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FOREWORD 

The primary avionics software system (PASS) requirements for the computer 
programs that execute in the Shuttle general-purpose computers (GPC's) are 

specified in the Computer Program Development Specifications (CPDS's) and the 
Functional Subsystem Software Requirements (FSSR) documents. The requirements 
are specified at three Levels: 

Level A CPDS ~ System-level constraints and capabilities 
Level B CPDS - Functional requirements 
Level C FSSR - Detailed-level requirements 

The Level A CPDS specifies system-level constraints and capabilities that 
are not oriented toward any particular program end item. The Level B CPDS 
specifies 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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this document since Revision A dated June 30, 1985. A vertical line (change 
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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 transition phase of flight. The 
FC functions are those specified in the GN&C Level B functional requirements 
document. 

1.3 ORGANIZATION 

This document is organized into the following sections: 

1.0 Introduction 

2.0 Applicable Documents 

3.0 Overview 

4.0 Flight Control Functional Requirements 

Section 1 defines the purpose, scope, and organization of this docu- 
ment. Section 2 lists the applicable documents. 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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2.1 

2.2 

2.3 

LEVEL A DOCUMENTS 

SS-P-0002-140 

SS-P-0002-150 

SS-P-0002-170 

LEVEL B DOCUMENTS 

SS-P-0002=-510 

SS-P-0002+550 

$S-P-0002-580 

LEVEL C DOCUMENTS 

STS 83-0001 

STS 83-0002 

STS 83-0003 

STS 83-0004 

STS 83-0005 

Space Transportation ¢g Rockwell 
Systems Division International 

2.0 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 Cuidance 

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

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, Volumes 1 and 2 

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 Sub- 

system Operating Program 

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

Control, Part E, Volume 1, Navigation Aids Sub- 
system 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 
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Operational Flight Level C, Functional Subsystem 
Software Requirements; Guidance, Navigation, and 
Control, Part B, On-Orbit Navigation 

Operational Flight Level C, Functional Subsystem 
Software Requirements; Guidance, Navigation, and 
Control, Part C, Flight Control Entry--GRILS 

Operational Flight Level C, Functional Subsystem 
Software Requirements; Guidance, Navigation, and 
Control, Part C, Flight Control, Volumes 1 and 2 

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 Sub- 

system Operating Program 

Operational Flight Level C, Functional Subsystem 

Software Requirements; Guidance, Navigation, and 
Control, Part E, Volume 1, Navigation Aids Sub- 
system 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 
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JSC~19350 STS Flight Software Initialization Load 

e 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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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 subsys- 
tem. 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 transition flight phase. 

3.2 GN&C SOFTWARE MAJOR FUNCTIONS 

The orbiter general-purpose computers (GPC's) 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 che software functional requirements for the GN&C 
flight control major function. 

3.3 FLIGHT CONTROL SYSTEM OVERVIEW 

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

e Transition DAP 
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Volume 2 

   



Space Transportation g ¥ Rockwell 
Systems Division international 

The flight control (FC) module can be thought of as containing a hier- 
archy of modules, the top level of which is shown in Figure 3.3-1. 

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

3.4 TRACEABILITY 

Table 3.4-1 shows the traceability of the software segments in the FSSR 
Level C with respect to the Level B CPDS. 

Table 3.4-1. Level C to Level B Traceability 

  

  

Level B Level B 

Level C Principal Function Principal Function 
Document Section Name Paragraph Number 

4.4 Transition DAP Transition Digital 4.201 
Functional Requirements | Autopilot           

3.5 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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ASC_DAP ASC_DAP 
GRTLS_DAP UTILITY GRTLS_DAP 

FROM J FRANS_DAP pl FUNCTIONS L___ stg ¢ FRANS_DAP 

GC_STEER (SECTION 4.7) GC_STEER 
ATT_PROC ATT_PROC 

MANUAL CMDS » MODING TO 
BODY ACCELERATIONS | ASCENT GC_STEER 

BODY ANGULAR RATES >| DAP ————____> 
ETC. _» (SECTION 4.2) | SRB, MPS CMDS 

> GC STEER 
> - CRT DISPLAY 
pl (SECTION 4.3) 

GIMBAL ANGLES 
ATTITUDE 

' PROCESSOR 

> DAP 33 
SECTION 4.5 

° 1 " 
aM INPUTS QBM50, DVB SEC, RG_CORR > OMS GIMBAL CMDS [: @ 

SEQUENCER INPUTS, MSC_INPUTS . TRANSITION " 7 
GUIDANCE CMOS QCBM50, LAMC > (SECTION 4.4) _ 

MANUAL CMDS RHC, THC RCS CMDS 22 
> $$ — 32 

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

4.4.1 Introduction 

The flight control (FC) module controls the vehicle in response to either 
automatic or manual commands during the insertion (OPS 1) and deorbit (OPS 3) 
flight phases. The effectors used to produce control forces and moments on 
the vehicle are the OMS engines and primary 2CS jets. When the OMS engines 
are firing, the main control mode is engine thrust vector control (TVC)3 but 
the RCS jets are also available to provide additional control authority (e.g., 
to cover a single OMS engine failure). 

4.4.2 Interface and I-Load Requirements 

The interface requirements for the transition DAP are given in Tables 
4.4.2=1 and 4.4.2-2. Table 4.4.2-1 lists the input variables, including some 
that are I-loads for the insertion phase and some that are carry-overs from 
the on-orbit phase (OPS 2) for use in the deorbit phase. (Some input vari- 
ables have both attributes.) Table 4.4.2-2 Lists the output variables. 

Update rates and sample rates in Tables 4.4.2-1 and 4.4.2-2 mean, respec- 
tively, the rate at which a parameter is assigned and the rate ac which it is 
referenced. Thus, the update rates in Table 4.4.2-1 and the sample rates in 
Table 4.4.2=-2 are rates at which functions interfacing with the DAP are 
expected to perform their I/O operations. In both of these tables, the MSID 
column gives an identifying- code. For multi-element variables (such as _ 
arrays, vectors, or structures) of reasonable size, one code is given for each 
element. The order of Listing of the codes corresponds to a certain order of 
elements. This ordering is given parenthetically below the codes, is included 
in the description column, or is understood to be X, Y, Z or roll, pitch, yaw, 
whichever applies. 

Tables 4.4.2-3A and 4.4.2-3B list the I-load parameters that are either 
mission-dependent or design-dependent. These I-load constants are also listed 
in the constants tables associated with the individual modules. Table 
4.4.2-3C lists I-load variables required for the insertion phase. 

4,4-1 
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Table 4.4.2-1. Input Parameters for the Transition DAP Module 

  

  

  

  

  

  

                
  

  

  

  

                      
  

Sample Update Rate 
Name Description MS ID Source lype Range Unit Rate (Hz) | Req'd (Hz) 

Crew Variables 

OMS_PITCH_TR1M OMS engines pitch tcim angle | V9JIIO9ISC [See Note 1; also s -10 to 10 | deg 12.5 
with respect to center of XXXXX MVR YYYYY 
gimbal travel (6.35), U/L 

OMS YAW TRIM Left and right OMS engines V93H69L6C See Note 1; also A(2)s -10 to 10 | deg 12.5 
yaw tria angles with respect | V93H6918C [| XXXXX MVR YYYYY 

to center of gimbal travel (6.35), U/L 

Display Data 

QB I CMD Commanded vehicle attitude V94U5980C | ASC MNVR DIP Struct: |0 to 1; none 12.5 1 /maneuver, 
with respect to reference V94U3981C 1¢(4.210) or DEORB S; V(3)S [-1 to ! 1.04 ° 
attitude, given as the MS0- | V94U3982C [MNVR DIP (4.211); 
to-body quaternion v94U3983C |ORB INS GUID (4.3) 

oc DEORB GUID ‘ 

(4.209) 

Effector Fault 

Flags 

AVAILABLE JET_ Aft jet available status V90x4520xX [RCS RM (4.91) A(28)B 0, ! none 12.5 12.5 
AFT (i = available) to 

V90X4531X, 
V90X45 34x 

to 

V90K4545xX w 
(PRCS only)]. % 

Ye 
AVALLABLE JET_ Fwd jet available statua V90X4548x [RCS RM (4.91) A(16)B 0, 1 none 12.5 12.5 re 
FWD (1 = available) to 3 3 

V90X4561X 6 

(PRCS only) 28 
: 8s 

JET_FALL_CHANGE_ | Flag signifying change in V9UX4019X |RCS RM (4.91) B 0, 1 none 12.5 12.5 83 
FLAG HFAIL (1 = changed) 

JET_MAP Mapping of jet use V9055972/C [RCS RM (4,91) or A(38)1 1-28 hone 12.5 t2.5 a 
preference within groups to carry-over from 

V90J5764C [previous OPS oS 

52 
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Table 4.4.2-1. Input Parameters for the Transition DAP Module (Cont) 

  

  

  

                        

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

QBI Vehicle attitude with V90U2240C | ASCENT/ENTRY ATT Struct: ]0 to 1; none 1.04 12.5 respect to reference v90U2241C | PROC (4.226) 8; V(3)S]-1 to 1 
attitude, given as the M50- | ¥90U2242c 
to-body queteraion V90U2243C 

RATE_CYRO CORR | Measured vehicle angular V90R2692C | ASCENT/ENTRY ATT | V(3)8 Roll: -40 [deg/e | 12.5 12.5 rate V90R2693C | PROC (4.226) to 40; 
V90R2694C pitch, yaw 

-20 to 20 

T_wow IMU attitude data time tag, | ¥90W2310C | ASCENT/ENTRY ATT 8 0 to 8 1.06 12.5 expreseed as mission elapsed Proc (4.226) 1.0807 
time 

Wote 1. I-load (insertion); carry-over value from on-orbit phase (deorbit). 
Mote 2. I-load Ciasertioa); subsequent to OPS 1, carry-over from previous OP8. 

le
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Table 4.4.2-2. 

(S 

Output Parameters for the Transition DAP Module 

  

  

  

  

  

  

  

                  

. Update Sample Rate 
Wane Description MSID Destination Type Range Unit Rate (Hz) | Req'd (Hz) 

Display Data 

MNVR Im PROGRESS | Flag sigaifying auto V9OX1589X | XXXXX MVR YYYYY B 0,1 none 12.5 12.5 
waneuver in progress (6.35) 
(lemaneuver in progress) 

OMS PLTCH TRIM OMS engines pitch trim angle [V93H6915C JAS MNVR DIP (4.210) [5 -6 to 6 | deg 12.5 1.04 
with respect to center of or DEORB MNVR DIP 
gimbal travel (4.211); XXXXX MVR 

YYYYY (6.35); ORB 

INS GUID (4.3) or 
DEORB GUID (4.209) 

OMS_YAW_TRIM Left and right OMS engines V93H6916C {AS MNVR DIP (4.210) ] A(2)8 -8 to 8 deg 12.5 1.04 
yaw trim angles with respect [V93H6918C for DEORB MNVR DIP 
to center of gimbal travel (4.211); XXXXX MVR 

¥YYYY (6.35); ORB 
INS GUID (4.3) or 
DEORB GUID (4.209) 

QB I CHD Commanded vehicle attitude V90H2721C {| ASCENT/ENTRY ATT Struct: {0 to 1; none 12.5 1.06 
DISPLAY with respect to reference to PROC (4.226) 8; V(3)SI-1 to 1 

attitude, gives es the ¥90H2724C 
H50-to-body quaternion 

Effector 
Comsads 

MEW JONLET AFT RCS aft jet commands (Ison; | V90X1455X [AS RCS CHD SOP a(28)B [0,1 none 12.5 12.5 
- _~ Omof £) to (4.190) 

¥90X1457X, 
¥90X1459X, 
¥90X1673x 

to 

¥90X1692x 
(PRCS only)     
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Table 4.4.2-2. Output Parameters for the Transition DAP Module (Cont) 
  

  

  

  

                  

  

  

  

  

                        

Sauple Update Rate 
Rane Description MSID Destination Type Range Unie Rate (Hz) | Req'd (uz) 

NEW JONLST_ FWD RCS fwd jet commands V90X1441X AS RCS CMD SOP ACi6)B 0,1 none 12.5 12.5 

(1 = on; 0 = off) to (4.190) 
V90X1454x 

(PRCS only) 

OMSL_PITCH_YAW_ Left OMS engine pitch and ¥9082180C OMS TVC CMD SOP a(2)s Pitch: deg 12.5 12.5 
cuD yaw commends with respect to | V90H2181C (4.64) -6 to 6 a 

center of gimbal travel Yaw: 3 
-8 to 8 Bo 

rs 
OMSR_PITCH_YAW_ | Might OMS engine pitch and V90H2730C | OMS TVC CMD SOP A(2)8 Pitch: deg 12.5 12.5 “ 
CMD yaw commands with respect to | V90H2182C (4,64) -6 to 6 ° 

center of gimbal travel Yaw: a 
“68 to 8 Bro 

a 
w 

Indicator Lamp 

Drives 

3 
AUTO_MODE Auto mode indicator V72xX2850X | HDWR B 0,1 none 12.5 On demsad fz 

(1 = auto) V72X6498X g 

wm 
DISC_MODE Discrete rate mode indicator | V72X2790xX HDWR B(3) 0,1 none 12.5 On demand 

by axis (1 = diec) r,p,y V72X279 3X 
V72X2796X 

MANUAL_MODE Manual mode indicator V72X2849X HDWR B 0,1 none 12.5 On demand 
(1 = manual) V72X6499K is 

PULSE_MODE Pulse rate mode indicator by | V72X2792X uOWR 3B(3) 0,1 none 12.5 On demand 2 
axis (1 = pulse) r,p,y V72X2795X i 

V72X2798X 

ROT_JET_CMD Rotation command V90U1697C RCS ACT LT (4.230) |] A(3)I -1,0,! none 12.5 12.5 
v90U1698C 
v90U1699C 

DP. 

Dads Lew a Mo Zz 2 Output Parameters 
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Table 4.4.2-2. Output Parameters for the Transition DAP Module (Cont) 

  

Sanple Updete Rate 

  

  

  

dame Deacription MS ID Destination Type Range Unie Race (Bs)| Req'd (x) 

Sequeacing Data 

SEP_COMPLETE External tank separation V9OX1460X | MSC B 0,1 aone 1,% TES 

  maneuver complete indication 

Ci=complete)                   
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Rockwell Space Transportation ; 
international Systems Division 

  

él 
Tables 4.4.2-3A and 3B lists the I-load parameters that are either mis- ) 

These I-load constants are also listed in 

  

CR
89
64
5 

u
D
 

CR
89
64
5 

e
e
)
 

sion-dependent or design-dependent. 
the constants tables associated with the individual modules. 
also lists I-load variables required for the insertion phase. 

Table 4.4.2-3A. Transition DAP I-Load, Mission-Dependent 

  

  

            
  

  

  

            
  

  

  

Module(s) 
Name Description Type MSID Units Used by 

ONE_ENG_OMS_ OMS engines pitch S |V97U2367C deg TVC_LAW_ 
PITCH_TRIM trim angle for thrust- PITCH_YAW 

ing through C.G. 

ONE_ENG OMS _ Left OMS engine yaw S |V97U2368C deg TVC_LAW_ 
YAW_TRIM(1) trim angle for thrust- PITCH_YAW 

ing through C.G. 

ONE_ENG OMS_ Right OMS engine yaw S |V97U2369C deg TVC_LAW_ 
YAW_TRIM(2) trim angle for thrust- PITCH_YAW 

ing through C.G. 

Table 4.4.2-3B. Transition DAP I-Load Parameters 

Module(s) 
Name Description Type MSID Units Used by 

DESIRED_DVZ Desired Z-axis veloc- | S V97U2339C | ft/s ET_SEP_ 
ity change at ET PROCESSOR 
separation completion 

TAL_DVZ_INC Desired Z-axis veloc- | S v99U7404C | ft/s ET_SEP 
ity increment at PROCESSOR 
ET SEP complete for 
transatlantic abort 

MR Maximum angular rate A(3)S | V97U2357C |deg/s | GUIDANCE_ 
during OMS TVC V97U2358C COMPENSA- 

V97U2359C TION, 

MANUAL 
TVC 

PROPGRAD Manual TVC stick gain | A(3)S | V97U2374C |(deg/ | MANUAL_ 
V97U2375C |s)/ TVC 
V97U2376C | deg 

D2 TVC filter coefficient | S V97U2340C | None TVC_LAW_ 
(pitch and yaw) PITCH YAW 

4.4-10 STS 83-0008B 

Volume 2 

March 25, 1988 

 



Rockwell 
international 

toe none rane pertanan \ 

  

  

  

                  
  

~ Table 4.4,2-3B. Transition DAP I Load Parameters (Cont) 

Module(s) 
Name Description Type MSib Units Used by 

BS TvC filter coefficient 8 ¥97U2341C | None | TVC_LAW_ 
(pitch and yaw) PITCH_YAW 

Da TVC filter coefficient 8 ¥97U2342C | None TVC_LAW_ 
(pitch and yaw) PITCH_YAw 

KINT_PY TVC antegrator gain 8 V9702352C | None TVC_LAW_ 
(patch and yaw) PITCH_YAd 

PLIN TVC pitch command limit} 8 V9702373C | deg TVC_LAW_ 
PITCH _YAsl 

YLIM TVC yaw command inner S ¥97U2392C | deg TVC_Law 
limit PITCH_YAW 

YLIM2 TVC yaw command outer s V9609802C | deg TVCc_LAW_ 
limit PITCH | YAN 

=5 TVC filter coefficient Ss V¥97U2343C | Mone TvC_LAW_ 
? (roll) ROLL 

~—” 

KINT_2 TVC integrator gain s V97U2353C | None TVC_LAW 
ROLL 

nI¥ TVC roll command limit Ss V9TU2Z389C | deg TVC_LAW_ 
ROLL 

X_Rzi* Rate error lead A(3)S | V97U1318C | deg/s | PRASE_ 
function gain V9TULSIIC PLANE_ 

V97U1 320C TRANSI=- 

TION 

KIM Incrementation limit I V¥TLI418C | None PHASE 
PLANE _ 
TRANS I= 

TION 

17LIM Left and right OMS yaw 8 VO LLWNC | deg TVC LAW_ 
integrator limit PITH _YAb 

IP 1M OMS pitch integrator R VO Leider | deg TVC LAW 
limit PITUH Yaw 

3 #4 ssion-dependent I-load parameter 

44 th , od 01088 
Volume 
Mas We 2S) Y9RR 

 



  

Table 4.4.2-3B. Transition DAP I-Load Parameters (Cont) 

  

  

            

Module(s) 
Name Description Type MSID Units Used by 

KSTEP Incrementation size I V97U2417C | None PHASE _ 
factor PLANE _ 

TRANSI-=- 

TION 

RTH Rate threshold A(3)S | V97U2414C | deg/s | PHASE_ 
V97U2416C PLANE_ 
V97U2415C TRANSI- 

TION 

TOTAL PITCH | Limit of total pitch s V97U2390C | deg TVC_MIXER 
LIM command 

DB_COAST Phase plane attitude A(3)S | V97U2326C | deg TRNS_ 
deadbands for use dur- V97U2327C RECON 
ing post-ET SEP coast V97U2328C 

DB_PLUSX_ Phase plane attitude A(3)S | V97U2332C | deg TRNS | 
RCS deadbands for use dur- V97U2333C RECON 

ing RCS +X delta-V burn V97U2334C 

DB_TVC Phase plane attitude A(3)S | V97U2338C | deg TRNS 
deadband for use dur- V97U2404C RECON 
ing OMS burn V97U2405C 

RL_COAST Phase plane angular A(3)S | V97U2377C | deg/s | TRNS 
rate error Limits for V97U2378C RECON 
use during post-ET SEP V97U2379C 
coast 

LRL_COAST Phase plane angular s V97U2423C | deg/s | TRNS 
rate error limits for RECON 
use during post-ET SEP 
coast 

RL_PLUSX_ Phase plane angular A(3)S | V97U2380C | deg/s | TRNS 
RCS rate error limits for V97U2381C RECON 

use during RCS +X V97U2382C 
delta-V burn 

LRL_PLUSX_ Phase plane angular s V97U2421C | deg/s | TRNS 
RCS rate error limits for RECON 

use during RCS +X 
delta-V burn 

4.4-12 STS 83-0008B 
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Table 4.4.2-38. Transition DAP 1 1444 Pavame ore (ot 

| one ine 

Kod 

Name Description Type | ware e sed 

RY Tve Phase plane angular A(3)91 97 2 46 | deg/o | Ta 
rate error Limits for v9? 218796 az 
use during OMS burn v7? 2 48 

URL Ive Phase plane angular $s ¥97U2422¢ | deg/s | TR 
rate error Limits for RE 
use during OMS burn 

SSTD_COMP_ Filter gain for A(3)$| V97U2 44C | Bone | TEES 
CATN_ONE_ GUIDANCE_COMPENSATION ¥97U2345C RZCOs 
SWINE during one-engine TVC V¥97U2346C 

burns 

ESTD_COMP_ Filter gain for A(3)S | V97U2347C | Hone | TRES 
SATE_TWO_ GUIDANCE_COMPENSATION V97U2348C RECOM 

TRIKE during two-engine TVC V97U2349C 
burns 

sce DVB Minimum sensed delta-V/ S V97U2784C ] fr s OMS _ 
for cross product STEER. 
steering Thars- 7” 

tznarY Threshold for zeroing | I V97U2663C | BW ne Ooms 
module output STELR. 

