

DIBS Elevon inboard command ELEVON_LOAD __ s deg 6.25 
RELIEF 

DOBS Elevon outboard command ELEVON_LOAD Ss deg 6.25 

j RELIEF 

Inputs 

SIVREL_ =| REL_VEL_MAG Earth-relative velocity ASCENT UPP s Ips 6.25 

S2ATT_ magnitude 

CAINS 
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Table 4.2.9-2. 

  

  

Space Transportation 
Systems Division a 

  

Rockwell 
international 

INTERPS Inter-Module Interface Requirements (Cont) 

  

  
  

        
    

  

    

| Rate 

Required/ 

Source or Produced 
Module Name Description Destination Type | Range Units Ac CHe) 

Inputs (Cont) | 

SIVREL_ | AUTOTRIM_ENABLE Indicator, enable ASC_RECON 5 - | 12.8 
S2ATT_ AUTOTRIM 
GAINS | 
(Cont) NYSEP_FB ENABLE Indicator, enable NY ASC_RECON 5 «- 17.8 

feedback 

' AUTOTRIM_RESET Indicator, reset trim ASC_RECON 8 - 12.8 
. integrators to zero 

{MM101_ INIT Indicator, first time ASC_RECON B - 12.,% 
ASCENT DAP is sequenced | ! 

PRE_SEP Indicator ASC_RECON | 8 | - 12.8 
| j 

Outputs | 

| KL_PHI Variable gain (attitude ASC_TVC s | (deg/s)/ 6.25 
| roll) deg 

KM_THETA Variable gain (attitude ASC_TVC | s ' (dea/s)/ 4.28 
| pitch) ! deg 

i 1 

, KN_PRHP | Variable gain (high pass ASC_TVC ; S$ 43 - 4.75 

\ i roll and yaw rates) | 
{ 

1 KL_PSI | Variable gain (yaw atti- | ASC_TVC s | (dee/s)! 5.28 
tude error crossfeed, deg 

| roll) 

KN_PSTI | Variable gain (attitude ASC_TVC S (deg/s)/ A.25 

| yaw) deg 

KM_NZ | Variable gain (NZ feed- ASC_TVC S (deg/s) ¢ 4,25 
! back, pitch) 
I 

KN_NY | variable gain (NY feed- ASC_TVC Ss | (deg/s)/g 4,25 

| back, yaw) | 

Inputs | | | | 

| 
MPS SRB | MET | Mission elapsed time ASC_RECON | Ss | | s 12.5 

INT | | 
GAINS | AUTOTRIM_RESET ; Indicator, reset trim ASC_RECON B | - 12.8 

integrators to zero | 

. 
| PRE_SEP ' Indicator, fade orbiter | ASC_RECON 5 - 12.8 

| forward loop roll gain | { 

t t 
{ Outputs | ' | \ 

| KL_MPS | variable gain (rate, CMD_PROC_MPS s | deg/ 228 

~ | roll) (deg/s) 
| ! 

KM MPS Variable gain (rate, CMD_PROC_MPS S } deg/ 6.2745 

| pitch) | (deg/s) 

|     
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Table 4.2.9=2. 

\ 

Space Transportation 
Systems Division a 

INTERPS Inter-Module Interface Requirements (Cont) 

Rockwell 
international 

  

  

    
      

  

  
  

  

      

  

    
  

Rate 

Required/ 
Source or Produced 

Module Name Description Destination Type Range Units At (Hz) 

Outputs (Cont) 

MPS _SRB_ | KN_MPS Variable gain (rate, yaw) CMD_PROC_MPS 3 deg / 4.25 
INT_ (dea/s) 

GAINS | 
(Cont) RL_SRB 1 Variable gain (rate, SRB | C4D_PROC_SRB s deg/ 4.25 

roll) (dea/s) 

{ 
KM_SRB Variable gain (rate, SRB | C4D_PROC_SRB $s deg/ 4.25 

. ; pitch) (dee/s) 

KN_SRS Variable gain (rate, SRB | CMD _PROC_SRB Ss deg/ 4.28 
| ‘ yaw) (deg/s) 
' \ 

1 
" KM_INT _ Variable gain (pitch trim| ASC_TVC ls l/s 4.25 
: | integrator rate gain) 

KN_INT Variable gain (yaw trim ASC_TVC s l/s 6.25 

; ' integrator rate gain) 
\ : 
: KL_DELPSI ‘ Variable gain (yaw error | ASC_TVC ' §$ - 6.25 
' | Signal crossfeed, roll) | 

i 

Inputs | | 

S2_ GAINS MASS | Estimated vehicle mass ! {ASC_2STG GUID) s | slug 9,52) 
AND_TRIM | {PWRTLS GUID | — | ; tee! 

MASS DOT Rate of change of vehicle | (ASC_2STG_ GUID} s | | slug/s 9.521 

| mass | ~PW_RTLS GUID 

MM101_INIT Indicator, first time | | ASC_RECON B _ &.28 
ASC_DAP sequenced ' \ 

PPD Indicator, RTLS powered  ASC_RECON ‘8B - 17.8 
| pitch down maneuver ' r 

4 

; T 
Outputs | 

DQMPST | MPS pitch thrust vector CG41D_PROC_MPS s | | deg 6.28 
| deflection trim | | 

| 
| KL_MPS | Variable gain, roll rate | CMD_PROC_MPS s | deg/ 6.25 
| | | | (deg/s) 

' 
KM_MPS | variable gain, pitch rate | CMD_PROC_MPS S| | deg/ 6.25 

( | ! | | deg/s) 

KN_MPS | Variable gain, yaw rate C1D_PROC_MPS S ' deg/ 6.25 

| | (deg/s) 

KM_INT Variable gain (pitch trim| ASC_TVC Ss | | 1/sec 6.25 

integrator gain) | 

KN_INT Variable gain (yaw trim ASC_TVC | s | | l/sec 6.25 
integrator gain) | 

{ 
KL_DELPSI Variable gain (yaw to ASC_TVC s - 6.25 

roll) | 

A 

| 

| | 
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Table 4.2.9-3. 

  

  

Space Transportation 
Systems Division a 

INTERPS Initialization Requirements 

Rockwell 
international 

  

Initialise on Transition 
  

  

Module Component Froa To Variable Initial Value 

$1_TRIMS_ Scheduled parameters - MM101_ INIT DQMPST 0.0 

ACCELREFS DQSRBT DQSRBT_O TAB, 

NZREF NZREF_0 TAB, 

NYREF WYREF_0_1 

X_INTERP - MM101_ INIT J_VREL_TRIMS | 1 

Faders NFADE_DQMPST | 9 

NFADE_DQSRBT | 0 

NFADE_NZREF | 0 

NFADE_NYREF {| 0 

Fader ‘AUTOTRIM_RESET AUTOTRIM_RESET NFADE_DQMPST 

Faders SSME_FAILS ¥ 0 NFADE_DQSRBT SSME_FAILS = 0 

SSME_FAILS = 0 

(SSME_FAILS = 2) 

(SSME_FAILS = 2) 

+ SSME_FAILS = 3 

SSME_FAILS = 4 

NFADE_NZREF 

NFADE_NYREF 

NFADE_DQSRBT 

NFADE_NZREF 

O
O
O
 

O
O
O
O
 

  

+ (SSME_FAILS = 3) NFADE_NYREF 

ELEVON_ SCHEDULES Scheduled parameters - MM101_INIT DIBS DIBS_TAB, 

DOBS DOBS_TAB, 

X_INTERP J_VREL_ELVN 1 

MPS SRB_INT_ GAINS KL_DELPSI KLDELPSI_S1 
GAINS 

KL_MPS KLMPS_S} 

KL_SRB KLSRB_TIME_TAB, 

KM_MPS KMMPS TIME_TAB) 

KN_MPS KNMPS_TIME_TAB, 

KM_SRB (KMMPS_TIME_ 
TAB, )* 
KMSRB_RATIO 

KM_INT (KMMPS_TIME_ 
TAB, )* 
KMINT_S]               (1) MFADE_DQMPST_S}_END 

(2) NFADE_MEFALL 
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Table 4.2.9=3. 

Space Transportation 
Systems Division a 

INTERPS Initialization Requirements (Cont) 

Rockwell 
International 

  Initialize on Transition 

  

  

  
  

            
  

Module Component From To Variable Initial Value 

MPS SRB_INT GAINS - MM101_INIT KN_SRB (KNMPS_TIME_ 
GAINS (Cont) TAR, )* 

KNSRB_RATTO 

KN_INT CKNMPS_TIME_ 
TAB, )* 

KNTNT_S] 

PRE_SEP PRE_SEP KL_MPS KLMPS_S2 

AUTOTRIM_RESET AUTOTRIM_ RESET KL_DELPST KLDELPCT MACS 

TAR, 

AUTOTRIM_RESET AUTOTRIM_RESET KL_SRB KLSRS_SeRSED 

AUTOTRIM_RESET AUTOTRIM_RESET KM_MPS KMMPS MASS TAR, 

AUTOTRIM_RESET AUTOTRIM_RESET KN_MPS KNMPS MASS TAR, 

X_INTERP MIO1_ INIT J_TT™ME_GAINS | 1 

Fader MM101_ INIT NFADE_KLDELPST "n 

NFADE_KLMPS n 

NFADE_KLSRB f 

NFADE_KMMPS q 

NFADE_KNMPS | 0 

Fader AUTOTRIM_RESET AUTOTRIM_RESFT NFADE_KLDELDST| NFANF 

KLOFLPST_ SFP 

NFADE_KLSRB NFADE COM 

SRRSFD 

NFADE_KMMPS NFADE coM_ 

SQRSFD 

NFADE_KNMPS =| NFADE_COM_ 
SRBSFD 

PRE_SEP PRE_SEP NFADE_KLMPS NFANE 

KLMPS_ SEP 

SIVREL_S2ATT_ GAINS - MM101_INIT J_VREL_GAINS | 1 
GAINS 

KL_PHT KLPHT_VRFL_T4R, 

KM_THETA KMTRETA_VREL_ 
TAR, 

KN_PST KNPST_VREL_TAB) 

KLOAD_RELTEF KLOADRFLTFF 

VREL_TAB} 

KM_NZ (RLOADRELIEF_ 

VREL_TAR, )* 
KMNZ_RATTO 

KL_PSI (KLOADRELTEF__ 

VRFL_TAB, }* 
KLPST_RATTO 

agen 
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Space Transportation 
Systems Division 

  

a 
Table 4.2.9-3. INTERPS Initialization Requirements (Cont) 

Rockwell 
International 

  

Initialize on Tranastion 
  

  

  
    

Module Component From To Variable inital Vaiue 

SIVREL_S2ATT_ GAINS - MM101_INIT KN_WY (KLUADRELL EP 
GAINS (Cont ) VREL TAs,)* 

knwy_hat lo 

KN _PRHP (KLOADRELLEF_ 
VEL TAB, )* 
KMPRHP_KATLO 

AUTOTRIM_ENABLE AUTOTRIM_ENABLE KL_PHI KLPHI_ $2 

‘ KM_THETA KATHETA_62 

KN P#1 KNPSI_62 

Fader WPADE_KNNY v 

Gain NYSEP_FB_ENABLE NYSEP_FB_ENABLE KNNY_SRBSEP KANY_SEP 

Fader NFADE_KNNY MYADE_MY_Ut 

Gain NYSEP_FB_ENABLE NYSEP_FB_ENABLE* KNNY_SRBSEP 6 

AUTOTRIM_RESET 

Fader NFADE_KNNY MFADE_WY_UFF 

Gain PRE_SEP PRE_SEP KL _Psl v.0 

$2_GAINS Scheduled parameters INTERPS $2 INTERPS_S2 KL_MPS KLMPs S2 

AND_TRIM : 

KM_MP» KMMP>_ 
MASS TAB, 

KN_MPS KNMPS 
MASS TaB, 

KL_DELPS1 KL_DELPsI_ 
MASS TAb, 

SLOPE _KMMPS @) 
XCEPT_KMMPS 

SLOPE _KNMPS @) 
XCEPT_KNMPS     SLOPE KLDELPS1 

ACEPT_KLDELPSI 
@ 

  

  (2) sLore_kanps 

XCEPT_KMMPS * 

@) SLOPE _KNMPS 

XCEPT_KNMPS *= 

GQ) SLOPE_KLDELPS1 * 

  

  

KMMPS MASS TAB, KMMPS MASS TAB, 

MASS2 GAIN TAB) MASS2 GAIN TAB, 

KMMPS HASS TAB, (MASS GALN_TAB, )*( SLOPE _KMMPS) 

KNMPS MASS TAB, KNMPS HASS TAB, 

MASS2 GAIN TAB, MASS2 GAIN TAB, 

KNMPS MASS TAB 

KLDELPS1 MASS TAS 

MAbS KLULLP al 1Ab 

XCEPT_KLDELPS1 * KLDELPSI MAb 1AB 

1 
(MASS2 GALN_TAB, )#( SLOPE_KNMPS) 

KLDELPSI MASS_TAB. 

MASS KLDeLPol TAB, 

(MASS KLDELPS1! TAB )*( SLOPE KLDELPSI ) 

1 

! 

) 
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Space Transportation r Rockwell 
Systems Division International 

Table 4.2.9-4. INTERPS I-Loads 

Module Name Description Type MSTD Units 

S1_TRIMS_ VREL_TRIM_TAB(i) Array of VREL breakpoints for AC19) | V97U229AC to fps 
ACCELREFS i = 02 to 20 Stage 1 trins V9702316C 

> DQSRBT_O TAB(i) Array of SRB pitch trim breakpoints AC 20) | V97U17146C to deg 
i= 01 to 20 for no main engine failures ¥97U1733C 

DQSRBT_}_ TABC(i) Array of SRB pitch trim breakpoints A(20) | ¥9701734C to deg 
i= 01 to 20 for main engine No. 1 failed ¥97U1753C 

DQSRBT_2_3_ TAB(i) Array of SRB pitch trim breakpoints A(20) | V97U1754C to deg 
i #01 to 20 for main engine No. 2 or 3 failed V97VIT7IC 

pe NZREF_O TAB(i) Array of NZREF breakpoints for no AC2N) | VO7TUZTIRC to g 
i = 01 to 20 main engine failures V97U2157C 

NZREF_)_ TABCi) Array of NZREF breakpoints for main AC20) | V97UZ158C to & 
i = 01 to 20 engine No. 1 failed V97U2177C 

NZREF_2_ 3 TAB(i) Array of NZREF breakpoints for main AC2N) | V97U2178C to g 
i= 01 to 20 engine No. 2 or 3 failed . V97U2197C 

NYREF_0 } NYREF for no main engine failures or s V97U207RC 8 
engine No. ! failed 

NYREF_2 NYREF for main engine No. 2 failed s V97UI2N98C g 

NYREF_ 3 NYREF for main engine No. 3 failed s V97U2118C 2g 

NFADE_DQMPST_ Cycles to fade MPS pitch trim to final S VO7U9422€ - 

S1_END S1C valve if main engine failed 

DQMPST_S1_END Orbjter pitch trim at end of Stage 1! Ss V97U245NC deg 

NFADE_MEFAIL Cycles to fade SRB pitch trim, NZREF, s V97U2973C counts 
and NYREF to alternate array on main 

engine fail 

ELEVON_ VREL_ELVN_TAB(i) Array of VREL breakpoints for scheduled AC?) | ¥97U2277C to fps 
SCHEDULES i = 02 to 08 elevon load relief V97TU22R3C 

DIBS_TAB(i) Array of inboard elevon breakpoints A(8) V97U1667C to dey, 

i = 01 to 08 for load relief V97U1674C 

DOBS_TAB(i) Array of outboard elevon breakpoints A(8) | V97011677C to deg 
i= 01 to 08 for load relief VOTULGR4C 
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Space Transportation ¢g Rockwell 
Systems Division International 

Table 4.2.9-4. INTERPS I-Loads (Cont) 

Module I Name Description Type MSID Units 

MPS SRB_ KLDELPSI_S1 SIC yaw to roll crossfeed gain S V97U24 34C - 

INT_GAINS 
KLMPS_S1 S1C roll loop gain s v98uU9590C deg/deg/s 

KLMPS_S2 S2C roll loop gain § ¥97U2477C deg/deg/s 

MET_GAIN_TAB(i) S1C time gain schedule common AC4) v98U95S9IC to | 8 
i ® 0] to 04 breakpoints y96U9594C 

KLSRB_TIME_TAB(i) Array of KLSRB breakpoints A(4) | ¥98U9595C to | deg/deg/s 
i= Ol to 04 V98U9598C 

\ 
' KMMPS TIME _TAB(i) Array of KM_MPS breakpoints AC4) V98U9599C to deg/(deg/s) 
| i = 01 to 04 | v98U9602C ' 

* KNMPS_TIME_TAB(i) Array of KN_MPS breakpoints i AC4) V97U2499C | deg/deg/s 

_ i # 01 to 04 ¥98U9553¢ | 
: | V98U9554C ’ 

| 
v98U9555C 

' KMSRB_RATIO SIC ratio of SRB to MPS pitch s V98U9556C - 
: loop gains 

| 
' KMINT_S) SIC ratio of pitch integral to s v98U9557C deg/deg/s 

proportional gains 

KNSRB_RATLO Ratio of SRB to MPS yaw loop S 1 v98u9558C , - 
gains \ 

KNINT_S1] Ratio of yaw integral to s » V98U9559C deg/deg/s 

proportional gains . 

. KLDELPSI_ MASS TAB(1) | First S2C array point of KLDELPSI S V97U2478C - 

i 
KMMPS MASS TAB(1) First S2C array point for KMMPS Ss V97U1897C deg/deg/s 

KNMPS MASS TAB(1) First S2C array point for KNMPS a) V9701957C deg/deg/s 

NFADE_KLDELPSI_SEP Cycle to fade KLDELPSI from 's§ } Vv98U9560C - 
Stage 1 to Stage 2 \ | 

NFADE_COM_SRBSEP Cycle to fade common gains from 1 § , V98U9561C - 
Stage 1 to Stage 2 | 

NFADE_KLMPS_SEP Cycles to fade KLMPS to Stage 2 s | v9809562C - 

KLSRB_SRBSEP KLSRB gain for end of Stage | S | V98U9563C deg/deg/s 
+ 

T 

SIVREL S2ATT_ VREL_GAIN_TAB(i) Array of VREL breakpoints for A(4) V97U2286C to fe/s 

OA INS 1 = 02 to 05 VREL scheduled gains V97U2289C 

KLPHI_VREL_TAB(i) Array of KL PHI breakpoints for A(5) V97U1840C cto , deg/s 

, i = 01 co 05 first stage V97U1844C ; deg 

| 
| KMTHETA VREL_TAB(i) Array of KM THETA breakpoints for A(5) V97U1938C to deg/s 
' i = 01 to 05 first stage V97U1942C deg 

KNPSI_VREL_ TAB(i) Array of KN_PSI breakpoints for A(5) V97U2011C to | deg/s 
i = 01 to 05 first stage V97U2015C deg 

| KLOADRELIEF_VREL Array of K_LOAD RELIEF breakpoints A(5) V97U2442C to - 

| _TAB(i) V97U2446C 
| i= 1 to 5 

| KLPHI_S2 Second=stage KL PHI gain S V9O7TU2447C - deg/s 
deg 

i               
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Table 4.2.9-4. INTERPS I-Loads (Cont) 

Modu le Name Description Type MSID Units 

S1VREL_S2ATT_ KMTHETA_S2 Second-sctage KM_THETA gain S V97U2648C deg/s 
GAINS 
(Cont) KNPSI_S2 Second=stage KN_PSI gain 8 V97U24649C deg/s 

deg 

KMNZ_RATIO Multiplier of K_LOAD_RELIEF for s V97U2464C deg/s 
KM_NZ gain deg 

KLPSI_RATIO Multiplier of K_LOAD RELIEF for s V97U2465C 1 (deg/s)/deg 

KL_PSI gain 
' 

KNNY_RATIO Multiplier of K_LOAD_RELIEF for s V97U2466C ; dea/s)/g 
for KN_NY gain . 

KNPRHP_RATIO Multiplier of K_LOAD_RELIEF for s V97U2467C - 

KN_PRHP gain 

KNNY_SEP Fade - to value of KN_NY during SEP | S V97U2468C (deg/s)/g 

NFADE_NY_ON Cycles to fade-in KN_NY during SEP s V97U2469C - 

NFADE_NY_OFF Cycles to fade-out KN_NY during SEP| S V97U2470C - 

| 

S2_GAINS_ MASS _GAIN_TAB Array of mass breakpoints for A(8) | V97U2056C to slugs 
AND_TRIM i DQMPST trim schedule \ i V97U2059C and 

~ \ ' -¥97U2471C to 
! V97U2474C 

DQMPST_S2_TAB Array of DQMPST breakpoints A(8) | v97U1710C deg 
‘ V97UL7IIC 
| V97U1712C 

' v97U1713C 

\ ' -¥97U2451C 
t V97U2452C 

| -¥9702453C 
V97U2455C 

KLMPS_S2 Second-stage KL_MPS gain s | y97U2477C de 
| | (deg/s) 

| MASS2_ GAIN TAB Array of mass breakpoints for a(2)| V97U2475C slugs 
| second-stage gain schedules \ | V9702476C 
1 
' | 
KMMPS MASS TAB Array of second-stage KM_MPS aca V97U1897C , de 

breakpoints | v97U1898C (deg/s) 
i 

| KNMPS MASS TAB Array of second-stage KN_MPS A(2)| V97U1957C de 
| breakpoints | V97U1958C (deg/s) 

| 
| KLDELPSI_MASS_TAB Array of second-stage KL_DELPSI A(2)} V97U2478C - 
| breakpoints | V97U2479C 

MASS KLDELPS1_TAB Mass tab for KL_DELPSI a(2)! V97U2482C 

| y97u2483¢ 
| 

KMINT_S2 Pitch integral/proportional gain A V97U2480C | deg/sec 
ratio for second stage 

KNINT_S2 Yaw integral/proportional gain S V97U2481C deg/sec 
ratio for second stage 

K_PPD PPD forward loop gain Ss V97U1363C ND 
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4.2.10 RCS Command Processor (CMD_PROC_RCS ) 

A. Functional Description. The CMD _PROC_ RCS provides roll control when two 
or three engines shut down in first ‘stage « or two engines shut down in second 
stage. The functional block diagram for CMD PROC _RCS is shown in 
Figure 4.2.10-1. 

B. Software Description. The input/output requirements of CMD ) PROC_RCS are 
given in Table 4.2.10-1. CMD ) PROC_RCS consists of two functional modules: 
DBAND_HYSTER and ASC JET § SELECT. Detailed diagrams of these two modules are 
shown, respectively, 3 in Figures 4.2.10-2 and 4.2.10-3. Intermodule interface 
requirements are given in Table 4.2.10-2. Initialization requirements are 
given in Table 4.2.10-3. I-loads are given in Table 4.2.10-4. 
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(|DP_ORB] > DP_OUTER) 
OR 

[(KRCS = SIGN (DP_ORB))+(|DP_ORB| > DP_INNER)] 
  

KRCS 

  

KRCS = SIGN (DP_ORB) 
    

  

KRCS = 0       

Figure 4.2.10-2. DBAND_HYSTER Function Module Detailed Diagram 
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+¥, ROLL JETS ON 
  

    
    

  

    

  
  

      

                 
  

  

    
  

    

    

    

          

  

  

  

            
  

       

  

  

  

       
            

NEW_JON(4) = 1 
NEW_JON(S) = 1 

: Yy 
> DO FOR I = 19 TO 22 -— NEW_JON(I) © 1 

DO FOR I = 30 TO 35 NEW_JON(I) = 1 

A 
ZERO NEW_JON 

A ¥ 
DO FORT = 4707 i NEW_JON (I) = 0 

0 
KRCS > v 

DO FOR I = 19 TO 2 > NEW_JON(I) = 0 

Y 
F “Y¥, -ROLL JETS ON 

C NEW_JON(6) = 1 
NEW_JON(7) = 1 

a 00 FAR I = 23 TQ 29 NEW JON(I) = 1 ; - 

v am 

00 FOR I © 346 T0 2» )— NEW_JON(I) = 1     

Figure 4,2,10-3, ASC JET SELECT Funettun Module Detailed Diagram 
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Table 4.2.]0-1. CMD_PROC_RCS Interface Requirements 

Rate 
Required/ 

Source or Produced 

Modu le Nawe Description Destination Type Range Units | At (Hz) 

Inputs 

DP_ORB Gained roll TVC loop error CMD_PROC_MPS $ deg 25 
signal 

ENA_RCS_CNTL Enable RCS control discrete | ASC_RECON BD - 12.5 

Outputs 

NEW_JON RCS JET ON/OFF CMDS AS c_RC S_CMD_SOP A - 25     

Table 4.2.10-2. CMD_PROC_RCS Inter-Module Interface Requirements 
  

    
  

      
  

  

  
  

            
  

Rate 

Required/ 
Source or Produced 

Module | Name Description Destination Type Range Units at (Hz) 

{ Inputs 1 | 

i \ 
DBAND_HYSTER | DP_ORB Gained roll TVC loop error i CMD _PROC_MPS s deg 25 

| signal i 
\ , i 
| Outputs 

KRCS # roll command indicator ASC_JET_SELECT I ' - 25 

Inputs ! 

ASC_JET_ SELECT | KRCS 2 roll command indicator DBAND_HYSTER I - 35 

bees 1 

Outputs i 

| NEW_JON RCS JET ON/OFF commands ASC_RCS_CMD | oA - 25 

| | 
| 1 | 
| 

| ! 
| ! 

| 
| | 
\ ‘ 

| 

| 
1 

| 
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Table 4.2.]0-1. CMD_PROC_RCS Interface Requirements 

Rate 
Required/ 

Source or Produced 

Modu le Name Description Destination Type Range Units | At (Hs) 

inputs. 

DP_ORB Gained roll TVC loop error CMD_PROC_MPS s deg 25 
signal 

ENA_RCS_CNTL Enable RCS control discrete | ASC_RECON D - 12.5 

Outputs 

NEW_JON RCS JET ON/OFF CMDS ASC_RCS_CMD_SOP A - 25 

Table 4.2.10-2. CMD_PROC_RCS Inter-Module Interface Requirements 

Rate 

Required/ 
| Source or Produced 

Module | Name Description Destination Type Range Units | At (Hz) 

\ Inputs 
i a 

DBAND_HYSTER | DP_ORB Gained roll TVC loop error . CMD_PROC_MPS | s deg 25 
signal | | ! 

Outputs I 1 | 
1 

| KRCS + roll command indicator ASC_JET_SELECT I - 25 

inputs ' ' ' 

ASC_JET_SELECT KRCS roll command indicator DBAND_HYSTER I - 25 

Outputs } 

| 
' NEW_JON RCS JET ON/OFF commands ASC_RCS_ CMD ’ A - 25 

| 

| 

| ! 
| 

| 
! 

i 

t 
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TABLE 4.2.10~-3, CMD _PROC_RCS Initialization Requirements 

  

  

            

  

  

  

Module Initialize on Transition to: Variable Initial Value 

DBAND_HYSTER ENA_RCS CNTIL = 1 KRCS 0 

ASCENT_JET SELECT ENA_RCS_CNTL = 1 NEW_JON(T) 0 

Table 4.2.10-4. CMD_PROC_RCS I-Loads 

Name Description Type MSID Units 

DP_INNER Inner deadband value S V97U2484C deg 

DP_OUTER Outer deadband value s V97U2485C deg 
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4.2.11 Ascent DAP Principal Function Tables 

The ascent DAP principal function input and output tables, along with the 
I-load tables, are presented in Tables 4.2.ll-l through 4.2.1l1-2. The 
automated Interface Definition document (IDD) table (Table 4.2.1l-1) defines 
signal (parameter) interface requirements either between hardware (LBU) and 
software elements or between software elements and other software elemants.* 
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. 

Note that IDD output (source) tables that reflect parameters going to 
input (destination) TLM will not be interpreted as a signal actually being 
downlisted. The parameter may only be available for downlist in COMPOOL and 
may not appear in a downlist format. 

  

*A GN&C software element is either a sequenced principal function (PF), crew 
generated specialiset/display function, or an OPS display function. 
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Ascent DAP Interface (G4.176) Input/Output Parameters Table 4.2.11-1. 
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Table 4.2.1ll-l. 