7 TAs 
}SI37_RATE* Desired discrete s V97 1317C | deg 8s | B® 

angular rate TRA. 

wet PLS Mag itude of a erage AC3)S | V96 9747C j deg 3 | B 
- angular rata change V96U9748C TRAN 

a allable for each V 6 9749¢ 
asia per F + ele 

Mine VE Magnitude af maven er | 8 V96 8589C } deg 8 | A MVR 
qAa7Z rae ateut elgen eele 

art Maneu oF huld \ 8590 | deg A ws 

threahald 

arr TIK Dura ia te \ as ‘ XN 
drif ota ab ote + R ON 

EET sepa att 
bu 

wn ¢ ope den FT | ad y + 

i" 1 atce a 
V lem 
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Table 4.4.2=-3B. 

  

Bpace Transportation 
Systems Divieion \ 

Transition DAP I=Load Parameters (Cont) 

Rockwell 
International 

  

  

                  CR
89
64
5 

o
a
 

Module(s) 
Name Description Type | M8ID Unite Used by 

RFGNY Rate filter gain A(5)8 |V99U7294C | None | TRNS_ 
values (mated) to RECON 

V99U7298C 

RFGU* Rate filter gain A(S)S | V99U7299C | None TRNS_ 
values (unmated) to RECON 

V99U7303¢ 

L_REL® Rate error lead A(3)S | v99U7285C | deg/s | PHASE_ 
function gain V99U7286C PLANE _ 

V99U7287C TRANSITION 

KXFPY Pitch and yaw s V96U9708C | deg TVC_LAW_ 
crossfeed gain PITCH_YAW 

KXFR Roll crossfeed Ss V96U9709C | deg TVC_LAW_ 

gain ROLL 

WHIGH Upper target s V96U9710C | deg/s | PHASE_ 
rate error for PLANE 
TVC crossfeed TRANSITION 

WLOW Lower target s V96U9711C | deg/s | PHASE_ 
rate error for PLANE | 

TvC crossfeed TRANSITION 

*Mission-dependent I-load parameter 
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Table 4.4,.2°3C. Transition DAP I-Load 
Variables, Insertion Phase 

Module(s) 
Name Description Type MSID Units Used by 

KP2 Pitch filter gain for | 8 V97U2354C | deg/ TVC_LAW_ 
TVC (2 engines) (deg/s) | PITCH_YAW 

KY2 Yaw filter gain for 8 V97U2356C | deg/ TVC_LAW_ 
TVC (2 engines) (deg/s) | PITCH_YAW 

KR Roll filter gain for 8 V97U2355C | deg/ TVC_LAW_ 
Tvc (2 engines) (deg/s) | ROLL 

PHASE_ Magnitude of average | A(3)S|v97U2370C |deg/s* | PHASE_ 
PLANE_ control accelerations, V97U2371C PLANE _ 
ACCEL* scaled for phase-plane V97U2372C TRANSITION 

use 

OMSL_PITCH_ Left OMS engine pitch | A(2)S/V97U2361C | deg Out put 
YAW_CMD* and yaw servo commands V97U2362C 

with respect to center 

of gimbal travel 

OMSR_PITCH_ Right OMS engine pitch | A(2)S/V97U2363C | deg Output 
YAW_CMD* and yaw servo commands V97U2364C 

with respect to center 
of gimbal travel 

OMS_PITCH_ OMS engine pitch trim | S V93H6915C | deg TVC LAW 
TRIM* angle with respect to PITCH YAW 

center of gimbal ~ 
travel 

OMS_YAW_ Left and right OMS A(2)S |V93H6916CC} deg TVC_LAW 
TRIM* engines yaw trim V93H6918CC PITCH YAW 

angles with respect ~ 
to center of gimbal 
travel 

INT_PITCH* Pitch integrator s V97U2406C | deg TVC_LAW_ 
PITCH YAW 

INT_YAW* Yaw integrators A(2)S |V97U2407C } deg TVC_LAW_ 
v97U2408C PITCH_YAW 

*Mission-dependent I-load parameter 
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4.4.3 Overview and Functional ‘Description 

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

A. Transition Reconfiguration Logic (TRNS RECON). This logic controls the 

moding, sequencing, and initialization of the control law modules by proces- 
sing inputs from other principal functions. It also sets gains, deadbands, 
and rate limits for the control law module. 

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

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

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

as the engine trim values for display. 
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FC MODULE 

SWITCH PANEL 
COMMANDS (SW RM) | SWITCH PANEL COMMAND 
MODE/ EVENT RECONFIGURATION ACKNOWLEDGEMENTS SCP 
FLAGS (MSC) LOGIC MODE/EVENT FLAGS “SC 

> 

CALLS, FLAGS, 
AND PARAMETERS 

HC COMMANDS 
(SOP, SW RM) 

-p| CONTROL LAWS 
GUIDANCE COMMANDS EFFECTOR COMMANCS 
(GUID) s (SOP) 

EFFECTOR FAULT t Le! rcs proc > 
FLAGS (RM) E 
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VEHICLE STATE R DISPLAY 
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REF PARAMETERS G 
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4.4.4 Detailed Functional Requirements 

4.4.4.1 Reconfiguration Module (TRNS RECON). 

4.4.4.1.1 Function. The primary function of TRNS RECON is to call the 
various modules of the TRNS_DAP in their proper sequence. This sequence is 
determined by checking parameters that define the current operating mode. It 
is also the function of TRNS RECON to specify configuration-dependent parame~ 
ters, such as rates and gains} set initialization flags when required; set up 
the signals to light panel lamps; keep a clock to time the processing of 
“slow” modules; and perform certain “housekeeping” operations. 

The inputs to TRNS_ RECON are used to determine how the modules of the 
Transition DAP should be strung together to perform the desired processing. 
Table 4.4.4.1.1l-1 describes the positions of the switches of Figure 4.4.4.2-1 
in terms of these inputs. The switches in this diagram control data flow 
among the function modules; their positions define which modules are needed 
and, to an extent, their sequencing requirements. If, with a given switch 
configuration, module A*s outputs are not received anywhere, then module A is 
not needed. Also, if module B drives only module A, it too is not needed. 
Generally, if B drives A and both are needed, B should precede A; however, 

exceptions can be found, such as one-cycle delays in Figure 4.4.4.2-1. These 
one-cycle delays occur when a downstream module must pass information back to 
an upstream module. The upstream module will not be able to process the new 
information until the following pass. Logical combinations of controlling 
inputs required for each switch position are given in the table. 

4.4.4.1.2 Moding and Sequencing. Attitude control for the Transition 

DAP will be performed in one of two modes, TVC or RCS. However, the RCS pro- 
cessor will run during both the RCS and TVC modes. Translation control by the 
RCS processor will be active at all times. The control modes may be broken 
down into a number of submodes that are defined in terms of moding inputs. 
These modes are defined in Table 4.4.4.1.2-1. This table serves as an index 
to Figure 4.4.4.1.2-1, which gives the module-by-module sequencing require- 
ments for each Listed mode. 

The diagrams of Figure 4.4.4.1.2-1 are read vertically from top to bot- 
tom. Requirements for sequential execution are indicated with solid-line 
arrows. For those cases in which two or more modules are at a given level, 
there is no execution sequencing requirement. For example, in diagram I.A.l., 
TVC_LAW ROLL must be executed before TVC_MIXER in a given cycle; similarly, 

TVC | LAW PITCH_YAW must be executed before TVC_ MIXER. However, there is no 

requirement as to the execution sequence of TVC_ LAW ROLL with respect to TVC_ 
LAW PITCH YAW. (Later developments may indicate that transport delays might 

be alleviated by executing one or the other of these first, but this document 
does not deal with such considerations.) 

It should be noted that ROT ACCEL and TRANS ACCEL TRANSITION are treated 

as modules in Figure 4.4.4.1.2-1, although they are simple unity gains and, 
therefore, not described in Subsection 4.4.4.2. 
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In general, the sequential execution requirements are determined by the 
data flow requirements between OFC modules. There are some cases, however, in 
which the outputs of one module may overwrite the outputs of another. Conse- 

quently, the order in which these modules are processed is important; and this 
relationship is indicated by the use of a dashed line in the diagran. 

Table 4.4.4.1. lel. Switch Settings for Major Block Diagram 
(Figure 4.4,4,2-1) 
  

Switch Settings for 
Figure 4.4.4,2-1 
  Moding Input Combination 

  

  

  

  

  

  

        

Switch Position (See Notes | and 2) 

$1 A SEP COMPLETE * THC_RESPOND * SEP_MINUSZ_CMD ° 
OPS1_ INDICATOR 

B THC_RESPOND 

Cc ABORT _PLUSX_JET_CMD * THC_RESPOND 

D SEP_MINUSZ_CMD = 0>1 
(Momentary ) 

S2 A ROT_SUBMODE,,3, * 6 

B ROT_SUBMODE,,;, * 2 

c ROT_SUBMODE,,i, = ° 

D (ROT_SUBMODE,,;, * 3) + (ROT_SUBMODE.,;, * 4) 

$3 A TVC * MANUAL_MODE 

B TVC * AUTO_MODE 

S4 A SEP COMPLETE ° SEP_MINUSZ_CMD * OPS1_INDICATOR 

B SEP COMPLETE + SEP_MINUSZ CMD + OPS] INDICATOR 

Ss A (ROT SUBMODE,,;, = 2) + (ROT_SUBMODE,,;, = 5) 
+(ROT_SUBMODE,,;, ™ 6) 

B SOFT_STOP.,i5 

c ROT_SUBMODEgxis * > 

D DRIFT, x6 
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Table 4.4.4.1.l-l1. Switch Settings for Major Block Diagram 
(Figure 4.4.4.2-1) (Cont) 

  

Switch Settings for 
Figure 4.4.4.2-1 

Moding Input Combination   

  

  

  

Switch Position (See Notes 1 and 2) 

S6 A TVC * TWO_ENG 

B TVC * TWO_ENG + RCS * TRIM OMS GIMBALS 

$7 A TVC + RCS * TRIM_OMS_GIMBALS 

B RCS ° TRIM OMS CIMBALS 

$8 A RCS ° PREBURN MNVR * AUTO MODE + TVC 
+ GUIDED _DELTA_V_BURN 

B (First pass insertion) + (first pass deorbit) 

+ ((RCS = 0+1) ° PREBURN_MNVR) 

+ (GUIDED_DELTA_V_BURN = 1+0) 
  

+ (SEP_MINUSZ_CMD = 0+1) + (GUIDED_DELTA_V_BURN 

RCS * (AUTO MODE = 1+0 + AUTO MODE = 0+1) 

° PREBURN_MNVR) + (NEW_QBI_CMD FLAG * MNVR_HOLD) 

  

  

    c A’ B 

s9 A MM_103 

B MM 103 

$10 A SEP_COMPLETE * SEP_MINUSZ_CMD * OPS1_INDICATOR 

B A     
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Switch Settings for Major Block Diagram 
(Figure 4.4.4.2-1) (Cont) 

  

  

Notes? 

1. Logical symbols used: 

+ + OR 

@ + exclusive OR 

e + AND 

x + NOTx 

{y] # OFF at least one element of y array # OFF 

2. The following mode 

TVC = 

RCS = 

TWO_ENG = 

ACCEL. i¢ 

DRIFT, .;, * 

THC_RESPOND = 

abbreviations are used: 

OMSL_ON_CMD + OMSR_ON_CMD 
  

= SOFT_STOP,.;, + DRIFT 

OMSL_ON_CMD * OMSR_ON_CMD 

OMSL_ON_CMD * OMSR_ON_CMD 

axis 

((RCS + TVC « TWO_ENG © roll axis only) 

*(RHC was, and is no longer, beyond the 
soft stop by axis and has not yet been 
returned to detent or changed sign of 
deflection in that axis)) 

set to ON: initially 

set to OFF: SEP_MINUSZ_CMD = 0 + 1 or 

ABORT_PLUSX_JET_ CMD = 0 + 1 

set to ON: ([THC_FSN] # OFF or (THC_FSP) # OFF 

or SEP COMPLETE = 0 + 1 

or ABORT PLUSX_JET CMD = 1 + 0 
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Switch Settings for Major Block Diagram 
(Figure 4.4.4.2-1) (Cont) 

  

  

ROT_OPTION, 43, 

ROT_SUBMODE, .; 

PREBURN_LATCH 

set to 2 (disc): 

set to 3 (pulse) 

set to 2 (disc): 

set to 3 (pulse): 

set to 4 (accel): 

set to 5 (TVC 
rate): 

set to 6 (auto 
mnvr) 

set to ON: 

set to OFF: 

(DISC_REQUEST,,;, 79 + 1) 

© ((RHC_STATE,,;, = 9) * TVC) 

(PULSE_REQUEST,,;, "9 * 1) 

¢ ((RHC_STATE,,:, ™ 9) + TvC) 

MANUAL MODE ¢ ACCEL... 

° (RCS ¢ (ROT_OPTION,,;, = 2) + 

GUIDED_DELTA_V_BURN + TVC 

TwO_ENG « (axis = roll)) 

MANUAL _MODE ° ACCEL is ° 

  

GUIDED_DELTA_V_BURN * RCS « 

(ROT_OPTION,,;, = 3) 

ACCEL, .;. 

ACCEL, .i5 « TVC ¢ 

(AUTO_MODE + TWO_ENG + 
(axis # roll)) 

RCS * AUTO MODE 

RCS © PREBURN MNVR * AUTO MODE 

((RCS_* AUTO MODE © GUIDED DELTA_ 
V_BURN) = 1 + 0) + (NEW _QBI_CMD_ 
FLAG)     

NEW_QBI_CMD_FLAG = set to ON: PREBURN_LATCH * (Q_B_I_CMD # 
Q BI _CMD | DESIRED) — 

= set to OFF: NEW_QBI_CMD FLAG = 0 + 1 
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OMS_STEERING TRANSITION TAl. TVC ATTITUDE (AUTO): TWO ENGINES COMMANDED 

  

! 
  

  GUIDANCE_COMPENSATION     

  

    
RATE_FILTER C1) 
  

        
  

  

  

              

    

      
        

  
  

  

v v YO Y | 

TVC LAW ROLL TVC_LAW_PITCH_YAW RCS_ERRORS_TRANSITION 

TVC_MIXER PHASE PLANE_TRANSITION 

  

JET_SELECT_TRANSITION       
  

  

  

      

  

    

OMS STEERING TRANSITION TAZ. TVC ATTITUDE (AUTO): ONE ENGINE 
T COMMANDED 

GUIDANCE_COMPENSATION 

vt 
TVC_LAW_ RATE_FILTERC) 

      

    PITCH_YAW 
  

(2) IF SEP_COMPLETE OR 
SEP_MINUSZ_CMO OR 

RCS_ERRORS_TRANSITION OPS1_INOICATOR 

t 
PHASE _PLANE_TRANSITION 

Ld 

JET_SELECT_TRANSITION 

  

  

  

        

<+
— 

  

      

Figure 4.4.4.1.2-1. Control Law Function Module Sequencing Requirements 

(Sheet 1 of 6) 
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1.B.1.A. TVC ATTITUDE (MANUAL): 
  

  

TWO ENGINES COMMANDED MANUAL_TVC Q are Frrer ©) 
        AXES WITH RHC NOT 
  

  

  
    
  

  

  
  

  

            
  

        
  

  

      

BEYOND SOFT STOP 

v __ y 
TVC_LAW PITCH_ TVC_LAW RCS ERRORS TRANSITION 
YAW ROLE T 

{ { PHASE_PLANE_ TRANSITION 

TVC_MIXER —— y 
JET_SELECT_ TRANSITION       

T.B.1.B. AXES WITH RHC BEYOND SOFT STOP 
  

  

          

    
  

  

    

                
  

        

RATE_FILTER o) MANUAL_TVC 

yy y 
TVC_LAW_ TVC_LAW_ ROT_ACCEL 
PITCH_YAW ROLL —— TT 

{ { JET_SELECT TRANSITION 

TVC_MIXER 
      

(1) IF SEP_COMPLETE OR SEP_MINUSZ_CMD OR OPSI_INDICATOR 

Figure 4.4.4.1.2-1. Control Law Function Module Sequencing Requirements 

(Sheet 2 of 6) 
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T.B.2.A. TVC ATTITUDE (MANUAL): 

ONE_ENGINE COMMANDED; AXES WITH RHC NOT DOWN-MODED TO ACCEL 

  

  
    

  

    

        

MANUAL_TVC 

y YY 

ROT_prsc_(2) TVC_LAW PITCH YAW i 
TRANSITION LAW PITCH reste 

    
    

  ‘ f 
RCS_ERRORS_TRANSITION 

y 
PHASE_PLANE_TRANSITION 

v | 

JET_SELECT_TRANSITION 

  

  

      

      
  

9 1.B.2.B.3. RHC DOWN-MODED TO ACCEL IN ROLL 

    

ROT_ACCEL RATE_FILTER(L) 

v 
JET_SELECT_TRANSITION 

    
    

  

    
  

1.B.2.8.2. RHC DOWN-MODED TO ACCEL IN PITCH AND/OR YAW 

    

    
ROT_ACCEL MANUAL_TVC RATE_FILTER) 

: . Y (1) IF SEP_COMPLETE OR JET_SELECT TVC_LAW_ TRANSITION PITCH YAW SEP_MINUSZ_CMD OR OPSI_INDICATOR 

  

    

    

          
  

(2) ROLL PROCESSING ONLY 

f 4 Figure 4,4.4.1.2-1. Control Law Function Module Sequencing Requirements 
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II.A. RCS ATTITUDE: 

  

  
RATE_F rTer@) 
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AUTO_MNVR 

y 
    

  

AUTO MANEUVER/HOLD 

  

  RCS_ERRORS TRANSITION 
  vy 
  

PHASE_PLANE_TRANSITION 

  Y 
    JET_SELECT TRANSITION   
  

(1) IF SEP_COMPLETE OR SEP_MINUSZ_CMD OR OPSI_INDICATOR 

Figure 4.4.4.1.2-1. 

(Sheet 4 of 6) 
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(ay pe Gyleme Diuelon 6) 

11.8.1. RCS ATTITUDE: MANUAL DISCRETE RATE COMMAND/ATTITUDE HOLD 

  

ROT_DISC_TRANSITION RATE FILTERC) 

’ 
RCS_ERRORS TRANSITION [g———___] 

t 
PHASE_PLANE_TRANSITION 

: 
9 JET_SELECT_TRANSITION 

          

  

  
  

  

  

        

II.B.2. RCS ATTITUDE: MANUAL ACCELERATION COMMAND 

  

  

ROT_ACCEL 

: 
JET_SELECT TRANSITION 

        
RATE_FILTER@) 

  

  

  

      

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

  

  ROT_PULSE_ 
TRANSITION 

: 
JET_SELECT TRANSITION 

    
RATE_FILTER) 

      

  

  

      
(1) IF SEP_COMPLETE OR SEP_MINUSZ_CHD OR OPSI-INDICATOR 

Pigure 4.4.4.1.2-1. Control Law Function Module Sequencing Requirements 

» (Sheet 5 of 6) 
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III.A. RCS TRANSLATION: ACCELERATION COMMAND 

    

TRANS ACCEL_TRANSITION ET sep_ (1) 
PROCESSOR       

      

  

JET SELECT TRANSITION 
        

(1) CALLED ONLY IF SEP_COMPLETE + THC_OVERRIDE 

III.B. RCS TRANSLATION: AUTO -Z ®) 

  

ET_SEP_PROCESSOR 

y 
JET_SELECT TRANSITION 

  

  

      

III.C. RCS TRANSLATION: AUTO +X 

  

JET_SELECT_TRANSITION 
      

Figure 4.4.4.1.2-1. Control Law Function Module Sequencing Requirements 

(Sheet 6 of 6) 
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Table 4.4.4.1.2-1. 

@ 

Control Law Function Module Sequencing Requirements 

  

Relationship Between TRNS DAP Modes and TRNS RECON Moding Inpute 
  

Mode and Submode Input Condit ion! 
  

  

  

  

  

  

    
  

  

    
  

  

        

I. tve A. AUTO tl. Two engines comasnded OHSL_ON CHD ° OMSR_ON CHD * AUTO_MODE 

attitude 

2. One engine commanded (OHSL_ON CHD © OMSA_ON CHD) * AUTO_HODE 

B. MANUAL | 1. Two engines a. RHC not beyond | OHSL_ON_CHD * OMSR_ON CHD * AUTO_MODE * SOFT_STOP, ,, 
Commanded soft etop by axis 

b. AIC beyond soft | OMSL_ON CHD * OMSR_ON CHD * AUTO_HODE * SOFT_sTOP,,, 
atop by axis 

2. One engine a. RHC not downmoded | (OMSL_ON_CHD © OMSR_ON CHD) ° AUTO_MODE ° ACCEL ie 
comaanded to ACCEL by axie an 

b. RHC downoded to | (OMSL_ON CHD © OMSR_ON CHD) * AUTO_MODE * ACCEL, 4, 
ACCEL by axie: 

i. In roll 

2. In pitch/yaw 

11. acs A. AUTO OHSL_ON CHD * OMSB_OW CHD * AUTO MODE 
attitude ——— 

B. MANUAL | 1. Discrete rate command/ OHSL_ON_CHD * OHSR_ON_CHD* MANUAL_HODE 
attitude hold ° 

* ACCEL ,, * ((ROT_OPTION,.;, = 2) ¢ CUIDED_BCS) 

2. Acceleration comand OKSL_ON_CHD ° OMSR_ON CHD * ACCEL, .;, 

3, Pulse commend ONSL_ON CHO * OMSR_OW_CHD * MANUAL MODE 

° ACCEL, ie ° (ROT_OPTION, . 4, = 3)- GUIDED RCS 

ILI. acs 2 A. Acceleration comand THC_RESPOND 
tranelation 

B. Auto -Z SEP_COMPLETE ° THC_RESPOND * SEP_MINUSZ CHD ° orsi_ 

INDICATOR 

C. Auto +z ABORT_PLUSX_JBT_CHD * THC_RESPOND 

Notees: 1. Symbote and eome of the terme used in this column ere defined in the notes to Table 4.4.4. 1.1-1. 

2. RCS tranelation is compatible with both ACS and TVC attitude control,   
    J
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4.4.4,1.2.1 TVC Attitude Control. The TVC mode is entered when an ON 

command is present for one or both OMS engines. Six submodes exist, depending 

on the number of OMS engines burning - whether auto or manual has been 
selected - and on the position of the RHC. The processing requirements differ 
for each submode, as indicated in Table 4.4.4.,1.2-1 and Figure 4.4.4.1.2-1. 

It is assumed that for a two-engine burn, the ON commands for both 

engines will be turned on together and off together. 

TRNS_RECON will configure for a two-engine burn if an ON command is pres- 
ent for both engines. If one of the ON commands is turned off during a two- 
engine burn for any reason, TRNS_RECON will automatically reconfigure the 
TRANS DAP to one-engine status. This reconfiguration cannot be reversed 
during the remainder of the burn. It is possible to make a nominal one-engine 
burn, whether or not the unused engine has failed. 

The crew may choose to perform the OMS burn under automatic or manual 

control by means of the AUTO/MANUAL PBI‘'s. Changes from auto to manual or 
manual to auto are allowed at any time. Manual submodes may also be selected 
by moving the RHC out of detent. The TRNS_DAP will then remain in manual 
until the RHC is returned to detent and the AUTO PBI is depressed. 

The auto submodes are determined on the basis of engine. status (two 

engines or one engine). The RCS processor will run while the OMS processor is 

running during all auto submodes. fy 

The manual submodes are determined on the basis of engine status and RHC 

position. The nominal manual mode will be proportional rate command, pro- 
cessed by the MANUAL TVC module of the steering processor. The RCS processor 

will be driven by MANUAL TVC except in the following cases: 

If the soft stop for a given axis is exceeded, then that axis is 

downmoded to the ACCEL submode. The other axes are not affected. 

This submode passes RHC commands straight to JET_SELECT TRANSITION 

and bypasses the phase plane. Moding returns to proportional rate 

command when the RHC is no longer deflected beyond the soft stop. 

ae 

b. Discrete rate command/attitude hold will be provided during single- 
engine burns for the roll axis only. If soft stop for the roll axis 
is exceeded, the roll axis is downmoded to acceleration command. 
Moding returns to discrete rate command/attitude hold upon the return 
of the RHC to detent. This scheme allows for a free drift about the 

roll axis while the RHC is between detent and the soft stop. 
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4.4.4.1.2.2 RCS Attitude Control. The RCS mode is entered in the 
absence of an ON command for either OMS engine. Selection of the automatic or 
manual mode of RCS attitude control is a function of PBI selection and RHC 
“hot stick" downmoding. The automatic mode is entered when the DAP AUTO PBI 
is pressed with the RHC in detent. TRNS RECON selects a target attitude, and 
AUTO_MNVR performs the maneuver and/or attitude hold. This mode implements an 
attitude hold by selecting the target attitude as the existing attitude upon a 
mode change from manual to automatic or vice versa, so long as a guided RCS 
burn is not under way, upon first pass insertion and deorbit, upon ET SEP ini-~ 
tiation, and upon completion of an OMS burn. Also, if the PREBURN MNVR flag 
is set on during automatic mode, the target attitude is the attitude commanded 

by the XXXXX MNVB YYYYY display. If the target attitude is a displacement of 
more than AMM from the current attitude, an automatic maneuver will precede 
the attitude held. If the PREBURN MNVR flag is set on during manual mode, the 
flag is ignored. As long as the target attitude is identical with the com- 
manded attitude on the XXXXX MNVR YYYYY display and AUTO _MNVR is active, the 
MNVR_IN_ PROGRESS flag is on to indicate that the autopilot is automatically 

tracking the displayed attitude. If the commanded attitude is changed while 
the MNVR_IN PROGRESS flag is on, the flag will be set off. Additionally, if 
maneuvering, the maneuver is terminated and attitude hold is established at 
the existing attitude. The target attitude is sent to A/E ATT_PROC as the 
display attitude pre-MM 104. Upon entering MM 104 and thereafter, the com- 
manded attitude, Q B I CMD, is sent to the A/E ATT_PROC as the display atti- 
tude. The manual mode is entered if the DAP MAN PBI is pressed or the RHC is 
moved out of detent. If a preburn maneuver was in progress at the time of the 
mode change, it cannot be resumed simply by remoding to automatic; the PREBURN_ 
MNVR flag must be turned ON again by the XXXXX MNVR YYYYY display. In the 
manual mode, the TRANS DAP may be configured in the discrete rate command/ 
attitude hold submode or the pulse submode through axis-by-axis PBI selection. 
If the soft stop is exceeded for a given axis, control for that axis is down- 
moded to acceleration command. Moding returns to the previously selected sub- 
mode upon return of the RHC to detent. This scheme allows for a free drift 
about the downmoded axis while the RHC is between detent and the soft stop. 

For a time interval equal to DRIFT_TIME after receipt of the ET separa- 
tion command, SEP_MINUSZ_CMD, there is no RCS attitude control} i.e., all 

three body rotation axes are in free drift. The free drift is implemented 
without reconfiguring by zeroing the rotation command ROT_JET_CMD while rota- 
tion control modules dictated by the current mode continue to execute. Atti- 
tude control is resumed by allowing ROT_JET_CMD to pass unchanged after expi- 
ration of DRIFT_TIME. Since no module initializations occur upon resumption 
of attitude control, the attitude hold reference continues to be the attitude 
of the vehicle at the time SEP_MINUSZ_CMD was set, assuming a closed loop mode 

(manual discrete/attitude hold or auto) is in use. 

4.4.4.1.2.3 Translation Control Mode. The TRNS DAP is in a manual 
translation acceleration command submode at all times except the following: 

a. Automatic -Z2 maneuver. This submode will be active from the time 
that the SEP MINUSZ_CMD is received until the separation is complete. 
TRNS_RECON will set ~ (TRANS JET CMD] to [0,0,0,0,0,1] upon receipt of 

4.4-31 

STS 83-0008B 

Volume 2



bd. 

Space Transportation g Rockwell 
international Systems Division 

SEP_MINUSZ CMD. If the THC is moved from detent during this maneu- Cj 

ver, automatic -Z commands will no longer be issued. The override is 
not reversible, and the manual acceleration command submode will take 
over, However, the ET_SEP_ PROCESSOR will continue to run until the 
SEP COMPLETE flag is turned on. If the THC is then returned to 
detent before the SEP_COMPLETE flag is turned ON, TRNS_RECON will set 

the SEP COMPLETE flag | to ON at the start of the ensuing OMS burn. 

Automatic +X maneuver. This submode is active in an AOA or ATO situ- 

ation. TRNS_RECON will set [TRANS JET_CMD] to [1,0,0,0,0,0] on 
receipt of ABORT_] PLUSX_JET_CMD. If the THC is moved from detent 
during the ensuing maneuver, the manual acceleration command submode 
will take over. This override is not reversible,   

4.4.4.1.3 Other TRNS RECON Functions. 

a. 

b. 

Ce 

d. 

Set module initialization flags. TRNS_ RECON will set the initializa- 

tion flags used by the control law modules. The names of the flags 

and the conditions for setting them are given in Table 4.4.4.1.3-1l. 

OMS gimbal trim. TRNS ) RECON must initialize and call the module TYC_ 

LAW_PITCH YAW to trim ‘the OMS engines. TRNS RECON will cause a gim 

bal trim to occur whenever either of the following two events takes 

place: 

(1) The TRIM_OMS GIMBALS flag is ON and an OMS burn is not in pro- 
gress. TVC_1 LAW | PITCH_YAW will be initialized and executed each A 

pass while ‘this flag is set. The trim values are I-load values 
or the I-load values updated by the crew or the trim integrator 
during a burn. 

(2) One OMS engine has been shut down during a two-engine burn. 
TRNS_RECON will initialize TVC_LAW PITCH YAW at the time of 
shutdown. Execution of TVC_LAW PITCH YAW will continue without 
interruption. The trim values will be taken from an I[-load. 

(OMS engine trimming after ET separation, in preparation for the 
OMS 1 burn, is accomplished externally to the Transition DAP, using 
the I-loaded values of OMSL_PITCH_YAW CMD and OMSR_PITCH_YAW_CMD. 
This trim is initiated by activating the OMS TVC CMD SOP at the tran- 
sition into MM 104.) TRNS_RECON will also set the value of TVC_LAW P_ 
Y¥_GAIN FLAG (Table 4.4.4.1. .3-2) as a function of the number of OMS 
engines. commanded on. 

Set gains, deadbands, flags, etc. Table 4.4.4.1.3-3 is a list of 
TRNS_DAP interface parameters that are modified by TRNS_RECON. 
Table 4.4.4.1.3-2 is a list of parameters used within the TRNS_DAP 
whose values are modified by TRNS RECON. The need for most of the 
latter are found in the module descriptions of Subsection 4.4.4.2. 

Clocking slow modules. TRNS_RECON will keep the clocks that are nec- 
essary to determine the proper time for calls to modules that are 
processed at a rate lower than 12.5 Hz. TRNS RECON and the higher 
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level scheduler must ensure that OMS STEERING TRANSITION is executed 
no Later than 180 milliseconds after the IMU accelerometer read that 
generated the current value of DVB SEC. 

e. Panel switch interfacing. TRNS_RECON will respond to moding requests 
from eight ORB DAP panel PBI's and will provide illumination to those 
PBI's indicating the moding in effect, except as noted in para- 
graph (2). The PBI's are DAP AUTO and DAP MAN, used to specify auto- 
matic or manual moding, and a DISC RATE PBI and a PULSE PBI for each 
rotational axis, used to specify discrete rate or pulse rotacion sub- 
modes of RCS-only operation. Inputs from these switches are momen- 
tary; that is, ON when a switch is presented, OFF when it is 
released. 

(1) Automatic/manual moding. The logical expressions for response 
to the AUTO REQUEST and MANUAL REQUEST discretes are given in 
Table 4.4.4.1.3-3. RHC out-of-detent override to manual mode 
will be indicated by the PBI's. 

(2) Discrete/pulse RCS rotation moding. The logical expressions for 
response to the DISC REQUEST and PULSE REQUEST discretes are 
given in the notes to Table 4.4,4.1.l-1 and in Table 4.4.4.1.3-3. 
RCS submodes in use during TVC, a guided RCS translation burn, or 

BHC soft~stop downmoding at any time, will not be indicated by 
the PBI's. During RCS-only operation, TRNS_RECON will not 

respond to or remember rotation submode change requests while 
the RHC is out of detent, and that fact will be indicated by the 
PBI's. RCS rotation submodes can be preset by PBI in either TVC 
mode regardless of RHC state, or guided RCS mode so long as the 
RHC is in detent. In this case, the PBI's indicate the mode 

that will be in effect during nonguided RCS-only operations. 

4.4.4.1.4 Processing Rate. TRNS_ RECON is processed at 12.5 Hz. 

4.4.4.1.5 Interface Requirements. The interface requirements of TRNS_ 
RECON are given in Table 4.4.4.1.5-l. 

4.4.4.1.6 I-Loads/Constants. I-loads/constants for TRNS_RECON are given 
in Table 4.4.4.1.6-l1. 

4.4.4.1.7 Initialization Requirements. The initialization requirements 
of TRNS_RECON are given in Table 4.4.4.1.7-1, 
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Table 4.4.4.1.3-1. Control Law Function Module 

Initialization Conditions 

  

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

INIT _AUTO_MNVR 

INIT_GUIDANCE_COMPENSATION 

INIT_OMS_STEERING 

INIT_PHASE_PLANE 

[INIT_RCS_ERRORS]* 

INIT_ROT_DISC 

INIT_ROT_PULSE 

INIT_TVC_LAW PITCH_YAW 

INIT_TVC_LAW ROLL   

((RCS * AUTO MODE) = 0 + 1] + (RCS ° PREBURN_ 
MNVR * AUTO ) MODE) + (NEW_QBI_CMD ) FLAG ° 
MNVR_HOLD) + (SEP_MINUSZ_ CMD = 0 + 1] 

1. TVC auto, change from two engines to one 
engine (flag = 1) 

2. TVC auto (flag = 2) 

TVC auto 

1. Each time PHASE PLANE TRANSITION is 

called if it was not called on the 

previous pass for a given axis 

2. Every pass while (SEP COMPLETE ° SEP_ 
MINUSZ_CMD ° OPS1 _INDICATOR) = 

1. TVvC 

2. RCS 

3. Set by axis each time ACCEL,,;:, = 1+ 0 

4, SEP_MINUSZ_CMD = 0 + 1 

5. GUIDED _DELTA_V_BURN 

Each time ROT_DISC_ TRANSITION is called if 
it was not called on the previous pass for 
a given axis 

Each time ROT _PULSE_TRANSITION is called if 
it was not called on the previous pass for 
a given axis 

1. RCS * TRIM_OMS GIMBALS (flag = 1) 

2. Change from TVC two engines to TVC one 

engine (flag = 2) 

3. Tvc (flag = 3) 

TVC two-engine 
    *See also Subsection 4.4.4.2.1.7 for information about setting this flag.     
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4.4.4.1. 3-2. TRNS_DAP Internal Parameters Whose 
Values Are Modified by TRNS RECON 

  

  

  

  

  

  

  

  

  

      
    

Variable Name Value Condition* 

AXIS 1,2,3 set sequentially Used when a loop variable for 
axis-by-axis processing of 
modules is required 

DEADBAND DB_MATED COAST First pass insertion until ET 
SEP start 

DB_SEP ET SEP start until 
SEP_COMPLETE = ON 

DB_PLUSX_RCS GULDED_DELTA_V_BURN or ABORT_ 
PLUSX_JET_CMD * TVC 

DB_TVC TVvC 

DB_COAST All other times 

FORCE __ ON ACCEL. is 2 ON*OFF and 

FIRE .xis either RCS or TVC manual 
l-engine roll axis 

GUID _COMP_ GUID _COMP_GAIN ONE ENGINE | TVC auto l-engine 
GAIN 

GUID_COMP_GAIN TWO_ENGINES TVC auto 2-engine 

OMEGA _E_ 0 TVC * ACCEL, .:, = OFF + ON 
DESIRED..; s 

RATE LIMIT, RL_SEP, LRL_SEP First pass insertion until 
LOWER_RATE _ SEP_COMPLETE = ON 
LIMIT 

RL_PLUSX_RCS, LRL_PLUSX_RCS | GUIDED_DELTA_V_BURN or ABORT_ 
PLUSX_JET_CMD ° TVC 

RL _Tvc, LRL_TVC Tvc 

RL_COAST, LRL_COAST All other times 

*ACCEL and TVC are defined in notes to Table 4.4.4.1.1-1.   
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TRNS DAP Internal Parameters Whose 

Values Are Modified by TRNS RECON (Cont) 

  

Variable Name Value Condition* 
  

  

  

  

  

  

  

[RFG] [RFGM] First pass insertion until 
ET_SEP start 

(RFGU] SEP_COMPLETE or 

OPS1_INDICATOR 

(ROT_JET_CMD] | [0,0,0]** (SEP_TIME < DRIFT_TIME). 
SEP_MINUSZ_CMD 

SEP_TIME 0 Initially 

SEP_TIME + TDAP (incre- (SEP_TIME < DRIFT_TIME). 
mented once per cycle) SEP_MINUSZ_CMD 

TVC_LAW PY {|2 TVC l-engine 
GAIN_FLAG 

1 TVC 2-engine         *ACCEL and TVC are defined in notes to Table 4.4.4.1.1l-1. 
wekaAfter execution of PHASE PLANE TRANSITION, before execution of 
JET_SELECT TRANSITION     

4.4=36 

STS 83-0008B 
Volume 2



  
(2? 