OBFN: D2B039-A PN: VP707100026P00L 

Ascent DAP Interface (64.176) 

MAY 31, 1988 
INPUT FUNCTIONAL PARAMETERS FOR ASCENT DIGITAL AUTOPILOT 

FSSR NAME 

MASS/WEIGHT 
MASS/WEIGHT 

MECO_CONFI 

MP 
MPS_SLEW_CMD 
MPS_SLEW_COMPLETE 
MPS_SLEW_COMPLETE 
NY 
NZ 
OPS_6_IND 
P_ORS 
PCS 
PC5 
PREP SSHE 

Q_SRB 
~ORB 
“SRB 

REL _VEL_MAG 
RETORN_SSME_TO_START_POS 
eR QUAT 

_RTLS_TURN 

SRB SLEW CMO 
SRB_SLEW COMPLETE 

H/S ID 

V95H3523C 
V95H3521C 
V95H3522C 
V90X8683X 
V90X8267X% 
V90XK8630X 
V96XK3005X 
V96X3006X% 
V96X3007X% 
V90U1 961C6 

V90P2536C 
V90X8373X 
V9OR5321CA 
V90R2511C 
VIORS341CA 
V90R2512C 
V95L0151CE 
V90X8412xX 
V90X2087X 
V90X1987% 
V90X208 9X 
V90X1960XA 
V90X1960XB 
V90X8377X 
V90K8330KA 
V90X8330XB 

V99X8B820X% 
V96H0323C 
V96XK0321X 

NOMENCLATURE 

BODY ROLL ATT ERROR 
BODY PITCH ATT ERROR 
BODY YAW ATT ERROR 
INOICATOR EVENT 6 AUTO SEQ START 
FAST SEPARATION FLAG 
INITIATE STAGE 2 GUIDANCE 
HYOR SYS 1 FAIL STATUS 
HYDR SYS 2 FAIL STATUS 
HYOR SYS 3 FAIt STATUS 
CURRENT VEHICLE MASS 
CURRENT VEHICLE MASS 
TOTAL VEHICLE MASS FLOW RATE 
TOTAL VEHICLE MASS FLOW RATE 
ZERO THRUST 
MECO COMMAND FLAG 
MECO CONFIRMED FLAG 

7)
 mm
m 

Nw
 

mn > = o mn c > a 

MPS SLEW COMP FLAG 
SELECTED AA LATERAL ACCEL 
SELECTED AA NORMAL ACCEL 
OPS 6 INDIC 
CETECTED REA. ROLL RATE 
SELECTED LEFT PRESS SRB CHAMBER 
SELECTED RIGHT PRESS SRB_ CHAMBER 
PREP SSME'S FOR_LIFTOFF FLAG 
SELECTED RGA PITCH RATE 
SRGA SEL PITCH RATE 
SELECTED RGA YAW RATE 
SRGA SEL YAW RATE 
GND REL. VEL_MAGNITUDE IN M50 SYS 
CHO SSME'S TO PRE-START POS FLAG 
BISCRETE INDICATING PPD CMDS 
ATTITUDE QUATERNION COMPUTED FLAG 
OSCR IND ot START OF TURN AROUND 
FCS TRIM DISCRETE 
FCS TVC RETRIM DISCRE 
SRB IGNITION CMD FLAG 
SRB SEP FUNCTION MODING FLAG 
SRB SEP FUNCTION MOOING FLAG 
SRB SEPARATION COMMAND FLAG 
RB SEPARATION COMMAND FLAG 

SRB SEP MONITOR FLAG 
SRB FCS/HYDR VERIFICATION FLAG 
SRB ACTR SLEW POSITION 
SRB FCS/HYDR VERIFICA TION COMPLETE 

eu 

Input/Output Parameters (Cont) 

ASC DAP 

SOURCE 

G/C STEER 

R/S _LCH SEQ 
ET SEP SEQ 
MSC 

Pa. RTLS GUID 
MSC 
SSME OPS 

'S 
ORB ACT SLEW 
R/S LCH SE 
ORB ACT SLEW 
SF 
SF 
MSC 
SF 
SF 
SF 
R/S LCH SEQ 
SF 
SF 
SF 
SF 
ASC UPP 
R/S _LCH SEQ 
PA RTLS GUID 

OI8B REVOO 

UNITS 

DES 
DES 
DEG 

  

SPL 
SPL 

SPL 

—
 

86
¥6
8Y
9 

—
_
—
—
-
 

86
P6
8N
9 

s & “ae 

e g2 
J 

yr 

“ 

z 
Loe 
=> 
3 s 

aa 

23 = & 
0° 
35 

al
s 

je
uo
ge
us
az
u}
 

a
m
y
o
o
Y



Table 4.2.11-1. Ascent DAP Interface (G4.176) Input/Output Parameters (Cont) 

  

  

OBFN: 02B8039-A = PN: _¥P707100026PO00L Y 31, 1988 o 0 PAGE, 4 i NPUT FUNCTIONAL PARAMETERS FOR ASCENT DIGITAL AUTOPILOF , ASC OAP T8B REVO 64.176 BOOK: 8 “1 27 a 

R 
DATA E FSSR NAME M/S ID NOMENCLATURE SOURCE UNITS TYPE C 

SSME_STOH_COMPLETE V95X1622x% SSME STOK GOHPLETE FLAG MPS TVC CMD SOP TAL ABORT See L ARES V90X8658xX pat peer DECLARED MSC i WFBT_F V95H3528C FLIGHT BODY-INERTIAL G/C STEER bEG/S SPL . EBT Hy V95H3526C PITCH Rete FLIGHT BOOY-INERTIAL G/C STEER DEG/S SPL No WFBI_FB3 V95H3527C YAW RATE, FLIGHT BODY - INERTIAL G/C STEER DEG/S SPL 

“ 
- 

n 

3 
o§ 
Sa 
s s 

= 3 
z3 xz <n 
ge ® oO Fy 

6° “< = “a 
33 oO 8 oo 
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Deh law Ge Zo. FI—-Ls Agcene PAP Imterflace €G4.176) Emput /Out put Parameterea CCont’d 

OVAL CEL Losan (md ado FERS OLE EG ee Ener PIGITAL auToPrTior? 175% ASS DAP OF BR RENO oe Te et 
Ae mara os ro NOME NEL MATURE DESTINATION VA's. WHA, 
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OBFN: 02B039-A PN: VP707100026P00L MAY 

& 
31, 1988 OI8B REVOO PAGE 291 2 OUTPUT FUNCTIONAL PARAMETERS FROM ASCENT DIGITAL AUTOPILOT ASC DAP -176 BOOK: 8-1 a 

p & 
DATA E FSSR NAME M/S ID NOMENCLATURE DESTINATION UNITS TYPE C 

ATTCMD V90X1712X% STEERING MODE FLAG G/ AUTAILT V90X1709X FILTER ACTUAL BODY ATTITUDE FLAG G/E STEER TLH 80 V90K1710X AUTO GUIDANCE MODE FLAG G/C STEER,PW RTLS GU BO 
ASC ZS1G GUO MORTLS DAP TLM, 

DBF_SLEW V90H1770C_ BODY FLAP SLEW CHD TLM DBFRC V90H1580CB BODY FLAP DEFLECTION CMD AERO ACT SOP,BF CMO RM,TLM DEG OLIBPC V9OH1734CA L1B B ELEVON POSITION CMD AERO ACT SOP,TLM DEG DLOBP V90H1735CA LOB ELEVON POSITION CMD AERO ACT SOP,TLH DEG DPTVC_INT V90H1774C ROLL TVC TRIM INTEGRATOR OUTPUT TLM DEG SPL TVG V90H1758C PITCH TVC LOOP ERROR SIGN TEM DEG/S SPL 
OQTVC_INT V90H1772C PITCH TVC TRIM INTEGRATOR GUTPUT TiM DEG SPL 
DRIBPC V90H1737CA RIB ELEVON POSITION C AERO ACT SOP,TLM DEG 
DROBPC V90H1738CA ROB _ELEVON POSITION EMD AERO ACT SOP,TLH DEG 
DRPC V9OR1550CB RATE LIMITED RUDDER CMD AERO ACT SOP,TLM OEG 
DRTVC V90H1759C YAW TVC LOOP ERROR SIGNAL TLM DEG/S SPL 
ORTVC_INT V90H1773C YAW TVC TRIM INTEGRATOR OUTPUT TLM DEG SPL 
R4C V90H1752C ROCK COMMAND TLM DEG 

DR4CL V90H1728C SRB 4 ROCK ACTRD BEFLECTION CMD SRB TVC CMD SOP,TLM DEG 
DRSC ¥90H1754C ROCK COMMAND, SRB 5 TL DEG 
DRSCL H172 SRB_5 ROCK ACTR DEFLECTION CMD SRB TVC_CHD SOP,TLH DEG 
DSBPC V90R1560CB RATE LIMITED SPDBK  C AERO ACT SOP,TLM DEG 
T4C V90H1751C TILT COMMAND B 4 TLM DES 

DT4CL V90H1731C SRB_4 TILT ATR DEFLECTION CMD SRB TVC CHD SOP,TLM DEG 
TSC V90OH1753C TILT C SRB S TLM DEG 

OTSCL V90H1732C SRB 5 TILT ACTR DEFLECTION CMO SRB CMD SOP,TLM DEG 
bYcl V90H1718C MPS 1 PITCH ACTR DEFLECTION CMD MPS TVC CMD SOP,TLM DEG 
DYC2 V90H1719G MPS 2 PITCH ACTR DEFLECTION CMD MPS TVC CMD SOP,TLM DEG 
oYC3 V90H1720C HPS 3 PITCH ACTR DEFLECTION CHD MPS TVC CMD SOP,TLM DEG 
DY] V90H1745C PITCH COMMAND, E TLM DEG 
DY2 V9OHL747C PITCH COMMAND, SSME 2 TLM DES 
DY3 V90H1749C PITCH COMMAND, S 3 TLH DEG 
02C1 V90H1724C MPS 1 YAH ACTR DEFLECTION CMD MPS TVC CMD SOP,TLM DES 
022 V90H1725C HPS 2 YAW ACTR DEFLECTION CMD MPS TVC CMO SOP,TLH DEG 
0ZC3 V90H1726C MPS 3 YAW ACTR DEFLECTION CMD MPS TVC CMD SOP,TLM DEG 
021 V90H1746C YAW COMMAND, SSME 1 TL DEG 
D2Z2 V90H1748C YAW COMMAND, SSME 2 TLM DEG 
0z3 V90H1750C YAH COMMAND, SSME 3 TLH DES 
ELEV_LR V90X1716X ELEVON LOAD RELIEF FLAG G/C STEER Bo 

K LOND Voeitrade URRLOAD RELIEF GAIN, ASE isvG GUID R 
RACTHETA ELTEF ¥90U1767C VARIABLE GAIN ATTITUDE-PITCH G/C STEER DEG/S/DEG 
KN_P 90U1768C_ VARIABLE GAIN ATTITUDE-YAW G/C STEER DEG/S/DEG 
LAUTO_BFLAMP ¥72X4996XB LH BODY FLAP AUTO O&C PNL,TLH 
tL AUTO_PLAMP V72X5240xXB FCS MODE-LH PITCH AUTO D&C PNL,TLM 

tAUTO-SBLANP VaSxeiden LH SPEEDBRAKE AUTO. DEC PNUSTLH 
LCSS_PLAMP V72X5241XB FCS MODE-LH PITCH CSS OC PNL,»3-AX RHC SOP,SPTI SOP, 

LCSS RYLAMP V72X5245XB FCS MODE-LH R-Y CSS D&C PN’.,SPTI SOP,TLM 
HNL _BFLAMP ¥72X4997XB LH BODY FLAP MANUAL D&C PNL»TLH 

HMLOL INTT ¥90X%176G% FIRST-TIME ASC DAP SCHEDULED FLAG G/C STEER,TLM BO 
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Table 4.2.11-1. 

    

  
  

  

Ascent DAP Interface (64.176) I" 
put /Output Parameters (Cont) 

  

  

Teme @2e Flak 

ores POR ESS MID 
PSR EAE PORT 

areas 1a 
aad om 

cL 44a8 

ct 4442 

cL 4A aed 

o_o 

varwiesiaxsc 

VvVoer7Iv1 41sec 

V97091420C 

vermie2ic 

Yornla77r 

tesariINuans 

tes /inune 

ND 

NO 

a 

pace 292 98 
6POOL MAY 31, 1988 ASC DAP OTee RENOO @4.176 BOOK: 6-1, lz DBFN: 028039- vp70710002 , OUTPUT FUNCTIONAL PARAETERS FROM ASCENT DIGITAL AUTOPILOT oara & 

UNITS TYPE € 
NCLATURE pesTINaTsOn FSSR NAME M/S ID NOME 

ne TEM 7XB LH SPEEDBRAKE MANUAL pac PN’ rim nite veetieee tl SeePerite aa Rie ep NEW_JONLST (04) CMD ASC RC2 cup SOP NEWLJONLST (OR V90X1450XD RCS JET F3L ON CHO asc RC3 cup Sop NEW_JONLST (06 90X1446XD RCS JET F2R asc RCS HO SOP ON V90X1453X0 RCS JET F4R ON CHO csc Ret 1 usgriceoee BES Wey tet gh Eig ASE Mes Be Sep NEW_JONLST {20 L ON CHD ASC RCS Cun Sop NEW_JONLST (21 V90X1678XE RCS JE tit ON CHD ASC acs cHoO SoP NEWTJONEST foe VOOX1675XE RCS JET LIL ON CHD Asc rcs CHD SOP SONLET tee V9OX1690XE RCS JET RAR ON CHD Asc rcs CHD SOB sont st (23 VOXIG85XE RCS JET R2R ON CHD Asc RCS CUD SOP & NEH-JONLST (25 VOONTEBERE RES JET RIR ON CHD asc RCS CHD Sop *  NEH_JONLST (26 ao eee RES JET Cal ON CHD asc RCS EU) Sop tr NEWJONLST (27 VoORTe7ERE RES JET L2U ON CHO ASC RC2 cup SOP ( = NEWCJONLST (28 Foe ee RES SET LIU ON CHO asc RCS CUB Sop — NEW_JONLST (29) V90X1674XE RCS CMD ASC R CMD SOP wn a 7 V9OX1691XE RCS JET R4U ON ASE RCS NEW_JONLST (30 ON CMD = CMD SOP 2 
a V90X1686XE RCS JET R2U Acc RC NEH_JONLST (32 RCS JET R1IU ON CHD RCS CMO SOP wo " NEWCJONLST (32) VOORLcOSKe RES JET L4D ON CHD ASC RCS EMD Sop gs NEH_JONLST (33 Vea eee RES SET L2D ON CHD ASC Rcs CHO SOP a) NEM_JONLST (34 Vg0x16 77% L3D ON CMO ASC cs CHD SOP 38 ON V90X1679XE RCS JET Asc R SP 5 NEMCUONLST (ae) VOOX1692KE RCS ET ASD ON CHD ASC RES EHD SOP DEG/S SPL 53 

NEN SONEST (30) Va0K1EB9xE Res eT eee ON ERAL ACCEL ERROR g7e See TH DEG/S pet 73 6c C ERROR -G/ a2 
NEM FBR VO eee eee ee ED NORMAL ACCEL ere STEER, TLM BO 3 Sod Meer USSKITE7K SEPSPRERENG BOTEW bon vawn Lac GE SIEERT EM $3 <e peo V7eneaS6xB RH BODY FLAP AUTO pac PNLOTLM 

SBS RAUTOCPLANE. V72X5140XB FCS MODE RH TY AUTO Dae NE OTLH . — KB 143xB =RH R- , 1 RAUTO_RYLAMP viz RH SPEEDBRAKE AUTO D&C PNL»T a SS RAR prehe vignsiaiee Fes topE aN BIVCEAcS® Bae BNE Tt t0 Pay o oO RCSS_RYLAMP VoSKeBSTND RH BODY FLAP MANUNSROUND MNVR FLAG G/C STEER, TLM SSME OPS,5.21> oD o 8 RHNL_BF LA VOOX1756X INITIATE RTLS TURNARO ABT CNTL SEQ,HSC, Rae crn UBoRLF2ik ENO! SEME FRAT ¢ Car B80 es 52 —' —_ = 

or V90K1L769X INITIATE SRB NULL CMD. 1 ye AE ATT BROrM Bk ao 
SRB MULL _CHO V90K1761X SR ee RA ORT ATUS FLAG CoH oreER,TLM BO 3 S SR V90X1763X% ISCRETE , 

o) SSME_FAILS V9OX1718X STG] GUIDANCE DISCRET G/C STEER os G TLS ET SEP MNVR F = 
$16 sus V90X1755X 

8 
® 

—=f } 
—ftimaP”
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Table 4,2.11-2. 

OIF8C HISSIONS 

Ascent DAP (G4.176) I-Loads (Cont) 

  

_FSSR_ NAHE MSID ENG UNIT OT PRD S PR FCIN CAT 

BIAS_IB V97U1613C LBS/INMH2 F S DC G4.176 ADEL 
BIAS_08 V97U1S16C LBS/INNH2 F S DC G4.176 ADEL 
CL_ULal V97U1420C ND F S DC G4.176 ADG2 
CL_LLa2 v97U1421C ND F 3 DC G4.176 ADG2 
CL_LLAS V97U1422C NO F S$ BC G4.176 ADG2 
CL_LLAG V97U2456C ND F S$ DC 64.176 AnG2 
CL_LLAS v97U2457C ND F S DC G4.176 ADG2 
CL_ULB1 V97U1423C ND FS 0CG4.176 ADG2 
CL_LLB2 V97U14624C NOD F S DC G4.176 AnG2 
CL_LLB3 V97U1425C ND F S$ DC 64.176 AnGz 
CL_LLBG v97U2456C ND F S$ 0CG4.176 anc2 
CL_LLBS V97U2459C ND F S 0C 64.176 ADG2 
CL_PBA1I V97U1432C NO F S DC G4.17%6 aDGz 
CL_PBA12 v97U1433C NO FS DC 64.176 anG2z 
CL_PBALS V97U1434C ND F S BC G4.17%6 ADG2 
CL_PBAI4 V97U1435C ND F S DC G4.17%6 adG2 

CL_PBAIS V97U1436C NO F S$ DC 64.176 aDGz 

CL_PBAZ1 V97U1437C NO FS BDC G4.176 aDGz 

CL_PBAZ2 V97U1438C ND F S DC G4.176 adez 

CL_PBAZS V97U1439C ND F S DC G64.176 ADG2 

CL_PBA24 V97U1440C ND F S DC 64.176 aDG2 

CL_PBAZS v97U1441C ND FS DC G4.176 ADGz 

CL_pBp11 V97U1447C ND F S BC G4.176 aDG2 

CL_PaB12 V97U1446C NO F S OC G4.17%6 aDG2 

CL_P6B13 V97U1449C ND F S DC G4.176 ADG2 

CL_PBB14 v97U1450C NO F S DC 64.176 ADG2 

DBFN: 0462 DATE :07/27/68 
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Table 4.2.11-2. Ascent DAP (G4.176) I-Loads (Cont) 

  

FSSR NAME SIO ENG UNIT OF PR BS PR FCIN Cat 

Cl_PeB15 V97U1451C NO FS DC G4.176 ance 
cl_pep21 v97U1452C NO F S DCG4.176 AnG2 
Cl_PBB22 V97U453C ND € S$ PCG4.176 aAns2 

' CL_paB2s V97U1454C NO F 3 BCG4.176 ADG2 
.CL_PBB246 V97U1455C NO FS BC C4.176 Ancz 
CL_pBB25 V97U1456C ND F S OC G4.176 AdG2 
cL_pscil V97U2460C NO F S BDCG4.17%6 ADG2 
CL_PBCl2 V97U2461C NO FS DCG4.176 ADG2 
CL_PBC1S v97u2462C NO FS DC G4.176 avez 
CL_PBC14 V97U2463C NO F S DCG4.17%6 AbG2 
CL_PBCAS v98U9577C ND F S DCG4.176 ADG2 
CL_PBCc21 v96UI95768C NO F S$ OC G.17% ADG2 

CL_PBC22 v98U9879C ND F S$ OC &4.176 ADG2 

CL_PBC23 v9eu9580C ND FS DCG4.176 ADG2 
CL_PBC24 v98uU9581C NO FS DCG4.17%% ADG2 
Cl_Paces v98u9562C ND F 8S DC G4.176 ADG2 

CL_Rol v97U1462C NO F S DCGh.17% aADG2 
cL_Ro2z V97U1463C NO F S OCGS.17% aDcz 
CL_RO3 V97U1464C NO F S BCG4.17%6 ance 
CL_ROG V97U1465C NO F S$ 0CG6.17% ance 
cL_Ros V97U1466C NO F S DC G4.17% ance 
CH_Ltsll v9su9588C ND F S DCG4.17%6 ADE 
CH_LLS12 v98u9569C 66ND F S$ OC G4.176 ADG2 

CM_LLS13 v98U9564C NO F S DCG4.17%6 aADGe 
CM_LLS14 V98U9565C NO F S OC G4.17%% ADG2 

Ce_Utsls v98Uu9566C NO F §S OC 64.176 ADG2 

OBFN: 0462 DATE :07/27/88 
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Table 4.2.48 -2. Agscent DAP (€G4.176) fI-Loade CCont > 

OrLeac PISSAONNS 

FESR MAME ensro 

Crt _ 4h SPE v2eucsxs647C ND 

CH LL 322 v280I9568C NO 

OT PR OS PA FcTR CAC 

F 8B BC B.176 ADGaZ 

F 383 OBC GA.1L76 aDGZz /
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FSSR NAME 

CH_LUS21 

CH_LLS22 

CH_LLS23 

CH_LLS24 

CH_LLS25 

CH_NZLAG1 

CH_NZLAG2 

CM_NZLAG3 

CH_NZ1 

CH_NZ2 

CH_NZS 

CH_NZ4 

CM_NZS 

CH_@81 

CM_QB2 

CH_QB3 

CH_QB4 

CH_QB5 

CM_QHP1 

CM_QHP2 

CM_QHPS 

cCmM_Qo011 

CM_Q012 

CM_Qo13 

CM_Q014 

CM_Q015 

Table 4.2.11-2, 

Olsc MISSIONS 

Ascent DAP (G4.176) I-Loads (Cont) 

  

HSIO ENG UNIT OT PROS PR FCIN CAT 

V98U9567C ND F 8S DC 64.176 ADG2 

V98U9568C NO F S DC G4.176 AdG2 

V98U9569C ND F S DCG4.176 AdG2 

V98U9570C NO F S$ 0C 64.176 <AdG2 

V98U9571C ND F S DC G4.176 A0G2 

V97U1482C NO F S DCG4.176 anG2 

v97U1483C NO F S$ DC G4.176 <ADG2 

V97U1484C ND F S 0C 64.176 AdG2 
v97U1485C ND F S OC G4.176 AnG2 

V97U1466C ND F S DC G4.176 ADG2 
v97U1487C ND F S DC G4.176 ADG2 
v97U1488C ND F S BC G4.176 ADG2Z 

v97U1489C NO F S$ OCG4.17%6 ADG2 
V97U1500C ND F 3 0CG4.176 ADG2 

v97U1501C NO F S$ 0C G.176 aDG2 
v97U1502C NO F S$ 0CG4.176 <ADG2 
V97U1503C NOD F S DC G4.176 ADG2 
V97U1504C NO F S BC G4.176 aDdG2z 

V97U1540C NO F S BC G4.176 ance 
V97U1541C NO F S 08 CG4.176 <ADG2 
V97U1542C ND F S 0C 64.176 aDG2 

V97U1543C ND F S BC G4.176 aADG2 
V97UI544C NO F S BC 64.176 ADG2 
V97U1545C ND F S ®8CG4.176 aADG2z 
V97U1546C NO F S OC 64.176 ADG2 
V97U1547C ND F S DC G4.176 ADG2 

DBFN: 0462 DATE :07/27/88 

uo
rI
sI
AI
G 

sw
ia

;s
is

 
u
o
n
e
y
o
d
s
u
e
s
 
s
o
e
d
s
 

als
 

je
uO

He
us

sz
y}

 
e
M
y
o
O
Y



Table 4.2.11-2. 

OIsc MISSIONS 

Ascent DAP (64.176) I-Loade (Cont) 

  

  

FSSR NAHE MSID ENG ¢NIT OT PRB SPR FCIN CAT 

CH_Qo21 v97U1548C NO F S OC G4.176 ance 
CH_Qo2z2 V97U1549C NO F S DC G4.17%6 ADG2z 
CH_9023 V97U1550C NO F S OC G4.176 ADG2 

CH_@0z4 V97UISE1C NO. F S DC 64.176 ADGz 
CM_@025 V97UIB52C NO F S ©C G4.176 ADG2 

CHLROL V97UL55eC ND F S DC 64.176 ance 
CH_Roz V97U1559C NO F S DC G4.176 AnG2 
CH_ROS V97U1560C NO F S DCG4.176 ance 
CHLROS V97U1561C NO F S BC G4.176 AnG2 
CH_ROS V97U1562C NOD fF S$ DC G4.176 ADG2 
cH_sTel1 V98U9583C NO fF S DC O4.176 ADGE 

F CH_STG12 voeusse4c NO F 8 DC G4.176 ADG2 
i CH_STG13 v96U9585C NO f S DC G4.276 ance 
ce CH_STG14 v98u9586C NO fF S BC 64.176 Ancz 

CH_STG15 v9eu9587C NO F S 0C 64.176 ance e 
CHLLLAL v97U1571C NO F S$ DC G4.17%6 ADG2 ; 
CH_LLA2 V97U1572C NO F S OC G4.176 ADG2 rf 

CH_LLAZ V97U1573C NO F S OC G4.176 ance A 

SH CN_LLAG V97U1574C NO F S DCG64.17%6 ance é 

z mo CH_LLAS V97U1575C NO F S BC 64.176 avez ii 

w 6 o CH_LLB2 v9eU9572C ND FS DC G4.176 ance 3 

smd CN_LLB2 v98U9573C ND FS DCGS.176 ance 
>t § CN_LLBS V98U9574C NO F S OC G4.176 aDGz a 
_° § CH_LLBS V9BU9575C NO F S OC G4.176 ADG2 >— 
2 CN_LLBS v98uU9576C ND FS DCG4.176 ance f | 

~ CN_NYLAG1 v97U1581C ND F S DC G4.176 A0G2 sD 
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Table 4.2.11-2. Ascent DAP (G4.176) I-Loads (Cont) 

O18C MISSIONS 

  
FSSR NAME HSID ENG UNIT DT PROS PR FCTIN CAT 

CN_NYLAG2 v97U1582C ND F S OC G.176 ADG2 

CN_NYLAG3 V97U1583C ND Ff S DC G4.176 ADG2 

CN_NYSEP1 V97U1584C ND F 8 8CG4.176 ADG2 
CN_NYSEP2 V97U1585C ND F S$ BC G4.176 ADG2 

|CN_NYSEPS V97U1566C NO- F S$ DC G4.176 ADG2 

CN_NY11 V97U1587C NO F S$ 0CG4.176 <ADG2 

CN_NY12 V97U15868C ND F S OC G4.176 ADG2 

CN_NY13 V97U1589C NO F S OC G4.176 ADG2 

CN_NY14 V97U1590C ND F S DC G4.176 AdG2 

CN_NY15 V97U1591C NO F S DC G4.176 ADG2 

CN_NY21 V97U1592C NO F S$ BDC G4.176 ADG2 

CN_NY22 V97U1593C NO F 3 BC G4.176 ADG2 

CH_NY23 V97U1594C ND F S BDC G4.176 ADG2 

CH_HY24 V97U1595C ND F 3 OC G4.176 ADGZ 

CH_NY25 V97U1596C NO F S$ BC G4.176 ADG2 

CH_PRHP1 v97U1602C NO F 3 8 C 64.176 ADG2 ; 

CH_PRHP2 v97U1603C HO F 8 BCG4.17%6 ADG2 3 

CH_PRHPS V97U1604C NO F S$ DC G4.17%6 ADG2 33 

CN_RBA1I V99U9575C NO F S BC G4.176 ADG2 ° 

CN_RBAI2 V9NI9STEC NO F S BC G4.176 ADG2 7 

CN_RBA1S v99U9577C =D F S BC G4.176 ADG2 $8 

CH_RBAIG ¥99U9578C ND F S$ BC G4.176 ADG2 

CN_RBA1S v99U9579C ND F S BC G4.176 ADG2 a 

CN_RBA21 Vv99U95680C NO F S BC G4.176 ADG2 >—. 

CN_RBAZ2 v99u9561C ~=ND F 3S OC 64.176 ADG2 @ 

CN_RBAZ3 v99U9582C NO F S OC G4.176 ADG2 
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Table 4.2.11-2. 

OI6C MISSIONS 

Ascent DAP (G4.176) I-Loads (Cont) 

  

    

    

FSSR_NAHE HSID ENG UNIT pT PRD SPR FCTIN CAT 

CN_RBA24 v99u9583C NO F 8S BC 64.176 ANG2 

CN_RBA2S voous5se4c NO F 8 BC 64.176 ADG2 

CN_RBBAL vosue5esc =O F 3 0 G4.176 ADG2 

CN_RBB12 V99u9586C NO F 8 8C 04.176 ADGe 

CN_RBB1S vosuesa7c ND Ff 8 OCGA.176 ADG2 
CN_RBB14 voougsesc ND fF & DC G4.176 AdG2 

CN_RBBIS vo9ue589c ND F 8 0CG4.176 ADGZ 

CN_RBB22 V99U9590C ND F S$ DC G4.176 ADG2 

CN_RBB22 V99U9591C NOD F 8 DC 64.176 ADG2 

CN_RBB23 v99U9592C NO F S DC G4.176 AnG2 
CN_RBB24 V99U9593C NO F 8S DC G4.176 ADG2 

* CN_RBB2S V99U9596C ND F 8 DC G4.176 ADG2 
. CN_ROFF1 v97U24868C NO F S DC 64.176 ADG2 

oo CN_ROFF2 v97uses%C ND FS DCG4.176 AnGz 

~ CN_ROFF3 v97U2490C NO F S DCG4.176 ADG2 
CH_ROFF4 v97U2491C NO FS DCG4.17% ADG2 
CN_ROFFS v97U2492C ND F S OC G4.176 ADG2 3°, 

CN_RO11 V97U1645C ND F S&S OC G4.176 ADG2 aS 

ruse CH_ROL2Z V97U164¢6C ND F S DC G4.176 AdGe a8 

2a CN_RO13 V97U1647C ND F S DC G4.176 AdG2 ff 

a wv § oo CN_ROI4 V97U1648C NO F S DC G4.176 <A0G2 § 

eend CN_RO15 V97U1649C NO F S DC G4.176 ADG2 

2s 8 CN_RO21 V97U1650C ND F S DC G4.17%6 A0G2 
-~° 3g CN_ROZ2 V97U1651C ND F S DC G4.176 ADG2 pa 

Ss CN_RO23 v97U1652C ND F S DC G4.176 ADG2 D 
°° CN_ROZ4 V97U1653C ND F S DCG4.17%6 ance =m 
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Table 4.2.11-2. Ascent DAP (G4.176) I-Loads (Cont) 

OI8C HISSIONS 

_FSSR NAHE __MsID ENG {NIT DT PROS PR FCIN CAT 

CN_ROZ5 V97UL654¢C NOD F S DC G4.176 ADG2 
CSRB_PC V97U1660C ND F S DC G4.176 ZFR4 
CSRB_PC2 V97U1661C ND F S BC G4.176 ZFR4 
CSRB_PC3 V97U1662C NO F S DC G4.176 6 ZFR4 
DBFE_INNER V97U1665C DEG F S$ OP 66.176 ZSR2 
DBFE_OUTER V97UL666C DEG F S DPG4.176 = zsR2 
OCLIN V97U2429C DEG F S 0CG4.176 ZSR2 
DEL_THR_CIR V97U2440C DEG F S$ DC G4.176 zsR2 
DELTAT_AUTOTRIM_ENABLE v9eu9e809C SEC F 8 OF G4.176 § ZFR4 
DIBS_TABI01) V97U1667C DEG F S DC G4.176 ASEO 
DIBS_TAB(02) V97U1668C DEG F S$ 0C G4.176 ASEO 
DIBS_TABLO3) V97U1669C DEG F S$ DC G4.176 ASEO 
DIBS_TABI04) V97U1670C DEG F S$ BC G4.176 ASEO 
D16S_TAB(05) V97U1671C DEG F S DC G4.176 ASE 
DIBS_TABI 06) V97U1672C OEG € S$ OC 64.176 ASEO 

DOIBS_TABIO7) V97U1673C OEG FS BC @&.176 ASEO 

DI6S_TABLOB) V97U1674C 0EG F S DC G.176 ASEO 
DOBS_TABI(01) V97U1677C DEG F S$ BC 64.176 ASEO 

DOBS_TABIO2) V97U1676C OEG F S BC 64.176 ASEO 

DOBS_TABI03) V97U1679C DEG F S DC 64.176 ASEO 
DOBS_TABI04) V97U1680C DEG F S$ DC G4.176 ASEO 
DOBS_TAB(05) V97U1681C DEG F S$ 0C G4.176 ASEO 
DOBS_TAB(06) V97U1682C DEG F S 0CG4.176 ASEO 
DOBS_TAB107) V97U1683C DEG F S OC G4.176 ASEO 
008S_TAB(08) V97U1684C DEG F S$ BC 64.176 ASEO 

DP_INNER V97U2484C EG F S OP G4.176 zsRz 
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Table 4.2.11-2. 

OTsc MISSIONS 

Ascent DAP (G4.176) I-Loada (Cont) 

  

    

_FSSR_NAME HSID ENG UNIT DT PROS PR FCIN CAT 

DP_OUTER V97U2485C DEG fF S DPG.176 zsR2 | 
DPY1_LIM V97U1685C DEG F S 0CG4.17%6 ZFRS 
DPY23_LIM V97U1686C DEG F S BC G4.17%6 ZFR4 
0pZ1_LIN v97U1687C DEG F S DC G4.17%6 ZFRS 
DPz23_LIM v97U1688C DEG FS BDC G4.176 ZFRS 
OGHPSP_LIM V97U1689C DEG F S DC G4.176 ZFRt 
OQHPST_S1_END V97U2450C DEG F S MC 64.176 ADG2 - 

DGHPST_S2_TAB(01) V97U1710C DEG FS NC S.376  ATHO 

DQMPST_S2_TABIO2) vo7uL711C DEG FS NC G4.17%6 ATHO 
DQHPST_S2_TABI03) V97U1712C DEG FS NC G4.176 ATHO 
DQMPST_S2_TAB(04) V97U1713C DEG FS NC G4.17%6 ATHO 

- DQHPST_S2_TABI5) V97U2451C DEG F S MC G4.176 ATHO 

y DQHPST_S2_TAB(6) v97U2452C DEG fF S HC G.176 ATHO 

oo DQHPST_S2_TAB(7) V97U2453C DEG Ff S HC G4.176 ATHO 

= DQHPST_S2_TABIA) V97U2455C DES F S HC 64.176 ATHO 

DQSRBT_O_TABIO1) V97U1716C DEG FS MCG4.176 AIN2 z 

DQSRBT_O_TABI 02) V97UL715C DEG F S HC G4.176 ANZ gs 

DQSRBT_O_TAB(03) v97U1716C DEG F S HC G4.176 AlN2 § 3 

mud DQSRBT_O_TABIO4) V97U1717C DEG FS WC G4.176  AIN2 5 

5 223 DQSRBT_O_TABtO5) v97U1718C DEG F S MC 64.176 AlN2 z i 

= bBo DQSRBT_O_TABI 06) V97U1719C DEG FOS MC G4.176  AIN2 $8 

>” i DQSRBT_O_TAB(07) v97U1720C DEG FS HC 64.176 = AIN2 

ST 2 DQSRBT_O_TAB(08) v97U1721C DEG F S MC G4.176 8 AIN2 a 

_ a 03 DQSRBT_O_TAB(09) v97U1722C DEG F S HC G4.17%6 AINZ >— 

3 OQSRBT_O_TAB(10) V97U1723C DEG F S MC G4.176 ANZ Do 

<a DQSRBT_O_TABI11) V97U1724C DEG FS HC 64.176 ANZ > 
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4.3  GUIDANCE/CONTROL STEERING INTERFACE (GC_STEER) 

4.3.1 Introduction 

The requirements for the principal function GC_STEER are presented in 
this section. During the nominal ascent Stage 1 and Stage 2 mission phases, 
GC_STEER provides the ASCENT DAP with attitude errors and attitude rate 
commands for thrust vector control. During the RTLS abort phase of ascent, 
GC_STEER provides the GRTLS DAP with attitude errors and attitude rate com- 
mands for attitude control. In both modes, GC_STEER provides the ascent ADI 
processor with attitude errors for display. 

4.3.2 Interface Requirements 
  

The interface parameters required to properly execute GC_STEER are given 

in Tables 4.3.2-1 and 4.3.2-2. 
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4.3  GUIDANCE/CONTROL STEERING INTERFACE (GC_STEER) 

4.3.1 Introduction 

The requirements for the principal function GC_STEER are presented in 
this section. During the nominal ascent Stage 1 and Stage 2 mission phases, 
GC_STEER provides the ASCENT DAP with attitude errors and attitude rate 
commands for thrust vector control. During the RILS abort phase of ascent, 
GC_STEER provides the GRILS DAP with attitude errors and attitude rate com- 
mands for attitude control. In both modes, GC_STEER provides the ascent ADI 
processor with attitude errors for display. 

4.3.2 Interface Requirements 

The interface parameters required to properly execute GC_STEER are given 

in Tables 4.3.2-1 and 4.3.2~2. 
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Table 4.3.2-1. Input Variables, GC_STEER 

Rate 

Required 
Nene Description MNEMON Source Type Range Units (Hz) 

Q.cca_t Quaternion, guidance G00003 | ASC_1STG_GUID Q | stnit - 6.25/ 
commanded body wre inertial co0004 | (4.T), 2.08 

G0000S | PW_RTLS_GUID 
G00006 (4.4) 

‘Lane Commanded thrust direction GO0306 | ASC_2STG_GUID v | Unit - 2.08 
parameter G00307 | (4.2), 

G00308 | PW_RTLS GUID 
(4.4) 

Tanne Commanded thrust G00309 | ASC_2STG_GUID v | sUnIt | 1/s 2.08 
direction parameter Go00310 | (4.2), 

G00311 | PW_RTLS_GUID 
(4.4) 

TLAMC Commanded thrust G00305 ASC_2STG_GUID s 0, TBD 8 2.08 
direction parameter (4.2), 

PW_RTLS_GUID 
(4.4) 

PHI_WING Wing angle criterion G48916 | ASC 2STG GUID s 27 rad 2.08 
(4.2), 
PW_RTLS_GUID 
(4.4) 

MET Mission elapsed time GO7829 | FCOS s 0,TBD 8 2.08 

VELSUMMSO Selected total accumlated G14702 | IMU_RM v | TBD ft/s 6.25 
(V_IMU_CURRENT) sensed velocity G14703 | (4.72) 

~ G14704 

QB 1 Quaternion, body wrt G19849 | A/E_ATT_PROC Q 21 - 12.5 
inercial G19850 | (4.226) 

G19851 
G19852 

BETA_N Nav-derived sideslip angle G47143 | A/E_ATT_PROC S | #10 deg 6.25 
~ (4,226) 

RHC_STATE_C Commander roll, pitch, and yaw 3_AX_RHC SOP Vv 21 - 12.5 
detent integer (4.171) 

BHC_STATE_P Pilot roll, pitch, and 3_AX_RHC SOP v ie - 12.5 
yaw detent integer (4.171) 

‘DRHC { DAMAN } Manual guidance command G10502 | 3_AX_RHC sop Vv deg 12.5 
DEMAN G10501 | (4.171) 

 oyman G33003 

AUTO Indicator, automatic TVC aode G50361 | ASC_DAP B 0,1 - 12.5 

(4,176) 

ATTCMD Indicator, attitude command G50356 | ASC_DAP B 0,1 - 12.5 
subphase 

FRZCMD Indicator, freeze~atticude G50358 | ASC_DAP 8 0,1 - 12.5 
command subphases 

ZTRANS Indicator, RTLS external tank ASC_DAP 8 | 90,1 - 12.3 
separation maneuver 
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Table 4,.3.2-1. Input Variables, GC_STEER (Cont) 

Rate 

Required 
Naue Description MNEMON Source Type Range Units (az) 

PEGCMD Indicator, powered explicit G50357 |} ASC_DAP 5 0,! - 12.5 
guidance; either STG2, or 
RTLS 

ATTFILT Indicator, filter actual ASC_DAP s 70,1 - 12.5 
body attitude 

RTLS_TURN Indicator, initiate RTLS 600904 ASC_DAP 5 6,1 - 12.5 

turnaround maneuver . 

Raves Current Shuttle position G02701 | ASCENT _UPP vy | 0,tap | fr 2.08 
vector G02702 | (4.197) 

G02703 RTLS_UPP 

(4,200) 

VREL Current Shuttle relative G47784 | ASCENT_UPP, V 0,TBO fps 2.08 

velocity vector G47785 | RTLS_UPP 

647786 

ALT Current Shuttle altitude G04207 | ASCENT_UPP s TBD ft 2.08 
above reference ellipsoid RTLS_UPP 

MM1O1_ INIT Indicator, AFCS startup ASC_DAP B 0,1 - 12.5 

PPD Indacator, RTLS powered G50363 | ASC_DAP B 0,1 - 12.5 
patch down maneuver 

SRBSEP Indicator, SRB separation ASC_DAP B 0,) - 12.5 
subphase 

$1G Indicator, Stage 1 guidance ASC_DAP B 0,1 - 12.5 

PORB Roll rate, orbiter rate gyro 614443 | SF(ORB_RGA) Ss +40 deg s 12.5 

QORB Pitch rate, orbiter rate gyro G14442 | SFCORB_RGA) s 20 deg s 12.5 

RORB - Yaw rate, orbiter rate gyro SF(ORB_RGA) Ss +20 deg/s 12.5 

NZ_FBK Compensated norma) ASC_DAP s deg s 12.5 
acceleration error 

NY_FBK Compensated lateral ASC_DAP Ss deg & 12.5 
acceleration error 

KM_THETA Variable gain for pitch ASC_DAP s deg s 12.5 
attitude error deg 

ELEV_LR Indicator, elevon load ASC_RECON B | 0,1 - 12.5 
relief active 
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Table 4.3.2-1. Input Variables, GC_STEER (Cont) 

Rate 
Required 

Name Description MNEMON Source Type Range Units (Hz) 

KN_PS1 Variable gain for yaw ASC_DAP 5 deg/a/deg | 12.5 
attitude error 

ET_SEP_CMD ET separation command flag G47229 | ET_SEP_SEQ B 0,1 - 12.5 

MM_CODE_601 Major Mode 601 flag MSC B 0,2 - 2.08 

Tz Unit vector pointing trom PW_RTLS GUID Vv - 2.08 
vehicle to landing site 
at cutoff 

Table 4.3.2-2. Output Variables, GC_ STEER 

Rate 

Required 

Name Description MNEMON Destination Type Range Units (Hz) 

EBF Attitude errors for TVC G33601 | ASC_DAP, v deg 12.5 
loops G33602 GRILS_DAP 

G33603 | (4.227) 
ASC_1STG_GUID 

(4.1) 

EBD Attitude errors for display G33607 | ASC_ADI_ Vv deg 6.25 
633608 PROC 

G33609 | (4.206) 

WFBI_FB Rotational velocity/command G33604 | ASC DAP, V deg/s 12.5 
flight body wrt inertial, G33605 | GRTLS_DAP 

coordinatized in 633606 

flight body 
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4.3.3 Overview and Functional Description 

A. Overview. An overview block diagram of GC_STEER is shown in 
Figure 4.3.3-l1. In general, GC_STEER provides ‘an extrapolation and smoothing 
function for interfacing between the low rate processing of guidance (either 
automatic or manual) and the high rate processing of flight control. GC_STEER 
performs three specific functions: AUTOMATIC STEERING, which provides the 
interfacing between guidance and flight control} MANUAL STEERING, which pro- 
vides the interfacing between the pilot and flight control; and ATTITUDE 
ERRORS, which generates the attitude error between desired attitude and actual 
vehicle attitude. 

During first stage, AUTOMATIC STEERING performs smoothing of the com- 
manded attitude quaternion from guidance by means of a second-order filter 
having rate and acceleration Limiting. During second stage, AUTOMATIC 
STEERING first combines the outputs from the linear tangent guidance routine 
to form a commanded attitude quaternion and then smooths it as in first 
stage. The output from AUTOMATIC STEERING is a desired attitude quaternion 
and a desired attitude rate. ATTITUDE ERRORS takes the desired attitude 
quaternion generated as described above and combines it with the actual body 
attitude quaternion to form the attitude errors which are sent to flight 
control and DISPERRS during automatic and to DISPERRS only during manual. In 
ATTITUDE ERRORS when ZTRANS is on, the negative value of BETA_N from A/E_ATT_ 
PROC is substituded for the third element of the attitude error. Attitude 
errors displayed during first stage are augmented with load relief 
acceleration errors from the ASC_DAP. If manual guidance is selected during 
ascent, manual steering will combine the pilot's attitude rate commands to 
form a desired rate command. This desired rate command replaces the rate 
command generated by automatic steering. Manual steering also generates an 
attitude error to replace the one generated by automatic steering. In manual, 
when the RHC is out of detent at either crew station, the attitude error is 
zeroed. When the RHC is in detent at both crew stations, the attitude error 
is formed by integrating the orbiter attitude rate. 

31
91
61
89
) 

B. Functional Description. A detailed functional block diagram of GC_STEER 

is shown in Figure 4.3.3-2. A simplified block diagram of the maneuver 
smoother (linearized for coplanar maneuvers) is shown in Figure 4.3.3-3. 

4.3-5 

STS 83-0008B 

Volume 1



  rors ©) gd ; 
    

  
  

  

  

  

  

          

    
  

  

          

  

      

  

            

        

  

  

  

                  
  

    
  

  

  

  

        
  

  

    
  

  

    
      
  

  

  

  

> FBI FB 
SF qors = —© B FLIGHT BODY RATE 

ORB_RGA RORB > COMMAND (DEG/SEC) 
25 We > ——0-]—P] 10 ASC_OAP, GRTLS DAP 

Ruc_STATE_C MANUAL ° - 

C STATE P STEERING =~ A 12.5 Hz 
MANUAL GUIDANCE ae 
COMMANDS (DEG), HE > Fare 
VIA 3_AX_RHC_SOP 12.5 Hz 

SEQUENCING CONTROL Auto O8 
FLAGS, VIA ASC_DAP ZTRANS oe 
(ASC_RECON) ATTCMD, ATTFILT, PEGCHD OA 

12.5 Hz FRZCMD, RTLS_TURN _ 
- 808 FB tare 

‘ f 
CURRENT SHUTTLE at ATTITUDE ERRORS 

RELATIVE VELOCITY, | ANG ATTITUDE TO ASC_DAP, GRTLS_DAP 
VREL ERRORS ASC_1STG GUID . VIA ASCENT_UPP, }_—— lg FOR 42.5 Me 

RTLS_UPP 6.25, 1 04 Hz CONTROL 
———————— re AUTOMATIC AND 

STEERING DISPLAY - Fave ATTITUDE ERRORS 
S162 Guidance Param. | LAC | _ > a} ——«(DES) 

- ETERS, ROLL SYMMETRY | CAMDC WoB1_0B VO ASC_ADI_PROC oo w COMMAND, VIA ASC_2STG_| TLANC 12.5 He 
|} d GUID, PW_RTLS GUID PHI_WING t 

0.521 Hz 7 Q.0B.1 

wo 
3 MISSION ELAPSED TIME MET . #8 

}————-____—___ 4 
(SEC), VIA FCOS 12.5 Hz 3 = 

NOTES 3 3 
<n A= AUTO o $3 COMMANDED ATTITUDE ® 8 - AUTO ? 
a QUATERNION, VIA Q Gee! Se 

}-—_—_—_——_» S65 ao ASC_1STG_GUID, @) ‘els + rons ° ss 
Ps 

1 PW_ATLS GUID 6.25 Hz RORB o 
—O a ~d 

S * a 3 SELECTED TOTAL ACCUM 
o SENSED VELOCITY (FPS), | VELSUMMSO >— 

VIA IMU_RM oS 
6.25 Hz 

25) 
M50 TO MEASURED BODY | gg 1 eo 
QUATERNION, VIA == 4 32 
A/E_ATT_ PROC a= _ 12.5 Hz +0 

oC = 

@ 
WAY DERIVED SIDESLIP =— 
VIA A/E_ATT PROC BETAN. 

6.25 Hz 
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4.3.4 GC_STEER Software Description 

A
C
)
 

ware overview of GC_STEER is shown in Figure 4.3.4-1. Its 

input/output requirements are shown in Tables 4.3.2-1 and 4.3.2-2, respec- 

tively. GC_STEER consists of seven function modules, CBQUAT_ ERECT, DBACCEL, 

DBQUAT, ATTERRS, THRUST DIRECTION FILTER, MANUAL_ASCENT_GUIDANCE, DISPERRS, 

and four copy cycle modules, CBQUAT_GUID, CBQUAT FILT, DB_QUAT COPY, AND 

FBCMDS AUTO. The high-level sequencing requirements for GC_STEER are shown in 

7 1 mission and in Figure 4.3.4-2B for an RTLS 
Figure 4.3.4-2A for a nomina Fi 

abort. The sequencing requirements are specified in terms of 12.5-Hz rate 

group, denoted by GC_STEER_80; 6.25-Hz rate group, denoted by GC_STEER_160; 

the 2.08-Hz rate group, denoted by GC_STEER_480 and 2.08 Hz alternate rate 

group, denoted by GC_STEER_480 ALT, which are defined in Figure 4.3.4-2C. The tx B 

detailed diagrams for the function modules are shown in Figures 4.3.4-3 

through 4.3.4-9. The intermodule interface requirements for GC_STEER are 

presented in Table 4.3.4-1. Initialization requirements are presented in 09 

Table 4.3.4-2, and I-loads/constants are presented in Table 4.3.4-3. The 

initial values of the thrust direction filter constants UFE2 and UFE3 are 

based on the average gimbal angle of the MPS pitch engines (12 degrees) and _ 

orbiter trim of -1.2 degrees. 
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A = AUTO 

B = AUTO 

(2). COPY CYCLE MODULES (OUTPUT = INPUT): 
CBQUATFILT: QCBI=QBI 

"CBQUAT_GUID: QCBI=QGCBI 
DB_QUAT COPY: Q DBMID_I = Q.0B I 
FBCMDS AUTO:  WFBI_FB = WOBI_OB 

EBFB = EBDB FB. 

SENSE IS FEEDBACK MINUS COMMAND © 

PROCESS AT 6.25 Hz DURING ATTCMD, AND AT 2.08 Hz 

DURING PEGCMD 

© 

(5) FROM ASC_DAP (ASC_RECON) 
ATTFILT PPD 
ATICMD S16 

ZTRANS 
PEGCMD MM101_INIT 
FRZCMD SRB_SEP 
RTLS_TURN 
AUTO 

(6) In the module ATTERRS, when ZTRANS is on, the (negative) 
value of BETA_N from A/E_ATT PROC is to be substituted for 
the third component of EBDB_FB. Account should be taken of 
the different cycling notes of A/E_ATT_PROC and GC STEER to 
ensure that when the switch is activated only -BETA N is 
output as the Z axis component. 

Figure 4.3.4-1. Steering Software Overview (Sheet 2 of 2) 
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Systems Division International 

NOTES 

(1D) ACCELERATION LIMITING 
| 

WPRED = TSTR ADBI_DB + WOBI_DB 
TEMP = ABVAL (WPRED) 

TEMP > WLIM ADBI_DB = ((WLIM/TEMP) WPRED - WDB1_D8)/TSTR 

! 

TEMP = ABVAL (ADBI_DB) 

TEMP > ALIM ADBI_DB = (ALIM/TEMP) ADBI_DB 

(2) STEERING GAINS. (SEE TABLE 4.3.4-2 FOR GAIN SELECTION BASED ON 
ALLOWABLE MODE TRANSITIONS.) 

ATTFILT $16 Reeeren | RTLS_TURN. PPD ZTRANS 
L5— URN — 

TSTR TSTR_160 TSTR_169 TSTR_480 TSTR_480 TSTR_160 TSTR_160 

ALIM ALIM_ATT ALIM_S1G ALIM_S2G | ALIM_TURN | ALIM_PPD ALIM_2TRANS 

WLIM WLIM_ATT WLIM_S1G WLIM.S2G | WLIM_TURN =| WLIM PPD WLIM_ZTRANS 
KERR KERR_ATT KERR_S1G KERR_S2G KERR_TURN KERR_PPD KERR_2TRANS 

KRATED | KRATED_ATT/| KRATED_S1G/| KRATED_S2G/} KRATED_TURN/| KRATED_PPD/ | KRATED_2TRANS/ 
TSTR TSTR DEG_TO_RAD | DEG_TO_RAD | TSTR TSTR 

KRATEF | KRATEF_ATT | KRATEF_S1G | KRATEF_S2G | KRATEF_TURN | KRATEF_PPD | KRATEF_ZTRANS         

(3) DERIVED RATE: 

(4) QUATERNION ERROR: 

(5) CONJUGATE OF QUATERNION 
QDBCBS = QCBDBS; QDBCBV = - QCBDBV 

Figure 4.3.4-4. 

Q_CB_DB + QUAT MULT (QCBIS, QCBIV, QDBIS, QDBIV) 

DELQ_CB_I  QUAT_MULT (QCBIS,QCBIV,QCBIOLDS ,-QCBIOLDV) 

Q.cCB_I OLD = Q CBI 

DBACCEL Function Module Detailed Diagram (Sheet 2 of 2) 
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  ——> 

WB 1_ DB 

[ uaa a= Gee ee | 

7081_8 | VECTOR 

RECTANGULAR 
INTEGRATION | (DEG/SEC) 

  

        
       

    

  WDBI_DB QUAT_INTEG 
(SUBSECTION 
4.7.12) ) 

Q.0BI 

      

  | 

Lots | 

_ My, m GQ) DTCONM = - > (raR)- 

(2) Q DB I MUST BE NORMALIZED BY A CALL TO QUAT_NORM AT THE 2.08 Hz 
ALTERNATE RATE JUST PRIOR TO EXECUTION OF DB_QUAT_COPY. 
NORMALIZATION OF Q_DB_I IS NOT REQUIRED DURING FIRST STAGE. 

(3) VECTOR RECTANGULAR INTEGRATION 

WOBI_DB = TM ADBI_DB + WDBI_DB. 

Figure 4.3.4-5. DBQUAT Function Module Detailed Diagram 
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Espa (1 
> 

TBOB_FB . Eeop (2) ELEVIR ; . Feos | 
—* ELEV_LR > | 

EBOB (3) ELEV LR 
Po 

S 
ELEV_LR 

-_
t 

-_
—*

. 

KM_THETA 
        ¥ @ A ! 

  

        NZ_FBK 1 £6) . 
KM THETA i 

        

m
e
 

NY_FBK 1. ]+ 2) 

PT kn pst . 

<H_PSI 
      

        

(1) REQUIRES ONLY ONE SWITCH 

  

EBDB (2) = EBDB FB (2) + N7_FBK / KM_THETA . 
ELEV LR - = 

= EBDB (3) = EBDB_FB (3) + NY_FBK / KN_PSI         

(2) DEFAULT VALUE FOR DIVISION (1/KM_THETA AND 1/KN_PSI) IS 10.0. DIVISOR NEVER 

EXPECTED TO BE LESS THAN 0.1. 
a
h
 

Figure 4.3.4-9. DISPERRS Detailed Block Diagram A 
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Table 4.3.4-1. 

Space Transportation ¢g 
Systeme Division 

Rockwell 
International 

GC_STEER Inter-Module Interface Requirements 
  

  

  

  
  

  

                    

hate 
Required/ 

Source or | Produces 

Module Name Descraptaon Deatination Type ' Range Units | ac (Ns) 

v 

CBQUAT_ERECT Inputs 
| 

Tanc ASC_28TG_GUID, v - | 2.00 
Pw_RTLS_ GUID 

TLAMDC Commanded thrust direction | ASC_28TG_GUID, 
parameters PW_RITLS_GUID v l/s 2.08 

TLAMC ASC_2STG_GUID, 8 e 2.08 

PW_RTLS_GUID 

MET Mission elapsed time Fcos § 8 2.06 

PHI_WING Commanded roll symmetry ASC_2STG_GUID, $ af rad 2.06 
angle Pw_RTLS_GUID 

UFE Estimated filtered thrust- THRUST DIRECTION  } V - 2.08 

direction FILTER | 

R_AVGG Position wrt earth center, ASCENT_UPP, V tt 2.08 

coordinatized in inertial RTLS_UPP 

VREL Earth-relative velocity ASCENT_UPP, v fps | 2.08 
vector, coordinatized in RTLS_UPP 
inertial 

ALT Altitude above reference ASCENT_UPP, s ft 2.08 
ellipsoid RTLS_UPP | 

RTLS_TURN Indicator, begin RTLS ASC_RECON B - 2.08 
turnaround 

Iz Unit vector pointing from PW_RTLS_ GUID Vv - 2.08 
vehicle to landing site 

at cutoff 

MM_CODE_601 Major Mode 601 MSC B - 2.06 
3 

Outputs 

Q.cB I Quaternion, commanded body DBACCEL Q - 2.08 
wrt inertial 

WCBI_1 Ideal rate, commanded body DBACCEL V deg/s 2.08 

wrt inertial, coordinatized 

in inertial | 

| 
DbACCEL Inputs 

Q DB I Quaternion, desired body wrt| DBQUAT Q - 0.25/ 
inertial 2.08 

Q cB 1 Quaternion, commanded body CBQUAT_FILT Q - 6.25/ 
wrt inertial CBQUAT_GUID 2.08 

CBQUAT_ERECT 

WeB1_1 Ideal rate, commanded body CBQUAT_ERECT v deg/s 2.08 
wrt inertial, coordinatized 

in inertial 

WDBI_DB Rotational velocity, desired) DBQUAT v deg/s 6.25/ 
body wrt inertial, coordina- 2.08 
tized in desired body 

4.3-27 
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Table 4.3.4=-1. 

Space Transportation 
Systems Division 

  

a) 
GC_STEER Inter-Module Interface Requirements (Cont) 

Rockwell 
International 

  

  

  

        
  

  

    

| Rate 

Requared/ 
Source or | Produced 

Module Name Description Destination Type Range Units At (H2) 

DBACCEL MM1O1_ INIT Indacator ASC_RECON B - 12.5 
(Cont) ATTCMD Indicator ASC_RECON B - 12.5 

FRZCMD ladacator ASC_RECON B - 12.5 

PEGCMD Indicator ASC_KECON 3B - 12.5 

PPD Indicator ASC_RECON B - 12.5 

RTLS_TURN Indicator ASC_RECON B e 12.5 

$1G Indicator ASC_RECON B - 12.5 

ATTIFILT Indicator ASC_RECON B - 12.5 
ZTRANS Indicator ASC_RECON 5B - 12.5 

Outputs 

‘ADBI_DB Rotational acceleration, DBQUAT v deg/s*| 6.25/ 
desired body wrt inertial, 2.06 

coordinatized in desired 
body 

DBQUAT Inputs 

‘ADBI_DB Rotational acceleration, DBACCEL Vv cee /s"| 6+25/ 
desired body wrt inertial, | 2.06 

coordinatized an desired ' i 
body | 

MM101_ INIT Indicator ASC_RECON B 12.5 

AUTO Indicator . ASC_RECON B 1 12.5 

FRZCMD Indicator ASC_RECON 5B - 

SRBSEP Indicator ASC_RECON B | - | 12.5 

Outputs | 

Q DB 1 Quaternion, desired body wrt | ATTERRS Q be 125 
inertial DB_QUAT_COPY | 

DBACCEL 
|e 

WDB1_DB Rotational velocity, desired | FBCMDS AUTO V deg/s 12.5 

body wrt anertial, coordana- | DBACCEL 

tized in desired body 

Inputs 

MANUAL _ DRHC Manual attitude coumands 3-AX RHC SOP Vv deg 12.5 

ASCENT_ (rotation hand controller) 
GUIDANCE 

MM101 INIT Indicator ASC_RECON 8B - 12.5 

AUTO Indicator ASC_RECON B - 12.5 

FRZCMD Indicator ASC_RECON B - 12.5 

RHC_STATE_C Commander RHC out of detent | 3-AX RHC SOP v - 12.5 
signals 

RHC_STATE_P Pilot RHC out of detent 3-AX RHC SOP 12.5 
signals 

PORB _ Ss deg/s | 12.5 
QORB WB1_B Orbiter att rates SF (ORB_RGA) S deg/s | 12.5 

RORB Ss deg/s | 12.5 

Outputs 

WFbI_FB Rotational velocity, flight |ASC_TVC Vv deg/s | 12.5 
body wrt desired body or 
inertial, coordinatized in 

flight body 

EBFB Attitude errors for TVC ASC_TVC v deg 12.5 
loops               

Hast 

abet (ut 
p ATER   
Pha 
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Table 4.3.4-1. 

Spece Transportation 
Byetems Division an Rockwell 

international 

GC_STEER Inter-Module Interface Requirements (Cont) 
  

  

  
  

  

    
  

  

  
    
        

Rate / 
Required 

Source or Printaced 
Mata le Name Descriptive Destination Type Range Unite | At (Hz) 

Laputs 

ATTERRS Q oat Quaternioa, desired body DBQuaT Q - 12.5 
wee inertial 

Qar Quaternion, actual body wrt | A/E_ATT_PROC Q - 12.5 
inertaal 

MM1O1_INIT Tndacator ASC RECON 8 - 12.5 

BETA_N NAVederived sideslip angle A/E_ATT_PROC 8 deg | 6.25 
' 

ZTRANS Indicator ASC_RECON A “ 1.5 ¢ 

Qutputs 

EBDB FB Attacude errors for thruet | GRTLS_DAP, v deg 12.5 
vector control asc _tvc, 

DISPERRS_AUTO 

Inputs 

RKUST_ 
ABELTION 

F LTER 

WLIMU_CURRENT Selected total accumulated | IMULRM v te/s 6.25 
(VELSUMMSO > sensed velocity M50 

Q_DBMID I Transformation quaternion, DB_QUAT_COPY Q - 2.08 
inertial frame to flight 

body frame at mid THRUST_ 

DIRECTION FILTER cycle 

MMLOL INIT Indicator ASC_RECON B - 
PEGCMD Indicator ASC_RECON B - / 12.5 

Outputs 

IFE Estimated filtered thrust CBQUAT_ERECT v - 2.08 
direction 

Inputs 

D PERRS EBDB_FB Uncompensated attitude ATTERRS v dey 6.25 
errors for display 

KM_THETA Variable gain tor pitch ASC_DAP s deg s/f 6.25 
attitude error deg 

KN PoE Variable gain for yaw ASC DAP Ss deg s/f = 6.25 
attatude error | dep 

NZ_FBK | Compensated normal ASC_DAP Ss deg 3s 12.5 
acceleration error 

NY_FBK Compensated lateral ASC_DAP S deg 3 12.5 
| acceleration error 

ELEV_LR ' Indicate active elevon load | ASC_RECON B - 12.5 
| | relief 

{ T 
Outputs 

EB! B Compensated attitude errors ASC_ADI_ PROC Vv dey 12.5 

for display |       
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f 
Table 4.3.4-2. ‘GC_STEER Initialization Requirements ( yl 

Inataalize on Transation wv 
U 

Module Component Frou To Variable Initial Value , 

DBACCEL Input - MM101_ INIT ps t 0.0 
BI_DB NULLVEC 

ADBI_DA WuLLvec 
DBACCEL_ Q pst QBt 
FIRST_PASS Q.cB_I_OLD qait @) 

Past value of error FRZCMD FRZCMD Q.cB I OLD Q.cB_t 
quaternion 

PPD PPD Q.cB_I OLD QcB I 

Steering gains MM101 = INIT TSTR TSTR_160 
~ ALIM ALIM_ATT is 

WLIM WLIM_ATT v riot, 
KERR KERR_ATT ee 
KRATED KRATED_ATT/ ut 

TSTR 
KRATEF KRATEF_ATT 

SIG $16 ALIM ALIM_S1G 
WLIM WLIM_S1G 
KERR KERR_S1G 
KRATED KRATED_S1G/ 

TSTR 
KRATEF KRATEF_S1G 

~ pucuns AUTO 
PEGCMD PEGCMD TSTR TSTR_480 

ALIM ALIM_S2G 
WLIM WLIM_S2G we at COPY 
KERR KERR_S2G ( “ 
KRATED KRATED_S2G/ DEG TO~RAD DISPERRS 
KRATEF KRATEF_S2G 

- AAUAL ASCENT 
RTLS_TURN RTLS_TURN ALIM ALIM_TURN ute 

WLIM WLIM_TURN 
KERR KERR_TURN 
KRATED KRATED_TURN/ areas 

DEG _TO_RAD 
KRATEF KRATEF_TURN ‘ 

"MT bazer 
PPD PPD TSTR TSTR_160 

ALIM ALIM_PPD 
WLIM WLIM_PPD 
KERR KERR_PPD 
KRATED KRATED_PPD/ 

TSTR i 
KRATEF KRATEF_PPD Maiuy ST 

ZTRANS ZTRANS TSTR TSTR_} 60 0) uy 
ALIM ALIM_ZTRANS wt tap 
WLIM WLIM_ZTRANS () ling 
KERR KERR_ZTRANS > Wig 
KRATED KRATED_ZTRANS/ 

TSTR 
KRATEF KRATEF_ZTRANS 

ATT_PRUC_OUTER, at 1.04 Hz, 18 processed before the first execution of DBACCEL on transition 

to Arcus FIRST_PASS. 

manners are 
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Table 4.3.4-2. 

Space Transportation 
Systems Division a Rockwell 

International 

GC_STEER Initialization Requirements (Cont) 

  

Inataalase on Traneition 
  

  

        

Module Component Fron To Variable Instial Value 

paquat Quaternion antegral MM101_ INIT Qos t 0.0 Q) 

AUTO AUTO Qbal qal 

Input FRZCHD FRZCHD ‘ADB1_ps WuLhvec 

Rate antegral - MM101_1NIT Wpai_ps WuLivac 

FRZCHD FRZCMD Wobi_pB WuLLvEc 

AUTO AUTO Wobi_pb Wret_re 

Quaternion integral SRBSEP SRBSEP Q bat Qat 

THRUST_ Thrust direction PEGCMD PEGCMD UFEs 0.6 
DIRECTION falter outputs 
FILTER UFE, © 

Accumulated sensed PEGCMD PEGCMD VELSUMMSO_OLD | VELSUIM50 
velocity 

Thrust filter M101_INIT UF2_RLIM_TTDF @) 

MM101_INIT UF3_RLIM_TIDF ©) 

FBCMDS_AUTO Output - MM1O1_INIT WFBI_FB NULLVEC 
Ears NULLVEC 

DB_QUAT_COPY Output PEGCMD PEGCMD Q_DBMID 2 Q DBI 

DISPERRS Copy cycle for display MM101_INIT EBDB WULLVEC 

MANUAL _ASCENT_ AUTO AUTO ATT_HOLD(2) 0 
GLIDANCE ATT_HOLD(2) 0 

ATT_HOLD(3) 0 

ATTERRS Yaw attitude error ZTRANS ZTRANS EBDB FB(3) -BETA_N 

CBQUAT_ERECT RILS Flyback first pass - MM101_INIT FPASS OR 
flag   
  

  

O
O
O
 

© 

UF2_RLIM TSTR_480. 

UF3_RLIM TSTR_480. 

(12.0 - DQMPST_S2_ TABI) DEG TO RAD. 