Table 4.4.4.1.3-3. 

  

  

  

a te 

Space Transportation ¢g Rockwell 
Systems Division international 

  

Input and Output Parameters of the 
TRNS DAP Whose Values Are Modified by TRNS_RECON 

  

  

Variable Name Value Condition* 

AUTO_MODE OFF (RHC out of detent in any axis) 

or MANUAL REQUEST = 0+1 

ON (RHC in detent in all axes) and 

AUTO_REQUEST = 0~>1 

DISC_MODE..35 ON ROT_OPTION. yi, * 2 

OFF ROT_OPTION,,;, ¥ 2 

MANUAL MODE AUTO_MODE Always 

MNVR_IN_ PREBURN LATCH * Always 
PROGRESS 

PREBURN_MNVR 

PULSE_MODE axis 

SEP_COMPLETE 

TERM_AUTO   
NEW _QBI_CMD FLAG 

OFF 

DISC MODE. 
- axis 

ON 

ON 

OFF   
PREBURN MNVR = 071 

Always 

TVC = 0+1 or OPS] INDICATOR = 0 

NEW_QBI_CMD FLAG * MNVR_HOLD 
  

NEW_QBI_CMD FLAG + MNVR_HOLD 
    *RCS and TVC are defined in notes to Table 4.4.4.1. l-1. 
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Table 4.4.4.1.5-1. RNS RECON Interface Requirements 

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

                

Source or Sample 

Name Description Destination | Type | Range Unit Rate (Hz) 

INPUTS 

ABORT_PLUSX_JET_CMD Command to fire all available +X ABT CNIL SEQ 8 0,1 none 12.5 
RCS jets 

AUTO_REQUEST Auto wmode request (momentary; GN&C SW RM B 0,1 none 12.5 

1*auto) 

DISC_REQUEST Discrete rate mode request by axis GN&C SW RM B(3) | 0,1 none 12.5 
(momentary; l=disc) 

SEP_MINUSZ_ CMD Flag indicating auto ET SEP ia to ET SEP SEQ B 0,1 none 12.5 
begin (1=begin) 

GUIDED DELTA_V_ BURN - Flag indicating RCS delta-V burn is MSC B v,! none 12.5 
in progresa (l*burn in progress: 
from 1 second before ignition time 

to burn cutoff) 

MANUAL REQUEST Manual mode request (momentary; GN&C SW RM B 0,1 none 12.5 

1=manual) 

MM_103 Major Mode 103 MSC B 0,1 none 12.5 

MNVR_HOLD Flag epecifying maneuver or hold AUTO_MNVR B 0,1 none 12.5 
atate (l=mnvr) 

OMSL_ON_CMD Left OMS engine turn-on conmand OMS FIRE SEQ B 0,1 none 12.5 
° (1=command to turn on) 

OMSR_ON_CMD Right OMS engine tura-on command OMS FIRE SEQ B 0,1 none 12.5 

(1™command to turn on) 

OPSI_ INDICATOR Flag indicating OPsl is in progress MSC 5 o,! none 12.5 

PREBURN MNVR Flag commanding preburn auto RCs XXXXX MNVR YYYYY |] B 0,1 none 12.5 
maneuver 

PULSE REQUEST Pulse rate mode request by axis CN&C SW RM (3) |] 0,1 none 12.5 
(momentary; 1=pulse) 

Ln 

RHC_STATE Rotational hand controller cumnand 3-AX KIC SOP ACJ)If -1,0,1 none 12.5   
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Table 4.4.4.1.5-1. 

= 

TRNS RECON Interface Requirements (Cont) 

  

  

  

  

  

    

  

  

  

  

  

  

  

  

  

      

  

  

      

(i=inie)                     

Source or Sample 

Name Description Destination Type Range Unit Rate (Hz) 

SEP COMPLETE -Z separation velocity haa been ET_SEP_PROCESSOR, B 0,! none 12.5 
achieved (l1=conplete) TRNS_RECON 

SOFT_STOP Flag indicating rotational hand 3-AX RHC SOP A(3)B 0,1 none 12.5 
controller is deflected beyond 
soft stop (l*beyond soft stop) , 

THC_FSN Translational hand controller GN&C SW RM a A(3)B 0,1 none 12.5 
negative command 

THC_FSP Translational hand controller GN&C SW RM . A(3)B 0,1 none 42.5 

positive command 

TRIM_OMS GIMBALS OMS prethrust trim eet-up enable MSC 8 0,1 none 12.5 

(l=enable) 

OUTPUTS 

AUTO_MODE Auto mode indicator (!=auto) HDWR B o,! nose 12.5 

AXIS Body axis for this execution ROT_DISC_TRANSITION, I 1,2,3 none 12.5/aexis 
ROT_PULSE_TRANSITION, 
PHASE_PLANE_TRANS ITION 

DEADBAND Attitude deadbands PHASE_PLANE_ TRANSITION AQ3)s 0 to 20 deg 12.5 

DISC_HODE Discrete rate mode indicator by HDWR B(3) 0,1 none 12.5 
axis (l1=disc) 

FORCE FIRE Rate damping initiation flag by PHASE _PLANE_TRANSITION B(3) 0,! for none 2.5 
axis (l=damp rate) each bit 

GULD_COHP_GAIN TVC compensation gains GUI DANCE_COMPENSATION a(3)s Octo § aone 12.53 

INIT_AUTO_MNVR Module initialization flag AUTO_MNVR a 0,1 acee 12.5 
(i=inic) 

INIT GUIDANCE _ Module initialization flag (O=no |  GUIDANCE_COMPENSATION I 0,1,2 none 12.5 
COMPENSATION init; I=two engine to one engine 

transition init; 2*normal init) 

INIT_OMS STEERING | Module initialization Flag OMS STEERING TRANSITION | 8 0,1 “T eone 12.5   
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Table 4.4.4.1.5-1. TRNS RECON Interface Requirements (Cont) 

Source or Saaple 
Nane Description Destination Type Range Unie Rate (Hz) 

INIT_PHASE_PLANE Module initialization Flag PHASE_PLANE_TRANSIT{ON | A(3)B 0,1 none 12.5 
(l=inie) 

INIT_RCS_ERRORS Module initialization Flag RCS ERRORS TRANSITION | a(3)e | 0,1 none 12.5 
(i=init) 

INIT_ROT_DISC Module initialization flag ROT DISC TRANSITION B 0,1 none 12.5 
(=init) 

INIT_ROT_PULSE Module initialization flag ROT PULSE TRANSITION |B | 0,1 none 12.5 
O=init) 

INIT TVC_LAW PITCH | Module initialization flag (0=no TVC_LAW PITCH YAW ‘ya 0,1,2,3 none 12.5 
YAW init; l=prethrust trim; 2=two 

engine to one engine transition 

trim; 3=firet dynamic pass after 

prethrust trio) 

INIT_TVC_LAW_ROLL Module initialization flag TVC_LAW_ROLL B 0,1 none 12.5 

(l=inic) 

LOWER_RATE_LIMIT Phase plane lower rate limit “PHASE _PLANE_ s 0 to 2 deg/s 12.5 
TRANSITION 

MANUAL_MODE Manual mode indicator (1=manual) HDWR | 0,1 none 12.5 

MNVR_IN PROGRESS Flag signifying auto RCS maneuver XXXXX MVR YYYYY “B 0,1 none 12.5 
in progress 

OMEGA_E_DESIRED Desired angular rate error TVC_LAW PITCH YAW “VQ)s -5 to 5 deg/s 12.5 
TVC_LAW_ROLL 

+ — - : 
PULSE MODE Pulse rate mode indicator by axis HDWR B(3) 0,1 none 12.5 

(1=pulse) 

RATE LIMIT Angular rate error limit by axis | | PHASE PLANE_ AQ3)S. | Oto 3.5 deg/s 12.5 
~ TRANST1 LON 

RFG "Rate filter gains RATE FILTER A(5)S none 12.5 

ROT_JET CMD RCS rotation command — — PHASE PLANE _ AGL -1,0,1 none 12.5   TRANSITION, JET_ 
SELECT TRANSITION, 
RCS ACT LT                 uo
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Table 4.4.4.1.6-1,  TRNS RECON I-Loads/Constants (Cont) 

  

  

  

  
  

  

  

  
  

      

    

Deiecription Type MSID/Value Gase 

Aaa ik? Phase plane angular rate error liaits For use during 8 0.1 deg/o 
coaat while mated to ET and during ET separation 

aL Tvc Phase plane angulac rate ercor limite for use during A(3)S ¥9702386C deg/s 
OMS burn v9702387C 

v9702388C 

Lal TVC Phase plane angular rate error limits for use during s V¥9702422C deg/a 
—~ OMS burn 

RFCM Rate filter gain values (mated) a(5)s ¥99U7294C aoee 

te 

¥99U7296C 

RFGU Rate filter gain values (unmated) a(5S)s ¥99U7299C nowe 
to 

v99u7303C 

DQIFT_TIME Duration of free drift state at start of ET Ss V96U8956C $s 
separation bura 

TDAP Period of TRANS DAP cycle 8 0.08 s           
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Table 4.4.4.1.7-1.. TRNS_RECON Initialization Requirements 

  

Initialize on Initialize on 

  

  

Transition From Transition To Variable Initial Value 

First pass AUTO_MODE ON 

INIT_RCS_ERRORS ON 

INIT_ROT_DISC ON 

MANUAL MODE OFF 

ROT_JET_CMD 0 

ROT_OPTION 2         
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4.4.4.2 Control Law Module. Figure 4.4.4.2-1 is the major block diagran 
of the transition FC control law module. This module contains a number of 
function modules that execute the control laws. On any given pass, the con- 
figuration of the control law module (i.e., the effective interconnection and 
behavior of the function modules) is determined by inputs from the supervisory 
module TRNS_RECON. 

Configuration control is implemented in four ways: 

l. By executing the particular function modules necessary to perform a 
given task in the sequence required. This function is performed by 
TRNS_RECON and indicated in Figure 4.4.4.2-1 by switches whose logic 
was described in Subsection 4.4.4.1. 

2. By passing initialization flags to the function modules which, in 
general, initialize pass-to-pass storage elements, such as filters, 

counters, and integrators. 

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

4. By passing parameters defining quantitative behavior of certain 
function modules. These parameters include gains and deadbands. 
(Certain other parameters are padloaded values that remain constant 

throughout the transition phases.) 

The control law function modules are grouped into three categories: steering 
processor, RCS processor, and OMS processor. The general sequence of pro- 

cessing is (1) steering processor and (2) RCS, or RCS and OMS, processor. 

A. Steering Processor. The steering processor converts a variety of input 
commands and data to forms acceptable by the RCS and OMS processors. It also 

generates an ET separation complete flag, and an attitude command used to gen- 
erate an error display for manual steering in OMS TVC and guided manual RCS 
delta-V burns. In Figure 4.4.4.2-1, these modules are divided into the fol- 
lowing types: 

1, One manual RCS translation (TRANS ACCEL TRANSITION). 
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2. One automatic RCS translation and ET separation monitor (ET_SEP_ 
PROCESSOR). 

3. Three manual RCS rotation (ROT_ACCEL, ROT_DISC_TRANSITION, and ROT_ 
PULSE_TRANSITION). 

4. One automatic RCS rotation (AUTO_MNVR). 

5. Two automatic OMS steering (OMS_STEERING_TRANSITION and GUIDANCE_ 
COMPENSATION). 

6. One manual OMS steering (MANUAL_TVC). 

7. One RCS error determination and attitude data processing (RCS | ERRORS _ 

TRANSITION). 

8. One rate gyro output filter (RATE FILTER). 

The RCS translation modules generate commands for the jet selection 
module in the RCS processor. The manual RCS translation module processes the 
three vehicle axes together. The automatic RCS translation module processes 
only the vehicle Z-axis and, in addition, monitors the separation velocity in 
both manual and automatic translation modes, setting the SEP_COMPLETE flag 
when the desired separation velocity is achieved. 

One of the RCS manual rotation modules, ROT_DISC_TRANSITION, generates 

rate commands for the RCS error determination module} “the other two, ROT ACCEL 

and ROT _PULSE_TRANSITION, drive the jet selection routine directly. Each RCS 
manual rotation module processes one axis at a time, enabling axis-by-axis 
downmoding from the discrete rate or pulse submode to the acceleration 
submode. 

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

The rotation modules ROT_DISC_TRANSITION and AUTO_MNVR supply the RCS 
processor with a FORCE FIRE flag, which acts as a rate damping command. ROT_ 
DISC_TRANSITION requests rate damping each time the RHC is deflected from 
detent, commanding a nonzero angular rate and, each time the RHC is returned 
to detent, commanding an attitude hold; TRNS RECON makes the FORCE_FIRE 
request if the RHC was moved beyond soft stop and then back to detent. AUTO_ 
MNVR commands FORCE FIRE in all three axes when starting or ending a maneuver. 
This request causes the phase-plane switching logic in the RCS processor to 
initiate a firing such as to reduce the angular rate error. Hysteresis logic 
in the phase plane then continues the firing as needed to bring the rate error 
to an acceptably small magnitude, whereupon the phase-plane switching logic 
resumes normal limit cycle operation. The ROT DISC TRANSITION module must 
also initialize the RCS ERRORS TRANSITION module at three events in the dis- 
crete rate/attitude hold mode. This initialization sets the desired attitude 
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equal to the present attitude; it is needed (1) when the mode is first f 
entered, (2) when the RHC goes out of detent, and (3) when the RHC returns to 
detent. 

The RATE FILTER generates filtered rate gyro data for the RCS processor 

and is turned off during ET_SEP. The module RCS_ERRORS_ TRANSITION accepts 
attitude errors from AUTO _MNVR, rate commands from the various steering com- 
mand generators, and attitude and rate data from the external interface. From 
these, it derives attitude and rate errors for the RCS processor. After SEP 
COMPLETE the rate data is filtered by RATE_FILTER. ~ 

The OMS steering modules generate body rate commands for the RCS proces~ 
sor (via RCS_ERRORS TRANSITION) and for the OMS processor. The automatic 
steering module, OMS_ STEERING TRANSITION, commands a steering angle equal to 

the cross product of the desired and actual vehicle velocity vectors. The 
output of this module is scaled, filtered, and Limited by GUIDANCE _COMPENSA- 
TION. The manual steering module, MANUAL_TVC, simply commands a rate propor- 
tional to the RHC deflection. 

B. RCS Processor. The RCS processor consists of jet selection logic for 
rotation and translation, preceded by a phase~plane switching Logic for rota- 
tion only, which processes attitude and angular rate errors to drive the vehi- 
cle into a limit cycle about the desired attitude and angular rate. In addi- 
tion the phase plane logic provides crossfeed signals to the OMS processor 
indicating the desired angular rate error and the RCS rotation commands. The 
jet selection logic produces the primary RCS processor output, the on-off com- A 
mands to the RCS jets. ) 

The command by which the phase plane drives the jet selection logic, ROT_ 
JET_CMD, may be zeroed by TRNS RECON to implement either of two kinds of free 
drift: axis-by-axis drift, discussed in part D below, and three-axis free 
drift for the initial part of the ET separation burn, discussed in para- 
graph 4.4.4.1.2.2. 

C. OMS Processor. The OMS processor contains all the functions required for 
thrust vector control of the OMS engines. Because pitch and yaw may be con- 
trolled differently from roll, the TVC law function is split into two modules 
to prevent execution of unnecessary code, a mixer module performing the 
required roll/pitch command summations. Preburn trimming of the OMS engines 
is detailed in the functional description of the module TVC_LAW PITCH YAW. 

D. RCS Manual Rotation Control Configuration. Anytime the discrete rate/ 
attitude hold or pulse rotation mode is available (i.e., during all manual 
RCS-only operations and, in the roll axis only, during a manual one-engine OMS 
burn), the acceleration mode is also available when the RHC is beyond the soft 

stop. To prevent fuel waste, the vehicle drifts freely when the RHC is 
returned to within soft stop but not to detent. When the RHC is returned to 
detent, or is on the opposite side of detent (having passed through detent 
undetected due to the finite RHC sampling rate) but not at the soft stop, the 
mode reverts to that previously in effect. Table 4.4.4.2-1 summarizes the 
control action and key signal states for three RHC deflection sequences: 
Sequence 1, in which the RHC remains within soft stop and the mode remains 

  
er 
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discrete rate attitude hold; Sequence 2, in which the RHC tema now t gol 
atop and the wode remains pulse; and Sequence 3, in which the &W myvas bayond 
aoft stop and the accel/drift/discrete or accel/drift/pulse hysteras @ he 
rmplemented. The signals described appear in Table 4.4.4.2 I, 

B. RCS Teanalation Control Configuration. RCS translation is effected a one 
manual mode (through TRANS ACCEL TRANSITION) and two special-purpose astomet 
modes, All translation modes supply an RCS jet command to the RC3 proceseor, 
The manual acceleration mode is always available to the crew and generates « 
jet command for a given axis, as long as the THC is out of detent nm thee 
axis, to accelerate the vehicle along that axis in a direction correspond ng 
to the sense of the THC deflection. TRNS RECON and ET_SEP_PROCEZ3°R ep ement 
the automatic <2 maneuver mode, which is active only during UT separat on. Is 
thas mode, TRNS RECON generates a -Z jet command until the vehicle has acce - 
erated in ~Z to the desired separation velocity, at which time £7 _: 5zP 
PROCSSSOR terminates the command and sets the flag SEP_COMPLZTZ. “any"ase 
the THC while this wode is in progress downmodes translation control to sanual 
acceleration wmode; however, ET_SEP PROCESSOR continues to monitor sepsratioa 
welocity until the desired value is reached. The second automatic translation 
mode is the automatic +X maneuver, which is active for AOA or ATO. In this 

mode, TRNS RECON commands +X translation. Use of the THC downmodes transia- 

tion control to manual acceleration mode. 