ATT_PROC OUTER, at 1.04 Hz, is processed before the first execution of DBACCEL on transition 

to AFCS FIRST PASS. 
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Table 4.3.4-3. GC_STEER I-Loads/K-Loads/Constants 

MS1D/ 

Module Name Description Type Value Units 

DBACCEL KRATEF_ATT Feedback rate gain s V97U20466C l/s 

KRATEF_S1G Feedback rate gain § V97U20468C f 

KRATEF_S2G Feedback rate gain § V97U2049C 

KRATEF_TURN Feedback rate gain § ¥97U2050C 

KRATEF_PPD Feedback rate gain 5 ¥97U2047C 

KRATED ATT Rate gain $ V97U2041¢€ 

KRATED_S1G Rate gain & V97U2043C 

KRATED_S2G Rate gain s V970U2044C 

KRATED TURN Rate gain § V97U2045¢ ' 

KRATED PPD Rate gain s V97U2042¢ l/s 

TSTR_160 Steer cycle sample period s 0.160 & 

TSTR_480 Steer cycle sample period s 0.480 8 

ALIM_ATT Angular acceleration lamit s v97U1400C | deg/s2 

ALIM S16 Angular acceleration limit s V97U1402C 

ALIM_S2G Angular acceleration limit s V97U1403C 

ALIM TURN Angular acceleration limit s V97U1404C 

ALIM PPD Angular acceleration limit Ss V97U1401C deg/s” 

WLIM_ATT Angular rate limit S V97U2319C | deg/s 

WLIM_S1G Angular rate limit s V97U2321C | deg/s 

WLIM_S2G Angular rate limit Ss V97U2322C | deg/s 

WLIM_ TURN Angular rate limit s V97U2323C | deg/s 

WLIM_PPD Angular rate limit Ss V97U2320C | deg/s 

KERR_ATT Angle error gain & v97u18osc | 1/6? 

KERR_S1G Angle error gain s V9701807C 

KERR_S2G Angle error gain § V97U1808C 

KERR_TURN Angle error gain S V97U01809C 

KERR_PPD Angle error gain s v97ussoec | 1/8" 

NULLVEC NULL vector v (0,0,0) - 

UNIT_QUAT Unit quaternion, structure Q (1,0,0,0) - 

RAD_PER_ DEG Conversion factor, degrees to radians S #/180 Rad/deg 

ALIM_ZTRANS Angular accel limit s v97U1331C | deg/s? 

WLIM_ZTRANS Angular rate limit § V97U1329C | deg/s 

KERR_ZTRANS Angular error gain Ss V97U1330C 1/6? 

KRATED_ZTRANS Rate gain Ss V97U1328C l/s 

KRATEF ZTRANS Rate gain § V97U1327C l/s             
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Table 4.3.4-3.'° GC_STEER I-Loads/K-Loade/Constants (Cont) 

MSiD 

Module Name Description Type Value Units 

DBQUAT RAD_PER_DEG Conversion factor, degrees to radians 5 #/180 cad/deg 

T™ Medium cycle sample period 8 0.08 6 

OTCON_M Rate vector gain for quaternion 8 “TH « RAD s/deg 
integration PER_onc/Z 

WULLVEC Null vector v (0,0,0) - 

THRUST_ RAO_PER_DEG Scale factor, degrees to radians 8 4/180 rad/deg 
DIRECTION_ 
FILTER DQMPST_S2_TAB(O1) Second stage pitch crim table poine | | $ V9701710C deg 

GUF Filter coefficient 8 v97U1799C “ 

TSTR_480 Module sauple period s 0.48 s 

UF2_LIM Lateral position Limic 8 ¥97U2270C - 

UF3_MAX Normal maximum position limit s ¥97U2272C - 

UF3_ MIN Normal minimum position Limit 8 V9702273C - 

UF2_RLIM Lateral rate limit § V97U2271C l/s 

UF3_RLIM Normal rate limit s ¥97U2274C I/s 

MANUAL _ NULLVEC Null vector v (0,0,0) - 
ASCENT _ 
GUIDANCE ™ Medium cycle sample interval s 0.080 8 

DMAX Maximum value of shaped manual s V97U1676C deg 
attitude command 

KDMLIN Linear coefficient in parabolic s V97U8755C deg/deg 
shaping equation 

KDMPAR Parabolic coefficient in parabolic s v97U1804C deg /deg* 
shaping equation 

KRHCX ) s v97U2052C , (deg/s/deg) 
KRHCY Manual attitude commands gains Ss ¥97U2053C (deg/s/deg) 
KRHCZ s V9702054C (deg/s/deg) 

KRHCPZ Manual attitude crossfeed gain s v9702051¢ (deg/deg) 

UNIT_QUAT Unit quaternion Q (1,0,0,0) ' ~ 

RAD_PER_DEG Conversion factor, degrees to radians s 4/180 rad/deg 

DTCON_M Rate vector gain for quaternion Ss -T™ ° s/deg 
integration RAD_PER_ 

DEG/2 

WBI BLIM(i) Rate limit for initiation of Vv V97U1321C to | deg/s 
i= 1 to 3 attitude hold V97U1323c 

EBFB_LIM(i) Attitude error limit for initiation v V97U1324C to | deg 

i= 1 to3 of attitude hold V9701326C             
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Table 4.3.4-3: GC_STEER I-Loads/K-Loads ‘Constants (Cont) 

  

  

. oe MSID/ 

Module Mane Description Type Value Units 

- 
2 

tral 

CBQUAT ERECT ALT HEAT Altitude boundary for heating s v97U1408C ft 

MET HEAT Time boundary for heating 8 v97U2060C s 

~ constraint algoritha 

C ALF LIM Cosine of angle-of~sttack limit s ¥97U1419C 

S_ALF_ LIM Sine of angle-of-attack limit s V97U2237C - 

C_ALF BLAS Gosine of bias angle-of-attack s V97U1L618C - 

§_ALF_BIAS Sine of bias angle-of-attack s V97U2236C - 

RAD PER DEG Conversion factor, degrees to Ss 4/180 rad/dey 

radians 

Uz Unit Z-axis Vv (0,0,1) -               
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4.3.5 Guidance/Control Steering Interface Principal Function Tables 

The guidance/control steering interface principal function input and 
output tables, along with the I-Lload tables, are presented in Tables 4.3.5-l 
through 4.3.5-2. The automated Interface Definition Document (IDD) table 
(Table 4.3.5-1) 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 table take precedence. 

Note that IDD output (source) tables that reflect parameters going to 
input (destination) TLM will not be interpreted as a signal actually being 
downlisted. The parameter may only be available for downlist in COMPOOL and 
may not appear in a downlist format. 

  

*A GN&C software element is either a sequenced principal function (PF), crew 
generated specialist/display function, or an OPS display function. 
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4.6 ASCENT/ENTRY ATTITUDE PROCESSOR (ATT_PROC) 

4.6.2 Introduction 

Tae function of the attitude processor is to derive attitude-related data 
foe several user principal functions. These data include attitude, display 
wariables, air data, and velocity coordinatized in the body frame. ATT_PROC 
as antended to meet these requirements in all flight phases except on-orbit 
eperations (OPS 2 and 8). 

ATT_PROC is structured to derive the vehicle attitude quaternion using a 
selected IMU at low rate (1.04 Hz), and to propagate the attitude by integrat- 
ang @ quaternion differential equation, driven by selected prefiltered RGA 
outputs, at high rate (12.5 Hz in ascent and transition, 6.25 Hz in entry). 
All other quantities are derived using the attitude quaternion, at the rate 
and during those mission phases in which users require them. 

Ia writing software requirements, approximations have been introduced an 
place of exact solutions to minimize CPU usage. These approximations are 
amdicated in the text. 

Tae overview, functional design, and moding of ATT_PROC are given in 
Saction 4.6.3. 

The attitude processor consists of eight modules, as listed in 
Table 4.6.l-1 and defined in Sections 4.6.4.1 to 4.6.4.8. 

Table 4.6.1-1. ATT_PROC Function Modules 

  

  

Subsection Function Module 

4.6.4.1 ATT_PROC_INIT 
4.6.4.2 ATT_PROC_OUTER 
4.6.4.3 ATT_PROC_INNER 
4.6.4.4 ATT_PROC_EULER 
4.6.4.5 ATT_PROC_DISP 
4.6.4.6 ATT_PROC_PREFIL 

4.6.4.7 ATT _PROC_RGASW 
4.6.4.8 ADI_QUAT_UPLINK       
  

4.6.2 Interface Tables 

Attitude processor input/output is listed in Table 4.6.2-1. Intermodule 
variables are listed in Table 4.6.2-2. Initialization requirements are listed 
tn Table 4.6.2-3; I-loade/K loads are Listed in Table 4.6.2-4. Constanta sre 
Listed in Table 4.6.2 5. 
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Table 4.6.2-1. ATT_PROC Input/Output 

Rate 

Required/ 
Source or Produced 

Module Name Description Destination Type Range Unit (Hz)* 

Inputs 

ATT_PROC_ DP(K) Pitch-outer roll giabal IMU GND CAL A(3)s 20,006 | rad on demand 
INIT nonorthogonality, IMU,y, (V4, 9A) 

k= 1, 2,3 

MM_CODE_101 Major mode 101 flag MSC B 0, 1 - once 

CLOCKTIME Current tine FCOS- s . 0 once 

T_CLUSTERMSO(K) | M50 wre stable number IMU ORB A/CAL AC3)M +1 - on demand 
transform matrix, IMU,, (4,208) 
Kei, 2, 3 IMU GC ALIGN 

(v4.11) 

IMU_QUAT_UPD_ IMU reference quat update IMU ORB A/CAL B 0,1 - on demand 
REQ request (4.208) 

IMU GC ALIGN 

(v4.11) 

Outputs 

SDP(K) Sine 1/2 gimbal non-orth, ORB ATT PROC A(3)S 21 - on demand 
IMUy, K = 1, 2, 3 (4,97) 

CDP (K) Cosine 1/2 gimbal non-orth, | ORB ATT PROC A(3)s +1 - on demand 
Muy, K* 1, 2, 3 (4.97) 

Q_SM_M50(K) Stable member wrt M50 quat, | ORB ATT PROC Struc a1 - on demand 
IMUy, K = 1, 2, 3 (4,97) (3)S,V 

Inputs 

ATT_PROC_ ORANG (K) Compensated outer roll IMU INT PROC A(3)s 0-360 deg 1,04/ 
OUTER gimbal angle, IMUy, (4.38) 1,04/ 

kK=1, 2, 3 1.04 

PANG(K) Compensated pitch gimbal IMU INT PROC A(3)S 0-360 deg 1,04/ 
angle, IMU,, K = 1, 2, 3 (4.38) 1.04/ 

1,04 

IRANG (K) Compensated inner roll IMU INT PROC A(3)s 0-15, deg 1.04/ 
gimbal angle, IMU,, (4,38) 345-360 1,04/ 
K= 1, 2, 3 1.04 

AZANG(K) Compensated azimuth gimbal | IMU INT PROC A(3)s 0-360 deg 1,04/ 
angle, IMU,, K* 1, 2, 3 (4,38) 1,04/ 

1,04 

SEL_IMU_ID Selected IMU number IMU RM (4.72) I 1-3 - 1,04/ 

1,04/ 

1.04 

ATT_DG Attitude data good flag IMU RM (4,72) B 0, 1 - 1,04/ 
1,04/ 
1,04 

T_IMUS_GA IMU gimbal angle time tag IMU INT PROC S 0 8 1,06/ 

(4,38) 1,04/ 
1,04 

QB M50 Body wrt M50 quaternion ORB ATT PROC Struc tl - once** 
computed on-orbit (4.97) s, Vv                   *Races are given as X/Y¥/Z, in Hz. Rate is X in ascent, Y in transition, and 2 in entry. 

Carryover from OPS 2 or OPS 8 to OPS 3.   
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Table 4.6.21. ATT_PROC Input/Output (Cont) 

Rate 

Required/ 
Source or Produced 

Module Nane Deacraption Destination Type Range Unaac (us) 

Inputs (Cont) 

ATT PROC R_AVGG Shuttle position vector ASC UPP (4.19) 
OUTER (Cont) RTLS UPP (4.20) 

ENTRY UPP (4.23)] ¥ Tap fc 1.06/ 

TAEM UPP (4.24) 1.64/ 
A/L UPP (4.25) 1.04 

1_YD M50** Unit vector normal to ASC UPP (4.19) Vv #1 - wee 
insertion plane, in M50 ASC 2STG GUID 
systen (4.2) 

PW RTLS 

GUID (4.4) 

MM_CODE_101 Major Mode 101 flag MSC B 0,1 - 1.04/ 
1.04/ 
1.046 

MM_CODE_102 Major Mode 102 flag MSC B 0,1 - 1.U6/ 
1.04/ 
1.06 

MM_CODE_103 Major Mode 103 flag MSC B o,. - 1.06/ 
1.04) 

1.06 

MM_CODE_ 601 Major Mode 601 flag MSC 5 6,1 - 1G 
1.04/ 

1.06 

                  Computed once by ATT_PROC_INIT when beginning MM 101; then recomputed once by ASC UPP when first entering 

MH lo2, 
fetSaapled at 1.04 Hz in MM 101, 102, 103, and 601, and at O Hz elsewhere.     
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Table 4.6.2-1. ATT_PROC Input/Output (Cont) 

Rate 

Required/ 
Source or Produced 

Module Name Description Destination Type Range Unit (dz) 

Inputs (Cont) 

AT1_ PROC VLAvGG Shuttle velocity vector ASC UPP (4.19) Vv -1, 0, ft/s 1.04/ 
OUTER (Cont) RTLS UPP (4.20) +1 1.04/0 

ENT UPP (4.23) 

TAEM UPP (4.24) 

A/L UPP (4.25) 

ATT_SEL SW(K) ADI mode switch ADI, GNSC SW RM A(2)1 - 1.04/ 

(4.180) 1.04/0 

LMU_ALIGN_DISP IMU ALIGN DISP active flag MSC 5 0, 1 - 0/1.04**/y 

SDP(K) Sine 1/2 gimbal non-orth, ORB ATT PROC A(3)S a1 - 0/1,04*/0 

IMUy, K= 1, 2, 3 (4.97) 

CDP(K) Cosine 1/2 gimbal non-orth, | ORB ATT PROC A(3)S +1 - 0/1.04*/u 

IMUy, K = 1, 2, 3 (4.97) 

Q_SM_M50(K) Stable member wrt M50 ORB ATT PROC Struc +1 - 0/1.04*/0 

quaternion, IMU,, (4.97) (3) 
s, Vv 

Qutputs 

PS1_IMU(K) M50 to body Euler angle, IMU ALIGN A(3)S 0-360 deg 0/1 .04%*/0 

IMU,, K * 1, 2, 3 DISP (6.26) 

THETA_1MU(K) M50 to body Euler angle, IMU ALIGN A(3)S 0-90, deg 0/1 .04**/) 

IMU,, K=1, 2, 3 DISP (6.26) 270-360 

PHI_IMU(K) M50 to body Euler angle, IMU ALIGN A(3)S O- 360 deg 0/1.04** & 

IMUy, K = 1, 2, 3 DISP (6.26) 

Q_SM_SM(K) Platform wrt platform IMU RM (4.72), Struc +1 - 1.04/ 
quaternion, IMU pair K TLM (3) 1.04/ 

8s, Vv 1.04 

@_ROLL_SM(K) Roll wrt stable member TLM Struc tl - 1.04/ 

quaternion IMU, (3) 1.04/ 
K*= 1, 2, 3 8, Vv 1.04 

Q_LVLH BIASLVLH LVLH wrt BIASLVLH ADI quat TLM Struc +1 - 1.04/ 

Ss, Vv 1.04/0 

Q.M50_LVLH M50 wrt LVLH quat TLM, ASC MNVR Struc 21 - 1.04/ 

DIP (4.210) $, Vv 1.04/0 

DEORBIT MNVR 

DIP (4.211)                   *Iaitialized once on transition to MM 301 by ORB ATT_PROC and subsequently used at 1.04 Hz. 

weIn MM 301 only.   
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Table 4.6.2-1. 

Seace Traranortavon Rockwell 
OM International 

ATT_PROC Inpue/Outpue (Cont) 
  

  

  

        ASC SITE LOOKUP 
(@.288)       

aste 

Required/ 

Source oe Prosuceé 
Module Name Descripcioa Desciascticna Type Raage Uase (aa) 

Inputs 

aTt_PRoc CLOCETINE Curreat tise ¥FGos $s >o s 12.3/ 
INNER 12.3/ 

6.235 

T_IMus_Ga IMU gimpal angle cime cag | ImU IN? PROC $s >0 $ 12.3/ 
(4.38) 12.35/ 

6.23 

aTT_DG Attitude daca good flag IMU m (4.72) 5 a, 1 - 12.35/ 
12.3/ 
6.25 

Oucputs 

Qasr Bedy wre 450 quacernica ENT UPP (4.23) 
G/C STEER 

(4.175) 
TRANS DAP Struc al - 12.37 
(4.201) s, Vv 12.5/ 
aS MNVE OTP 6.25 

(4.210) 

ENT NAV (4.127) 
OEORS MNVR OLP 

(4.211) 
DEORS GUID (4.209) 
ORS INS GUID (4.3) 

TLM, GNSC/SM~-FLL IF 

(4.111) 

RATE GYRO CORR Compensated body rate TRANS DAP v 240 deg O/12.5/ 
(4.201) Q 

PAYLOAD PITCH Picch Euler angie, EF to | GN&C/SN<PL IF $ st tad 9/0.32"/ 
body (4.112) 0 

PAYLOAD Yau Yew Euler angle, EF co GA&G/Smh~PL (F $ an/2 tad Q/0.52"/ 
body (4.111) 0 

PAYLOAD ROLL Roll Euler angle, EF to GN&C/SM-FL IF $ ef rad 0/0.32*/ 

ATTITUDE Body atticude increment TRANS DAP v 210 deg 0/12.5/0 
INCREMENT (@.201), TLM, 

O@B DAP (4.35)+% 

T_woW 450 to body quscerniona TRANS OAP $ >9 8 0/13.5/0 
Cime cag (4.201) 

GN&C/SM-PL IF 
(4.111), TLM 

Inpucs 

ATT_Paoc_ ANGLE cosa. Magnetic declination at ENTRY SITE LOOKUP | §$ O-tr rad Q/0/ 
CULEA Twromac &W cusway (4.124) 6.25   
    uring MM 301, 302, 303 only. 

"*Carryover te OPS 2     
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Table 4.6.2*1. ATT PROC Input/Oucpute (Cont) 

Race 
Raquired/ 

Seurece or Produced 
Module Bane Deseripecics Destination Type Range Unie (ia) 

ats, 

att_PRoc CLOCETINE Gurrea¢ time Fcos 8 >0 ‘ 12.3/ 
TUNER 12.3/ 

6.25 

T_Iws Ga Ua gimpal angle cime cag | IMU [WP PROC $ >9o 8 12.3/ 
(4.38) 42.387 

6.25 

ATT_DG Atcicude daca good flag = | INU mt (4.72) 5 0, | « 12.5/ 
12.5/ 
6.28 

Quepecs 

qat Bedy wre 450 quacernion | ENT UPP (4.23) 
G/C STEER 

(@.173) 
TRANS DAP Struc al - 12.57 
(4.201) s, Vv 12.3/ 
aS MNVR OTP 6.25 
(4.210) 
EMT maAV (4.127) 
DEORB MBVE OLP 

(4.211) 
OEORS GUID (4.209) 

ORB INS GUID (4.3) 

TLM,GN&C/SM-PL IF 
(4.111) 

RATE_GYEO CORR | Compeasaced body race TRANS DAP Vv 240 deg 0/12.5/ 
(4.201) Q 

PAYLOAD PITCH Paceh Euler angle, EF to | GN&C/SN—PL IF s 7 rad 0/0.52*/ 
body (@.111) Q 

PAYLOAD Yai Yaw Euler angle, EF to GheC/Sm~-PL [F s av/2 cad 0/0.52*/ 
body (4.111) 0 

PaYLOaD ROLL Roll Euler angle, EF to GN&C/SM-PL IF s a2 tad U/0.52%/ 
body (4.111) 0 

ATTITUDE Body attitude increment TRANS DAP v 210 deg 0/12.5/0 
LECXEMENT (4.201), TLM, 

ORB DAP (4.35 )¥# 

T_wow “50 to body quacernion TRANS OAP $s >a 8 O/12.5/0 
Clme tag (4.201) 

GU&C/SM=-PL IF 
(4.111), TM 

Tnpucs 

ATT_PROC ANGLE Cost. Magnetic declination ac ENTRY SITE LOOKUP $ O-29F rad Q/o/ 
EULER TTOMAG_By runway (@.124) 6.238 

aSC SITE LOOKUP 

(4.288) 

*Quring ‘M1 301, 302, 303 oaly. 

weCarryover to OFS 2 

\ %   
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Table 4.6.21. ATT_PROC Input/Ouepuc (Cont) 

dace 

Required/ 
Seurece ef Produced 

Hodule Name Deseripcion Deetiascion Type Saage Uare (as) 

nputs 

aTT_PEOC CLOGET INE Carresc tine Fcos 4 290 9 42.3/ 
UER 12.3/ 

028 

THOws Ga IMG gimbal angle time cag | Im INP PROC 8 >9 8 12.5/ 
(4.38) 42.5/ 

6.28 

aTt_DG Atticude daca good flag m (4.72) | g, 3 - 12.3/ 
12.$/ 
6.25 

Qutpucs 

qat Body vre 4S0 quaceraica ENT OPP (4.23) 
G/C STEER 
(6.175) 
TRANS DAP Struc ai - 12.5/ 
(4.201) s, Vv 12.3/ 
AS MNVER OLP 6.25 

(@.210) 
ENT mav (4.127) 

DEORS MNVR DLP 

(4.211) 
DEORB GUID (4.209) 

ORB INS GUID (4.3) 

TLM, GN&C/SM-PL IF 

(4.111) 

RATE _ GYRO CORR Compensated body race TRANS DAP v 240 deg 0/12.5/ 
(4.201) Q 

PAYLOAD PITCH Psech Euler angle, EF to GubC/Sm=PL IF s 27 tad 0/0.52%/ 

body (4.111) 0 

PAYLOAD Yau Yaw Euler angle, EF co GN6C/Sm-PL [F s 2n/2 cad 0/0.52%/ 
body (4.112) 0 

PAYLOAD ROLL Boll Euler angle, EF to GHGC/SM-?FL IF $ 2? tad 0/0.52%/ 
body (4.111) 0 

ATTITUDE _ Body atticude increment TRANS OAP v 210 deg 0/12.57/0 
INCREMENT (4.201), Ths, 

ORB DAP (4.35) 

T_sow “50 to body quacernion TRANS DAP s >0 s 0/12.5/0 
Cime cag (4.201) 

GH&C/SM-PL IF 

(4.111), TLM 

Tapucs 

ATT_PROC AMGLE CORR... Magnetic declination at ENTRY SITE LOOKUP | § O-2r rad Q/G/ 
CULER THTOMAG Rv cunvay (4.126) 4.25 

ASC SITE LOOKUP 

(&.288) 

*Quriag M4 301, 302, 303 only. 

“Carryover ta OPS 2 
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Table 4.6.21. 

Space Transportation 
Systems Division 

ATT_PROC Input/Output (Conc) 

Rockw 
ON: Internation 

  

  

Rate 

Source or pettireg 
Module Name Descriptioa t *.nacion Type Range | Unic “at 

——_| 

Outputs 

ATT_PROC_ v_RHO Earth-relacive velocity asc UPP (4.19) 
EULER (Cont) RLTS UFP (4.20) fe/e | 6.25, 

ENTRY UPP (4.23) v ft/s | 6.25, 
TAEM UPP (6.26) 6.25 
A/L OPP (4.25) 

COSPHI Cos( PHT) TAEM GUID (4.9) 
AEROJET DAP 
(4.36) 
GRTLS TAEM GUID 

(4.206) $ £1 ° 0/0/ 
GRTLS DAP (4.227) 6.28 
VERT SIT DIP 
(4.156), TLM 

SINPRI Sin( PHT) AEROJET DAP (4.36) $s zl - 0/0/ 
GRTLS DAP (4.227) 6.25 
TLM , 

BANK Bank angle ENT DIP s £180 deg 0/0/ 
(4.180) 6.25 

BETA_N Nav-derived sideslip angle | AEROJET DAP 
(4.36) 
ET SEP SEQ 
(4.116) 
GRTLS DAP (4.227) 

ENT PREC PRED 

(4.223) s 210 deg 6.25/ 
ASC PREC PRED 6.25/ 

(4.236) 6.25 

  
ASC NAV (4.15) 
ENT NAV (4.127) 
RTLS NAV (4.205) 
HST PROC (4.104) 
HORIZ SIT SPEC 
($.7), TLM 
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Table 4.6.2-1. ATT_PROC Input/Output (Conc) 

Race 

Requared/ 
Source or Produced 

Module Name Descripeion : *eaction Type Range Unie (Hz) 

Outputs 

aTT_PROC ¥_RHO Eacth-relacive velocity ASC UPP (4.19) 
EULER (Cont) RLTS UPP (4.20) ft/s | 6.25/ 

ENTRY OPP (4,23) v ft/s 6.25/ 
TAEM UPP (4.24) 6.25 
A/G UPP (4.25) 

COSPHE Cos( Put) TAEM GUID (4.9) 
AEROJET DAP 
(4.36) 
GRTLS TAEM GUID 

(4.206) $ zl - 0/0/ 
GRTLS DAP (4.227) 6.25 
VERT SIT DIP 
(4.156), TLM 

SINPEI Sin(PHI) AEROJET DAP (4.36) | S$ Pa - 0/0/ 
GRILS DAP (4,227) 6.25 
TLM . 

BANK Bank angle ENT DIP 8 £180 deg 0/0/ 
(4.150) 6.25 

BETA_N Navederived sideslip angle | AEROJET DAP 
(4.36) 
ET SEP SEQ 
(4.116) 

GRTLS DAP (4.227) 
ENT PREC PRED 
(4.223) s £10 deg 6.25/ 
ASC PREC PRED 6.25/ 
(4.236) 6.25 
ASC NAV (4.15) 

ENT NAV (4.127) 

RILS NAV (4.205) 
HST PROC (4.104) 
HORIZ SIT SPEC 

(5.7), TLM 

guee 
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Table 4.6.2-1. 

Space Transportation 

ATT_PROC Input/Oucpuc (Cont) 

én Rockwell 
International 

  

Module Description 
Source or 

Destination Type Range Unie 

Race 
Required/ 
Produced 

(Hz) 
  

ATT_PROC_ 
EULER (Coat) 

Outputs (cone) 

ALPHA_N Compensated nav-derived GC STEER (4.175) 
angle of attack ADTA SOP (4.39) S

1
6
)
 

  

V
B
O
b
V
E
 
G
N
I
 

  

  
  

ET SEP SEQ 
(4.116) 
RTLS OPP (4.20) 
ENTRY OPP (4.23) 
TAEM UPP (4.26) 
a/L UPP (4.25) 

AEROJET DAP $s 290 deg 
(4.36) 
asc Wav (4.15) 
ENT NAV (4.127) 
RTLS MAY (4.205) 
ENT PREC PRED 

(4.223) 
AMI PROC (4.105) 
ASC PREC PRED 

(4.236) 
GRTLS DAP 

(4.227), TLM 
aSC iSTG GUID 
(4.1) 

6.23/ 
6.25/ 
6.25 

ENT AREA NAV s 229 tad 0/0 
(4.220) 6.25 
ASC AREA NAV 
(4.237) 
B/L ADT PROC 
(4.103) 

PSI_HSIMV Heading relative to 
magnetic north 

PSI Body yaw angle TLM s £180 deg 0 
é 

UBL Firat component of body GRTLS DAP s ft/s 

frame celative velocity (4,227) 
vector eas 

THETA RTLS uPP (4.20) 

A/L UPP (4,238) 
TAEN UPP (4.24) 
AEROJET DAP (4,36) 
PRELAND NAV 
(4, 144) $ 290 deg 
RTLS NAV (4,205) 
GRTLS DAP (4,227) 
TLN 
VERT SIT OLP 
(4.154) 
LANDING 
sop (4 37) p 

Body pitch angle 

0/0/ 
§.25 a4

 

  
SINTH RTLS UPP (4,20) $ 

TAEM UPP (4,24) 
AL upp (4 25) 
AEROJET DAP 
(& 36), TLM 
GRTLS OAP (4.227) 
HLD PROC (& 252) 

Sin( THETA) 
8.25               

Oo
l2
6u
ud
 

BE
 T

V6
UN
D 
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Table 4.6.2-1. 

ee) oon 
ATT_PROG Input/Outpuc (Conc) 
  

  

  

  
  

  

Race 
Reawires 

Seureae ov Produces 
moda le Reus Deseripeion Deneiaation Type Range Gnic (is 

Segpets (Cone) 
tei nce oosTs Coe( THETA) TAEN GOTD (4.9) 

(Gaee) RTLS OPP (4.20) 
TAEMN OPP (4,24) 
A/L UFP (4.25) 
AZROSET Dar 8 ai - o/o/ 
(4.36) 4.23 
GRTLS TAEM GUID 
(4.206) 
GATLS DAP 
(4.227), TLS 
Wo rRoc (4.25.2) . 

vat Bedy roll angle EWT GUID (4.8) 
AEBOJET DAP 
(4.3%) 
GRTLS DAP (4.227), 8 2180 deg 6/90 
Ent ore (4.150) 6.25 
E/L apt PRoc 

. (4.103), 
WORZ SIT (5.7) 
TLM 
GRTLS TAEM GUID 

Inputs . 

aTT_PEoc_otsP | ¥ Dw cussewr | selecced cocal sccus TMD BM (4.72) v 210° ft/s | 0 2.06, 
sensed velocicy 9 

Ost Commanded body wrt #50 TRANS_DAP Struc | 21 - 0 6.28 
CD _OISPLAY quacernioce (4.201) s, ¥ a 

)_ATT REF PS/ Accicude reference PE Gu&C Sw EM 8 o, 1 - 6.25 

(LE or am) (4.180) 6.235 9 

SESEL Coss deselect end STEK/COAS DIS? t Oo, 1 - 6.23 
(6.44) 6.238 8 

ATT_SEL_SU(K) | ADI made owicch, ADLy, CHAS SW IN AC(2)t[ -1, 0,] = 25 
Rt, 2 (4.180) oL $.25 8 

wt_CODE_101 
W_CODE_102 | Majer anode HEC 8 a, 1 - #.28 
i_CODE_103 code flags eet 9 
MA_cODE_¢01 

Outvets 

breeze Body Oelea-¥ ever lene TRANS DAP (4.201) v 210 feos | 910 
0.900 4 OMS an (4.92) Qa 

TLM 

ROUT EER ARG | body acticude erver B/L AOk PROC 
(@ 103) 
ABG ADT PROC v 2180 deg an 
(@ 168), TLM Q 

PPCEST ME (KR) abt ieee sine, AL, £/t abt Proc 

cel,2 (4 103) 3s 
asc aot Proc aCz)s{ al - 3 
(& 168), TLM 3               
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Table 4.6.2-1. ATT_PROC Input/Output (Cont) 

Rate 

Requared/ 
Source or Produced 

Module Name Descraption Destination Type Range Unat (Mz 

Outputs (Cont) 

aTT_PROC_ PTCHCOS (K) ADI patch cosine, ADly, E/L ADI PROC 
DISP (Cont) Kel, 2 (4.103) 3125 

ASC ADI PROC A(2)8] 21 . 3 22 
(4.108), TLM 3 3.3 

YAWSINE(K) ADI yaw sine, ADI,, E/L ADI PROC 

Ke2#il,2 (4,103) 3145 
ASC ADI PROC A(2)8] al - 31233 
(4.168) > 125 

~ TLM 

Yawcos (K) ADI yaw cosine, ADI,, E/L ADI PROC 

Keil, 2 (4.103) 31235 
ASC ADI PROC A(2)S8] al - 3.123 

(4.168) 31233 
TLM 

ROLLS INE(K) ADI roll sine, AD1,, E/L ADL PROC 
K=1, 2 (4.103) y.125 

ASC ADI PROC A(2)S] al - 31.5 
(4.168) 3.12 
TLM 

ROLLCOS (K) ADI roll cosine, ADL,, E/L ADI PROC 

: kel, 2 (4.103) 313 
ASC ADI PROC A(2)S | al - 3.125 
(4.168) 31.5 
TLM 

Q_M50_REF M50 wre REF ADI quat TLM Struc] 21 - 31.3 

s, Vv 3150 

Q_M50_INRTL M50 wre INRTL ADI quat TLM Struc} 1 - 3235 
s, Vv 3 ise 

YAaw_ly HSI yaw (PSL) command HSI PROC (4.104) s ar tad awe 

ROLL_SwW HSI heads up (+1) or heads- |HSI PROC I +1 . wee 
down (-1) indicator (4.104) 

Inputs 

ATT_PRUC_ P_ORB Roll rate, selected orbiter |SF(RGA) (4.71) s £40 deg secf23 12 $ 
RGASW rate gyro 2 

Q_ORB Patch race, selected orbiter|SF(RGA) (4.71) Ss £20 deg sec{2s lx $ 
rate gyro 5 

R_ORB Yaw rate, selected orbater |SF(RGA) (4.71) Ss £20 deg vec[2s tL. $ 

rate gyro 23 

Q SRB Patch rate, SRB SF(RGA) (4,71) s £10 deg secf25 0 0 
rate gyro 

R_SRB Yaw race, SRB SF(RGA) (4.71) S 210 deg seci25 uv 0 
rate gyro 

SRB_NULL_CMD Event 27, andicator ASC_DAP (4.176) B 0,1 - 2500               
    *eaComputed at 3.125 We in MM 101, 102, 103, and 601, and at O He elsewhere,     
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Table 4.6.2-1. ATT_PROC Input/Output (Cont) 

kate 
Required/ 

Source or Produced 

Module Name Description Destination Type Range Unit (dz) 

Outputs 

ATT_PROC_ None 
RGASW (Cont) 

inputs 

ADI_QUAT_ OP_CODE OP code for uplink Uplink buffer B 0011000 | ~ on 
UPLINK 0011101 demand 

0011110 

Q_M50_REF_UL Uplinked M50 wrt REF Uplink buffer Struc| #1 - on 
ADI quat 8s, Vv demand 

Q.M50_INRTL_UL]| Uplinked M50 wrt INRTL Uplink buffer Struc} 21 - on 
ADI quat s, Vv demand 

Q_LVLH_ Uplinked LVLH wrt BIASLVLH | Uplink buffer Struc} 21 - on 
BIASLVLH_UL ADI qusat s, V demand 

Outputs 

None 

wkeComputed st 3.125 Hz in MM 101, 102, 103, and 601, and at 0 Hz elsewhere. 
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Table 4.6.2-2. ATT_PROC Inter-Module Variables 

Rate 

Requared/ 
Source or Produced 

Module Name Description Destination Type Range Unie (Hz )* 

ATT_PROC ATT_MODE ATT_PROC mode Table 4.6.2-3 I 1-3 - 12.5/ 
12.5/ 
6.25 

inputs 

ATT_PROC_ None 
INIT 

Outputs 

‘T_YD_MSO¥* Unit vector normal to ATT_PROC_OUTER v al - once 
ansertion plane in M50 
systen 

SDP(K) Sine 1/2 gimbal non-orth, ATT_PROC_OUTER A(3)S] 21 - on 
IMUy, K © 1,2,3 demand 

CDP(K) Cosine 1/2 gambal nonmorth, | ATT_PROC OUTER A(3)S] 21 - os 
IMUy, K = 1,2,3 demand 

Q_BODY_ROLL(K) Body wrt roll gimbal quit, ATT_PROC_OUTER Struc] #1 - on 
IMU,, Ke 1,2,3 (3) Genand 

S,V 

Q_SM_M50(K) Stable member wrt M50 quat, [| ATT_PROC_ OUTER Struc] «1 - on 
IMUy, K ® 1,2,3 (3) eemana 

5,V 

Q_ROLL_ROLL(K) IMU, wet IMU, mounting ATT_PROC_OUTER Struc] 21 - on 
misalignment quat, IMU (3) demand 
pairy, K = 1,2,3 s,v 

Inputs 

ATT_PROC__ SDP(K) Sine 1/2 gimbal non-orth, ATT_PROC_INIT a(3)S | 21 - 1.06 
OUTER IMUy, K * 1,2,3 1.00 

1.04 

CDP(K) Cosine 1/2 gimbal non-orth, | ATT_PROC_INIT A(3)S | 21 - 1.04 
IMUpy, K = 1,2,3 1.04 

1.0 

Q_BODY_ROLL(K) Body wrt roll gimbal quat, ATT_PROC_INIT Struc | 21 - 1.04 

IMUy, K = 1,2,3 (3) 1.% 
S,V 1.0% 

Q_ROLL_ROLL(K) IMU, wee IMU, mounting ATT_PROC_INIT Struc | #1 - 1,04 
misalignment quat, INU (3) 1.04 
parry, K ® 1,2,3 S,V 1.0 

Q_SM_M50(K) Stable member wrt M50 ATT_PROC_INIT Struc] #1] - 1.04 
quaternion, IMU,, (3) 1.04 
K #=1,2,3 S,V 4.04 

T_yD_MSO** Unit vector normal to ATT_PROC_INIT Vv #1 - we 
insertion plane in M50 
systen 

Q_LVLH_BIASLVLH | Uplinked LVLA wre BIASLVLR | ADE QUAT_UPLINK Struc | #1 - on 
ADI quat s,V demand               
      *Rates are given as X/Y/Z in Hz. 

weeSampled ac 1.04 Hz in MM 101, 102, 103, and GOL (at 6 He elaewhere), 

Rate is X in ascent, Y¥Y an transition, and Z in entry. 

*Computed once by ATT PROC INIT when MM LOL 16 begun, then recomputed once by ASC UPP when MM 102 is begun, 
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Table 4.6.2-2. ATT_PROC Inter-Module Variables (Cont) 

Rate 

Required/ 
Source or Produced 

Module Nane Description Destination Type Range Unit (Hz) 

Outputs 

ATT_PROC_OUTER| QB1_ UPDATE Body wrt M50 quaternion ATT_PROC_INNER Struc | £1 - 1.06/ 
(Cont) using IMU data S,V 1,04/ 

1.04 

Q_M50_TD M50 wrt topodetic ATT_PROC_EULER Struc | 41 - 0/0/ 
quaternion s,V 1,06 

Q_M50_BIASLVLH M50 wrt BIASLVLH ADI quat ATT_PROC_DISP Struc | #1 - * 

$,V 

Q_M50_REF M50 wrt REF ADI quaternion ATT_PROC_DISP Struc | +1 we 

s,V 

Q_M50_LVIY¥ M50 wrt ascent LVIY ADI ATT_PROC _DISP Struc | #1 - wee 

quaternion S,V 

Inputs 

ATT_PROC_INNER| QBI_UPDATE Body wrt M5U quaternion ATT_PROC_OUTER Struc | +1 - 1.04/ 
using IMU DATA $,V 1.04/ 

1.04 

P FIL Filtered selected RGA roll ATT_PROC_PREFIL Ss +40 deg/ 12.5/ 
rate s 12.5/ 

6.25 

Q FIL Filtered selected RGA pitch | ATI_PROC_PREFIL s +20 deg/ 12.5/ 
rate s 12.57 

6.25 

R_FIL Filtered selected RGA yaw ATT_PROC_PREFIL s 220 deg/ 12.5/ 
rate s 12.5/ 

6.25 

INT_ROLL_INC Integrated roll attitude ATT_PROC_DISP s 0 deg 0/6.25/ 
increment 0 

Outputs 

QB 1 Body wrt M50 quaternion ATT_PROC_EULER, Struc | +1 - 12.5/ 

_DISP S,V 12.5/ 

6.25 

Inputs 

ATT_PROC_EULER]Q_M50_TD M50 wrt topodetic ATT_PROC_OUTER Struc | +1 - 0/0/ 

quaternion S,V 6.25 

QB1 Body wrt M50 quaternion ATT_PROC_INNER Struc | +1 - 6.25; 
s,V 6.25/ 

6.25                   *at 1.04 Hz when ATT_MODE # ENTRY and when not in MM 101, 102, 103 AND 001] (at 0 Hz elsewhere). 
wheat 1.04 Hz when 1n MM 101, 0 Hz elsewhere. 

wetat 1.04 when ATI_MODE % ENTRY and when in MM 101, 102, 103, 601 (at O Hz elsewhere).     
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Table 4.6.2-2. ATT_PROC Inter-Module Variables (Cont) 

  

  

Y 

    

  

  

      
  

Kate 
Required/ 

Source or Produced 
Module Nawe Description Destination Type Range Unre (ta) 

Outputs 

ATT_PROC_EULER | SINTH Sain( THETA) ATT_PROC_DISP $ a1 - 60 
(Cont) 6.25 

cosTH Cos( THETA) ATT_PROC_DISP $ 21 - 00 
6.25 

SINPHI Sin(PHI) ATT_PROC_DISP $ 21 - 00 
6.25 

COSPHI Coa (PHL) ATT_PROC_DISP Ss 21 - 00 
| 6.25 
' + 

Inputs 

ATT_PROC_DISP |Q BI Body wrt M50 quaternion ATT_PROC_INNER Struc 2) - 3.225 
$,¥ 6.25 

3.125 

Q_M50_BIASLVLR MSO wre BIASLVLH ADI quart ATT_PROC_OUTER Struc 2) - e 

s,vV 

SINTH San( THETA) ATT_PROC_EULER s a! - 0/0 
3.125 

COSTH Cos (THETA) ATT_PROC_EULER s 21 - 00 
3.225 

Q_M50_LVIY M50 wrt ascent LVIY ATT_PROC_OUTER Struc al = we 
quaternion $,V 

Q_M50_REF MSO wre REF ADI quaternion ATT_PROC_OUTER Struc 2 = wee 
$,V 

SINPHI San PHI) ATT_PROC_EULER Ss al - Q 0 
3,123 

COSPHI Cos (PHI) ATT_PROC_EULER $ al - 00 

3,125 

QM50_INRTL Uplanked M50 wre INRTL ADI_QUAT_UPLINK Struc 2l None en 

AOL $,V¥ demand 

QMO REF Uplanked M50 wre REF ADI ADI_ QUAT_UPLINK Struc al Rane on 

3,V deaand 
4 

Outputs ‘ ‘ 

INT ROLL INC Integrated roll attitude ATT_PROC_INNER s 8 deg 0 6.25 

Ancrement Q           #ac 1 04 Ha when ATT MODE # ENTRY and when not in MM 101, 102, 103, or 601 Cat O He elsewhere), 
war 1,06 Ha when ATT MODE @ ENTRY and when in MM 101, 102, 103, or 601 (at 0 He elaewhere) 

*eoar 1 04 He when in MN LOL Cat 0 He elsewhere). 
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Table 4.6.2-2. ATT_PROC Inter-Module Variables (Cont) 

Rate 

Required/ 
Source or Produced 

Modu le Name Description Destination Type Range | Unit (Hz) 

Inputs 

ATT_PROC PREFIL | P Selected RGA roll rate ATT_PROC_RGASW 8 240 deg/s 25/12.$/25 

Q Selected RGA pitch rate ATT_PROC_RGASW s £20 deg/s | 25/12.3/ 
25 

R Selected RGA yaw rate ATT_PROC_RGASW s £20 deg/s | 25/12.5/ 
25 

Outputs 

P_FIL Filtered selected RGA roll | ATT_PROC_INNER s 240 deg/s {| 25.0/ 
rate 12.5%*/ 

12.5 

Q FIL Filtered selected RGA pitch | ATT_PROC_INNER Ss £20 deg/s | 25.0/ 
rate 12.5*/ 

12.5 

RFIL Filtered selected RGA yaw ATT_PROC_INNER s 220 deg/s | 25.0/ 

rate 12.5*/ 
12.5 

Inputs 

ATT_PROC_ None 

RGASW 

Outputs - 

P Selected RGA roll rate ATT_PROC_PREFIL s 240 deg/s | 25/12.5/ 
25 

Q Selected RGA pitch rate ATT_PROC_PREFIL Ss +20 deg/s ' 25/12.5/ 
25 

R Selected RGA yaw rate ATI_PROC_PREFIL S +20 deg/s } 25/12.5/ 
25 

Inputs 

ADI_QUAT_ None 

UPLINK 

Outputs 

QM50_INRTL Uplinked M50 wrt INRTL ADI ATT_PROC_DISP Struc | #1 - on 

quat s,V demand 

Q.MS50_REF Uplinked M50 wrt REF ADI ATT_PROC_DISP Struc | #1 - on 
quat s,V demand 

Q_LVLH_BIASLVLH | Uplinked LVLH wrt BIASLVLH ATT_PROC_OUTER Struc | 21 - on 

quat s,V demand                   *During ATT_MODE © TRANSITION, these parameters are set equal to the selected orbiter RGA rates and are not 

filtered.   
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Table 4.6.2-3. 

Seece Transportation 
Systems Division 

ATT_PROC Initialization Requirements 

OX Rockwell 

  

Tateiallse on Transition 
  

  

  

    
  

  
  

  

            
      

Module Name feos Te Variable Tarciral Valse Tras 

ATT_PROC ATT_PROC aode ors 9 ors 1 ATT_MODE 1 - 

ATT_PROC mode on MECO CMD flag ATT _HODE 2 - 
ia mM 103 

ATY__PROC wode oq MECO CMD flag ATT_MODE 
ia mM 10200 

ATT_PROC aode on MM 306 flag ATT_MODE 3 - 

ATT_PROC acde on MM 602 flag ATT_MODE 3 

ATT_PROC_INNES ATT_PROC time increment OPS 9 ors | DELTIME 0.08 s 

ATT_PROC time increment | OPS 1 of OFS 2 OPS 3 DELTIME 0.08 3 

ATT_PROC time incremenc | ATT_MODE © 2 ATT_MODE = 3 | DELTIME 0.16 2 

Body rate vector oPs 9 ops 1 RATE_GYRO_READ 0 radls 

Body rate vector OPS 2 OPS 3 RATE_GYRO_READ 0 rad/s 

Yacegrated roll OPS 9 ors 1 INT_ROLL_ INC 0 deg 
attitude increment 

Tategraced roll OPS 2 ors 3 INT_ROLL_INC 0 deg 
attitude increment 

Race bias OPS 9 ops | W_BIAS 9 rad/s 

Race bias ops 2 OPS 3 W_BIas Q rat/s 

Rate gyro correction OPS 9 OPS 1 RG_CORR a rad/s 

Rate gyro correction OPS 2 ops 3 RG CORR 0 cad/s 

ATT_PROC_EULER Iartial angle-of-attack | OPS 0 OPS L (MM 101)| ALPHA _N 0 cteg 
and angle~of-sideslip BETA_N Q deg 
commands 

ATT_PROC_DISP | AV body over lasc 0.96 9| OPS 9 oPs } DVB_SEC 0 fs 

AV body over last 0.96 s| OPS 2 ops 3 DVB_SEC 0 ft a 

Previous V_IMU CURRENT | ATT_MODE = | ATT_MODE = 2 | V_IMU_oLD Vow tts 
CURRENT 

Quacernion of M50 frame | OPS 0 OPS 1 Q.M50_INRTL * 
wee ADL INRTL frame 

during ascent 

Quaternion of “50 frame | OPS 1 or OPS 2? ors 3 Q_MSO_INRTL * 
wee ADI INRTL frame 

duriag entry 

"Value specifred in A/E_ATT_PROC KLOAD 
we y e@., for fase ET SEP, cemain in ASCENT mode ) 
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Taacialize ee Transitica 

Module Kame Pros Te Variable Tazeial Value Unre 

ATT_PROC_OLSP Quacernion of MSO frame | OFS 1 or OPS 2 | OFS 3 Q_NSO eer owwe 
(Cont ) wee ADL REF frame 

during eacry 

Taieial aDl/ust ors 9 ors i PTCMS INE (CK) * - 
commands (ema 1028)] PTCECOS(K) * - 

YAWSINE(K) Per Q - 

ROLLS IME(K' aDly ° - 

YasCOS (K) KeL,2 L - 

ROLLCOS(K) ° - 

Ya_TY 0 eac 
ROLL Sw el - 

Previews ¥_tw cuRRENE | OPS 1 or OPS 2 | OPS 3 | V_tU OLD Vw ft/s 
CUARENT 

Commanded body ors 9 ors 1 Q8 ft Om OLSPLAY Qur 

atticude quaternioag ors 2 ors 3 Q_B_f CuD OLSPLAY Qa t 

ATT_PROC_ Prefilcer states ors 0 ors 1 PLFILI, QFILI, & FILL 9 aeg/s 
PREF IL P_FILOL, Q FILOL 

R_FILOL 

Prefileer scaces Ors 1 oe OPS 2 | OPS 3 +) P FILI, QF, 0 eg/s 
R711, P_FILOL, 
QFILOL, & FILO1 

QGa prafilcer inic flag {| OFS 9 ors i PRE FILT INT ON - 

RGA prefilcee inic flag | OPS 1 or OPS 2 | OPS 3 PRE_FILT_INT On - 

Enery 8GA prefilcer OPS 9 OPS 1 2ND_STAGE_FILT ON - 

Zad@-acage flag 

Encry RGA prefilcer OPS lL or OPS 2 | OPS 3 2ND_STAGE_FILT ON - 

Zadescage flag 

RGA prefilter encry ors 9 ors i PRE _FILT ENTRY OFF - 

waitialization flag 

RGA prefilcer encry ors | or OPS 2 | OFS 3 PRE FILT ENTRY OFF - 

inicializacion flag 

RGA prafilrar encry mt 106 or mm GOL] mm 602 | PRE_FILT ENTAY ON - 

taicialization flag 

ATT_PROC OUTER Quacernzon of LVLH ops 9 ars 1 QLVLE_BSLASLVLE wrwe - 

frame wrt BIASLVZ 
frame during ascent 

Quaternion of LYLE OPS | or OPS 2 | OPS 3 Q_LVLH_ SLASLVLE were - 

frame wee BLASLVLY 
frame during entry 

TMU ALIGN DISP OPS 9 ors | IMU_ALIGN DISP 0 - 

active flag 

Body vre MSO quacernion | OFS 2 or OPS 3 | OPS 3 QBL_UPDATE Q 8 s50e* | - 
using [MU daca 

Body wre MSO quaternion | OFS | ops 3 QBI_UPDATE Qs Iewe - 
using IMU daca 

Value specified in A/E.ATT_PROC LLOAD. 

*eVelue carried over from Onworbic ATT_PROC 
fweValue carried over from A/E.ATLPROC 10 OFS 1 

wrrevalue specified 10 A/E ATT PROC K~load 
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Table 4.6.2-4, ATT_PROG foLoede/K-Loads 

MSID/ 
Module Name Deseriptiocoa Type Value Vare 

ATT_PROC OUTER Q_LVLA_BIASLYLK | Quaternion of LYLE frame weet Steue | ¥9702210CA . 
ASCENT BIASLVLE frame during ascent s,v to 

V97UZZ13CA 

Q.LVLHE_BIASLVLN | Quateraion ef LYLE frame vert ftrue | ¥9702210CB ta | « 
ENTRY BIASLVLA frame during enery $V ¥9702213C8 

ATT_PROC_INNER OTIMU Delta time from start of ¥9701780C a 
40 us period te INU read 

aTT_?ROC_EULER JB_EPS Teee value of sarth=relative 8 V97DLILSC ft see 
veloaity computation ia bedy 
Ze plane 

ATT_PROC_DISP Q_MSO_INRTL_ Quacernion ef 450 frame weet Struc | ¥9702214Ca to | - 
ASCENT ADE INRTL frame during aseent s,v, V9702Z217CA 

Q_MSO_TNRTIL_ Quateraion eof M50 frame wre Struc | V9702214CB to | 
ENTRY ADI INRTL frame during enery s,7, V9702217CB 

QMSO_REF_ENTRY Quateraies of NSO frame wee Struc | ¥9702218CB to | < 
ADE REF frame during entry 8,7, ¥9702221¢B 

ROLLS INE(1) ADT rell sine, ADT) 8 V9OH2208CA - 

ROLLSINE(2) ADE roll siee, ADT, $ V90H2206CA - 

ROLLCOS(1) ADI roll eosiae, Abt, $ V90H2209CA - 

ROLLCOS(2) ADL roll eosine, ADI $ ¥90H2207CA - 

PTCHSINE(1) ADT pitch eine, ADI) s V90H2221CA - 

PTCHSINE(2) ADI pitch sine, ADI, s V9OH2220CA - 

PTCHCOS(1) ADT patch coaine, ADT, s V90H2222CA - 

PTCHCOS(2) ADI piech cosine, ADI, 8 V90H2218CA : 

AIT_PROC_ INIT TNBBODY Nav base to body frame M V96U7096C to - 
craneform matrix V96U7104C 

TNB_CASE(K) Nav base to INU case AC3)M | ¥9607132C to - 
transform watrix, TW, V9607158C 
Rel, 2,3 

RGAO(K) Roll gimbal azimuth A(S)s | v9909559C to | rad 
offset, INUp, Ret, 2, 3 v9909561C 

BGPO(K) Roll gimbal prech A(3)S | 79909562¢ to tad 
offeec, INUy, Rel, 2, 3 v9909564C 

Typ Unit vector normal to v V97UG413C - 
ansection plane in earth=- V97U4414C 

fixed or M50 coordinaces V97U4415C 

EF_PLANE_SW CF plane constraint switch D V9O9UT441C - 

ATT_PROC PREFIL | PRE_RO1L Firat stage filter coefficient for ¥9702393C - 

nominal ascent and encry 

PRE_RO2 First stage filter coefficienc for S V9702394C - 
nominal ascent and entry 

PRE_RO3 Ficasc stage filter coefficienc for S V97U2395C - 
Nominal ascent and entry 

PRE ROG Second atage filter coefficient for s V9702396C - 
nominal entry and GRILS 

PRE_ROS Second stage filter coefficiene for s ¥9702397¢C - 

Nominal entry and GRTLS 

PRE_ROG Second scage filter coefficient for s V97U2398C - 

nominal eatry and GRILS 
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Table 4.6.2°5. ATT_PROC Constants 7 

Data | 
Nane Deseription Type | Precisio: Value Unies 

ALPHA _GiF D_ALPHA firse order hold Fr $ 0.0 - 

ALPHA GXF2 | gains r s 0.0 - 
ALPHA GXF3 r s 0.0 - 

D_ALPHA LIM / Limit on D_ALPSA F $s 10.0 deg 

DEG _PER RAD | Badian to degree F s 180/2 deg/rad 
conversion 

ATT_PROC time increment P $s s 
(att MODE = 1 or 2) 0.08 
(aTT MODE # 3) 0.16 

First stage filter F s 0.285714 - 
coefficients for G&TLs F s 0.285714 - 

F $ “0.428572 - 

Degree to radian F s 2/180 vad/deg 
conversion 

)) 9 

AS 
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Systeme Division a 
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International 

Table 4.6.2-6. Cross-Reference of ATT_PROC Parameter Names 

‘ and Source Names 

  

  

  
  

ATT_PROC Source 
Parameter Description Name Source 

CLOCKTIME Current time Clock FCOS 

IMU_ALIGN_ IMU_ALIGN_DISP active IMU_ALIGN_DISPL MSC 
DISP flag 

IMU_QUAT IMU reference quat IMU_QUAT_UPD_ IMU ORB A/CAL 
UPD_REQ update request flag REQ 

Q.BI_CMD_ {Commanded body wrt Q.B_I CMD DISPL | TRANS DAP 
DISPLAY M50 quaternion 

Q_B M50 Body wrt M50 quaternion Q_ BOD M50 ORB_ATT_PROC   computed on-orbit       
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4.6.3 Overview and Functional Design 

Space Transportation 
Systems Division an 

  

Rockwell 
Internation al 

The attitude processor comprises eight modules whose interrelationship i 
Sequencing of ATI_MODE is shown in Figure 4.6.3~2 *s shown in Figure 4.6.3-l. 
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MM_CODE_101, ‘a 
CLOCKTIME, 
IYD,0P, 
IMU_QUAT_UPD_REQ, $——+—__—. {' SM MSO, 

SOP, COP 
  IMU ALIGNMENT DATA, 

EF PLANE SW, | 
(M50, SELIMU_ID, ATT_DG 

GIMBAL ANGLES, T_IMUS GA, 
R_AVGG V_AVGG, ATT_SEL_SW 
MM_CODE_101, MM_CODE_102, 
MM_CODE_103, MM_CODE_ 601, ~——7—— 

PSI_IMU, Q_LVLH_BIASLVLH 
THETA_IMU, Q N20 LVLH 

  

‘ 

Q_SM_SM, Q ROLL_Si, 

% 

| 

| 
PHI_IMU 

IMU_ALIGN DISP, QB _MSO = 

Q_SM_M5O — | - (ATTITUDE INCREMENT | 
SOP, CDP Q.B1, TNO, 

RATE_GYRO_CORR, 
SRB_NULL_CMD, | - PAYLOAD PITCH, |   

    

  

—> +. 
RGA DATA J PAYLOAD_YAW, 

T_IMUS_GA, CLOCKTIME, ) , PAYLOAD_ROLL 

ATT_DG J ALPHAN, BETAN, 
THETA, 

  

     

  

ANGLE _CORR_TNTOMAG RU, 
  

  

  

c
e
n
t
 

  
              

fo WPHO TT TT OY > SINTH, COSTH, 
BANK, PHI, COSPHI, 

a CO PSI_HSINY, 
Q.M50_INRTL_UL, F SINPHI, PSI 2 
QLVLH BIASLVLH UL, = $ of - | UBL, I: 
Q M50 REF UL, OP CODE | - 

FWD ATT REF PR. DESEL 2 oo . | ADI DRIVER SIGNALS, 
Tro Oy EF_?B, DESEL, | ' ,- J 0VB_SEC, BOOY_ERR_ANG 

yt bn OTSpLA; | YAW_IY, Q.NSO_INATL, 
QB LT CMD_DISPLAY, ROLL_SW, Q-NSO_REF 
MM CODE 101, MM_CODE_102, Lo 

; FUSED ON M_CODE_103, MM_CODE_601 
ATT SEL SW J 

ATT_PROC Software Overview 

__. y-21, 4,6-22 __ 
, STS 83-0008B8 

Volume I 

PCN 3 Or-8C 
  

August 20, 1988  



iM_CODE_101, 

CLOCKTIME, 

IYD, DPY 

IMU QUAT A UPD_REQ, 

IMU ALIGNMENT DATA 

EF PLANE SW, 

(0_M50, SEL_IMU_ID, ATT_DG 

GIMBAL ANGLES, T_IMUS_GA, 

R_AVGG V_AVGG, ATT_SEL_SW 

MM_CODE_101, MM_CODE_ 102, 

NM_CODE 103, M4_CODE 601, 

IMU_ALIGN_DISP, Q_B M50 

Q_SM_M50 

SDP, CDP 

SRB_NULL_CMD 

RGA DATA 

T_IMUS | GA, CLOCKTIME, 

ATT_DG 

ANGLE | CORR TNTOMAG_| RM, | 

Vv RHO © " 

Q.M50_INRTL_UL, 
Q_LVLH_BIASLVLH UL, 
Q.M50_REF_UL, OP_CODE 

FHO_ATT_REF PB, DESEL, 
V_IMU CURRENT, 
QB I CMD DISPLAY, 
MM _CODE_101, MM_CODE_102, 
M4_CODE_103, MM_CODE_601 
ATT_SEL_SW 

Te on we 

  

{| ATT_PROC_INIT 
  

  

      
  

J 
J 

a“ 

- 
~ 

| 
i 

T_YD_MS0 

Q_SM_MSO, 
Q BODY ROLL, 

      
  ¥.   

  

4   

    Q_LVLH_BIASLVLH 

ATT_PROC_OUTER 

1.04 

    

    

  

  

Q ROLL ROLL, 
Sop, COP 

  

Q M50.B 

  

Q.M50.7 
QBI_UPDATE 

  

  

  

            

  

      
  

      

  
  

  

  

P.O.R ATT_PROC_ Z 
- _ ATT PROC RGASH RT peer f 

28/12.5/25 25/12.5/12.5 

; 

ADI_QUAT_UPLINK 

f ON DEMAND 

Q_MSO_INRTL, Q M50 REF 

> 

*FUSED ONLY ONCE IN MCI AND AS REQUIRED IN MC3 

ES ET 

   



Space Transportation & 3 Rockwell 
Systems Division International 

  

  

  

Q SM M50, 
| ioe #60 , 

Y ROLL, 
L ROLL, 

COP Q.SM_SM, Q_ROLL_SH, 

| pSI_IMU, Q_LVLH_BIASLVLH, 
THETALINU, Q_NSO_LVLH | 
PHI_IMU 

Q M50 BIASLVLH, Q M50 LVIY, Q_NSO_REF | 

. 

  

  

    
  

    

  

  

  

                

  

  

  

            
        

    

        
      

Q_M50_7D , 
a (ATTITUDE INCREMENT ! 

y Q.B I, T_NOW, 
_ 1 RATE_GYRO_CORR, 

pFit, ~ {| ATT_PROC_INNER 5 J PAYLOAD_PITCH, 
yg | CFIL, pf 22-5712.576.25 *) pAYLOAD_YAM, | 

| RFIL L. PAYLOAD_ROLL 
QBI . 
a ¥ |  ALPHA.N, BETA.N, 

ATT_PROC_EULER THETA, 
m1 6.25. >) SINTH, COSTH, 

BANK, PHI, COSPHI, 
SINTH, PSI_HSIMY, ; 
COSTH, SINPHI, PSI a] 
SINPHI , . E UBL. ‘a 
COSPHI u oS :| 

: | ADI DRIVER SIGNALS, 
- ATT_PROC_DISP ,, J BvB_sec, BOoY_ERR ANG 

| 6.25 YAW_IY, Q.MSO_INRTL, 
INT _ROLL_INC ROLL_SW, Q-N5SO_REF   \.     

Figure 4.6.3-1, ATT PROC Software Overview ‘ 

& 6-21, 4,.6-22 ee 

STS 83-00088 

Volume I 

PCN-3 OI-8C 

August 20, 1988 

     



—> 

  

A-T PROC_INIT 

  
  

  
  

  
T_YO_MS0 

Q SM M50, 
Q BODY ROLL, 
Q_ROLL_ROLL, 

ee 

. SOP, COP 
  

  

  

  

  

yy
 

ATT_PROC_OUTER 

1.04 

  

a 4 BTASLVLH   

  

es 

  

      

  
  

  

ATT PrOC RGASH 

1 25/12.5/25 

  

  

  

      

  

  

    

Q_MSO BIASLYLH, QMSO.LVIY, Q¥ _REF 

Q_M50 7D 
QBI_UPDATE 

P.0,R ATT_PROC_ | 
eR Topper ay P FIL, ATT_PROC_INAER 

QFIL, -p| 22-5 12.5 6.25 
25/12.5/12.5 >> 

R FIL 
QBI 

  

  
  

f i L,quorer 

Ti 

  
  

    
Vv 
  

  

  

    

>   ATT_PROC_E ER 
6.25 

  
  

  
S 

COS 

5 ?P 

COS 

  

  

  
INT ROLL INC 

  

~ 
A es 

h N“ 
“I 

§ 
i 

| 
 



  

        

  

      
  

  

      
  

  

      
  

  

        
  

  

Space Transportation g ® Rockwell 
Systems Division international 

INITIATE OPS 1 | MECO CMD x TRANSITION TO 
(EVENT 1) (EVENT 32) MM201 (EVENT 60) 

ASCENT - ASCENT TRANSITION 

TERMINATE 
MECO cmp (EVENT 32) TRANSITION TO GN&C PROC 

~ IN MM 102 MM602 (EVENT A39) (EVENT A43) 

Y 
le ASCENT ENTRY 

: I 

RTLS SELECTION TRANSITION TO TERMINATE 
(EVENT A2 OR A31) MM602 (EVENT A39) GN&C PROC 

(EVENT A43) 

Vv 

RTLS ASCENT ENTRY 

TRANSITION TO 
) ATO SELECTION IN MM102 OR 103 MECO CMD MM201 (EVENT 60) 

(EVENT A4 OR AQ) (EVENT A35) l 

v 

ATO ASCENT TRANSITION 

MECO CMD 
(EVENT A35) 

AOA SELECTION IN MM102 OR 103 TRANSITION TO TRANSITION TO GN&C 
(EVENT A3 OR A6) MM304 (EVENT E16) OPS 9 (EVENT E25) 

Y 

AOA ASCENT TRANSITION ENTRY 

TRANSITION TO MM301 TRANSITION TO TRANSITION TO 
(EVENT 85) MM304 (EVENT E16) GN&C OPS 9 (EVENT 
4 £25) 

Vv 

NOMINAL ENTRY TRANSITION ENTRY 

    
  

ft - 
Figure 4.6.3-2. 

4.6-23 

* ONLY FOR MECO IN MM103 (i.e., FOR FAST ET SEP STAY IN ASCENT MODE UNTIL MM602) 

ATT PROC Moding 

STS 83-0008B 

Volume 1



Space Transportation ¢g Rockwell 
Systems Division International 

4.6.4 Software Description 

The attitude processor comprises eight modules whose interrelationship 
and processing rates are shown in Figure 4.6.3-1, ATT_PROC Software Over~ 
view. Sequencing and processing rates for each module are given in the 
description of each module. 