F. TVC Control Configuration. In TVC operation, the OMS and RCS processors 
are driven by three-axis commands from the steering processor. For axes in 
which the OMS processor has control capability (roll, pitch, and yaw in a two- 
engine burn; pitch and yaw in a one-engine burn), it has the primary control 
responsibility; and the RCS processor operates as a wraparound controller, 
exercising RCS control only if the TVC control authority is inadequate, as 
evidenced by excessive attitude or angular rate errors. In a one-engine bura, 

roll 1s controlled exclusively by the RCS processor, operating witn the same 
attitude and angular rate error tolerances as in the two-engine case. 

The steering processor provides the drive signals to the OMS and RCS pro- 

cessors. For the OMS processor, these drive signals are body rate commands. 
For the RCS processor, they are either attitude error and angular rate error 

signals derived from body rate commands, or RCS jet commands. In mtomatac 
TVC mode, OMS STEERING TRANSITION and GUIDANCE COMPENSATION provide the body 
rate commands to the OMS processor, and RCS | ERRORS TRANSITION generates error 

signals based on these commands for the RCS | processor, 

In manual TVC mode, MANUAL TVC provides the body rate commands to the OMS 
processor, and the RCS processor is driven by signals that are a function of 
the number of OMS engines active, the RHC deflection (within ot devond soft 
stop), and (in the one-engine case) the particular body axis. In a two-engine 
burn, with the RHC within soft stop, RCS ERRORS TRANSITION supplies error sig> 
nals to the RCS processor based on the rate commanda frwa NANUAL TVC, If the 
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o) 
RCS Manual Rotation Moding and Signal Flow 

Rockwell 
international 

  

FORCE_FIRE, 
RHC Position and 

Relevant Conditions 

Control 

Action 
INIT_RCS_ 
ERRORS 

ROT_JET_ 
CMD 

  

Sequence 1: RHC remains within s oft stop for discrete rate/att itude hold mode 
  

In detent 

Out of detent, first pass 

Out of detent, rate not 
achieved 

*Out of detent, rate achieved 

Back in detent, first pass 

Back in detent, rate not 

zeroed 

Back in detent, rate zeroed   

Hold attitude 

Damp to rate 

Damp to rate 

Maintain rate 

Damp to zero 

Damp to zero 

Hold attitude   

OFF 

ON 

OFF 

OFF 

ON 

OFF 

OFF 

As required 

+1 

+1 

As required 

+1 

tl 

As required     

Sequence 2: RHC remains within s oft stop for pulse mode. 

  

  

        
    

In detent Free drift Don't care 0 

Out of detent, rate change Acceleration Don't care tl 
not achieved 

Out of detent, rate Free drift Don't care 0 
change achieved 

In detent Free drift Don't care 0 

Sequence 3: RHC moves beyond soft stop for either mode. 

In detent See above 

Out of detent, all conditions See above 

Beyond soft stop Acceleration Don't care +1 

Within soft stop, out of Free drift Don't care 0) 

detent 

Back in detent, all conditions See above 

*This step is skipped if the RHC is returned to detent before the RCS can 
achieve the discrete rate.     
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RHC is deflected beyond soft stop in any axis, that axis is driven by RCS jec 
commands from ROT_ACCEL. In a one-engine burn, pitch and yaw control Operate 
identically to the two-engine case for both RHC conditions. Roll control in 
the one-engine case is by ROT DISC TRANSITION via RCS_ERRORS TRANSITION when 

the RHC is within soft stop and by RCS jet command from ROT ACCEL when the RHC 
is beyond soft stop. The acceleration/drift/discrete hysteresis described in 
Paragraph D applies to roll control in the one-engine case. 

Table 4.4.4.2-2 summarizes the TVC control configurations. Control 
inputs to the OMS and RCS processors are indicated for all relevant combi- 
nations of mode, number of engines, RHC deflection, and axis. 

G. Attitude Command Control Configuration. The steering processor selects 
either of two attitude quacternions for the automatic maneuver module, AUTO_ 
MNVR, which maneuvers to and/or holds the commanded attitude if in RCS 
automatic mode. It also supplies either of two quaternions to the A/E ATT 
PROC, which generates an attitude error signal on the ADI. In Major Mode 103, 
the quaternion sent to A/E ATT PROC is the same as that selected for AUTO_ 
MNVR. After entering Major Mode 104, the quaternion shipped to A/E ATT PROC 
is always QB I CMD. The rate at which Q B I CMD is supplied to the DAP and 
sent on to A/E ATT PROC depends on the circumstances. For a preburn maneuver 
QB I CMD is supplied once. During a TVC or guided RCS burn, the commanded 
attitude, Q_B_I CMD, is supplied at 1.04 Hz. The resulting display can be 
used by the crew as visual input for manual attitude control using the RCS 
and/or OMS, and to monitor attitude control during an automatic OMS burn or an 
automatic RCS maneuver or hold. 

The quaternion received by AUTO MNVR depends on whether it is desired to 
maneuver to and/or hold a commanded attitude or to hold the current atti- 
tude. AUTO MNVR receives the commanded attitude QB I CMD if PREBURN MNVR 

goes high during RCS automatic mode and during a guided RCS burn. (It also 

“receives” Q.B I CMD, but is not executed, during a TVC burn, ) A snapshot 

value of the current attitude, Q B _I, is provided to AUTO MNVR at (1) the end 
of an OMS or guided RCS burn, (2) ET separation, (3) the start of the inser- 
tion and deorbit phases, (4) change from RCS automatic to RCS manual mode or, 

vice versa, if a guided RCS burn is not in progress, and (5) if the commanded 
attitude is changed (different from the target attitude) while in the course 
of an automatic PREBURN maneuver. 

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

Section Subject 

4.4.4.2.1 Steering processor modules 

4.4.4.2.2 RCS processor modules 

4.4.4.2.3 OMS processor modules 
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4.4.4.2.1 Steering Processor 

4.4.4.2.1.1 AUTO_MNVR. 

A. Function. This module generates control signals to effect an attitude 
hold or maneuver to a commanded attitude followed by an attitude hold. The 
module initiates in a maneuver or hold mode as a function of the magnitude of 
the difference between the actual vehicle attitude and the target attitude. 
If the initial mode is maneuver, the module computes the time needed to com- 
plete the maneuver. The mode is changed to hold at the end of this time. The 
FORCE FIRE flags are used to ensure prompt vehicle response to transitions 
between these modes. The detailed block diagram for the module AUTO MNVR is 
presented in Figures 4.4.4.2.1l.l-1l and 4.4.4.2.1.1=-2. 

B. Processing Requirements. The module AUTO_MNVR is processed at 1.04 Hz. 

C. Interface Requirements. The interface requirements for the module AUTO_ 
MNVR are shown in Table 4.4.4.2.1.1-1. 

D. I-Loads/Constants. The I-loads/constants for the module AUTO_MNVR are 
shown in Table 4.4.4.2.1.1-2. 

E. Initialization Requirements. The initialization requirements for the 
module AUTO_MNVR are included in Figure 4.4.4.2.1.1l-1. 
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Table 4.4.4.2-2. TVC Control Configuration 

  

  

  

  

  

  

  

TVC Mode Automatic Manual 

No. of 
engines 2 1 2 1 

REC Within | Beyond Wichia Beyond 
Deflection | (In detent) (In detent) ss 8s 88 88 

Axis All Roll Pitch, | Any Any Roll Pitch,| Roll Pitch, 
Yaw yaw yaw 

Ooms Rate Not Rate Rate Rate Not Rate Not Rate 
Processor cads used cads cads cnds used cuds used cads 
Control from from from from frou from 
Inputs 1 1 2 2 2 2 

RCS Errors Errors| Errors | Errors | Jet Errors Errors| Jet Jet 

Processor from fron from fron cuds from from cads cuds 
Control 1+4 1¢4]1+4 |2¢4 | from 344 244 1 from 5 from 5 
Inputs 5 @' See note ® See note                   
  1 OMS_STEERING TRANSITION + GUIDANCE_COMPENSATION 

2 MANUAL_TVC 

3  ROT_DISC_TRANSITION NOTE: Accel/drift/discrete hysteresis 
logic applies to transitions 

4 RCS_ERRORS_TRANSITION between states (@) and @. 

5 ROT_ACCEL 
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Table 4.4.4.2.1.1-1. AUTO_MNVR Interface Requirements 

  

  

  

  

  

  

  

  

  

  

  

                
  

¢ 

  

Source or Samp ie 

Name Description Destination Type Range Unit | Rate (Hz) 

Inputs 

INLT_AUTO_MNVR Module initialization flag TRNS_RECON 5 0,1 noae | 1.04 

(leinie) 

Qasr Vehicle attitude with respect to | ASCENT/ENTRY ATT PROC ;| Struct: 0 to 1; none 1.04 

~ reference attitude, given as the $; V(3)S | -l to t 

MSO-to-body quaternion 

QB I CMD DESIRED] Commanded vehicle attitude with | ASCENT/ENTRY ATT Struct: 0 to l; none 1.04 
vespect to reference attitude, PROC, AS MNVR DIP, S; VQ3)S]-1 col 

given as the M50-to-body DEORB MNVR DIP, ORB 

quaternion INS GUID, or DEORB 

GUID (via unity gain) 

TERM_AUTO Flag indicating that guidance TRNS_RECON B 0,1 none 1.04 

nas updated the desired atritude 
during a preburn maneuver 

Outputs 

ATTITUDE_ERROR Body angle error RCS_ERRORS TRANSITION v(3)s -360 to | deg 1.04 
360 

FORCE_FIRE Rate damping initiation flag by | PHASE PLANE _ B(3) 0,1 for none {| 1.04 
axis (l=damp rate) TRANSITION each bit 

OMEGA _C BODY Desired body angular rate RCS ERRORS TRANSITION | V(3)S “5 to 5 | deg/sf 1.04 

MNVR_HOLD Flag specifying maneuver or hold! TRNS_RECON B 0,1 none 1.04 (/ 

state (l=anvr) 
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Table 4.4.4.2.1.1°2. AUTO_MMVR I-Loads/Constants 

Name Description Type MSID/Value Unie 

AMM Maneuver/hold threshold s v9608590C deg 

MAG_MNVR_RATE Magnitude of maneuver rate about 8 V96U8589C deg/s 
eigenaxis 

DEG_PER_RAD Radians to degrees conversion 8 180/pi deg/rad 

factor 

RAD_PER_DEG Degrees to radians conversion 8 pi/180 rad/deg 
  

HL
L 
L
E
T
T
S
 

(   

      

factor 
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4.4.4.2.1.2 ET SER. PROCESSOR. 

This module monitors translation along the vehicle -Z axis 
The module operates closed 

A. Function. 

When the module 
until a desired velocity increment is achieved. 
loop by using the measured vehicle velocity increments. 
determines that the desired velocity increment has been achieved, it zeroes 

The detailed block diagram for the the translation command and sets a flag. 
module ET SEP_PROCESSOR is presented in Figure 4.4.4.2.1.2-1. 

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

C. Interface Requirements. 
PROCESSOR are shown in Table 4.4.4.2.1.2-l. 

D. I-loads. The I-loads for the module ET_SEP PROCESSOR are shown in 

Table 4.4.4.2.1.2=2. 

E. Initialization Requirements. The initialization requirements for the 
module ET_SEP_PROCESSOR are shown in Table 4.4.4.2.1.2-3 
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4.4.4.2.1.2 ET SER PROCESSOR. 

A. Function. This module monitors translation along the vehicle -Z axis 
until a desired velocity increment is achieved. The module operates closed 
loop by using the measured vehicle velocity increments. When the module 
determines that the desired velocity increment has been achieved, it zeroes 

The detailed block diagram for the the translation command and sets a flag. 
module ET SEP_ PROCESSOR is presented in Figure 4.4.4.2.1.2-1. 

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

C. Interface Requirements. 
PROCESSOR are shown in Table 4.4.4.2.1.2-1. 

D. I-loads. The I-loads for the module ET_SEP_ PROCESSOR are shown in 

Table 4.4.4.2.1.2-2. 

E. Initialization Requirements. The initialization requirements for the 
module ET _SEP_PROCESSOR are shown in Table 4.4.4.2.1.2-3. 
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Table 4.4.4.2.1.2-1. ET_SEP_PROCESSOR Interface Requirements 

Rockwell 
International 

  

            

  

      
  

  

                  
  

  

  

  

  

Source or Sample 

Name Description Destination Type Range Unie | Rate (Hz) 

Inputs 

DVB_SEC Vehicle velocity increment | ASCENT/ENTRY ATT PROC | V(3)S {| <1 to 1] ft/s 1.04 
over past 0.96 second 

TAL_ABORT_ Transatlantic abort flag MSC B 0,1 none 1.04 
DECLARED 

Outputs 

i 
SEP_COMPLETE | Flag indicating desired MSC, TRNS_RECON, 8 0,1 none 1.04 

velocity change has been JET_SELECT_TRANSITION 

achieved (1=complete) 

TRANS JET_ Translation command JET_SELECT_ TRANSITION A(6)B/ 0,1 none 1.04 

CMD (*#X, -X, *Y, -Y¥, +#Z, -Z) 

Table 4.4.4.2.1.2=-2. ET_SEP_ PROCESSOR I-Loads 

Name Description Type MS ID Unit 

DESIRED DVZ Desired Z-axis velocity change Ss V97U2339C ft/s 

TAL_DVZ_INC Desired Z-axis velocity increment Ss V99U7404C ft/s 

  
for transatlantic abort 

          

Table 4.4.4.2.1.2-3. ET_SEP_PROCESSOR Initialization Requirements 

  

  

          
  

Initialize on Transition Initialize on Transition 
From To Variable Initial Value 

First pass DVZ 0 

4.4-60 

STS 83-0008B 
Volume 2



ot
 

” 

  
  

  

  

L
e
 

C
e
 

Cu
 

| 

Space Transportation ¢ ® Rockwell 
Systems Division International 

4.4,4.2.1.3 GUIDANCE COMPENSATION, 

A. Function. This module provides gain, compensation filtering, and rate 
limiting for the guidance loop in pitch and yaw. The roll rate command is set 
to sero. The detailed block diagram for GUIDANCE COMPENSATION is shown in 
Figure 4.4.4, 2. 1 3-] e 

B. Processing Rate. GUIDANCE _COMPENSATION is processed at 12.5 Hs. 

C. Interface Requirements. The interface requirements for GUIDANCE_ 

COMPENSATION are shown in Table 4.4.4.2.1.3-l. 

D. I-eloads. The I-loads for GUIDANCE _ COMPENSATION are shown in 

Table 4.4.4.2.1.3-2. 

E. Initialization Requirements. The initialization requirements for GUIDANCE_ 
  

COMPENSATION are shown in Table 4.4.4.2.1.3=-3. 
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Table 4.4.4.2,1.3-1. GUIDANCE COMPENSATION Interface Requirements 

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

Inputs 

GUID_COMP_GAIN | TVC compensation gains TRNS_RECON a(3)8 | 0 to 5S |aone | 12.5 

INIT_GUIDANCE_ {Module initialisation flag | TRNS RECON I 0,1,2 none | 12.5 
COMPENSATION (O=no init; l*two engine 

to one engine transition 
init; 2=normal init) 

STEER_CMD Commanded body steering OMS_STEERING= V(3)8 | -100 to | deg 12.5 
(pitch and yaw | angle TRANSITION 100 
components) 

Outputs 

OMEGA_C_BODY Commanded body angular RCS_ERRORS__ V(3)S | -S to 5 | deg/s| 12.5 
rate TRANSITION, 

    

Roll component: 
TVC_LAW ROLL, 
Pitch and Yaw 

components: 
TVC_LAW PITCH YAW 
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Table 4.4.4.2.1.3-2. GUIDANCE COMPENSATION I-Loads 

MSID/ 
Name Description Type Value Units 

MR Maxigue angular rate command A(3)s V97U2357¢ deg/s 
during OMS TVC to 

V97U2359C 

            

Table 4. 4. 4, 2.1. 3-3. GUIDANCE COMPENSATION Initialization Requirements (Note 1) 

  

Initialize on Transition 

Froa 

Initialize on Transition 
To Variable Initial Velue 

  

INIT GUIDANCE COMPENSATION INIT GUIDANCE First order filter OMEGA_C_BODY$(2 to 3) 

  

not = 1 COMPENSATION = 1 node GUIDE_COMP_GAIN$3 - 
STEER_CMD$(2 to 3) 
GUID_COMP_GAIN$2 

INIT_GUIDANCE COMPENSATION | INIT_GUIDANCE_ STEER_CMD 0 
not * 2 COMPENSATION = 2 OMEGA_C_BODY 

    
First order filter 

node   OMEGA_C_BODY$(2 to 3) 
GUIDE_COMP_GAINS3 - 
STEER_CMD$(2 to 3) 
GUID_COMP_GAIN$2 

  

  
Note l. Do not perform filter and limiter processing on the initialization pass. 
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4.4.4.2.1.4 MANUAL TVC 

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

B. Processing Rate. MANUAL TVC is processed at 12.5 Hz. 

C. Interface Requirements. The interface requirements for MANUAL TVC are 
shown in Table 4,4.4.2.1.4-1. 
  

  

  

  

  

      

    

D. I-loads, The I-loads for MANUAL_TVC are shown in Table 4.4.4,2.1.4=2. 

E. Initialization Requirements. There are no initialization requirements for 
MANUAL _TVC. 

MRO SLOPE = _ 

[RHC J vy, PROPGRAD, OMEGA _C_BODY 
> > 

RHC, f | QMEGA_C_ BODY n 
-MR . 

n 

MANUAL_TVC   
NOTE: ARRAY OR VECTOR SUBSCRIPT n SHOULD BE TAKEN AS INDICATING 

THAT THE PROCESSING SHOWN IS FOR ONE ELEMENT, AND ALL 
THREE ELEMENTS ARE PROCESSED. 

Figure 4.4 4 o2 14-1. MANUAL _TVC 
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Table 4. 4, 4, 2. 1.4-l1. 

Space Transportation 
Systems Division OS 

MANUAL TVC Interface Requirements 

Rockwell 
International 

  

            

  

  

  

                

  

  

  

Source or Sample 

Name Description Destination Type Range Unit Race (Hz) 

Inputs 

RHC Rotational hand controller | 3-AX RHC SOP A(3)S | -50 to j{ deg 12.5 
deflection 50 

Output 

| 

OMEGA_C_ BODY Commanded vehicle angular RCS_ERRORS_ V(3)S | -5 to 5 , deg/s 12.5 

rate in body axes TRANSITION 
Roll component: 

TVC_LAW_ROLL 
Pitch and Yaw 

components: 
TVC_LAW_PITCH_YAW 

Table 4.4.4.2.1.4-2. MANUAL TVC I-Loads 

Name Description Type MSID Unit 

MR Maximum rate command during TVC A(3)S V97U2357C deg/s 
to 

V97U2359C 

PROPGRAD Gain: commanded body rate divided by A(3)s V97U2374C (deg/s)/deg 

RHC deflection to 
V97U2376C 
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4.4.4.2.1.5 OMS STEERING TRANSITION. 

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

S¥
96
8u
) 

s 

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

C. Interface Requirements. The interface requirements for OMS STEERING_ 
TRANSITION are presented in Table 4.4.4.2.1.5=1. 