Much of the processing, particularly of display data, is controlled by an 
internal flag, ATT_MODE. ATT_MODE is initialized to ASCENT (ATT_MODE = 1) 
prelaunch. On receipt of the OPS 1 MECO CMD flag, if MM = 103, ATT | MODE is 
advanced to TRANSITION (ATT_MODE = 2). Otherwise, ATT_MODE remains in ASCENT 
(e.g., for FAST ET SEP). On receipt of MM304 flag, ATT_MODE is advanced to 
ENTRY (ATT_MODE = 3). ATT_MODE is advanced directly from ASCENT to ENTRY 
during FAST ET SEP or RTLS at transition to MM602. Moding is shown in 

Figure 4.6.3-2. During ASCENT (ATT_MODE = 1) and TRANSITION (ATT_MODE = 2) 
modes, additional logic branching is shown directly as a function of MSC major 
modes. 

Except where input variables are double precision numbers (for example, 
R _AVGG, V_AVGG, Vv RHO, Vv IMU_CURRENT), all processing will be single preci- 

sion. All. ATT_| PROC output will be single precision. 

The quaternion and direction cosine matrix notation used in this 
description is explained in Section 4.7.16 of this document. 
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4.6.4.1 Attitude Processor Initialization (ATT_PROC_INIT) 

A. Function. ATT_PROC_INIT serves to initialize certain internal constants. 
It is performed on demand, on or before the first pase through ATT PROC, 
whether prelaunch (but after platform release) or predeorbit coast, and 
following IMU alignments during predeorbit coast. An overview block diagram 
of ATT_PROC_INIT is provided in Figure 4.6.4.l-1. With the exception of 
forming Q_si_ M50, all of these steps may be performed after IMU hanger 
calibration. 

B. Processing Requirements. The module ATT_PROC_INIT is performed once to 
initialize constants in both MCl and MC3 and following IMU alignments in MM301 

to compute Q SM_M50,. 

C. Interface Requirements. The interface requirements for the module 
ATT_PROC_INIT are shown in Tables 4.6.2-1 and 4.6.2-2. 

D. Constants. The constants used in the module ATT_PROC_INIT are shown in 

Table 4.6.24. 

BE. Initialization Requirements. None. 

F, Detailed Technical Description. ATT_PROC_INIT initializes IMU attitude 

constants and IMU-to-IMU mounting misalignments. 

The following constants are initialized for each TMUy» K=z1, 2, 3. They 

are a quaternion representing the transformation from the roll gimbal frame to 
the body frame, a quaternion representing the transformation from the M50 
frame to the platform frame, and the sine and cosine of 1/2 DP K? the IMU's 

pitch-outer roll gimbal nonorthogonality. 

First, the navigation base to outer roll gimbal transformation matrix, 
TNB_RL, is computed. TNB _RLY is a product of two single-axis rotations (roll 

gimbal azimuth and pitch offsets) and the navigation base to case 
transformation. 

- 

COS(RGAO, ) -SIN (RGAO,) 0 | 

TAZ, = | SIN (RGAO,) cos (RGAO,) 0 

0 ; 0 1 

cos (RGPO,) 0 SIN (RGPO,) 
TPT.. = 0 l 0 

-SIN (RGPO,,) 0 cos (RGPO,)     ho 
= TAZy TPTy TNB_CASE 
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Then, the matrix M_ROLLBODY, is formed by 

M_ROLLBODY, © T_NBBODY (TNB_RLy)T 

Then the quaternions Q BODY ask and M_M50, are formed from the equivalent 
matrices M | ROLLBODY, and (T_CLUSTERM50,)° by use of MAT TO_QUAT, the matrix to 
quaternion utility routine. The sine End cosine of one-half the pitch-outer 
roll gimbal nonorthogonality follows from 

SDP, = sin (DP,/2) 

CDP, * cos (DP,/2) 

The pairwise IMU gimbal-case mounting misalignments are determined for 
each IMU pair K, where the index K is the number of the excluded IMU. 

Q.ROLL ROLL, = Q BODY ROLL) Q_BODY_ROLL, 

where for 

K=1: I=2,J23 

K=2: I=il,J=3 

K=3: I=1,J=2 

When the ASCENT mode (ATT MODE = 1, MM1LOL) is first begun, the following 
calculations will be performed | for ADI and HSI processing during MM1O1. I€£ 
the orbital plane constraint in earth-fixed, EF_PLANE_SW = ON, then the unit 
vector IYD which is normal to the desired trajectory plane is transformed from 
earth-fixed coordinates to M50 coordinates. That is, 

If EF_PLANE SW = ON, then 

T_YD_M5O = EARTH FIXED TO MSO COORD(CLOCKTIME) TYD 

This unit vector I _YD_M50 is later recomputed by ascent user parameter 
processing when MM102 is begun, so as to be valid at the time of liftoff. 

If the orbital plane constraint is not earth-fixed, EF_PLANE_SW @ OFF, 
indicating a rendezvous mission, then the unit vector IYD which 1g normal to 
the desired trajectory plane and given in M50 coordinates is renamed for use 
by ATT_PROC. That is, 

If EF_PLANE SW = OFF, then 

T_¥D_M50 = IYD 

The unit vector I _YD_M50 is later recomputed by ascent user parameter 
processing when MMLO2 is begun in order to account for nodal regression 
between nominal and actual launch times. This delay in launch time, in the 
case of a rendezvous mission, is constrained to be only a few minutea, This 
initialization 18 not required for TRANSITION or ENTRY modes, 
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nly initialization required is that associated 

LLy and Q_ROLL_ROLL,. The values of 

ed over from MC2. 

When entering MC3, the o 

with the computations of Q_BODY_RO 

Q_SM_MS50, and SDPy, CDP, are carri 

Whenever an IMU alignment is completed in MM 301 (denoted by IMU_QUAT Upp 

REQ = ON), Q.SM_M50, is computed from (T_CLUSTERMSO,)* by use of MAT TO 

QUAT. Subsequently, the flag IMU_QUAT_UPD_REQ is reset OFF. 

This concludes module ATT_PROC_INIT. 

Note that the unit vector T_YD_M50 will be recomputed by ascent second- 

stage guidance during MM103 if a transatlantic abort is declared or by powered 

RTLS guidance during MM601. 
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4.6.4.2 Attitude Processor Outer=Loop (ATT_PROC_OUTER) 

A. Function. ATT_PROC_OUTER is a precision attitude processor. It computes 
the body wrt M50 quaternion (QBI_UPDATE) and the M50 wrt topodetic quaternion 
(Q.M50_TD). Pairwise stable member wrt stable member quaternions (Q_SM_SH x? 
are formed for use in IMU selection and IMU failure detection and isolation. 
An overview block diagram of ATT_PROC_OUTER is shown in Figure 4.6.4.2-1. 

B. Processing Requirements, ATT _PROC_OUTER is performed before the first 
pass through ATT_PROC_INNER. It is performed thereafter at 1.04 Hz. 

C. Interface Requirements. The interface requirements for the module 
ATT_PROC_OUTER are shown in Tables 4.6.21 and 4.6.2-2. 

D. Constants. Constants used in module ATT_PROC_OUTER are shown in 
Table 4.6.2-4. 

E. Initialization Requirements. Initialization requirements for ATT_PROC_ 
OUTER are shown in Table 4.6.2-3. 

F. Detailed Technical Description. The quaternions Q_SM_SM,, representing 
platform wrt platform misalignment of the IMU pair K, are formed for use in 
selecting an IMU for attitude data and for IMU failure detection and 
isolation. The following steps are performed for each IMU,» K2=1, 2, 3. 

The roll gimbal mounting wrt stable member quaternion, Q ROLL_ SMys is 
formed for each IMU,, K = 1 to 3. Q ROLL SM, is the product of five single 
axis rotations (four gimbal angles and the pitch-outer roll gimbal 
nonorthogonality). 

ORANG(K) * IRANG(K) 
aq ALEERLDES | ORANG(K) = IRANG(K) 
A, = 7 _ | panc(r) 

AZANG(K) 

SRPL, = SIN(GAy,))$ CRPLy = COS(GA,.))3 

SRMNy = SIN(CA,.9)3 CRM, = COS(GAY,5)3 

SPy = SIN(GAy.3)3 CPy = COS(GAy,3)3 

SYx = SIN(GAL.4)3 CY = COS(GAy, 4) 

QROLLSMSy = CDP, (CPy CRPL, CY,+SP, SRN, S¥y) — SDPy(SPy SRPLy C¥y+CPy 
CRMN, SY,) 
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QROLLSMV, =| CDP, (-SP, CRMN, CY, CP. SRPL, SY) 

Rockwell 
International 
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Systems Division 

CDP, (-CP,. SRPL, CY +SP.. CRMN,. sY,) 

+ SDP,(-SP,, CRPL, CY, +CP_SBMN,. SY, ) 

  

+ SDP, (-cP,, SRMN, CY, -SP, CRPL, sY,) 

CDP, (~CP,. CRPL, SY, +SP,. SRMN, cY,) 

+ SDP, (SP, SRPL, SY,-CP,. CRMN, cY,)   -   
where 

Q_ROLL SM, = [QROLLSMS,, QROLLSMV,] 

Stable member wrt stable member quaternions are then formed for each IMU 
pair K: 

Q_SM_SM, = Q ROLL SM} Q ROLL ROLL, Q_ROLL_SM; 

where for 

K21: I =2, J=3 

K2=2: IT=l,J=3 

K=3: IL=#1,J2#2 

The three quaternions Q SM SM, are sent to RM (IMU selection), which returns a 
selected IMU number (SEL_IMU fb) and an attitude data good flag (ATT_DG). The 
sense of this flag is ATT | DG = ON implies data are good. 

If IMU_ALIGN DISP = ON, a set of Euler angles from M50 to Body is 
computed independently for each IMU. A quaternion XQ B I, is formed for each 

IMU, and the angles are extracted by the QUAT_TO EULER Toutine. Thus, if 
IMU_ALIGN DISP = ON, XQ BI ig computed for each IMU» K21, 2, 3. Other- 
wise, if IMU_ALIGN DISP = “OFF and ATT_DG = ON, it is computed only for K = SEL_ 
IMU_ID. 

XQ_B_I, = Q_BODY_ROLL, Q ROLL_SM, Q SM_M50O, 

If IMU_ALIGN DISP = ON 

CALL QUAT_TO_EULER (XQ _B_I,) ASSIGN (PSI_IMU,, THETA_IMU,, PHI_IMU,, 
TEMP, TEMP, TEMP, TEMP) 

The Euler angles are constrained to the range 0-360 degrees by adding 

360 degress to negative angles. 
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The following processing in the outer Loop (ATT_ PROC_OUTER) is performed 
only for the single selected IMU SEL_IMU_ID, where gimbal angle data are 
incorporated only if ATT_DG = ON. If so, 

QBI_UPDATE = (XQ_B_Igpr rmy rp) 

If ATT_DG = OFF, QBI_UPDATE is not computed. 

NOTE: On the first pass after transition from OPS 2 or OPS 8 to OPS 3, 
QBI_UPDATE is initialized to the last value of Q_B_M50 computed by ON-ORBIT_ 
ATT PROC. This initialization is performed to protect against possible bad 
attitude data indication from IMU RM (ATT_DG = OFF). IMU RM may have pro- 
cessed transient IMU comfaults due to unexpected powered-off LRU's or there 

may be an IMU dilemma. 

If this is the first pass after transition from OPS 1 to OPS 3, QBI_ 
UPDATE is initialized to the last value of QB I computed by A/E_ATT_ PROC in 
OPS 1. This initialization is performed to protect against ATT_ DG being set 

OFF during an IMU dilemma. 

The following calculations are performed if (ATT_MODE # ENTRY and it is 
not Major Mode 101, 102, 103, or 601). First an M50 wrt LVLH quaternion is 
computed for guidance and ADI related calculations. 

CALL RV_TO QLVLH(R_AVGG, V_AVGG) ASSIGN(Q_M50O_LVLH) 

Then a quaternion representing M50 wrt BIASLVLH is computed for use in 
deriving ADI driver functions in ATT_PROC_DISP, but only if (ATT_SEL _SW, = 0 
and/or ATT_SEL SW, = 0). 

Q_M50_BIASLVLH = Q | M50_LVLH Q_LVLH_BIASLVLH 

Q_M50_LVLH AND Q M50 BIASLVLH will be assumed constant for 0.96 second. 

The following ADI- and HSI-related calculations are also to be performed 
by ATT_PROC_OUTER, but only if major mode = 101, 102, 103, or 601. 

These calculations define a quaternion of M50 with respect to the desired 
ascent LVIY reference ADI coordinate system for use in ATT PROC DISP. The 
quaternion is formed from present vehicle position (R_ AVGG) and from an ini- 
tially defined M50 unit vector (I_ YD_M50) normal to the insertion plane (at 
MECO) » as 

1. Compute a temporary vector normal to both R_AVGG and T_YD_M50 

V_TEMP = R_AVGG * T_YD MSO 
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2. Then call the RV_TO QLVLH utility function to compute the desired 
quaternion 

CALL RV_TO_ QLVLH (R_AVCG, V_TEMP) 

ASSIGN(Q M50_LVIY) 

Q_MSO_LVIY will be assumed constant for 0.96 second. 

If MM = 101, then set Q M50_ REF = Q M50 LVIY 

If ATT_MODE = ENTRY, the M50 wrt topodetic quaternion is derived as a 
function of time and vehicle position. NAV coordinate transformation func- 
tions are used. T_IMUS GA is the time tag associated with the IMU data 
read. R _ AVGG is the present vehicle position vector in M50 coordinates. 

M_EFM50 = EARTH FIXED TO M50 COORD (T_IMUS GA) 

R = (M_EFMSO)? B_avcc 

CALL EF_TO GEODETIC(R) ASSIGN (LAT, LON, ALT) 

M_EFTD = EF_TO TOPDET (LAT, LON) 

M_TDMSO = M_EFMSO (M_EFTD)? 

The equivalent quaternion Q M50 TD is extracted from M_TDM50 using the 
MAT TO _QUAT utility routine. Q | M50. TD will be assumed constant for 
0.96 second. 

This concludes module ATT_PROC_OUTER. 
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4.6.4.3 Attitude Processor Inner Loop (ATT_PROC_INNER) j 

A. Function. ATT_PROC_INNER serves to propagate the body attitude quaternion 4 b 
incrementally at a high rate using body rate from selected filtered RGA out- git Cl 
puts. During ATT_MODE = TRANSITION, the payload attitude is derived at (our 
0.52 Hz rate. Payload attitude must represent vehicle ettitude within q py. 
+100 milliseconds of the time the vehicle state vector is passed to the pay- ” 
load. An overview block diagram of ATT_PROC_INNER is given in Fig- 
ure 4.6.4.3-l. 

B. Processing Requirements. The ATT_PROC_INNER module is called at 12.5 Hz 
during ascent and transition and 6.25 Hz during the entry through Landing 
phases. 

C. Interface Requirements. The interface requirements for the module 
ATT_PROC_INNER are shown in Tables 4.6.2-1 and 4.6.2-2. If 

compute 
D. Constants. The I-Loads/K-Loads used in module ATT_PROC_INNER are shown in gated 
Table 4.6.2-4. The constants are shown in Table 4.6.2-5. uP 

E. Initialization Requirements. Initialization requirements for ATT_PROC_ 
INNER are shown in Table 4.6.2-3. 

F. Detailed Technical Description. The inner loop propagates the attitude 
reference through trapezoidal integration of filtered body rate compensated and the 
for rate bias to form an incremental quaternion, Q INCR, representing the f The rate 
small rotation BODY (t) wrt BODY (t-At). First, if the attitude data good first 1: 
flag indicates bad IMU data, then the rate bias is zeroed. (This only needs to ch 
to be done once each time ATT DG is set OFF.) cnang 

- 0.05 RAL 

If ATT_DG = OFF, then W_BIAS = 0. 

RATE GYRO READ = RAD PER DEG VECTOR(P_ FIL, Q FIL, R_FIL) 

RG_CORR_PAST = RG_CORR 

RG_CORR = RATE_GYRO_READ - W BIAS 

QINCRV = -0.25 DELTIME (RG_CORR_ PAST + RG CORR) 

If ATT_MODE = TRANSITION, then upg The 

. _ ate ; 
RATE GYRO CORR = DEG PER RAD RG_CORR i toh 

HOD 
Then the scalar part of the incremental quaternion is given by tttlewe 

~ ~ 4° 
QINCRS = SQRT(1 - QINCRV « QINCRV) Re), 

which may be approximated by 

QINCRS = 1 - 0.5(QINCRV « QINCRV) a 

qf, 
tin 
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The body wrt M50 quaternion is then integrated to the current time 

QBI=QINCRQBI 

If this is a minor cycle when IMU gimbal angles have just been read and 
will be used in the outer loop for updating the attitude reference 
{ (CLOCKTIME-T_IMUS_GA) <$ DELTIME], then the body wrt M50 quaternion at 
T_IMUS_GA is computed. 

DTIMU 
DELTIME GINCRV 

QTEMPS = 1 - 0.5 (QTEMPV « QTEMPV) 

QTEMPV = 

QBI_IMU_READ = QTEMP QB I 

If this is a minor cycle when the outer loop (ATT_PROC_OUTER) has just 
computed the body wrt M50 quaternion using gimbal angles, then Q BI is 
updated by 

‘Q CORR = QBI_UPDATE QBI_IMU_READ* 

QBI=QCORRQBI 

and the updated Q BI is normalized by calling the QUAT_NORM utility routine. 
The rate bias is determined from the IMU update (Q_corR). The IMU update is 
first limited to 0.1 degree per axis to protect against large transients due 
to changes in selected IMU. If |QcorRv, > 0.05 RAD PER DEG, then QCORRV; = 
0.05 RAD _PER_DEG SIGN(QCORRV; ). 

THINCR = -2 QCORRS QCORRV 

-THINCR DEL_W_BIAS = —>— 

W_BIAS = W_BIAS + DEL_W BIAS 

The calculation of the rate bias change (DEL W_BIAS) over the current 
update interval (0.96 second) includes the multiplication by a scale factor of 
0.1 to help flight control meet gain and phase stability requirements. When 
ATT_MODE = TRANSITION, the following additional steps are performed. The body 
attitude increment is computed at 12.5 Hz (and compensated for IMU updates at 
1.04 Hz). 

ATTITUDE_INCREMENT = DEG_PER_RAD (-2 QINCRV + THINCR) 

THINCR = 0 

and a time tag is formed for QB I: T_NOW = CLOCKTIME. 
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The roll component of ATTITUDE_INCREMENT is integrated over 0.160-second 
periods as INT_ROLL_INC: 

INT_ROLL_INC = INT_ROLL_INC + ATTITUDE_INCREMENT, 

where INT_ROLL INC is reset to zero at 6.25 Hz in ATT_PROC_DISP. The 
requirement to continue INT ROLL INC is maintained even though the calculation 
is no longer used by any principal function. 

During ATT_MODE = TRANSITION in MM301, 302, 303 and at the 0.52 Hz rate, 
the following payload attitude computations are performed: 

If ATT_MODE = TRANSITION 

Then the earth-fixed-to-M50 matrix is defined as a function of time. Nav 
coordinate transformation functions are used. CLOCKTIME is used as the argu- 
ment in the calling statement 

M_EFM50 = EARTH FIXED TO M50 _COORD(CLOCKTIME) 

Next, extract Q M50 EF from the matrix M_EFM50 via the MAT_TO QUAT utility 
function. The product Q BODY_EF = QB_ Ir Q_.M50_ EF is then used as the argument 

in a call to QUAT_TO ADI _ANG. QUAT | TO. ADI _ANG | returns (XPTCHSINE, XPTCHCOS, 
XYAWSINE, XYAWCOS, XROLLSINE, XROLLCOS, XFLAG). If XFLAG = OFF, PITCH and 
ROLL functions were not updated in QUAT TO ADI_ANG due to the singularity at 
YAW = +90; and PAYLOAD functions are not udpated. If XFLAG = ON, 

PAYLOAD YAW = ARCSIN(XYAWSINE) 

PAYLOAD PITCH = ARCTAN2(XPTCHSINE, XPTCHCOS ) 

PAYLOAD ROLL = ARCTAN2(XROLLSINE, XROLLCOS ) 

G. Constraints. Outputs to GN&C/SM-PL IF shall be protected time homogenous 
parameters. These outputs shall be referenced to T_NOW (time tag of QB I). 

This concludes ATT_PROC_INNER. 
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4.6.4.4 Attitude Processor Derived Air Data and Euler Angle Processin 

(ATT PROC EULER), 

A. Function. ATT_PROC_EULER calculates several additional variables which 
are required at 6.25 Hz or less. These variables are computed from the body 
attitude quaternion. An overview block diagram of ATT PROC EULER is given in 
Figure 4.6.4.4-1. 

B. Processing Requirements. ATT_PROC_ EULER is performed at 6.25 Hz, after 
ATT_PROC_ INNER. 

C. Interface Requirements. The interface requirements for the module 
ATT_PROC EULER are shown in Tables 4.6.2-l1 and 4.6.2-2. 

D. Constants. I-Loads/K-Loads used in module ATT_PROC EULER are given in 
Table 4.6.2-4. The constants are shown in Table 4.6.2-5. 

E. Initialization. Initialization requirements are shown in Table 4.6.2-3, 

F. Detailed Technical Description. The vehicle velocity relative to the 
earth's surface (V_BHO) is transformed into body coordinates using the QUAT_ 
XFORM utility function. The assigned vector UB is used to develop angle of 
attack, sideslip angle, BANK and trigonometric functions of them. The first 
component UB1 of the assigned vector UB is sent to GRILS DAP each time it is 
computed. CALL QUAT XFORM with arguments QB I and V_RHO. ASSIGN UB. Then 

UB_X = SQRT(UBs+ UBS) 

If UB_X < UB_EPS (a K-LOADed small test velocity), do not perform the follow 
ing update calculations for ALPHA N and BETALN. If UB_X 2 UB_EPS, then 
compute ALPHA N and BETA_N as follows: 

SINALF = UB,/UB_X 

ALPHA N = DEG_PER RAD ARCSIN(SINALF) 
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BETA_N = DEG_PER BAD UB,/|UB| "9 1.6 

If ATT_MODE = ENTRY, the following additional steps are performed. »,; 
to the first cycle . rough these calculations, it is necessary that the. he 
ATT_PROC_OUTER module execute. in 

in 

The body wrt topodetic quaternion, Q BODY TD, is formed by iat 

Q BODY TD = Q BI QMS5O_TD Be 
66% 

The FCS-sequence Euler angles body wrt. topodetic, and certain trigono~ com 

metric functions of them are then obtained.: The utility routine QUAT TO fun 

is called with argument Q_BODY_TD, and PSI, THETA, PHI, SINTH, COSTE, SINPHr, rio! 
and COSPHI are returned. The angles are in degrees. Heading with respect t, fun 
magnetic north at the runway is given by 

Ce 
PSI_HSIMV = RAD PER DEG PSI - ANGLE_CORR_TNTOMAG RW ATT 

BANK is then set equal to the body roll angle D. 
The 

BANK = PHI i 
.] 
a E. 

This coneludes processing during ATT_MODE = ENTRY. 3 ATT 

This concludes ATT_PROC_EULER. F. 

i % de} 
in 

bo 

on 
pr 
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4.6.4.5 Attitude Processor Display Processing (ATT_PROC_DISP) 

A. Function. ATT PROC DISP calculates the ADI ball driver functions. Dur- 
ing ATT_MODE = 2 (TRANSITION), delta velocity is calculated and transformed 
into the body frame, and body attitude errors are derived. An overview block 
diagram of ATT_PROC_DISP is given in Figure 4.6.4.5-1. 

B. Processing Requirements. The module ATT_PROC_DISP is performed at 
6.25 Hz, after ATT_PROC_EULER has been performed. ADI driver functions are 
computed at 3.125 Hz, which may be accomplished either by computing driver 
functions for both ADI's every second pass or by computing the driver func- 
tions for each on alternate passes. ATT_PROC_DISP also computes HSI driver 
functions at 3.125 Hz. 

Cc. Interface Requirements. The interface requirements for module 
ATT_PROC_DISP are shown in Tables 4.6.2-1 and 4.6.2-2. 

D. Constants. ATT PROC_DISP I-loads/K-loads are shown in Table 4.6.2-4, 
The constants are shown in Table 4.6.2-5.. 

86
96
84
89
 

E. Initialization Requirements. The initialization requirements for 
ATT_PROC_DISP are shown in Table 4.6.2-3. 
  

F. Detailed Technical Requirements. When ATT_MODE = 2 (TRANSITION), body 

delta velocity is formed at 1.04 Hz, and attitude errors are derived. The 
integrated roll attitude increment is first zeroed. 

  

INT_ROLL_INC = 0 

For derivation of body delta velocity (AV) at low rate (1.04 Hz), the 
body attitude quaternion at the midpoint of the AV cycle is saved 

Q_B I MIDPOINT = Q BI 

on every sixth 6.25 Hz cycle starting three cycles after IMU RM velocity 
processing, i.e. 

V_IMU_OLD Q B I MIDPOINT V_IMU CURRENT ee Ca - ) — = 

0.0 0.16 0.32 0,48 0,64 0.80 0.96 (sec) 
| I | ! 

Then at 1.04 Hz 

DEL_V_IMU = V_IMU_CURRENT - V_IMU OLD 

V_IMU_OLD = V_IMU_CURRENT 

DVB_SEC = Q_B I MIDPOINT DEL_V_IMU Q B I MIDPOINT* 
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The attitude errors which can be displayed on the ADI error needles are 
derived from a small angle approximation to the error quaternion. This is not 
equivalent to the Euler angles which would define the precise rotation angles 
from the present to the desired attitude. It should be expected, therefore, 
that for a 3-axis attitude maneuver on the order of five degrees or larger, 
the crew would have to repeat the maneuver sequence at least once. QBI is 
the present body wrt M50 quaternion, and Q B_I_CMD_ DISPLAY is the commanded 
body wrt M50 quaternion. Then 

Q_ERROR = [QERRORS, QERRORV] 

= QB I CMD DISPLAY Q B_I* 

and the error angles from the body attitude to the commanded attitude are 

BODY_ERR_ANG = +2 DEG PER_RAD SIGN(QERRORS) QERRORV 

This concludes processing done only in ATT_MODE = TRANSITION. 

ATT_PROC_DISP now performs HSI driver function processing. Whenever 
MM = 101, 102, 103, or 601, a quaternion of the body with respect to the LVIY 
reference is computed as follows: 

Q BLVIY = QB I Q M50 _LVIY 

where Q M50_LVIY is computed in ATT_PROC_OUTER module at 1.04 Hz. 

Next, the utility function QUAT_TO_ EULER is called with Q B LVIY as the 
argument and returns XPSI, reer, XPHI, XSINTH, XCOSTH, XSINPHI, and 

XCOSPHI. Then if |COSTH| 2 0.03, the HSI heading parameter, YAW_IY, is 
assigned the Euler yaw angle, XPSI. 

YAW_IY = RAD PER DEG XPSI 

and a heads-up/heads-down indicator, ROLL SW, is determined as a function of 
the Euler roll angle XPHI, that is, if |XPHI| < 90°, 

ROLL_SW = 1 

otherwise 

ROLL_SW = -1 

The parameters returned from the call to QUAT TO EULER are also used in 
subsequent ADI processing whenever the LVIY reference is desired. 

ATT_PROC_DISP next calculates ADI ball driver functions for the two 
forward balls, as indicated in "B. Processing Requirements" above. In ASCENT 
and TRANSITION, they are driven independently to one of three switch 
selectable references (showing ADI sequence Euler angles from the reference to 
the body). These references are chosen by ATT_SEL _SWanz» where ADI = 1, 2 to 
indicate the Left forward and right forward station, respectively. 
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The three ATT_SEL_SW positions indicate reference frames defined by 
quaternions: 

ATT_SEL SW = -1 (*INRTL) 

ATT_SEL_SW = 0 (= BIASLVLH, 
during TRANSITION mode, but 
not when Major Mode is 
MM103 

ATT_SEL_SW = 0 (= LVIY, 
during ASCENT and TRANSI- 
TION modes, but only 
when in MM101, 102, 103, 

or 601) 

ATT_SEL_SW = +1 (= REF) 

INRTL is an arbitrary inertial reference 
frame defined by Q _M50_INRTL. 

BIASLVLH is a noninertial frame defined 
by Q._M50_BIASLVLH which is computed 
in the ATT_ PROC_OUTER module at 
1.04 Hz. BIASLVLH is a constant 

rotation away from LVLH given by Q_LVLH 
BIASLVLH. LVLH is the local orbital ~ 
frame Xrviy = downrange 

Yoviy = crossrange 

Z. = down (along negative 
LVLH R_AVGG) 

LVIY is a rotating reference frame 
intended primarily for ascent powered 
flight regions, and defined by 
Q_M50_LVIY. 

The frame is oriented such that 

z = down (along negative 
LVIY = 

R_AVGG) 

Xrvry = downrange (normal to plane 
formed By R _AVGG and unit 

vector I_YD M50) 

Yryty = crossrange (forms right- 
handed orthogonal triad) 

In MM1LO1, REF is defined by Q M50 REF, 
which is set equal to Q M50 LVIY in ATT_ 
PROC OUTER. Otherwise, “REF is an 

inertial reference frame defined by 
Q.M50_ REF. It is then redefined as an 
inertial frame coincident with the 
instantaneous BODY frame whenever an ADI 
attitude reference switch is sensed and 
COAS mode is not selected. 

Each forward station has an ADI attitude reference switch, which is 
processed by the switch processor to yield: 

FWD_ATT_REF PB = OFF = no selection 

FWD_ATT_REF_PB = ON = LH or RH forward ADI's attitude reference switch 

is selected 
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The following processing is done for each ADI in ASCENT and TRANSITION. (ADI 
processing in ENTRY is treated separately below.) 

First, if FWD_ATT_REF_PB = ON and DESEL = 1 (COAS DESELECT COMMAND), 
Q.MSO_REF is updated by Q MSO_REF = QB I*, 

If not in major modes (101, 102, 103, or 601) or ATT_SEL_SW #0, then 
a quaternion of the body wrt the selected reference, Q_BODY_ abate is formed 
as a function of ATT_SEL_SW,. If both ADI's ATT_SEL SW are set the same, 
then this computation for QS Boy ADIREF need only be performed once. 

ATT_SEL_SW,n; = 71! Q_BODY_ADIREF = QB I Q_MSO_INRTL 

ATT_SEL_SWyny = 03 Q_BODY_ADIREF = Q_B_I Q M50_BIASLVLH 

ATT_SEL_SWany = +1: Q_BODY_ADIREF = QB I Q MS5O_REF. 

If in major modes (101, 102, 103, or 601) and the ATT_SEL_SW,,, = 0, the 
following ADI commands are computed (for each ADI) from the previous call to 
QUAT_TO_EULER (see HSI driver function processing). 

PICHSINE,ny = XSINTH 

PICHCOS any = XCOSTH 

YAWSINEsnr * 0 

YAWCOS spy = 1 

and, if |XCOSTH| < 0.03, the sine and cosine of the roll angle should not be 
updated on this pass. If, however, |XCOSTH| 2 0.03, then compute the follow= 
ing roll commands. 

ROLLSINE,py = XSINPHI 

ROLLCOS jn = XCOSPHI 

If both ADI's have their ATT_SEL_SW = 0, then the same values are used to , 
update both ADI's. 

If in major modes (101, 102, 103, or 601) and the ATT_SEL_SW,), =+1 or 
if not in major modes (101, 102, 103, or 601), then the utility function 
QUAT_TO ADI_ANG is called with Q_ BODY ADIREF. It returns XPTCHSINE, XPTCHCOS, 

XYAWSINE, XYAWCOS, XROLLSINE, XROLLCOS, and XFLAG (if both ADI's ATT_SEL_SW 

are set the same, then this call to QUAT_TO ADI_ANG need only be performed 

once). Output update equations are: 

If XFLAG = ON: 

PTCHSINE any = XPTCHSINE 

PTCHCOS any = XPTCHCOS 

4.6-45 

STS 83-0008B 

Volume 1



Space Transportation ¢ % Rockwell 
Systems Division international 

1. If not in MM101, 102, 103, or 601. 

YAWSINEsnyr ™ XYAWSINE 

YAWCOS any * XYAWCOS 

ROLLSINEanr = XROLLSINE 

ROLLCOS,n; * XROLLCOS 

If XFLAG = OFF, the yaw functions are updated but the pitch and roll functions 

are not. 