D. I-Loads/Constants. The I-loads/constants for OMS_STEERING TRANSITION are 
presented in Table 4.4.4.2.1.5=2. 

E. Initialization Requirements. The initialization requirements for OMS 
STEERING TRANSITION are presented in Table 4.4.4.2.1.5-3. ~ 

4.467 STS 83-0008B 
Volume 2 

March 25, 1988



CR
89

64
5 

CR
89
64
5 

e
e
]
 

CR
89
64
5 

a
m
a
n
 

CR
89
64
5 

a 

| Rockwell T ti Space Tee olcision r international 

  

  

  

  

  

    

  

T_NOW + 

TLAMC - 
LAMOC 

_ + 

LAMC * | 
> 

QB! 

Lrlus QUAT | ¢slas ! 7 I QUAT MULT |     l _ 
—P any MULT } Ly a 

S (SECTION ft Ppav «(SECTION =| 

Q2S) 4.7.10) { 02S 4.7.10) | 

v | - Q3 v { — I   

      

  

  

    

  

    

            

  

      

   
  

v 

LAMC_BODY 
_ = = = 

DVB SEC STEER CMD = UNIT(DVB SEC) X 
>] —UNIT(LANC_BODY) DEG _PER_RAD 

ON - 
, ee STEER_CMD . 

x _ " ' ON > t) 

MIN DVB . 
_— i 

(LOW 
ON 0N o— i { TIME 

1 OFF 
DELAY 

INIT_OMS_ 
STEERING INITIALIZATION   

  

Ii TABLE 4.4,4.2.1.5°3)               
        

NOTES 

1. X SYMBOLIZES VECTOR CROSS PRODUCT. 

2. S AND V REPRESENT THE SCALAR AND 

VECTOR PARTS, RESPECTIVELY, OF THE 
INDICATED QUATERNION 

Figure 4.4.4.2.1.5-1. OMS STEERING TRANSITION / 

4.4-68 STS 83-0008B 
Volume 2 

March 25, 1988



>Na} 

“ 
\a
J 

Table 4.4. 4. 2. 1. 5-1, 

8 Transportation Rockwell 
ee syaterne Division oh international 

OMS_STEERING TRANSITION Interface Requirements 

  

  

  

  

  

  

  

  

  

  

  

  

Source or Sample 
Neme Deecription Destination Type Range Unie [Rate (ae) 

Taputs 

DVB_SEC Vehicle velocity increment ASCENT/ENTRY ATT PROC | V(3)8 4% to 4 | ft/s 1.06 
past 0.96 second 

INIT_OMS STEERING | Module initialisation flag TRMS_RECON B 0,1 nove 1.06 
(1 = init) 

LAMG Commanded vehicle velocity-to-go | ORB IWS GUID or DEORS | V(3)s -1 to 1 | aone 1.06 
unit vector in reference GUID 
coordinates 

LAMDC Commanded derivative of LAMC in /ORB INS GUID or DEORB | ¥(3)3 -l col |1/s 1.06 

reference coordinates GUID 

QB. Vehicle attitude with respect to | ASCENT/ENTRY ATT PROC | Struct: /|0 to 1; | aone 1.04 
reference attitude, given as the S$; ¥(3)8 | -1 col 
MS0-to-body quaternion 

TLAMC Time of issuance of LAMC ORB INS GUID or DEORB | S 0 to 10’ |s 1.04 
GUID 

TNOW Present time ASCENT/ENTRY ATT 8 0 to 10’ /s 1.06 
PROC 

Output 

STEER_CMD Commanded vehicle steering angle | GULDANCE_COMPENSATION | ¥(3)8 ~100 to | deg 1.06 
in body axes 100 
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Table 4.4.4.2.1.5-2. OMS_STEERING TRANSITION 

— 

Space Transportation r Rockwell 
Systems Division International 

  

  

  

  

  

I-Loads/Constants 

MSID/ 
Name Description Type Value Unit 

DELAY Number of passes sensed delta-V can be I V97U2663C | none 
below minimum before module output is 
zeroed 

MIN DVB Minimum magnitude of sensed delta-V for] S V97U2784C | ft/s 
cross product steering 

S 180/pi deg/rad DEG _PER_ Radians to degrees conversion factor 
RAD           
  

Table 4.4.4.2.1.5=3. OMS_STEERING TRANSITION Initialization 

  

  

          
  

Requirements 

Initialize on Transition Initialize on Transition Initial 

From To Variable Value 

INIT_OMS STEERING = OFF INIT OMS STEERING = ON STEER_CMD 0 

LOW_TIME 0 
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4.4.4.2.1.6 RCS_ERRORS_TRANSITION. 

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

The initialization flag for this module sets a given component of the 
attitude error to zero. This action is typically invoked upon assumption or 
resumption of control of a given body axis by a steering processor module, Ia 
the particular case of the manual discrete rate command/attitude hold submode, 
the initialization flag is set (in addition to entry into the submode) when 
the RHC is moved into or out of detent. The detailed block diagram for the 
module RCS_ERRORS TRANSITION is presented in Figure 4.4.4.2.1.6-1. 

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

CG. Interface Requirements. The interface requirements for the module RCS_ 
ERRORS_TRANSITION are shown in Table 4.4.4.2.1.6-1. 

D. Constants. The constants for the module RCS_ERRORS TRANSITION are shown 

in Table 4.4.4.2.1.6-2. 

E. Initialization Requirements. The initialization requirements for the 
module RCS ERRORS TRANSITION are shown in Table 4.4.4.2.1.6=3. 
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Table 4.4.4.2.1.6-1. | RCS_ERRORS TRANSITION Interface Requirements 

  

  

  

  
    
    
  

Source or Sample 
Name Description Deatination Type Range Unie | Rate (Hz) 

Inputs 

ATTITUDE_ERROR Body angle error AUTO_MNVR v(3)8 | -360 co deg 12.5 
360 

ATTITUDE_INCREMENT | Body angle increment over ASCENT/ENTRY ATT PROC  V(3)S[ -4 to 4 deg 12.5 

sampling interval 

INIT_RCS ERRORS Module initialrzacion flag TRNS_RECON, a(3)B} 0,1 none 12.5 
ROT_DISC_TRANSITION 

OMEGA_C_BODY Desired body angular rate MANUAL TVC, GUIDANCE_ V(3)S | -5 to 5 deg/s 12.5 
COMPENSATION, 
ROT_DISC_TRANSITION, 
AUTO_MNVR 

  

  

  

  

  

RATE_GYRO_ FILTERED | Measured vehicle angular rate | ASCENT/ENTRY ATT Proc, | ¥(3)S/ Roll: deg/s 12.5 

via RATE_FILTER or ~40 to 40 
unity gain Pitch, Yaw: 

-20 to 20 

Ouc puts 

ATTITUDE_ERROR Body angle error PHASE_PLANE TRANSITION | V(3)S | -360 to 360 | deg 12.5 

RATE_ERROR Body angular rate error PHASE_PLANE TRANSITION | V(3)S | -20 co 20 deg/s 12.5 
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Table 4.4.4.2.1. 6-1, "RCS_ERRORS_TRANSITION Interface Requirements 

Space Transportation 
Systems Oivision OLD Feces a 

  
        

    
  

    
  

    

  
  

  

  

      
  

      
  

Source or Sample 
Name Description Destination Type Range Unie | Race (Hz) 

Iaputs 

ATTITUDE_ERROR Body angle error AUTO_MNVR v¥(3)s | -360 co deg 12.5 

360 

ATTITUDE_INCREMENT | Body angle increment over ASCENT/ENTRY ATT PROC V(3)S -6 to & deg 12.5 

sampling interval 

INIT_RCS ERRORS Module initialization flag TRNS_RECON, A(3)B| 0,1 aone 12.5 
ROT_DISC_TRANSITION 

OMEGA_C_BODY Desired body angular rate MANUAL _TVC, GUIDANCE V(3)S] -5 to 5 deg/s 12.5 

COMPENSATION, 

ROT_DISC_TRANSITION, 
AUTO_MNVR ' ' 

RATE_GYRO_FILTERED | Measured vehicle angular race | ASCENT/ENTRY ATT PROC, | ¥(3)S| Roll: deg/s | 12.5 

via RATE_FILTER or ~0 to 40 
unity gaia Pitch, Yaw: ' 

-20 to 20 

Oucpucs 

ATTITUDE_ERROR Body angle error PHASE_PLANE_TRANSITION | V(3)S | -360 to 360 | deg | 12.5 

RATE_ERROR Body angular rate error PHASE_PLANE_ TRANSITION | V(3)S/ =20 co 20 deg/s) 12.5 
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Table 4.4.4.2.1.6-2. 

Space Transportation 
Systems Division an 

RCS ERRORS TRANSITION Constants 

Rockwell 
International 

  

Name Description Type Value Unit 

  

  
TDAP Period of RCS DAP cycle Ss 

    
0.08 

        

Table 4.4.4.2.1.6=3. RCS_ERRORS TRANSITION 

Initialization Requirements 

  

Initialize on Transition 

From 

Initialize on Transition 

To Variable 

Initial 

Value 

  

  
INIT_RCS ERRORS$(n) = OFF 

  
INIT_RCS ERRORS$(n) = ON 

  
ATTITUDE_ERRORS(n) 0) 
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4.4.4,2.1.7 ROT DISC_TRANSITION. 

A. Function. For each vehicle axis that is in the manual discrete rate 
rotation submode, this module provides commands to generate a predetermined 
vehicle angular rate about that axis while the RHC is out of detent in that 
axis. The sense of the angular rate corresponds to the sense of the RHC 
deflection. When the RHC is in detent, an attitude hold is performed in the 
affected axis; the vehicle maintains the attitude it had at the instante the 
RHC went into detent. The detailed block diagram for the module ROT_DISC_ 
TRANSITION is presented in Figure 4.4.4.2.1.7-l. 

B. Processing Requirements. The module ROT_DISC_ TRANSITION is processed at 

12.5 Hz per axis. 

C. Interface Requirements. The interface requirements for the module ROT_ 
DISC_TRANSITION are shown in Table 4.4.4.2.1.7-1. 

D. I-loads. The I-loads for the module ROT _DISC TRANSITION are shown in 

Table 4.4.4.2.1.7=2. 

E. Initialization Requirements. The initialization requirements for the 
module ROT _DISC_TRANSITION are included in Figure 4.4.4.2.1.7-1. 
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ROT DISC TRANSITION Interface Requirements 

  
  
  
    
      
  
  
              
  
    

  

Table 4.4.4, 2.1. 7-1, 

Source or Samo ¢€ 
Name Description Destination Type Reage fe ¢ ‘ dsce Az 

Taputs 

axis Body axis for thie execution TRES_RECON t i to 3 aose 12 5 ass 

INIT_ROT_DISC Module anitaalisacion flag TRMS SECON 8 9,14 ; ~ee 125 aus 

RHC_STATE Rotational hand controller command 3-aX RHC SOP | AGE -1,0,4 aces) = 12.5 amis 
with sense of deflection 

L 

Outputs 

FORCE_FIRE Rate damping initiation flag by axis | PHASE PLANE TRANSITION | B(3) 0,1 for  seome 2% as 

(ledamp rate) eaca dic 

INIT_RCS_ ERRORS Module initialization flag RCS ERRORS TRANSITION | A(3)B/ 0,1 sowe 3 12 3 arcs 
i 4 

OMEGA_C_BODY Desired body angular rate RCS_ERRORS TRANSITION | V(3)S | -5 to 5 éeys i2.3 ams 

Table 4.4.4.2.1.7-2. ROT DISC TRANSITION I-Loads 

Name Description Type spb Gere 

DISC_RATE Desired body angular rate during deflection of s ¥97013172 aeg s 
rotational hand controller 
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4.4.4,2.1.8 ROT PULSE TRANSITION. f 

A. Function. For each vehicle axis that is in the manual pulse rotation sub- 
mode, this module provides a command to generate a predetermined vehicle angu- 
lar rate increment about that axis for each time the RHC is moved out of 
detent in that axis. The sense of the angular rate increment corresponds to 
the sense of the RHC deflection. When the sum of all commanded rate incre- 
ments about a given axis has been attained, vehicle rotation about that axis 
is in free drift, regardless of whether the RHC is in detent or out of detent 
in that axis. The module operates open loop by determining how many passes 
the RCS jets must fire to implement each commanded rate increment and main- 
taining a jet command of the correct sign for the total number of passes 
needed. 

B. Block Diagram. The block diagram for ROT_PULSE TRANSITION is shown in 
Figure 4.4.4, 2.1.8-1. 

C. Processing Rate. The module ROT_PULSE TRANSITION is processed at 
12.5 Hz/axis. 

D. Interface Requirements. The interface requirements for the module ROT_ 

PULSE TRANSITION are shown in Table 4.4.4.2.1.8-1. 

E. I-Loads/Constants. The I-loads/constants for the module ROT_PULSE_ 

TRANSITION are shown in Table 4.4.4.2.1.8-2. “y 

F. Initialization Requirements. The initialization requirements for the 
module ROT_PULSE TRANSITION are shown in Table 4.4.4.2.1.8-3. 

4.4-78 

STS 83-0008B 
Volume 2



 
 

      

NOLLISNVUL 
ASINd 

LOU 
“
T
-
B
°
T
’
 

2° o
g
y
 

ean3sty 

 
 

 
 

  
 
 

  
 
 

        

  
   
 

 
 

  
 
 

  
  

   
 

 
 

  
  

 
   

 
 

  
  

 
 

 
 

  

 
 

  
 
 

 
 

 
 

  
  

 
   

 
 

3 
- 

o 3 
(€-8°L'2' 

bbb 
F1VL) 

= 
L
g
 

—
—
 

38 
NOLLVZIWILINI 

aSInd 
LOY 

LINI 
= 

&. 
: 

e
 

SIXVg3assyd 
tT 

= 
~ONINIVWY 

(yer 
OF 

€ 
2 

.iql-e- 
 |(NMOHS 

J9NVY 
§§ 

= 
—+—++++-+-+-4+++ 

OL 
i 

S3ssvd 
W130 

—e 
+1 

1-2-€-| 
G3LIWIT 

LON) 
a 

—
*
 

T
 

EE 
SUVs3ssva 

~° 
4 

re 
ONINIVWIY 

z 
°
 

| 
|r 

3 
~q 

_
_
—
_
_
 

‘ 

(QWI 
13P 

LON]) 
=SIXVgy 

l 
* 

~ Lat 
LOY 

_ 
SIXV3sind 

SW 

IZIS 
3S1Nd 

LOY 

N 
33S) 

<
—
—
_
—
_
_
_
_
_
_
 

Tago 
0" 

335) 
Shy 

SIXV 
JO 

JVIVA 
LN3S3Ud 

FHL 
NO 

AG 
G314193dS 

LN3W313 
LVHL 

‘ 
YOd 

SI 
NMOHS 

ONISS390Ud 
f= 

aT 
440 

g 
SIXV 

[31VLS 
IHU] 

JHL 
LVHL 

ONTLVIIGNI 
a 

# 
V 

41 
NO 

Vy 
3LVLS 

S¥ 
N3YVL 

38 
GINOHS 

SIXY 
Z 

JHa 
AdIYISGNS 

YOLITA 
YO 

AVUYY 
= 3L0N 

SIXVa1W1S 
OHY 

A710 
l 

L 

LA 
- 

a 

STS 83-0008B 

Volume 2  



  

. Rockwell 
Space Transportation g i 

ne Systems Division \ International 

Table 4.4.4.2.1.8-1. ROT_PULSE_TRANSITION Interface Requirements 

  

  

  

  

  

  

                  
  

  

  

  

Source or Sample 
Name Description Destination Type Range Unie Race (Hz) 

Inputs 

AXTS Body axis for this execution TRNS_RECON I 1,2,3 none 12.5/axis 

INIT_ROT_PULSE Module initialization flag TRNS_RECON B 0,1 none 12.5/axis 

RHC_STATE Rotationel hand controller command 3-AX RHC SOP ACQ3)1 -1,0,1 none 12.5/axis 
. with sense of deflection 

Output 

ROT_JET_CMD RCS rotation command JET_SELECT_ A(3)1 -1,0,1 none 12.5/axis 
-_ TRANSITION, 

RCS ACT LT 

Table 4.4.4.2.1.8-2. ROT_PULSE_TRANSITION {[-Loads/Constants 

Nawe Description Type MSID/Value Unic 

MAG_PULSE Magnitude of average angular rate change A(3)s V96U9747C deg/s 
available for each axis per FC cycle V96U9748C 

V96U9749C 

ROT_PULSE_SIZE Magnitude of desired angular rate change s 0.0972 deg/s 

per deflection of rotational hand f 

controller             
  

Table 4.4.4.2.1.8-3. ROT_PULSE_TRANSITION Initialization Requirements 

  

  

Initialize on Transition Initialize on Transition Inicial 

From To Variable Value 

INIT_ROT_PULSE = OFF INIT_ROT PULSE = ON OLD_RHC_STATES 
(AXIS) 0 

REMAINING PASSESS 
(AXIS) . 0 
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4.4.4,2.1.9 RATE FILTER. 

A. Function. This module provides filtering of the cate gyro data for the 
RCS section of the Transition DAP, 

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

C. Interface Requirements. The interface requirements for RATE_FILTER are 
shown in Table 4,.4.4.2.1.9-1. 

D. Constants. There are no constants for RATE FILTER. 

EB. Initialization Requirements, The initialization requirements for RATE_ 
FILTER are shown in Table 4.4.4.2.1.9=2. 

  

RATE_GYRO_CORR 
Ce 

RFG, + RFGo 77) + RFG3 272 RATE_GYRO FILTERED 
te   

1 - RFG, 2-1 + RFG. z-2 
[RFG] 

      
Figure 4.4.4.2.1.9-1. RATE_FILTER 
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Table 4.4.4,2.1.9-1. RATE_FILTER Interface Requirements 

Source or Sample 

Name Description Descinacion Type Range Unit Rate (Hz) 

Inputs 

RATE_GYRO CORR Corrected rate gyro data ASCENT/ENTRY ATT PROC v(3)s -5 to 5 deg/s 12.5 

RFG Race filter gaia values TRNS_RECON A(5)8 none 12.5 

Qut puts 

RATE_GYRO_ FILTERED Filtered rate gyro data RCS ERRORS TRANSITION v(3)s “5 to 5 deg/s 12.5 

I     
  

Table 4.4.4.2.1.9=2. RATE FILTER Initialization Requirements 

  Initialize on Transition 
Initial Value 

Initialize on Transition 

From To Variable 

wiek Firse pass Second order filter nodes Q   
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Table 4.4.4.2.1.9-1. RATE FILTER Interface Requirements 

Source or Semple 

Nane Description Destination Type Range Unit Rate (Hz) 

Inputs 

RATE_GYRO_CORR Corrected rate gyro data ASCENT/ENTRY ATT PROC v(3)s -5 to § deg/s 12.5 

RFG Rate filter gain values TRNS_RECON A(5)s none 12.5 

Out puts 

RATE_GYRO_FILTERED Filtered race gyro data RCS ERRORS TRANSITION v(3)s -5 to § deg/s 12.5 

|   
  

Table 4.4.4.2.1.9=2. RATE FILTER Initialization Requirements 

  Initialize on Transition 

From 

Initialize oa Transition 

To Variable Initial Value 

  wre 

  

First pass 

  

Second order filter nodes 0 
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4.4.4.2.2 RCS Processor. 

4.4.4,2,.2.1 JET SELECT_TRANSITION. 