When ATT_MODE = ENTRY the two ADI's display only attitude with respect to 
the topodetic frame with YAW caged to zero. Q BODY _ADIREF is not formed. 
Driver functions are the pitch and roll Euler angle sines and cosines derived 
in ATT_PROC_EULER. The following processing is to be done for each ADI: 

PTCHSINE,p; = SINTH 

PTCHCOS,p; = COSTH 

YAWSINEanr = 0 

YAWCOSapy = 1. 

ROLLSINE,nr = SINPHI 

ROLLCOS,ny = COSPHI 

This concludes ATT_PROC_DISP. 
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4.6.4.6 Attitude Processor Rolloff Filter (ATT_PROC_PREFIL) 

A. Function. ATT_PROC_PREFIL is a rolloff filter on RCA input rates. It 
functions to minimize energy content above the half sample rate of 
ATT_PROC_INNER. The block diagrams are presented in Figure 4.6.4.6-1 for 
ascent and in Figure 4.6.4.6-2 for entry/landing, RGA data are not filtered 
during ATT_MODE = TRANSITION. 

B. Processing Requirements. ATT_PROC_PREFIL is processed as follows: 

Ascent: 25 Hz 

Transition: 12.5 Hz 

Entry: 25 Hz - first stage of filter 
12.5 Hz - second stage of filter 

C. Interface Requirements. Interface requirements for ATT_PROC_PREFIL are 
shown in Tables 4.6.2-1 and 4.6.2-2. 

D. Constants. I-loads/K-loads for ATT PROC PREFIL are shown in 
Table 4.6.2-4. The constants are shown in Table 4.6.2-5. 

88
96
84
) 

E. Initializaton Requirements. Initialization requirements for 
ATT_PROC_PREFIL are shown in Table 4.6.2-3 and Figure 4.6.4.6-3 (detailed 
mechanization). 

F. Detailed Description. For ascent, see Figure 4.6.4.6-l. 
the outputs are set equal to the selected orbiter RGA rates. 

Figure 4.6.4.6-2. 
Figure 4.6.4.6-3. 

For transition, 

For entry, see 

The detailed mechanization for ATT_PROC_PREFIL is shown in 
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The selected RGA rates are filtered via a first-order filter, prior to 
use in ATT_PROC_ INNER. The computations, in order, are: 

( P_FIL © RO FILT, P + P_FILO 

1 { Q FIL™ RO _FILT, Q + Q FILO 

{arn = RO_FILT, R + R_FILO 

P_FILO = RO FILT, P - RO_FILT3 P_FIL 

2 YQ FILO = RO FILT, Q - RO_FILT, Q FIL 

R_FILO = RO_FILT, R - RO FILT, R_FIL 

Note: On the initial pass of ATT_PROC_PREFIL, the first three equations 

above (Set 1) should not be computed. 

For entry, ATT_PROC_PREFIL consists of two cascaded first~order rolloff 
filters--the first operating at 25 Hz and the second at 12.5 Hz. 

The technical description given above for ascent applies to each section 
of ATT_PROC_PREFIL entry with appropriate change of symbols. 
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TO OPS 3 PRE_FILT INIT = ON andi 
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° iver TRANSITION FROM PRE_FILT_ENTRY = OFF gi 

MM104 OR MM601 PRE_FILT_ENTRY @ ON pt 
TO MM602 Ba 
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PF 5 IL =P \2- NOTE G7 
ATT_MODE = 2 QFIL = Q rt 

EY] RFIL = R ‘ot Fi 

RO_FILT; = GE_PRE_RO1 p. & PRE_FILT T - ATT_MODE = 3 owraY « G RO_FILT2 = GE_PRE_RO2 }—4 PRE_FILT_ENTRY = OFF ' 
TRY = ON RO_FILT3 = GE PRE_RO3 yt? 

PRE_FILT F. 2 ; FILT_ ; | ROLFILT: = PRE_RO, Auein 
INIT RO_FILT2 = PRE_RO2 
= OFF RO_FILT3 = PRE_RO3 

PRE_FILT_ > | ) 

INIT P FIL = (RO_FILT,)(P) + P_FILO 
ey QFIL1 = (RO_FILT])(Q) + Q FILO 

R FIL1 = (RO.FILT))(R) + RFILO 

Pp FILO = (RO_FILT2)(P)- Orbi 
(RO_FILT3)(P_FIL1) P_FIL = (PRE_ROg)(P_FIL) 

Q_FILO = (RO FILT2)(Q)- | + P_FILOI 

(RO_FILT3) (Q_FIL1) T | 2ND_STAGE_FILT Q FIL = (PRE RO4)(Q_FIL1) 
R_FILO = (RO_FILT2)(R)- = ON + Q_FILOL 

(RO_FILT3)(R_FIL1) R_FIL = (PRE_ROg)(R FIL1) 
+R FILO1 

  COMPLEMENT 

ATT_MODE = 3 (2ND_STAGE_ 
FILT) 

  

  

      

  P_FILO1 = (PRE_ROs)(P_FIL1) 
-(PRE_ROG) (P_FIL) 

  

P_FIL = P FIL1                 
E Q FILO1 = (PRE RO5)(Q-FIL2) 

QFIL = Q FIL1 -(PRE_ROG)(Q_FIL) 

R_FIL = R FIL R_FILO1 = (PRE_ROS)(R_FIL1) ‘ 
-(PRE_ROg)(R_FIL) ec 

Figure 4.6.4.6-3. Detailed Mechanization for ATT_PROC_PREFIL 

4.6-50 
STS 83-0008B 
Volume 1 po 

f*



  

Space T ti Rockwell 
gystone Division ON international 

4.6.4.7 Attitude Processor RGA Switch (ATT_PROC_RGASW) 

A. Function. ATT_PROC_RGASW provides SRB pitch and yaw rate signals to ATT_ 
PROC PREFIL during ascent first stage, and orbiter pitch and yaw rate signals 
to ATT | PROC _PREFIL for the remainder of ascent, transition, and entry through 
landing. It provides orbiter roll rate to ATT_PROC_PREFIL during ascent, 
transition, entry through landing. The block diagram for ATT PROC_RCASW is 
given in Figure 4.6.4.7=-1l. 

B. Processing Requirements. ATT_PROC_RGASW operates at 25 Hz during ascent 
and entry through landing. During transition, ATT_PROC_RGASW is performed at 
12.5 Hz. 

C. Interface Requirements. The interface requirements for the module 
ATT_PROC_RGASW are shown in Tables 4.6.2-1 and 4.6.2-2. 

D. Constants. There are no constants for ATT_PROC_RGASW. 

E. Initialization Requirements. There are no initialization requirements for 
ATT_PROC_RGASW. 

F. Detailed Technical Description. Switching is controlled by SRB_NULL_ CMD 
during ascent. 

P = PORB 

If (SRB_NULL_CMD # 0), 

then Q = QORB and R = RORB 

else Q = QSRB and R RSRB 

Orbiter values for P, Q, and R are used during all other flight phases. 
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PORB _» P 

SRB_NULL_CMD _ > | 

QORB 

1 
a ee a 

QSRB 
o 2 

0 | : 
w 

| g 

| 
RORB o | 

1~~ RS 

RSRB , = 

g | 

A. ASCENT 

Z ag 

PORB P 
—> 

QORB Q 
—> 

RORB Ry 

      

B. TRANSITION, ENTRY THROUGH LANDING 

Figure 4.6.4.7-1. ATT_PROC_RGASW Block Diagram 
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4.6.4.8 ADI Quaternion Uplink (ADI_QUAT_UPLINK) 

A. Functional Requirements. ADI_QUAT_UPLINK is a procedure that performs the 
following functions. 

l. Determine if new ADI quaternion Loads have been uplinked and made 
available. 

2. Move the new data from the uplink buffers into appropriate compool 
storage Locations. 

The block diagram for ADI_QUAT_UPLINK is given in Figure 4.6.4.8-1. 

B. Processing Requirements. ADI_QUAT_UPLINK is performed on demand. 

C. Interface Requirements. The interface requirements for ADI_QUAT UPLINK 
are given in Tables 4.6.2-1 and 4.6.2=-2. 

D. Detailed Requirements. The following set of equations and sequences are 
used to perform the ADI_QUAT_UPLINK function. 

1. If the uplink OP code is for the ADI INERTIAL QUATERNION LOAD 

(0011000), then transfer the values of the quaternion elements from 
the uplink buffer into the storage locations used by ATT_PROC DISP 
for the ADI inertial quaternion. 

2. If the uplink OP code is for the ADI REFERENCE QUATERNION LOAD 
(0011101), then transfer the values of the quaternion elements from 
the uplink buffer into the storage locations used by ATT_PROC_DISP 
for the ADI reference quaternion. 

3. If the uplink OP code is for the ADI BIASLVLH QUATERNION LOAD 

(0011110), then transfer the values of the quaternion elements from 
the uplink buffer into the storage locations used by ATT_PROC_OUTER 
for the ADI bias LVLH quaternion. 
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4.6.5 Ascent/Entry Attitude Processor Principal Function Tables 

The ascent/entry attitude processor principal function input and output 
tables, along with the I-load and K-load tables, are presented in Tables 
4.6.S-1 through 4.6.5-3. The automated Interface Definition Document (IDD), 
Table 4.6.5-1, defines signal (paramater)incterface requirements either between 
hardware (LRU) and software elements or between 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. 

Note that IDD outpuc (source) tables that reflect parameters going to 
inpue (destination) TLM will noe be interpreted as a signal actually being 
downlisted. The parameter may only be available for downlise in COMPOOL and 
may not sppear in a downlist format. 

  

#A GN&C software element is either a sequenced principal function (PF), crew 
generated specialisc/display function, or OPS display function. 
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4.7 UTLLITY FUNCTIONS _ 

Utility functions constitute those modules which appear two or more times 

in the preceding sections. To avoid redundant specification of these func~ 
tions, and thus simplifying the documentation, detailed specifications for 
these functions are presented just once, in this subsection. Note that some 
of these functions are also used during non~ascent mission phases (e.g., 
SECOND _ORDER_FILTERS in entry-through=landing flight control); some are also 
used by principal functions covered in other documents (e.g., MAT_TO_QUAT in 
first-stage guidance). It must be borne in mind that reentrant capability is 
required for those functions in use simultaneously by modules which are imple~ 
mented in more than the HAL task. 

CAUTION: Quaternions and direction cosine matrices are used to represent 
transformations of coordinates. The notation used for both methods is briefly 
described. 

Given two coordinate frames A and B, with common origin, and a vector 

whose coordinates in each frame are Vie A and V |B, respectively, the notation 

Q_B_A denotes the quaternion which represents the transformation from frame 

A to frame B: 

VB=QBAVA (QB A)* 

This equation is valid if (i) VA and V1 B are viewed as quaternions with 

zero scalar part and (ii) QB A*#= (QBAS, QBAV) is normalized; the conjugate of 
QB A is defined by (QB } A)* B (QBAS, -QBAV). Transformation of coordinates 
from frame A to frame B may also be viewed as the result of a rotation through 

an angle 6 about an oriented axis W ; the connection with QB A is as follows: 

QBAS = cos g, QBAV = -unit (0) sin 8 

With this convention, transformations from frames A and B, each to a third 

trame C, are related as follows: 

QCcCA=QCBQBA ° 

Block diagram symbology for quaternion multiplication is described in Section 
4.7.10 (QUAT MULT) of this document. 

Notation for direction cosine matrices is slightly different and is 
briefly described. Given two coordinate frames A and B, with common origin, 

and a vector whose coordinates in each frame are Vv A and Vv | B, respectively, 

the notation M_AB denotes the direction cosine matrix and represents the 

transformation from frame A to frame B: 

V.B=MABVA 
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With this convention, transformations from frames A and B, each to a third 

frame C, are related as follows: 

M_AC = M_BC M_AB 

While there are potential core savings when these functions are subrou- 

tinized, there are time penalities attendant with the invocation process, 

In-line replicated code may be desirable in many applications. No implementa- 

tional constraint is intended by this choice of documentation format. Like- 

wise, the particular form of an algorithm has been chosen to show how the 

functional requirements could be implemented, but other implementations may 

produce the same results in a more economical manner. 

The utility functions described in this section are listed in Table 4.7-1 

with the subsection numbers where detailed descriptions can be found. 

Table 4.7-1. Utility Functions 

  

  

        

Subsection Utility Function 

4.7.1 FIRST_ORDER_FILTER 
4.7.2 SECOND ORDER FILTER 
4.7.3 FOURTH_ORDER_FILTER 
4.7.4 SIXTH ORDER FILTER 
4.7.5 FADER _ ~ 
4.7.6 X_INTERP 
4.7.7 Y_INTERP 
4.7.8 MINITABLE 
4.7.9 RATE _LIMIT 
4.7.10 QUAT MULT 
4.7.11 QUAT_NORM 
4.7.12 QUAT_INTEG 
4.7.13 QUAT_XFORM 
4.7.14 QUAT_ERR_ANG 
4.7.15 SMOOTHER 
4.7.16 MAT TO _QUAT 
4.7.17 RV_TO_QLVLH 
4.7.18 QUAT_TO_ EULER 
4.7.19 QUAT_TO_ADI_ANG 
4.7.20 PARSHAPE 
4.7.21 LIMITED _INTEGRATOR 
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4.7.1 FIRST_ORDER FILTER 

A. Function. The detailed block diagram for the module PIRST_ORDER_FILTER 
is presented in Figure 4.7.l-l. With appropriate coefficients, | FIRST | ORDER 
FILTER can represent any nonintegral first-order filter (low pass, high pass, 
washout, etc.). The steady-state gain need not be unity, but it must be 
finite (hence the nonintegral requirement). A nodal implementation has been 
chosen for illustrative purposes. Local initialization (steady-state response 
to present input) is provided in response to an initialization flag. Detailed 
equations are presented in Section F below. Consider FIRST_ORDER _FILTER for 
generation of in-line code (e.g., a macro), especially if initialization can 
be handled remotely. 

B. Processing Requirements. The module FIRST_ORDER_FILTER is processed when 
invoked by a user. Single precision coefficients and calculations are uti- 
lized. 

Cc. Interface Requirements. The interface requirements for module FIRST 
ORDER_FILTER are shown in Table 4.7.1-1. 

D. Constants. None. 

E. Initialization Requirements, The initialization requirements for the 
module FIRST_ORDER_FILTER are shown in Table 4.7.1-2. 

F. Detailed Technical Descriptions. 

  

  

Sf INIT_XF = OFF 
  

          

    XF = X GXF, + XFN   

] 
          

XFN = -XF GXF3 + X GXF2 
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INIT_XF     

  

  

I 
I 
i 

ee 

GXF,_3 | 

c-- 4 | 
1 l 

INIT_XF | 

X | GXF, + GXF, z7! 

1+ GXF, 27! 
XFN l 

i 
| 
i 

Figure 4.7.1-1. FIRST_ORDER FILTER 
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\ 
TS Table 4.7.1-1. FIRST_ORDER FILTER Interface Requirements 

Rate 

Source or reduced” 
Name Deacription Destination Type Units (az) 

Inputs, 
x Input 8 - - 

cxF Coefficients A(3) - - 

xF Past value of output $ - - 
XFN Past value of node § ° - 

INIT_XF Initialization flag 5 od - 

Outputs 

xF Output 8 - - 

XFN Node 8 - - 

INIT_XF Initialization flag B - - 

Table 4.7.1-2. FIRST_ORDER_FILTER Initialization Requirements 

Initialize on Transition 

} Component From To Variable Initial Value 

First-order filter _ INIT_XF XF ) * 

xFn |           
*Some appropriate combination of the following (see Section F above for one approach): 

GXF, + GXF, ; 
XF = TOF, X, where GXF 4 # -! 

XFN = XF - X GXF, 
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Gy 4.7.2 SECOND ORDER FILTER 4 

A. Function. The detailed block diagram for the module SECOND ORDER_FILTER 
is presented in Figure 4.7.2-1. With appropriate coefficients, "SECOND | ) ORDER _ 
FILTER can represent any nonintegral second-order filter (low pass, high pass, 
washout, notch, rolloff, pair of first-order filters, etc.). The steady-state 
gain need not be unity, but it must be finite (hence the nonintegral require- 
ment). A nodal implementation has been chosen for illustrative purposes. 
Local initialization (steady-stage response to present input) is provided in 
response to an initialization flag. Detailed equations are given in Section F 
below. 

B. Processing Requirements. The module SECOND ORDER_FILTER is processed 

when invoked by a user. Single precision coefficients and calculations are 
utilized. 

C. Interface Requirements. The interface requirements for SECOND_ORDER _ 

FILTER are shown in Table 4.7.2-1l. 

D. Constants. None, 

E. Initialization Requirements. The initialization requirements for SECOND_ 
ORDER FILTER are shown in Table 4.7.2-2.   
F. Detailed Technical Descriptions. 

  

XF = ((GXF, + GXF, 
XFN, = XF - X GXF, 
INIT_XF = OFF 

+ GXF,)/(1 + GXF, + GXF ,) )X 4 
  INIT_XF 

  / 
  

    
  

  

e | XF = X GXF, + XN,   
  

XFN, = -XF GXF 4 + X GXF, + XFN, 

          
XFN, = -XF GXF, + X GXF 

    
3 | dA 
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1 + GXF, 27' + GxF. 2° 
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| 

} Figure 4.7,2-1. SECOND_ORDER_ FILTER 
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Rate 
Required/ 

Source or Produced 
Name Description Destination Type Units (Hz) 

Inputs 

x Input s - - 

GXF Coefficients A - - 

XxF Past value of output s - - 
XFN Past value of nodes A(2) - - 

INIT_XF Initialization flag B - - 

Outputs 

XxF Output s - - 

XFN Nodes A(2) - - 

INIT_XF Initialization flag B - -               

Table 4.7.2-2. SECOND_ORDER_FILTER Initialization Requirements 
  

Component 

Initialize on Transition 
  

From To Variable Initial Value 
  

  

Second-order filter 

  
INIT_XF x 

XFN) 2 

*Some appropriate combination of the following (see Section F above for one approach: 

1 + GXF, + GXF 

GXF, + CXF, + GXF 
xF 3 ————_—_———_____—. 

4 5 

XFN) = xXF = X CXF, 

XFN, = -XF GXF 5 + GXF 3 

) X, where (GXF + CXF.) #-1 

        

* 
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4.7.3 FOURTH ORDER FILTER 

A. Function. The detailed block diagram for the module FOURTH_ORDER FILTER 
is presented in Figure 4.7.3-1. With appropriate coefficients, FOURTH_ORDER_ 
FILTER can represent any cascaded pair of nonintegral second-order filters. 
The choice of cascade versus polynomial implementation avoids numerical inac- 
curacies and permits use of single precision rather than double precision for 
coefficients and calculations. 

B. Processing Requirements, The module FOURTH_ORDER FILTER is processed 
when invoked by a user. Single precision coefficients and calculations are 
utilized. 

  

C. Interface Requirements. The interface requirements for FOURTH_ORDER_ 
FILTER are shown in Table 4.7.3-l. 
  

D. Constants. None. 

E. Initialization Requirements. The initialization requirements for FOURTH_ 
ORDER_FILTER are shown in Table 4.7.3-2. 

F. Detailed Technical Descriptions. 

  

XM = ((GXM, + GXM, + GXM3)/(1 + GXM, + GXM,)) X 
T = 

XF = ((GXF, + GXF, + GXF4)/(1 + GXF, + GXF,)) XM 
XFN, = XF - XM GXF, 
INIT_XF = OFF 

  

  

    

    

  

XM = X GXM 

XMN 

17 XMN, 

= -XM GXMy + X GXM. + XMN.   1 

XF = XM GXF + XFN, 

XFN, = -XF GXF, + XM GXF, + XFNo 

  

          
XMN. 

XFN 

“XM GXM, + GXM X 
“XF GXF, + XM GXF, 
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Table 4.7.3-1. FOURTH_ORDER_FILTER Interface Requirements 
\ 
  

  

  

  

  
  

    
  

  

  
    

  

Rate 
Required/ 

Source or Produced 
Name Description Destination Type Unite (Hz) 

Inputs 

x Input 8 - . 

GXM Coefficients, first or input acs) « . 

elewent 
i 

GXF Coefficients, second or output A(5) - - 
element 

XF Paet value of element outputs s - - 

xM Past value of element outputs 8 - - 

XFN Past value of element nodes A(2) - - 

XMN Past value of element nodes i \e)) - - 

INIT_XF Initialization flag B = | - 

3 

XF Output, second element S - - 

XFN Nodes, second element A(2) - - 

XM Output, first element s - - 

XMN Nodes, first element ‘ B - - 

INIT_XF Initialization flag 8 - - 

| 
| 1 

| | 
| 

’ 
| 
i ' 
' ‘ 

| 

| 
( 
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Table 4.7.3-2. FOURTH_ORDER_ FILTER Initialization Requirements 
  

Initialise on Transition 
  

  

Component From To Variable Initial Value 

fourth-order filter -_ INIT_XF XF 

XFN 1,2 * 

™ 

XMN, ’ 2         
  

*Some appropriate combination of the following (see Section F above for one approach): 

(om, + GH, + Cm, 
™e« X, where (GXM, + GXMs) ¥ -1 

\ 1 + GxM, + Gx, 

XMN, © XM ~ X GXM) 

XMN. © “XM GEMs + X GXM, 

GXF, + GXF, + GXF 
Fs GXF, * GXF 1 + GXF, 5 

1 2 | XM, where (GXF, + GXFs) # -1 

XFN, = XF - XM GXF 

XFN, = -XF GXFc + XM GXF, 
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4.7.4 SIXTH ORDER FILTER 
  

A. Function. The detailed block dig . ——— gram for the module SIXTH ORDER FILTER 
is presented in Figure 4.7.41. With appropriate coefficients, SIXTH 
ORDER_FILTER can represent any cascaded set of three nonintegral second-order 
filters. The choice of cascaded versus polynomial implementation avoids 
numerical inaccuracies and permits use of single precision rather than double 
precision for coefficients and calculations. 

B. Processing Requirements. The module SIXTH_ORDER FILTER is processed when 
invoked by a user. Single precision coefficients and calculations are 
utilized. 

C. Interface Requirements. This interface requirements for SIXTH ORDER 
FILTER are shown in Table 4.7.41. ~ 

D. Constants. None. 

E. Initialization Requirements. The initialization requirements for SIXTH_ 
ORDER_FILTER are shown in Table 4.7.4-2. 
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F. Detailed Technical Description. 

INIT XF )- 

  

XA = ((GXA, + GXA, + GXA3)/(1 + GXA, + GXAg)) X 
XAN,® XA = X GXA, 

  

/     

  
  

XB = ((GXB, + GXB, + GXB3)/(1 + GXBy + GXB,)) XA 
XBN] = XB - XA GXB, 

XF = ((GXC, + GXC 
XCN, = XF - XB GXC, 

INIT_XF = OFF 

2 * GxC5)/(1 + GXC, + GXC,)) XB 

  

  

XA = X GXA, + XAN, 

XB = XA GXB, + XBN, 
  

XBN, = -XB GXBq + XA GXB4 + XBN, 

XF = XB GXC, + XCN, 

XCN, -XF GXC, + XB GXC, + XCNo       

  

XAN. 

XBN. 

XN, 

-XB GXB, + XA GXB4 

-XF GXC, + XB GXC, 
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Table 4.7.4-1. SIXTH_ORDER_FILTER Interface Requirements 

Rate 

Source or Preducry 
Name Description Destination Type Units (uz) 

Inputs 
x Input s - - 

GXA Coefficients, first or acs) - - 
input element 

GXB Coefficients, second or a(5) - - 

middle element 

GXxc Coefficients, third or A(5) - - 
output element 

xF Ss - - 

xB : Past value of element output s - - 

o | : 
XCn A(2) - - 

XBN Past value of element nodes A(2) - - 

XAN | A(2} - - 

INIT_XF Initialization flag B - - 

Outputs 

XxF Output, third element s - - 

XCN Nodes, third element A(2) - - 

XB Output, second element s - - 

XBN Nodes, second element A(2) - - 

XA Output, first element Ss - - 

XAN Nodes, first element A(2) - - 

INIT_XF Initialization flag B - - 
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Table 4.7.4-2. SIXTH_ORDER_FILTER Initialization Requirements CS
 

  

  

  

        
  

        

Vy ze 
‘dud Initialize on Transition 
(n.)*4 

Component From To Variable Imtial 
Value 

~ Sixth-order filter - IMIT_XF XA 

. XAN} 2 
XB 

* 

- XBN) 2 

XxF 

XCNy 9 

~ *Some appropriate combination of the following (see Section F): 

* GXA, + GXA, + GXA, 
. XA T+ Ga, + GK, X, where GXA, + GXAs # -1 

- XAN) 2=XaA-X GXA) 

- XAN, = -XA GXAs *xX GXA, 

- GXB, + GXB, + GXB, j 
5 + GXB - XB T+ GXB, > GXB, XA, where GXB, 5 1 

' XBN) = XB - XA GXB) 

. ) XBN, = -XB GXB, + XA GXB3 

GxC, + CXC, + Gxc, 
- ee + GXC - XF T+ XC, + OXC, XB, where GXC, 5 # = 

- XCN) = XF - XB Gxc, 

- XCN> =» -XF GXC5 + XB GXxC, 

meena 
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4.7.5 FADER 
  

A. Function. The detailed block diagram for the module FADER is presented 
in Figure 4.7.5-l1. The purpose of a fader is to avoid the jump that might 
otherwise occur when the source of a signal is switched. Rather than allow 
the signal to jump from one value to another, the fader is "triggered" at the 
moment of switching, and the differences between the values of the sources 
before and after the change are added to the signal incrementally over some 

time period. The effect of a fader is shown in Figure 4.7.5-2. If the input 
is constant after the switching time, the output of the fader simply ramps 
from the value at the switching time to the value of the new input. However, 
if there are variations in the input, they are reflected in the output without 
attentuation or delay. Thus, the fader has no effect on the loop gain. 

B. Processing Requirements. The module FADER is processed when invoked by 
user. 

C. Interface Requirements. The interface requirements for FADER are shown 
in Table 4.7.5-1. 

D. Constants. None. 

E. Initialization Requirements. The initialization requirements for FADER 
are shown in Table 4.7.5-2. 
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BR_XF = (X-XF)/NFADE_X 
NFADE_X = -NFADE_X 

    

  

NFADE_X = NFADE_X + 1 
XF = NFADE_X BR_XF + X       

Figure 4.7.5-1. FADER, Detailed Block Diagram 
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3 t, + TFADE_XF 

  

  
    

t, t, + TFADE_XF 

Figure 4.7.5-2. Effect of Fading 
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Table 4.7.5-1. FADER Interface Requirements 

? wire 
Required/ 

Source or Produced 

Name Description Destination Type Range Units (nz) 

Inputs j 

x Input § - - 

NFADE_X Counter I - - 

XF t Past value of intermediate s 
BR_XF | variable 8 

Outputs 
xF Output $ - - 

NFADE_X Counter I - - 

BR_XF Intermediate variable 8 - - 
(current input minus past 
output )/NFADE2X 

Table 4.7.5-2. FADER Initialization Requirements 

Initialize on Transition 

Component Fron Teo Variable Initial 
Value 

Fader -_ NFADE_X >0 NFADE_X oNFADE_X 

BR_XF (X-XF)/ 
NFADE_X 

L 
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4.7.6 X_INTERP 

A. Function. The detailed block diagram for the module X_INTERP is pre- 
sented in Figure 4.7.6-1. This utility function is used in 1 conjunction with 
Y_INTERP (Subsection 4.7.7) for linear interpolation, using a table of break- 
points (tabs). X_INTERP and Y_INTERP are especially useful when dependent 
variables can be tabulated for a single set of independent variables. The 
X_TAB is an array of table entry breakpoints of the independent variable xX. 
For a given X, the array index J_X is found so that either 

XTABy y SX <XTAB, y yy 

for a monotonically increasing table or 

XTAB, y > X > X_TAB SxX+1 

for a monotonically decreasing table. 

Then a (scalar) quantity suitable for efficient interpolation of the dependent 
variable is computed: 

RATIO X = (X ~ X/ TAB , xy) (CK TAB , JX+1 - X_TAB, x 

Note that infinite slopes (repeated X;) are not allowed by this algorithm. 

In many cases, X is monotonic. With J_X an input, the starting value for 

the present search can be that value which ‘satisfied the last search. This is 

especially useful for many-valued tables. The feature is disabled by setting 
J_X to unity at each invocation. 

If X = X TAB, or X 2 X_TABy for an increasing table, or if X 2 X . TAB, or 
X < TAB, for a decreasing table (beyond left or right extremities of tabular 
data) then X_INTERP sets RATIO X = 0, which will force Y_INTERP to provide 
horizontal extrapolation beyond the tabular extremities. | 

B. Processing Requirements. The module X_INTERP is processed when invoked 
by a user. 

C. Interface Requirements. The interface requirements for the module 
X_INTERP are shown in Table 4.7.6-1. 

D. Constants. None. 

E. Initialization Requirements, The initialization requirements for the 

module X_INTERP are shown in Table 4.7.6-2. 
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Table 4.7.6-1. X_INTERP Interface Requirements 

Rate 
Required/ 

Source or Produced 

Name Description Destination Type i Units (Hz) 

Inputs 

x Independent variable - s - - 

X_TAB Array of table entry - A(n) - - 

breakpoints for independent { 
variable 

JX Past value of JX X_INTERP I - - 

Outputs 

RATIO_X Ratio used for interpolating Y_INTERP 8 - - 
dependent variable 

jx Index value to left of Y_INTERP I - - 
current value of dependent 
variable 

Table 4.7.6-2. X_INTERP Initialization Requirements 

. Initialize on Transition 

Component Fron To Variable Initial 

Value 

X_INTERP As specified in the particular JX As required 

  

user application 
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4.7.7 Y_INTERP 

A. Function. The detailed block diagram for the module Y INTERP is pre- 
sented in Figure 4.7.7-1. This utility function performs Linear interpolation 
of a dependent variable and is normally used in conjunction with X_INTERP 
(Subsection 4.7.6), which calculates RATIO_X and J_X. Y_INTERP receives RATIO 
X and the index, J_X, corresponding to the first break point prior to X, and 
an array, Y_TAB, which contains the independent variable breakpoints that 
correspond to the dependent variable breakpoints. The output Y is the linear 
interpolated value of the dependent variable, given as follows: 

Y = (Y_TAB ~ Y_TAB, ») RATIO_X + Y_TAB, y IX+1 

Extrapolation beyond the extremities of the tabular data is horizontal: 
Y = Y_TAB; xy. This is indicated in X_INTERP by setting X_RATIO = 0. 

B. Processing Requirements. The module Y_INTERP is processed when invoked 
by a user. 

Cc. Interface Requirements. The interface requirements for the module 
Y_INTERP are shown in Table 4.7.7-1. 

D. Constants. There are no constants for Y_INTERP. 

E. Initialization Requirements. There are no initialization requirements 
for Y_INTERP. 
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ble e oe - a Ta 4 7.7-1.  Y_INTERP Interface Requirements 

Rate 

Required/ 
Name Description puree or Produced 

st ination Type atte (Hz) 
Inputs 

RATIO X Ratio used for interpolating X INTERP 
dependent variable - $ - - 

IX Index value to left of current x 
~ value of dependent variable _INTERP T - - 

Y_TAB Array containing dependent - 

variable breakpoints A(n) - - 

Outputs 

Y Interpolated value of dependent - $ - . 
variable 
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Table 4.7.7-1.  Y_INTERP Interface Requirements 

Sate 

: s Required/ 
Name Nescription Destination Pr ed Type Unite (Hz) 

Inputs 

RATIO X Ratio used for interpolating x 
dependent variable _INTERP 8 - 

IX Index value to left of current XI 
value of dependent variable —_INTERP I - 

Y_TAB Array containing dependent - 
variable breakpoints A(n) - 

Outputs 

Y Interpolated value of dependent - 8 
variable 

- 
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4.7.8 MINITABLE w) 

A. Function. The detailed block diagram for the module MINITABLE is pre- 
sented in Figure 4.7.8-1. MINITABLE is useful for interpolating functions 
with only two breakpoints and is intended for in-line code generation (e.g., 
amacro). If the input X is between XLFT and XRGT, then a linear interpola- 
tion is performed to obtain Y. If X ¢ XLFT, then Y¥ = XLFT; and if X 2 XRGT, 
Y = YRGT. It is assumed that XLFT £ XRGT, but is not necessary for YLFT to be 
less than YRGT; e.g., slopes can be positive or negative but must be finite 
(XLFT # XRFT). The HAL in-line implementation is as follows: 

¥ = (X = XLFT) [(YRGT - YLFT)/(XRGT - XLFT)) + YLFT 

where the term in square brackets will be a HAL~derived constant. 

B. Processing Requirements. The module MINITABLE is processed when invoked 
by the user. 

C. Interface Requirements. The interface requirements for the module 
MINITABLE are shown in Table 4.7.8-1 

D. Constants. None. 

E. Initialization Requirements. None. 

  

XLFT, YLFT, 
XRGT, YRGT | YLFT Q) YRGT | 

| 

  

| ! j > X       
NOTES 

1) FUNCTION SPECIFICATION 
IF X<XLFT: YY # YLFT 
IF XLFT <X< XRGT: Y = (X - XLFT) [(YRGT - YLFT)/(XRGT - XLFT)] + YLFT 

IF X>XRGT: YY = YRGT 
ASSUME XLFT < XRGT 

(2) INLINE HAL (WHERE TERM IN SQUARE BRACKETS WILL BE A SINGLE DERIVED 
CONSTANT) : 

Y = MIDVAL (YLFT, (X = XLFT)((YRGT - YLFT)/(XRGT - XLFT)) + YLFT, YRGT) ‘a 
Figure 4.7.8-1. MINITABLE 

4.7=28 

STS 83-0008B 

Volume 1   

 



a
a
a
 

  

  

                

Roc i Space Transportation g kwe 
Systems Division international 

Table 4.7.8-1. MINITABLE Interface Requirements 

Rate 

Required/ 
oo, Source or Produced 

Name Nescription Destination Type tits (Rz) 

Inputs 

x Independent variable - s - - 

XLFT Lower value of X between - 8 - - 

which output is to be 
interpolated 

YLFT Value of dependent variable - s - - 
corresponding to XLFT 

XRGT Upper value of X between - $s - - 

which output is to be 
interpolated 

YRGT Value of dependent variable - Ss - - 

corresponding to XRGT 

Outputs 

Y Dependent variable - s - - 
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4.7.9 RATE LIMIT 
A. Function. The detailed block diagram for the module RATE_LIMIT is pre- 
sented in Figure 4.7.9-1. This utility function limits the rate of change of 
the output. 

B. Processing Requirements. The module RATE_LIMIT is processed when invoked 

by the user. 

Cc. Interface Requirements. The interface requirements for the module RATE_ 
LIMIT are shown in Table 4.7.9-1. 

D. Constants. There are no constants for RATE_LIMIT. 

E. Initialization Requirements. The initialization requirements for the 

module RATE LIMIT are shown in Table 4.7.9-2. 

INIT_XRL 

  

T XRL = X 
  

NOTE: 

  

INIT_XRL = OFF 
      

  

  XRL = MIDVAL(DT_XDOT_MIN,(X - XRL), DT_XDOT_MAX) + XRL   
IF ALL USERS REQUIRE ONLY SYMMETRIC LIMITS + DT_XDOT LIM, 
THEN USE OF THE SINGLE QUANTITY WILL SAVE CORE 
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Table 4.7.9-1. RATE_LIMIT Interface Requirements 

Rate 
Required/ 

Source or Produced 
Wame Description Destination Type Unite (Hz) 

Inputs 

x Input to be rate-limited - 8 - - 

DT_XDOT_MIN Product of mininum rate - 8 - - 
limit and processing interval 

OT_XDOT_MAX Product of waxiqun rate - s - - 
limit and processing interval 

XRL Past value of output - s - - 

INIT_XRL Initialization flag 8B - - 

Outputs 

XxRL Rate-limited output - s - - 

INTT_XRL Initialization flag B - -             
  

Table 4.7.9=2. RATE_LIMIT Initialization Requirements 

  Initialize on Transition 

  

  

            
  

Component From To Variable Initial Value 

Past value of output - INIT_XRL XRL x 
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4.7.10 QUAT_MULT 

A. Function. The detailed block diagram for the module QUAT_MULT is pre- 
sented in Figure 4.7.10-1. QUAT_MULT is invoked with an ordered quadruple of 
scalar and vector parts of operand quaternions (Q1S, Q1V, Q2S, Q2V]. Quater- 
nion multiplication is generally not commutative, so the order of the operands 
(leftmost/rightmost) is important. Conjugation, if required, is handled by 
the user by complementing the appropriate vector part. Figure 4.7.10-2 shows 
typical user applications and block diagram symbology, including conjugate 
multiplication and quaternion integration. 

B. Processing Requirements. The module QUAT_MULT is processed when invoked 
by a user. 

C. Interface Requirements. The interface requirements for the module QUAT_ 
MULT are shown in Table 4.7.10-1. 

D. Constants. None. 

E. Initialization Requirements. None. 

F. Detailed Technical Descriptions. For the operation Q3 # Ql Q2, where 
the leftmost quaternion Ql = [(Q1S, O1V] and the rightmost quaternion Q2 = 
{Q2s, Q2V], the product quaternion Q3 = (Q3S, Q3V] is given by the following 
equations: 

Q3S = Q1IS Q2S - QIV © Q2v 

Q3V = Q1S Q2V + Q2S QlV + QIV * Q2V 

Since QUAT_MULT will be used from 75 to 125 times per second, depending upon 
mode, the equations should be expanded to save significant CPU at the expense 
of minimal core: 

Q3s = QIS Q2s - (Qlv, Q2v, + QIV, Q2v, + Qiv,, Q2v.) 

Q3v, = Qis Q2v, + Q2s Qiv, + QV, Q2v, - QV, Q2v, 

3V. = - Q3V, = Qis Q2v,, + Q2S Qlv, Qi, Q2v, + Qlv,, Q2v, 

3V., = - Q3V, = Qis Q2v, + Q2S QIV, + QIV, Q2V, - QIV, Q2v, 
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Figure 4.7.10-1. QUAT_MULT 
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A 
1S = QCBS ic | of USE QUAT_MULT WITH { Se ce 

B By 25 = QBAS 0 {83y = Seay 
CL Ac QB af = af a8 Q3 = af 

REGULAR QUATERNION MULTIPLICATION 

af 1S = QCAS A USE QUAT_MULT WITH { 35 BCA 
c 25 = QBAS 

af Q5 { $3 = a 
——> c 

cc a8 | wes 

CONJUGATE QUATERNION MULTIPLICATION 

1 -—> 

05 ah 

__ yn) TF/2t Ley | -1| 
*““(RAD/SEC) 12           

  

tyse - E [= USE ~~ [za5| IF DEG/sEC 

QiS = 1 _ USE QUAT_MULT WITH {as (-TF/2) WBAB 

Q2S = QBAS 
{ti = a 
Q3=QBA 

QUATERNION RECTANGULAR INTEGRATION     

Figure 4.7.10~2. QUAT_MULT Symbology and Applications 
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"} Table 4.7.10-1. QUAT_MULT Interface Requirements nA 

Rate 

Required/ 
Source or Produced 

Name Description Destination Type Unics (Hz) 

Inputs 

gis A scalar and a vector corre- s ~ ! 
Qiv sponding to the part of the Vv - 

leftmost quaternion* 

ges A scalar and a vector corre- s - - 

Q2v sponding to the parts of the Vv 7 -ae he. - 
righteost quaternion* 

Outputs 

Q3 Output quaternion* rs) - - 

  

        a
r
e
 

    
* Where Q3 * Ql Q2 

~ a
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4.7.11 QUAT NORM 

A. Function. The detailed block diagram for the module QUAT NORM is pre- 
sented in Figure 4.7.11-1. QUAT_NORM yields a properly normalized quaternion, 
with a positive scalar part. If the incoming scalar is negative, QUAT_NORM 
complements the elements. It computes the scalar part based on the vector 
part. Numerical problems in the vicinity of 180 degrees are avoided; the 
resulting quaternion corresponds to an exact 180-degree rotation. 

B. Processing Requirements. The module QUAT_NORM is processed when invoked 
by a user. 

Cc. Interface Requirements. The interface requirements for the module QUAT 

NORM are shown in Table 4.7.1l-l. 

D. Constants. None. 

E. Initialization Requirements, None. 

F. Detailed Technical Descriptions. 

  

COEF = qs* + Qveqv 
      

      
T corr = 2.SIGN (QS) 

1 + COEF 
  

    
“TT NS 

1 = COEF! <2 

    
  

  

  E corr = SLGN_(QS) 
SQRT (COEF) 

  

      

    

ee
) 
”
 u COEF QS 

COEF QV Z| <= a 

      

WHERE THE CONSTANT 2" ASSUMES SINGLE PRECISION CALCULATION. 

4.7-37 

STS 83-0008B 
Volume 1



[a] 

  

  

Space Transportation GY Fockwe: 
Internationa| Systems Division 

  

  

  
QUAT_NORM 
(SUBSECTION 4.7.11-F) 
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Table 4,7.11-1. 

Rockwell sopranos OI fest 

QUAT_NORM Interface Requirements 
  

    
  

  

  

  

  

  

  

        

f Rate 
Requared 

Source or | Produced 
Name Description Destination Type Units (az) 

Inputs | 

Q Quaternion to be noreslized Q | - - 

Outputs | 

| 
Q | Normalized quaternion Q - - 

! 
‘ } 
{ | 

| 
| 

i 
! 

' 

| 

’ | 

| 
| 

| | 
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4.7.12 QUAT_INTEG 

A. Function. The detailed block diagram for the module QUAT_INTEG is pre- 

sented in Figure 4.7.12-1. QUAT_INTEG performs quaternion integration subject 

to a specific assumption on the coordinatization of the rate vector; namely, 

that if W represents the angular velocity of frame B with respect to frame A, 

then W is coordinatized in frame B. As such, it is not as general as QUAT_ 

MULT (Subsection 4.7.10), which can handle all four quaternion integration 

algorithms. QUAT_INTEG is intended for in-line code generation (e.g., a 

macro), which invokes QUAT_MULT. 

B. Processing Requirements. The module QUAT_INTEG is processed when invoked 

by a user. 

C. Interface Requirements. The interface requirements for QUAT_INTEG are 

shown in Table 4.7.12-1. 

D. Constants. None. 

E. Initialization Requirements. The initialization requirements for QUAT_ 

INTEG are shown in Table 4.7.12-2. 
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~T > 

    

B % < 

      
  

      

IF WBA_B IN RAD/SEC 

T - 

(yg) IF WBALB IN DEG/SEC 

QUAT MULT (1, (DTCON WBA B), QBAS, QBAV) 
(SUBSECTION 4.7.10) 7 

USE QUAT NORM (SUBSECTION 4.7.11) TO 
PERIODICALLY NORMALIZE Q,8 

USER INITIALIZATION OF Q,8 IS REQUIRED 

Figure 4,7.12-1. QUAT_INTEG 
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Table 4.7.12-1. QUAT_INTEG Interface Requirements 

Rate 

Required/ 
Source or Produced 

Wane Description Destination Type Units (Rz) 

Inputs 

WRA_B Rotational rate, frame B wrt Vv l/s - 

frame A, coordinated in or 
frame B deg/s 

DTCON Multiplicative factor for Ss 8 - 
rate input vector or 

s/deg 

QBA Past value of output quaternion Q - - 

Outputs 

QRA Quaternion, B frame wrt A Q - - 
frame             
  

Table 4.7.12-2. QUAT_INTEG Initialization Requirements 

  

Initialize on Transition 

  

  

  
            
  

Component From To Variable Initial Value 

Past value of User-defined QBA User 

quaternion output initialization dependent 
eondition 
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4.7.13 QUAT_XFORM 

A. Function. The detailed block diagram for the module QUAT_XFORM is pre- 
sented in Figure 4.7.13-1. This utility routine performs a coordinate trang- 
formation on a vector, using quaternions. The input includes a quaternion 
representing the coordinate transformation and the vector to be transformed, 
The output is the transformed vector. It is assumed that the input quaternion 

is normal. 

B. Processing Requirements. The module QUAT_XFORM is processed when invoked 
by a user. 

C. Interface Requirements. The interface requirements for the module QUAT 
XFORM are shown in Table 4.7.13-1. * 

D. Constants. None. 

E. Initialization Requirements. None. 

F. Detailed Technical Descriptions. 

1. QTMP = (QBAS, QBAV) (0, W_A): 
QIMPS = -QBAV_ * W_A_ _ 
QTMPV = QBAS W_A + QBAV * WA 

2. (0, WB) = (QTMPS, QTMPV) (QBAS, -QBAV): 
W_B = -QIMPS QBAV + QBAS QTMPV-QTMPV * QBAV 

  

  

QUAT_XFORM 
(SUBSECTION 4.7.13-F) — 

w= 948 WA (9,5)" 

t 

a,” 

=|
 

>
 

=|
 

  
—_—_————__+—_ > 

          
  

{asa} 
Figure 4.7.13-1. QUAT_XFORM 
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QUAT_XFORM Interface Requirements 

  

Rockwe} 
Internationa) 

  ee 
Requiteg / 

  
  

  

              

Source or 

Name Description Destination Type Units Produced 

Inputs 

| 

Wa Input vector in frame A 
v . ; 

QBA Quaternion, frame B wrt frame A 
Q . . 

Outputs 
anaes 

W_B Output vector in frame B 
Vv . . 

| 
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4.7.14 QUAT ERR ANG 

A. Function. The detailed block diagram for the module QUAT_| ERR_ANC is 
presented in Figure 4.7.14-1. QUAT_ERR_ANG extracts a vector of attitude 
errors, in degrees, from an error quaternion, using the algorithm: 

-2 (182 EBA_A = ) SIGN (QBAS) QBAV 

This algorithm is a linear approximation; it is reasonably valid only to the 
extent that the true angle of rotation 6 represented by the quaternion 

. « ° . 6 o 6 8 °o 

satisfies the equations sin > * 3, cos> * l. 

B. Processing Requirements. The module QUAT_ERR ANG is processed upon 
invocation by a user. 
  

Cc. Interface Requirements. The interface requirements for the module are 
shown in Table 4.7.14-1. 

D. Constants. The constants for QUAT ERR ANG are shown in Table 4.7.14-2. 

E. Initialization Requirements. There are no initialization requirements 
for QUAT_ERR_ ANG. 

  

  

      

          

  

  

- 

OBAS ATTERRCON 
SIGN( @ ) 9(180) 

Q B et 
A 
een ee 

{Seay . . 
QBAV OBAV EBA_A 

——> 
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Table 4,7.14-1. QUAT_ERR_ANG Interface Requirements 

Rate 

Required/ 
Source or Produced 

Name Description Destination Type Units (Hz) 
taputs | 

QBA Quaternion, Frame B wrt frame A Q - - 

Outputs | 

EBALA Attitude errors, frame B wrt v deg - 

€rame A coordinatised in frame A 

Table 4.7.14-2. QUAT_ERR_ANG Constants 

Other 

tame Description Type Value Units References 

DEG_PER_RAD Conversion factor, radians to s 180/ fr deg/rad many 
degrees 

ATTERRCON Scale factor for extracting s (2) 
a@ vector of attitude errors DEG _PER_R8AD deg - 
in degrees from a quaternion 

' 

i 

| 

| 

\ 
| 
! 
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4.7.15 SMOOTHER 

Ae 

C. 

De 

E. 

F. 

Function. This routine provides a smoothed, high-rate output between 
samples of a low-rate input signal. The detailed block diagram for 
SMOOTHER is presented in Figure 4.7.15-1. 

Processing Requirements. SMOOTHER is processed at the high rate 
specified by the particular application. 

Interface Requirements. The interface requirements for SMOOTHER are 
shown in Table 4.7.15-1. 

Constants. The constants for SMOOTHER are shown in Table 4.7.15-2. 

Initialization Requirements. The initialization requirements for 
  

SMOOTHER are shown in Table 4.7.15-3. 

Detailed Technical Description. A detailed description in terms of a 
logic flow diagram is presented in Figure 4.7.15-1. XIN is updated at 
the low rate; that is, every TMAJOR seconds. 

  
  

    
IF XIN UPDATED DP nmaen XINCR = (XINSLAST_XIN}TMENOR 

LAST_XIN = XIN 

    
  

    

      

    
XOUT = XOUT + XINCR 

      

Figure 4.7.15-1. SMOOTHER Logic Flow Diagram 
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Table 4.7.15-1. SMOOTHER Interface Requirements 

Rate 
Required/ 

Source or Produced 

Wane Description Destination Type Units (Hz) 

Input 

XIN Smoother input - F * * 

Output 

xXourT Smoother output - fF * * 

Table 4.7.15-2. SMOOTHER Constants 

Name Description Type Value Units 

TMAJOR Period at which the input F * sec 
. signal is updated 

TMINOR Period at which the output F * sec   signal is updated       
  

  
*As specified in the particular application 

  
  

Table 4.7.15-3. SMOOTHER Initialization Requirements 

  

  

  

            
  

Initislize on Transition 

Component From To Variable Initial Value 

SMOOTHER - First invocation Last_XIN XIN 

XOUT XIN 
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4.7.16 MAT TO QUAT 

A. Function. The detailed block diagram for the module MAT_TO_QUAT pre- 
sented in Figure 4.7.16-1 extracts a quaternion from its direction cosine 
matrix. The extraction process avoids singularities. A positive scalar part 
is arbitrarily chosen for the resulting quaternion. It is assumed that the 
input matrix is unitary. 

CAUTION: Quaternions and direction cosine matrices are used to represent 
transformations of coordinates. The notation used for both methods is briefly 
described. 

Given two coordinate frames A and B, with common origin, and a vector 
whose coordinates in each frame are Vv. A and V _B, respectively, the notation 
Q._B_A denotes the quaternion which represents the transformation from frame A 
to frame B;: 

VB=QBA V_A(QBA)* 

This equation is valid if (i) Vv. A and v_ B are viewed as quaternions with 

zero scalar part and (ii) QB A= (BAS, QBav) is normalized; the conjugate 

of QB A is defined by (Q_B_A)* A (QBAS, - Q BAV). Transformation of 
coordinates from frame A to frame B may also be viewed as the result of a 

rotation through an angle © about an oriented axis w 3 the connection with QB. 

A is as follows: 

QBAS = cos 5 QBAV = -unit (a) sin 5 

With this convention, transformations from frames A and B, each to a third 
frame C, are related as follows: 

QCA=QCBQBA 

Block diagram symbology for quaternion multiplication is described in Sec- 
tion 4.7.10 (QUAT_MULT) of this document. 

Notation for direction cosine matrices is slightly different and is 
briefly described. Given two coordinate frames A_and B, with common origin, 
and a vector whose coordinates in each frame are V _A and V _B, respectively, 
the rotation M_AB denotes the direction cosine matrix that represents the 

transformation from frame A to frame B: 

With this convention, transformations from frames A and B, each to a third 

frame C, are related as follows: 

M_AC = M BC M_AB 
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MAB QBA 
> MAT_TO_QUAT — > 

BAS 
BAV 

    

            
Figure 4.7.16-1. MAT_TO_QUAT 

B. Processing Requirements. The module MAT TO QUAT is processed when 

invoked by a user. 

Cc. Interface Requirements. The interface requirements for MAT_TO QUAT are 
shown in Table 4.7.16-1. 

D. Constants. None. 

E. Initialization Requirements. None 

F. Detailed Technical Descriptions. 
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| i,n = 0 . 

Qo»! = TRACE(M) 

IF | 1=k 

T = SQRT(1 + 2a9 - T) 

nent] 

k = 2, 3, 7} j =»6-en-k 

then fc TT oT 

are 
IF f 0° n jk ij 

= = 
71 

- 

Q 
1 (n i) 0 eise Passi Wy | 

then a T 

S else a= 7 

T® SIGN(q,)/2 

QBAS = T Q 

QBAV = T VECTOR (q) +9993) | 
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MAT TO QUAT Interface Requirements 

Internationa 

  

  

  

          
    

Rate 

Source or Require } 

‘ame Description Destination Type Units “mee 
z 

Input 

MAB Direction cosine anatrix, M - 

—— B frawe wrt A frane ~ 

Outouts 

OBA Quaternion, B frame wrt Struc - . 

A frane s, V 
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4.7.17 RV TO QLVLH 

A. Function. RV_TO_QLVLH is a PROCEDURE which, given a position vector (XR) 

and velocity vector (xv), both coordinated in M50, returns @ quaternion XQ | M50_ 
LVLH = (XQMSOLVLHS, XQMSOLVLHV)representing the MSO frame with respect to the 
local orbital frame. The CALL to RV_TO QLVLH is 

CALL RV_TO_QLVLH (XR, XV) ASSIGN (XQ_M50_LVLH) 

A block diagram of RV_TO QLVLH is shown in Figure 4.7.17-1. 

B. Processing Requirements. The module RV_TO_QLVLH is processed when 

invoked by a user. 

C. Interface Requirements. The interface requirements for module RV_TO_ 
QLVLH are shown in Table 4.7.17-1. 
  

D. Constants. None. 

E. Initialization Requirements. None. 

F. Detailed Technical Description. 
  

XZ = UNIT (-XR) 

XY = UNIT (XV * KR) 

XX 2 UNIT (XX * XZ) 

= (MATRIX (XX, X¥, XZ ))7 

XQ M50_LVLH is formed from XM by invoking the utility function MAT TO QUAT. 

  

    

  

      
  

  

  
  

          

    

    

aoe — UNIT x > T 

Ly XX m m XQ_M50_LVLH UNIT W M50 
-———~r MAT TO QUAT (X¥*Yz) w 8 

Ww UNIT XY 
repre (XV*®XR) - ’                 

Figure 4.7.17-1. RV_TO QLVLH 
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Table 4.7.17-1.. RV TO QLVLH Interface Requirements 

  

  

  

              
  

Source or Sample 
Name Description Destination Type Range Units (He) 

| 

Inputs 

o 
3 XR Vehicle position in M50 CALLing prog Vv ft once 

ro) — 
m= XV Vehicle position in MSO CALLing prog v ft/s once 

Output 

%Q_M50_LVLA M50 wre LVLH quaternion CALLing prog struct - once 
, 

q 

{ 
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4.7.18 QUAT TO EULER 

A. Funetion. QUAT_TO_EULER is a procedure which extracts Euler angles from 
a quaternion assuming a. yaw, pitch, roll rotation sequence. The resulting 
angles (in degrees), XPSI, XTHETA, XPHI, |XTHETA| < 90°, represent the same 
transformation as the arbitrary quaternion. Sin(PHI), cos(PHI), sin (THETA), 
and cos (THETA) arg,aleo returned for use in ATT PROC and FCS. |COS(PHI)| is 
limited to be > 2” 6. For XTHETA = £90°, XPHI is arbitrarily chosen to be 0°, 
and XPSI is extracted so that (XPSI, XTHETA, 0) represents the same attitude 
as the input quaternion. The CALL to QUAT_TO_EFULER is 

CALL QUAT_TO_EULER (XQ) ASSIGN (XPSI, XTHETA, XPHI, XSINTH, 
XCOSTH, XSINPHI, XCOSPHI) 

A block diagram of QUAT_TO_EULER is shown in Figure 4.7.18-1. 

B. Processing Requirements. The module QUAT_TO EULER is processed when 
invoked by a user. 

C. Interface Requirements. The interface requirements for QUAT_TO_EULER are 
given in Table 4.7.18=-1. 

D. Constants. The constant DEG_PER RAD = 180/n deg is used. 

Numerical constants are chosen based on single precision computation. 

  

——_———> XPS! 

> XTHETA 

p> XPHI 

XQ —————|_ WAT_To_EULER -—————> xcosTH 

/-———> XSINTH 

——————> XS INPHI 

> XCOSPHI       
Figure 4.7.181. QUAT_TO_EULER 
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E. Initialization Requirements. There are no initialization requirements 
for QUAT_TO_EULER. 

F. Detailed Technical Description. 

XSINTH = -2(XQV, XQV3 + XQS XQV,) 

XCOSTH = SQRT (1 - XSINTH*) 

XTHETA = DEG_PER_RAD ARCSIN (XSINTH) 

If XCOSTH > qqil then the following steps are performed: 

DUMMY] = 2(XQV, XQV3, - XQS XQV)) 

DUMMY2 = 1 - 2(xqvi #xQV3) 

XPSI = DEG_PER_RAD ARCTAN2[2(XQV, XQV, - XQS XQV3), 

(1 - 2(xQV5 + xQV5))] 

XPHT = DEG PER_RAD ARCTAN2[DUMMYL, DUMMY2] 

XSINPHI = DUMMY1/XCOSTH 

XCOSPHI = DUMMY2/XCOSTH 

If |XCOSPHI| < 2716, XCOSPHI = SIGN (XCOSPHI) 2716 

If XCOSTH < gull, then the following steps are performed 

XPHI, XSINPHI = 0 

XCOSPHI = 1 

XPSI = DEG PER_RAD ARCTAN2[~-2(XQV, XQV, + XQS XQV3), 

2 2 
(1 - 2 (XQV) + XQV3))] 
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Samp ie 
, Source or Rate 

Name Description Destination Type Range Units (az) 

Input 

XQ Quaternion to be CALLing prog Struc: - eace 
decomposed s, Vv 

Outputs 

XPS! First Euler angle (YAW) CALLing prog 8 deg once 

XTRETA Second Euler angle (PITCH) CALLing prog 8 deg oace 

XPHL Third Euler angle (ROLL) CALLing prog 5 deg eace 

XCOSTH Cos (XTHETA) CALLing prog s - once 

XSINTH Sin(XTHETA) CALLing prog s - once 

XSINPHI Sin(XPHI) CALLing prog s - 

XCOSPHI Cos (XPHI) CALLing prog Ss - ence 

! 

\ 
l 

\ 
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4.7.19 QUAT.TO_ADI_ANG . 

A. Function. QUAT_TO_ADI_ANG is a procedure that extracts sines and cosines 
of ADI angles (in a pitch, yaw, roll sequence) from an arbitrary quaternion, 
A flag is returned indicating whether or not PTCH and ROLL functions have bee, 
updated. That quaternion represents the rotation of the body frame with 
respect to the reference frame. The sines and cosines represent the ordered 
set of angles, PTCH, YAW, ROLL, with |YAW| < 4/2. The call to QUAT _TO_ADI_ANc 
is 

CALL QUAT_TO_ ADI_ANG (XQ) ASSIGN (XPTCHSINE, XPTCHCOS, XYAWSINE, 

XYAWCOS, XROLLSINE, XROLLCOS, XFLAG) 

where XQ is a structure of a scalar and a vector, XQ = (XQS, XQV). It is 
assumed that XQ is normalized. A block diagram of QUAT_TO_ADI_ANG is given in 
Figure 4.7.19-l. 

B. Processing Requirements. The module QUAT_TO_ADI_ANG is processed when 
invoked by a user. 

C. Interface Requirements. The interface requirements for the module QUAT 
TO_ADI_ANG are given in Table 4.7.19-1. 

D. Constants. The constant EPSILON = 0.03 is used. EPSILON is the lowest 

value of YAWCOS for which PTCH and ROLL functions are updated, and is given by 
cos (88.28). 

E. Initialization Requirements. There are no initialization requirements 
for QUAT TO _ADI_ANG. 

  

XPTCHSINE 
———p] qua J) XPTCHCOS 

XQ QUAT_TO_ADI_ANG XYAWSINE, XYAWCOS 
XROLLSINE, XROLLCOS 
XFLAG 

  

      

Figure 4.7.19-1. QUAT_TO_ADI_ANG 
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F. Detailed Technical Description. 

XFLAG = ON 

XYAWSINE = 2(XQV, XQV  XQS XQV3) 

XYAWCOS = SQRT (1 - XYAWSINE2) 

If XYAWCOS < EPSILON, the PTCH and ROLL functions are not updated on this pass 
and XFLAG = OFF. If XYAWCOS > EPSILON, the update equations are: 

XYAWSEC = 1/XYAWCOS 

XROLLSINE = -2 XYAWSEC (XQV, XQV3 + XQS XQV)) 

XROLLCOS = XYAWSEC (1 - 2(ZQV; + XQV3)) 

XPTCHSINE = -2 XYAWSEC (XQV) XQV3 + XQS XQV,) 

XPTCHCOS = XYAWSEC (1 - 2(XQV3 + xov2)) 
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Table 4.7.19-1. QUAT_TO_ADI_ANG Interface Requirements 
  

  

  

  

Source or Senpie 
Nawe Description Destination Type Range Units cae 

Input 
xQ Quaternion to be CALLing prog Struc: 2] - 

decomposed s, Vv Once 

Outputs / 

XPTCHSINE Sin(PTCH) CALLing prog s #1 - once 

XPTCHCOS Cos(PTCH) CALLing prog s «1 - once 

XYAWSINE Sin( Yaw) CALLing prog s . #1 - once 

KYAWCOS Coa (YAW) CALLing prog s #1 - once 

XROLLS INE Sin(ROLL) CALLing prog s #1 - once 

XROLLCOS Cos (ROLL) CALLing prog s #1] - once 

XFLAG PTCH, ROLL update flag CALLing prog B 0, 1 - once 
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4.7.20 Parabolic Shaping and Limiting (PARSHAPE) 

A. Function. The detailed block diagram for the module PARSHAPE is pre- 
sented in Figure 4.7.20-l1. The algorithm is simple enough and used infre- 
quently enough to consider for implementing as in-line code (e.g., a macro). 
The linear, or small-signal, gain is KLIN, The parabolic correction gain is 
KPAR. An antisymmetric parabolic curve is generated. Output limiting is 
asymmetric, via the YMIN and YMAX parameters. Note that bang~bang output can 
be approximated by selected large KLIN and/or KPAR. Note that there are no 
inherent restrictions on the numerical values for the four parameters (as 
there are, for example, in certain alternative implementations used in other 
FSSR's). 

B. Processing Requirements. The module PARSHAPE is processed when invoked 

by the user. 

C. Interface Requirements. The interface requirements for PARSHAPE are 

presented in Table 4.7.20-1. 

D. Constants. None. 

E. Initialization Requirements. None. 
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Table 4.7.20-l1. 
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international 

PARSHAPE Interface Requirements 

  

  

  

                

Seuple 

Source or Rate 
Name Description Destination Type Range Units (Hz) 

Inputs 

x Input variable - 8 - - 

KLIN Linear shaping parameter - 8 - - 

KPAR Parabolic shaping parameter - 8 - - 

YMIN Output lower limit - 8 - - 
parameter 

MAX Output upper Limit - 8 - - 
parameters 

Outputs 

Y Output variable - $ - - 
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4.7.21 LIMITED_INTEGRATOR 

A. Functional Description. A functional block diagram for the module 
LIMITED_INTEGRATOR is shown in Figure 4.7.21-1. LIMITED_INTEGRATOR is a 

rectangular rule digital representation of an integrator. Amplitude limiting 
is provided to keep the output from going beyond specified limits. 

  

  

  

  

  
      

  

*KF_LIM\ 

| + ‘\ XF 

Se -XF_LIM 

zl 
Ld       
  

Figure 4.7.21-l. Integrator (GRTLS) 

B. Software Description. The software description for LIMITED INTEGRATOR is 
given by the statement 
  

XF = MIDVAL(-XF_LIM, XF + X T, XF_LIM) 

The interface requirements and initialization requirements for LIMITED_ 
INTEGRATOR are presented in Tables 4.7.21-1 and 4.7.21-2, respectively. 
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LIMITED_INTEGRATOR Interface Requirements 

  

  

              
  

  

  

    
Ls 

          
  

Rate 
Required/ 

Source or Produced 
Nane Description Destination Type Range Unite (Hs) 

Inputs 

x input 3 - 

T Update period $ s” - 

XF_LIN Liait value for output 8 - - 

x Past value of output 8 - - 

Output 

XF Out put s - - 

Table 4.7.21-2. LIMITED INTEGRATOR Initialization Requirements 
(Performed by Invoker) 

Initialize on Transition 
{Initial 

Component Fron To Variable Value 

LIMITED_INIEGRATOR - First pass xF As required 
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