A. Function. This module generates jet firing commands required to implement 
commanded translations and rotations. The transition jet select contains 
logic enabling selection of primary jets only. The algorithm takes into 
account jet failures, ET separation, RCS propellant crossfeed valve position, 
and tank constraints. Logic is included to permit propellant dumping through 
forward RCS jets for vehicle mass and c.g. control. Translation commands are 
ignored during dumping. Jet selection is according to a table lookup scheme, 
described in this subsection under paragraph F and in Tables 4.4.4.2.2.1-1 

— through 4.4.4.2.2.1-4. The detailed block diagram for the module JET_SELECT_ 
TRANSITION is presented in Figures 4.4.4.2.2.1-l through 4.4.4,2.2.1-12. 

L
L
/
é
/
f
f
/
 

  
B. Processing Requirements. The module JET_SELECT_TRANSITION is processed at 

] 12.5 Hz. 

C. Interface Requirements. The interface requirements for the module JET_ 
SELECT TRANSITION are shown in Table 4.4.4.2.2.1-5. 

D. Constants. There are no constants for JET_SELECT_ TRANSITION.   E. Initialization Requirements. There are no initialization requirements for 
0 JET_SELECT_ TRANSITION. 

F. Detailed Function. This paragraph explains the table lookup logic and 
provides supporting comments for some of the block diagrams, Also included 

are data on RCS jet configuration. 

The tables are divided into three sections (Tables 4.4.4.2.2.1-1 through 

4.4.4.2.2.1-3). The first section provides the logic for the 19 jets that 
fire into the Z-axis: Part A for through ET separation, -Z translation, no -X 

translation, and either crossfeed closed or no +X translation; Part B for 

through ET separation, ~-Z translation, and -X translation; Part C for through 

ET separation, -Z translation, +X translation, and crossfeed open; Part D for 

after ET separation and -Z translation; Part E for all other cases (i.e., no 

-Z translation). These jets divide into seven directional jet clusters; 
namely, Groups 4, 5, 6, 11, 12, 13, and 14. The second section provides logic 

for the 12 jets that fire into the Y-axis. These jets divide into four direc- 
tional jet clusters; namely, Groups 2, 3, 9, and 10. The third section pro- 

vides logic for the seven jets that fire into the X-axis. These jets divide 
into three directional jet clusters; namely, Groups 1, 7, and 8 (see Fig- 
ure 4.4.4.2,2.1-13 for RCS jet locations and plume directions). 

Each page of the table lookup logic has three main divisions. The left- 
most division provides the command to be responded to. The middle division 
lists all relevant failure combinations (through one failure with translation 
and two failures with no translation). The right-most division specifies how 
many jets must be commanded to fire in each directional group under the con- 

f ditions specified. In the middle division, the first row of each command con- 
y figuration is always the no-failure case. The rows that follow list a group 

4,4-83 

STS 83-0008B 

Volume 2 

  

—o or



Rockwell 
International 

Space Transportation r 
Systems Division 

  

number for the location of a failed jet (e.g., 9 means a jet has failed in 
Group 9). In the event that more failures occur than are covered by the 
tables, all the unfailed jets of those jets specified by the tables should be 
used. 

The table lookup logic determines (for nominal and failure conditions) 
the total number by group of RCS jets to be fired. This information, in 
conjunction with the availability of jets (HFAIL_JSL), is used to determine 
which jets within a particular RCS jet group should be fired (NEW_JONLST_ 
JSL). This selection is performed by choosing the required number of jets for 
each group among the unfailed jets within that group and with the highest 
priority within that group. Table 4.4.4.2.2.1-6 gives the jet group and ject 
priority associated with each element of NEW _JONLST_JSL and HFAIL_JSL. Note 
that no particular RCS jet is associated with each element of either 
parameter. 

As a limited example, suppose the second- and third-priority jets of 
Group 9 were not available for firing (HFAIL_JSL j9 ¢g 22 = (051, 1, 0) and 
that the table Lookup logic required that two jets in Group 9 be fired, then 
NEW_JONLST_JSLy9 -o 22 would be set equal to (1,0, 0,1). 

The principle behind the table lookup scheme is that all jets that fire 
in the Z-axis can give Z-translation and/or roll rotation and/or pitch rota- 
tion control. These 19 jets are considered independent of other axes, how- 
ever. All jets fired in the Y-axis are considered to give Y-translation and/ 
or yaw rotation only. All jets fired in the X-axis are considered to give 
X-translation control only. Interactions between axes are handled by phase- 
plane feedback and/or closed-loop feedback. 

The priority of a particular RCS jet within its group is a mission- 
dependent and/or a crew-dependent function. Thus a mechanism is needed to 
identify which particular jet is associated with a particular in-group pri- 
ority. This mechanism is the parameter JET_MAP. For JET MAP to work 
properly, the input and output interfaces (AVAILABLE_JET FWD, AVAILABLE __ JET_ 
AFT, NEW_JONLST_FWD, and NEW_JONLST_AFT) must be aligned identically, i.e., 
each respective element must refer to the same RCS jet. JET_MAP is an array 
of input/output interface array element numbers arranged by ascending group 
number and in order of descending priority (see Table 4.4.4.2.2.1-4 for 
arrangement). JET_MAP is used in the following equations (Figures 
4.404.2.2e1-1 and -11): 

I=1 T0-14 
HFAIL_JSLy = AVAILABLE_JET_FWD yey yap. 
  

I=15 TO 38 _ 
  

I=1 TO 14 
NEW_JONLST_FWDyer_map, * NEW_JONLST_ISLy 

T=15 TO 38 
NEW_JONLST_AFT yer map, ~ NEW_JONLST_JSLy 
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As a limited example note that Group 1 Jets FIF, F2F, and F3F availabil- 
ity and commands are represented by Elements 1, 5, and 13, respectively, on 
the input/output interface for the forward jets. Suppose that the preferred 
firing order within Group 1 is F2F, F3F, FIF, then 

JET_MAP) 44 3 © (5,13,1), and 

HFAIL_JSL, = AVAILABLE_JET_FWD. 

HFAIL_JSL, = AVAILABLE_JET_FWD,, 

HFAIL_JSL, = AVAILABLE_JET_FWD, 

NEW_JONLST_FWD. = NEW_JONLST_JSL, 

NEW_JONLST_FWD,, = NEW_JONLST_JSL, 

NEW_JONLST_FWD, = NEW_JONLST_JSL, 

Table 4.4.4.2.2.1-1 is in five parts. Parts A through C are to be 
accessed only if there is a -Z translation and SEP_COMPLETE = OFF. Part A is 
for the case with CROSSFEED OPEN = OFF or no +X translation command combined 
with no -X translation command. Part B is for the case with -X translation 
command. Part C is for the case with CROSSFEED OPEN = ON combined with +X 
translation command. Part D is to be accessed only if there is -Z translation 
command and SEP_COMPLETE = ON. Part E is to be accessed only if there is no 
-Z translation command. The following inputs signify the following commands: 

ACOM: ACOM, to 4 Ignore 

ACOM, ON Z translation required 

OFF = No Z translation required 

ACOMs ON = Minus sign for Z translation 

OFF = Plus sign for Z translation 

ACOM, ON = Roll rotation required 

OFF = No roll rotation required 
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ON = Minus sign for roll rotation 

OFF = Plus sign for roll rotation 

ON * Pitch rotation required 

OFF = No pitch rotation required 

ON #® Minus sign for pitch rotation 

OFF = Plus sign for pitch rotation 

Ignore 

In Table 4.4.4.2.2.1-2, the following inputs signify the following 
commands: 

ACOM: ACOM, to 2 

ACOM, 

ACOM, 

ACOM, to 10 

ACOM, 5 

ACOM), 

Ignore 

ON = Y translation required 

OFF = No Y translation required 

ON = Minus sign for Y translation 

OFF = Plus sign for Y translation 

Ignore 

ON = Yaw rotation required 

OFF = No yaw rotation required 

Minus sign for yaw rotation ON 

OFF = Plus sign for yaw rotation 

In Table 4.4.4.2.2.1-3, the following inputs signify the following 
commands: 

ACOM: ACOM, 

ACOM, 

ACOM3 bo 12 

ON = X translation required 

OFF = No X translation required 

ON = Minus sign for X translation 

OFF = Plus sign for X translation 

Ignore 
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RCS tank constraints are met by either modifying the translation and 
rotation commands (represented by the ACOM array) prior to the table look-up 
or by wodifying the jet commands (represented by the MEW _JOWLST_JSL array) 
after the table look up. The requirements are written in this way so thac 
when the tank constraints are removed, the basic look-up tables will noc 
change. Thus, even though simultaneous X and Z translations sre prevented by 
the singlesaxis translation Logic, the Look-up tables contain entries for 
simultaneous X and & translation. 

The purpose of the single axis translation logic (Figure 5.46.46.2.2.1-3A) 
is to prevent jets from being commanded simultaneously in the X and Z transla- 
tion axes in the event of simultaneous translation commands. The result is a 
reduced Likelihood of exceeding the number of simultaneous jet firings chat 
permit helium gas angestion into the RCS propellant tank Lower comparctmenc. 
In the event that both the X and Z translation commands are generated, prior- 

ities for response are used. The priorities are Z axis first and X axis 
second through ET separation and X axis first and Z axis second after ET 
separation. 

The purpose of the Y translation default (Figure 4.4.4.2.2.1-4) condition 
1s to ensure that no Y translation is attempted when both forward Y-firing 
jets on the same side of the vehicle nose have failed. Without so doing, 
translation could only be accomplished with excessive yaw rotation. 

The purpose of the aft Z-rate default (Figure 4.4.4.2.2.1-5) condrtion is 
to meet post-ET separation tank constraints with an open RCS propellant cross- 
feed valve or an open RCS/OMS interconnect valve. After ET separation, only 
five aft jets can fire simultaneously with open crossfeed. If +X translation 
and -Z translation occur simultaneously, -Z translation must be degraded to 
keep within the five-jet Limit. 

The purpose of the X-rate default (Figure 4.4.4.2.2.1-6) condition is ta 
meet tank constraints. After ET separation with open crossfeed, a Limit of 
five aft jets applies. Between degrading -2 translation to two aft jets and 
*X translation to two aft jets, the constraint can be met. The *X translation 
1s thus degraded if any Z jets are used. Through ET separation, two proolem 
areas occur. With open crossfeed, a seven~aft-jet Limit applies. If -2 
translation and +X translation occur simultaneously, both must be degraded to 
stay within constraints. The +X change is reflected in the block diagram, the 
-2 change in the tables (it is reduced from high -2 to near nominal). With 
¢ osed crossfeed, a constraint of five jets per aft pod must be met. This can 
be exceeded when -Z and +X translation occur simultaneously with Y translation 
or yaw rotation. By degrading +X, the constraint is met. 

The aft pitch default (Figure 4.4.4.2.2.l-7) prevents forward patch jets 
frow being utilized during -X translation. This assures that no more than 
three forsard tank jets are simultaneously commanded on nominally, reducing 
the ite ithood of helium gas ingestion in the forward propellant tank lower 
compartment. 
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The high-level roll command (Figures 4.4.4.2.2.1-8 and -9) condition 
increases the number of roll jets used, when possible, if a yaw rotation is 
commanded simultaneously with roll in a direction that couples unfavorably 
into the roll axis. This is required to overcome very large roll coupling due 
to inertia properties with a connected ET. 

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

The purpose of the pitch/roll rate reduction logic (Figure 
4.4.4.2.2.17-10) is to reduce the number of jets used For combined -pitech and 
roll maneuvers after ET separation. This results in a reduced Likelihood of 
exceeding the number of simultaneous jet firings that cause helium gas 
ingestion into the RCS propellant tank Lower compartment. 

The failure reconfiguration block (Figure 4.4.4.2.2.l-ll) outputs several 
discretes which indicate failure status of various jet groupings. It is 
executed only when JET_FAIL CHANGE FLAG is set ON. JET_SELECT_TRANSITION -hen 

_resets this flag. The outputs are as follows: 

HFAIL _JSL is the complement of AVAILABLE JET_FWD and AVAILABLE l. 
JET_ AFT mapped into the array order used within the jet selection 
algorithms. 

2. NEG_ZFAIL indicates failure status in the two aft -Z firing jet 
groups. 

3. NO_DUMP indicates failure status in the nose Y jets. 

The forward propellant dump logic (Figure 4.4.4.2.2.1-12) block executes 
only when the forward RCS dump is required and is possible. It determines 
whether two or four opposing Y jets in the nose are to fire and outputs the 

It also reduces attitude control to aft only by turning off other commands. 
Translation is inactive when this option is in use. forward jets. 

Figure 4.4.4.2.2.1-13 shows RCS jet locations and plume directions. 
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Table 4.4.4.2.2. 1-14. 

Space Transportation 
Systems Division an 

Z Translation and/or Roll Rotation and/or Pitch 

Rockwell 
International 

Rotation Jet Groups (Separation Phase With -Z Translation, Without 
-X Translation, and Either With Crossfeed Closed or Without 

+X Translation) 
  

Number of Jets Used by Group 
  

  

  

  

  

  

  

  

  
  

  

  

                    
  

Commands Failure Locations by Group | 6-4 G-5 G-6 G-ll G-12 G-13 G-14 

-Z NONE 0 2 2 0 0 3 l 

+ROLL 5 0 1 1 0 0 2 0 
*PITCH 6 0 1 1 0 0 2 0 

13 0 1 1 0 0 2 0 
14 0 1 I 0 0 2 0 

5 5 0 0 1 0 0 1 0 

5 6 0 1 1 0 0 2 0 
5 13 0 1 1 0 0 2 0 
5 14 0 1 1 0 0 2 9 

6 6 0 1 0 0 0 1 0 
6 13 0 1 1 0 0 2 0 
6 14 0 1 1 0 0 2 0 

13 13 0 1 1 0 0 1 0 
13 14 0 1 1 0 0 2 0 
14 14 0 1 1 0 0 2 0 

5 5 6 0 0 1 0 0 1 0 
5 6 6 0 1 0 0 0 1 0 

<2 NONE 0 l 1 0 0 3 1 
+ROLL 5 0 1 1 0 0 2 0 

6 0 1 l 0 0 2 0 

13 0 1 1 0 0 2 0 
14 0 1 1 0 0 2 0 

5 5 0 0 1 0 0 2 0 

5 6 0 1 1 0 0 2 0 
5 13 0 1 1 0 0 2 0 
5 14 0 1 1 0 0 2 0 

6 6 0 l 0 0 0 2 0 
6 13 0 1 1 0 0 2 0 
6 14 0 1 1 0 0 2 0 

13 13 0 1 1 0 0 1 0 
13 14 0 1 1 0 0 2 0 
14 14 0 1 1 0 0 2 0 

5 5 6 0 0 1 0 0 2 0 
5 6 6 0 1 0 0 0 2 0 
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rvs 
On al ge Rockwell Space Transportation e 

ech Systems Division K International 
t 

p Table 4.4.4.2.2.1l-1A. Z Translation and/or Roll Rotation and/or Pitch 

we Rotation Jet Groups (Separation Phase With -Z Translation, Without 
-X Translation, and Either With Crossfeed Closed or Without 

oO +X'Translation) (Cont) 

ae Rumber of Jets Used by Group 
~13 
ad Commands Failure Locations by Group | 6-4 G-5 G-6 G-11 G-12 G-13 | G-146 

2 1 “2 NONE 0 0 0 0 0 3 1 
2 Q +ROLL 5 0 0 0 0 0 2 0 ee -PITCH 6 0 0 0 0 0 2 0 
2 
2 0 13 0 0 0 0 0 2 0 
i 0 14 0 my 0 0 0 2 0 

—_? | 5 5 0 0 0 0 0 2 0 

: 0 5 6 0 0 0 0 0 2 0 
0 5 13 0 0 0 0 0 2 0 

2 9 5 14 0 0 0 0 0 2 0 

Lo 6 6 0 0 0 0 0 2 0 
2 0 6 13 0 0 0 0 0 2 0 
2 9 6 14 0 0 0 0 0 2 0 
———) 
I 0 13 13 0 0 0 0 0 1 0 
3 13 14 0 0 0 0 0 2 0 
3 0 14 14 0 0 0 0 0 2 0 0 

——-——+ 5 5 6 0 0 0 0 0 2 0 
' 0 @ 5 6 6 0 0 0 0 0 2 0 

—_—_—_ “~ ~Z NONE 0 2 2 0 0 l 1 
l 5 0 1 1 0 0 1 1 

2 0 +PITCH 6 0 1 1 0 0 l 1 
2 0 
st 13 0 1 1 0 0 1 1 
2 0 14 0 1 1 0 0 1 1 
; 0 5 5 0 0 1 0 0 0 0 
} 0 5 6 0 l 1 0 0 1 l 
a 5 13 0 1 1 0 0 1 1 
, 0 5 14 0 1 1 0 0 1 1 

2 } 6 6 0 l 0 0 0 0 0 
2 6 13 0 1 1 0 0 1 1 
—— | 6 14 0 \ 1 0 0 1 i 
2 

0 13 13 0 1 1 0 0 t l 
0 13 14 0 1 1 0 0 1 1 
} 14 14 0 l 1 0 0 1 1 

I 0 5 5 6 0 0 1 0 0 0 0 
_—— | 5 6 6 0 1 0 0 0 0 0 
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Table 4.4.4.2.2.1-1A. Z Translation and/or Roll Rotation and/or Pitch 

sonsrarecrnton OLR Rockwell 
International 

Rotation Jet Groups (Separation Phase With -Z Translation, Without 
-X Translation, and Either With Crossfeed Closed or Without 

+X Translation) (Cont) 
  

  

  

  

  

  

  

  

  

  
  

  

  

  

                      

Number of Jets Used by Group 

Commands Failure Locations by Group G-4 G-5 G-6 G-11 G-12 G-13 G-14 

-Z NONE 0 2 2 0 3 3 
5 0 1 2 0 0 2 2 
6 0 2 1 0 0 2 2 

13 0 2 2 0 0 2 3 
14 0 2 2 0 0 3 2 

5 5 0 0 2 0 0 2 2 

5 6 0 1 1 0 0 2 2 
5 13 0 1 2 0 0 2 2 
5 14 0 1 2 0 0 2 2 

6 6 0 2 0 0 0 2 2 
6 13 0 2 1 0 0 2 2 
6 14 0 2 1 0 0 2 2 

13 13 0 1 1 0 0 1 2 
13 14 0 2 2 0 0 2 2 
14 14 0 1 1 0 0 2 1 

5 3 6 0 0 1 0 0 1 l 
5 6 6 0 1 0 0 0 l I 

-Z NONE 0 1 1 0 0 3 3 
5 0 0 0 0 0 2 2 

~PITCH 6 0 0 0 0 0 2 2 

13 0 0 0 0 0 2 2 
14 0 0 0 0 0 2 2 

5 5 0 1) 0 0 0 2 2 

5 6 0 0 0 0 0 2 2 
5 13 0 0 0 4) 0 2 2 
5 14 0 0 0 0 0 2 2 

6 6 0 0 0 0 0 2 2 
6 13 0 0 0 0 0 2 2 
6 14 0 0 0 0 0 2 2 

13 13 0 0 0 0 0 1 2 
13 14 0 0 0 0 0 2 2 
14 14 0 0 0 0 0 2 1 

5 5 6 0 0 0 0 0 2 2 

5 6 6 0 0 0 0 0 2 2 
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D Table 4.4.4.2,2,1-1A, 2 Tranelation and or Roll Rotation and/or Pitch 
Rotation Jet Groups (Separation Phase With -2 Translation, Without 

-X Translation, and Bither With Crossfeed Closed or Without 
+X Tranalation) (Cont) 
  

  

  

  

  
  

  

    
  

  

  

  

  

                      
  

‘ Number of Jete Used by Group 

Commands Failure Locations by Group | G-4 a3 G-6 G11 Ge12 G-13 G-1l6 

-z NONE 0 a 2 0 0 1 3 
ROLL $ 0 l l 0 0 0 2 

*PITCH 6 Q \ \ 0 0 0 2 

13 Q 1 l 0 0 0 2 

14 0 1 1 0 0 ) 2 
5 5 Q 0 1 0 0 0 1 

| 5 6 0 l i 0 0 0 2 
5 13 0 \ i 0 0 0 2 
5 14 Q l 1 Q 0 0 2 

6 6 0 1 0 0 0 0 1 

6 13 Q 1 a 0 0 0 2 

6 14 0 1d 1 0 0 0 2 

13 13 0 l 1 0 0 0 2 
13 14 0 1 1 0 0 0 2 

14 14 0 1 1 0 0 0 1 

5 5 6 0 0 1 0 0 0 1 
5 6 6 0 1 0 0 0 Q l 

) -Z NONE 0 1 1 0 0 1 3 

~ROLL 5 0 1 1 0 0 0 2 
6 0 1 l 0 0 0 2 

13 0 1 1 Q 0 0 2 
14 0 1 1 0 0 0 2 

5 5 Q 0 1 0 0 0 2 

5 6 0 1 1 0 0 0 2 
5 13 0 1 l 0 0 0 2 
5 14 0 1 1 0 0 0 2 

6 6 0 l 0 0 0 Q 2 

6 13 0 l \ 0 Q 0 2 

6 14 0 1 1 0 0 0 2 

13 13 0 l 1 Q 0 0 2 
13 14 0 1 1 Q 0 0 2 
14 14 0 1 1 0 0 0 1 

5 5 6 0 0 1 0 0 0 2 
5 6 6 0 1 0 Q 0 0 2 

4.4-107 
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Table 4.4.4.2,.2.1<-lA. 

Space Transportation g 
Systems Division 

Rockwell 
International 

Z Translation and/or Roll Rotation and/or Pitch 
Rotation Jet Groups (Separation Phase With -Z Translation, Without 

-X Translation, and Either With Crossfeed Closed or Without 
+X Translation) (Cont) 
  

Number of Jets Used by Group 
  

  

  

  

  

  

  

                    

Commands Failure Locations by Group | G-4 G=-5 G-6 G-11 G-12 G-13 G-14 

-2 NONE 0 0 0 0 0 1 3 
“ROLL 5 0 0 0 0 0 0 2 
-PITCH 6 0 0 0 0 0 0 2 

13 0 0 0 0 0 0 2 
14 0 0 0 0 0 0 2 

5 5 0 0 0 0 0 0 2 
5 6 0 0 0 0 0 0 2 
5 13 0 0 0 0 0 0 2 
5 14 0 0 0 0 0 0 2 

6 6 0 0 0 0 0 0 2 
6 13 0 0 0 0 0 0 2 
6 14 0 0 0 0 0 0 2 

13 13 0 0 0 0 0 0 2 
13 14 0 0 0 0 0 0 2 
14 14 0 0 0 0 0 0 1 

5 5 6 0 0 0 0 0 0 2 
5 6 6 0 0 0 0 0 0 2 
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Table 4.4.4,.2.2.1-1B. 

Space Transportation 
Systems Oivisson an 

  

Rockwell 
international 

Z Translation and/or Roll Rotation and/or Pitch 
Rotation Jet Groups (Separation Phase With <-Z Translation and 

With -X Translation) 

  

  

  

  
  

      

  

  

  

  

  
  

  

  

  

                        

Humber of Jets Used by Group 

Coumands Failure Locations by Group | G-4 G-5 G-6 G-11 G-12 Gel3 Geis 

=z NONE 0 1 1 0 0 2 0 
*ROLL $ 0 1 1 0 0 2 0 
*PITCH 6 0 i 1 0 Q 2 0 

-x 13 0 1 l 0 0 2 0 

14 o 1 1 0 0 2 0 
5 5 0 0 l 0 0 1 0 

5 6 Q 1 0 0 2 0 
5 13 0 1 1 0 90 2 0 

5 14 0 l 1 0 0 2 0 

6 6 0 1 0 0 0 1 0 
6 13 0 l 1 0 0 2 0 
6 14 0 1 1 0 0 2 0 

43 13 0 1 1 0 0 I 0 
13 14 0 1 l 0 0 2 0 
14 14 0 1 1 0 0 2 0 

5 5 6 0 0 1 0 0 1 0 
5 6 6 0 1 0 0 0 l 0 

<Z NONE 0 1 I 0 0 2 0 
+ROLL 5 Q 1 l 0 0 2 0 

6 0 1 l 0 0 2 0 

-X 13 0 l 1 0 0 2 0 
14 0 l L 0 0 2 0 

5 5 0 Q l Q 0 2 0 

5 6 Q 1 l 0 0 2 0 
5 13 0 l 1 0 0 2 0 
5 14 0 1 1 0 0 2 Q 

6 6 0 1 0 0 a 2 0 
6 13 0 i 1 0 0 2 0 
6 14 0 d 1 0 0 2 0 

13 13 Q 1 l 0 0 1 0 
13 14 0 1 1 0 0 2 Q 
14 14 Q \ 1 Q Q 2 0 

5 5 6 0 0 1 0 0 2 0 
3 6 6 0 1 0 0 0 

& 4-109 
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Table 4.4.4.2.2.1-1B. Z Translation and/or Roll Rotation and/or Pitch 

Space Transportation ¢g 
Systems Division 

Rockwell 
International 

Rotation Jet Groups (Separation Phase With -Z Translation and 
With -X Translation) (Cont) 

  

Number of Jets Used by Group 
  

  

  

  
  

  

  

  

  

  
  

  

  

  

                    
  

STS 83-0008B 
Volume 2 

Commands Failure Locations by Group | G-4 G-5 G-6 G-ll G-12 G-13 G-14 

| 92 NONE 0 0 0 0 0 2 0 
*ROLL 5 0 0 0 0 0 2 0 
~PITCH 6 0 0 0 0 0 2 0 

-X 13 0 0 0 0 0 2 0 
14 0 0 0 0 0 2 0 

5 5 0 0 0 0 0 2 0 

5 6 0 0 0 0 0 2 0 
5 13 0 0 ) 0 8) 2 0 
5 14 0 0 0 0 0 2 0 

6 6 0 0 0 0 0 2 0 
6 13 0 0 0 0 0 2 0 
6 14 0 0 0 0 0 2 0 

13 13 0 0 0 0 0 l 0 
13 14 0 0 0 0 0 2 0 
14 14 0 0 0 0 0 2 0 

5 5 6 0 0 0 0 0 2 0 
5 6 6 0 0 0 0 0 2 0 

-Z NONE 0 ] 1 0 0 1 1 
5 0 1 1 0 0 1 1 

+PITCH 6 0 1 1 0 0 l l 

-x 13 0 i 1 0 0 | l 1 
14 0 1 1 0 0 l 1 

5 5 0 0 l 0 0 0 0 
5 6 0 1 1 0 0 1 1 
5 13 0 1 1 0 0 1 1 
5 14 0 1 1 0 0 1 l 

6 6 0 1 0 0 0 0 0 
6 13 0 1 l 0 0 1 1 
6 14 0 l l 0 0 1 1 

13 13 0 l 1 0 0 1 L 
13 14 0 1 1 0 0 1 l 
14 14 0 l 1 0 0 1 1 

5 5 6 0 0 1 0 0 0 0 
5 6 6 0 1 0 0 0 0 0 

4.4-110 
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Space Transportation ¢ Rockwell 
Systems Division International 

Table 4.4.4.2.2.1-1B. .Z Translation and/or Roll Rotation and/or Pitch 

Rotation Jet Groups (Separation Phase With -Z Translation and 

With -X Translation) (Cont) 

  

  

  

  

  

  

  

  

  

  
        

  

  

  

  

                  
    

Number of Jets Used by Group 

Commands Failure Locations by Group | G-4 G-5 G-6 Gell G-12 G-13 | G-14 

-Z NONE 0 1 1 0 0 2 2 
5 0 1 l 0 ) 2 2 
6 0 1 1 0 0 2 2 

-x 13 0 1 1 0 0 2 2 
14 0 1 i 0 0 2 2 

5 5 0 0 L 0 Q 1 1 

5 6 0 1 l 0 0 2 2 
5 13 ) l l 0 0 2 2 
5 14 0 1 1 0 0 2 2 

6 6 0 1 0 0 0 1 | 1 
6 13 0 1 1 0 0 2 2 
6 14 0 1 1 0 0 2 2 

13 13 ) l l 0 0 i 2 
13 14 0 1 1 0 0 2 2 
14 14 0 1 1 0 ft) 2 to 

L 

5 5 6 0 0 1 0 0 1 | 1 
5 6 6 0 1 0 0 0 1 1 

=Z NONE 0 0 0 0 0 2 2 
5 0 0 0 0 0 2 2 

-PITCH 6 0 0 0 0 0 2 2 

-X 13 0 0 0 0 0 2 2 
14 0 0 0 0 0 2 2 

5 5 0 0 0 0 0 2 2 

5 6 0 0 0 0 0 2 | 2 
5 13 0 0 0 0 0 2 2 
5 14 0 0 0 1) 0 2 2 

6 6 0 0 0 0 0 2 | 2 
6 13 0 0 0 0 i) 2 2 
6 14 0 0 0 0 0 2 | 2 

13 13 0 0 0 0 0 1 1 2 
13 14 0 0 0 0 0 2 2 
14 146 ) 0 0 0 0 2 1 

5 5 6 0 0 0 0 0 2 2 
. 5 6 6 7) 0 0 0 0 2 2 

4.4-111 
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Table 4.4.4.2.2.1-1B. z Translation and/or Roll Rotation and/or Pitch 

Space Transportation 
Systems Division O Rockwell 

International 

Rotation Jet Groups (Separation Phase With -2 Translation and 

With -X Translation) (Cont) 
  

  

  

  

  
  

  

  

  

  
  

  

  

  

  

                    

Number of Jets Used by Group 

Commands Failure Locations by Group | G-4 G-5 G-6 G-11 G-12 G-13 G-14 

4 NONE 0 1 1 0 0 0 2 
“ROLL 5 0 1 1 0 0 0 2 

+PITCH 6 0 1 1 0 0 0 2 

-X 13 0 l 1 0 0 0 2 

14 0 1 1 0 0 0 2 
5 5 0 0 1 0 0 0 l 

5 6 0 i 1 7! 9 0 0 | 2 
5 13 0 1 1 0 0 0 ' 2 

5 1s 0 l l 0 0 o | 2 

6 6 0 1 0 0 0 0 I 

6 13 0 1 1 0 0 0 2 

6 14 0 1 1 0 0 0 | 2 

13 13 0 1 l 0 0 0 2 

13 14 0 1 1 0 0 0 2 

14 14 0 l 1 0 0 0 1 

5 5 6 0 4) 1 0 0 0 1 
5 6 6 0 1 0 0 0 0 1 

-Z NONE 0 1 1 0 0 0 2 

-ROLL 5 0 1 1 0 0 0 2 
6 0 1 1 0 0 0 2 

-x 13 0 1 1 0 0 0 2 
14 0 1 1 0 0 0 2 

5 5 0 0 1 0 0 0 2 

5 6 0 1 1 0 0 ) 2 
5 13 0 1 1 0 0 0 2 

5 14 0 1 1 0 0 0 2 

6 6 0 1 0 0 0 0 2 
6 13 0 1 1 0 0 ) 2 
6 14 0 1 1 0 0 0 2 

13 13 0 1 1 0 0 0 2 
13 14 0 1 1 0 0 0 2 
14 14 0 1 1 0 0 0 1 

5 5 6 0 0 1 0 0 0 2 
5 6 6 0 1 0 0 0 0 2 

4.4-112 
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Qn al 

Space Transportation ¢ Rockwell 
Systems Division international 

) Table 4.4.4.2.2.l-1B. Z Translation and/or Roll Rotation and/or Pitch 
Rotation Jet Groups (Separation Phase With -2 Translation and 

With -X Translation) (Cont) 
  

  

  

  

    

  

  

    
                

        

—_] Number of Jets Used by Group 

Gx 1, Coumands Failure Locations by Group | G=4 G-5 6-6 6-11 G-12 G=13 G-14 

> 2 NONE 0 0 0 0 0 0 2 
2 -ROLL 5 0 0 0 0 0 0 2 
2 -PITCH 6 0 0 0 0 0 0 2 

> x 13 0 0 0 0 0 0 2 
2 14 0 0 0 0 0 0 2 

1 5 5 0 0 0 0 0 0 2 

———J 5 6 0 0 0 0 0 0 2 
2 5 13 0 0 0 0 0 0 2 
3 5 14 0 0 0 0 0 0 2 

J 6 6 0 0 0 0 0 0 2 
1 6 13 0 0 0 0 0 0 2 
2 6 14 0 0 0 0 0 0 2 
2 
2 13 13 0 0 0 0 0 0 2 
3 13 14 0 0 0 0 0 0 2 
l 14 14 0 0 0 9 0 0 1 

1 5 5 6 0 0 0 0 0 0 2 
\ 5 6 6 0 0 0 0 0 0 2 

sz ~C«* 2 
2 
2 

2 
2 
2 

nn 

2 
2 
2 

een 

2 
2 
2 

> 

2 

. 8 
2 
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Table 4.4.4.2.2.1-I1C. 

Space Transportation 
‘ Systems Division o Rockwell 

International 

Z Translation and/or Roll Rotation and/or Pitch 
Rotation Jet Groups (Separation Phase With <-Z Translation, 

+X Translation, and Open Crossfeed) 
  

  

  

  

  
  

  

  

  

  

  
  

  

  

                      

Number of Jets Used by Group 

Commands Failure Locations by Group | G-4 G-5 G~6 G-1l G-12 G-13 G-14 

“2 NONE 0 l 1 0 0 2 0 
+ROLL 5 0 1 1 0 0 2 0 
+PITCH 6 0 1 1 0 0 2 0 

+X 13 0 1 1 0 0 2 0 
14 0 1 1 0 0 2 0 

3 3 0 0 1 0 0 1 0 

5 6 0 1 | 1 Oo: 0 2 0 
5 13 0 1 l 0 ) 2 0 
5 14 0 1 1 0 0 2 ; 9 

6 6 0 1 0 0 0 1 0 
6 13 0 1 1 0 0 2 0 
6 14 0 1 1 0 0 2 0 

13 13 0 i 1 0 0 1 0 
13 14 0 1 1 0 0 2 0 
14 14 1) 1 l 0 0 2 0 

5 5 6 0 0 1 0 0 1 0 
5 6 6 0 1 0 0 0 1 0 

-Z NONE 0 1 l 0 0 2 0 
+ROLL 5 0 1 1 0 8) 2 0 

6 0 1 1 i) 0 2 0 

+X 13 0 1 1 0 0) 2 0 
14 0 1 1 0 0 2 0 

5 5 0) 0 l 0 0 2 0 

5 6 0 l 1 0 0 2 0 
5 13 0 1 1 0 ) 2 0 
3 14 0 1 1 0 0 2 0 

6 6 0 1 0 0 0 2 0 
6 13 0 1 1 0 0 2 0 
6 14 0 1 1 0 0 2 0 

13 13 0 1 1 0 0 1 0 
13 14 0 1 1 0 0 2 0 
14 14 0 r 1 l 0 0 2 0 

5 5 6 0 0 1 tt) 0 2 0 
5 6 6 0 1 0 0 0 2 0 

4.4114 
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Space Transportation 
Systems Division é Rockwell 

International 

Table 4.4.4.2.2.121C. /2 Tranelation and/or Roll Rotation and/or Pitch 
Rotation Jet Groups (Separation Phase With <2 Translation, 

+X Translation, and Open Crossfeed) (Cont) 

  

  

  

  

a 
\
r
e
c
e
e
e
|
e
e
e
|
 

      

  

  

  

  

  

  

  
  

  

  

    
                
  

Number of Jatea Used by Group 

Commands Failure Locations by Group | G-4 G-5 G~6 Gell G-12 G-13 | G14 

“2 NONE 0 0 0 0 0 2 | 0 
*ROLL 5 0 0 0 i) 0 2 0 
-PITCH 6 0 0 0 0 0 2 0 

+X 13 0 0 0 0 0 2 0 
14 0 0 0 0 0 2 0 

5 5 0 0 0 0 0 2 0 

5 6 0 0 0 0 0 2 0 

5 13 0 0 0 0 0 2 3 

5 14 0 0 0 0 0 2 0 

6 6 0 0 0 0 0 2 0 
6 13 0 0 0 0 0 2 0 

6 14 0 0 Q 0 0 2 0 

13 13 0 0 0 0 0 1 0 

13 14 0 0 0 0 0 2 0 
14 14 0 0 0 0 0 2 0 

5 5 i) 0 0 0 0 2 0 
5 6 0 0 0 0 0 2 0 

-Z NONE 0 1 1 0 0 i 1 
5 0 1 1 0 0 1 1 

+PITCH 6 0 1 1 0 0 1 

+X 13 0 L l 0 0 l 1 

14 0 1 1 0 0 l l 

5 5 0 0 1 0 0 0 0 

5 6 0 1 1 0 0 1 l 
5 13 0 1 1 0 0 l 1 
5 14 0 l 1 0 0 1 l 

6 6 0 l 0 0 0 0 0 
6 13 0 1 1 0 0 1 L 
6 14 0 1 1 0 0 l L 

13 13 0 i A 0 0 1 l 
13 14 0 1 1 0 0 1 l 
14 14 0 1 L 0 0 1 1 

5 5 i) 0 l 0 0 0 0 
5 6 0 1 0 0 0 0 0 

4.4-115 
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Space Transportation g Rockwell 
Systems Division International 

Table 4.4.4.2.2.1-1C. 2% Translation and/or Roll Rotation and/or Pitch 
Rotation Jet Groups (Separation Phase With -Z Translation, 

+X Translation, and Open Crossfeed) (Cont) 
  

  

  

  

  

    
  

  

  

  
  

  

  

  

                      

Number of Jets Used by Group 

Commands Failure Locations by Group | G-4 G-5 G-6 G-11 G-12 G-13 G-14 

-Z NONE 0 1 1 0 0 2 2 
5 0 1 l 0 0 2 2 
6 0 L 1 0 0 2 2 

+X 13 0 I l 0 0 2 2 
14 0 1 l 0 0 2 2 

5 5 0 0 1 0 0 1 1 

5 6 0 1 1 0 0 2 2 
5 13 0 1 1 0 0 2 2 
5 14 0 1 1 0 0 2 2 

6 6 0 1 0 0 0 1 1 
6 13 0 1 1 0 0 2 2 
6 14 0 1 L 0 0 2 | 2 

13 13 0 1 1 0 0 1 2 
13 14 0 1 1 0 0 2 2 
14 14 0 1 0 0 2 l 

5 5 6 0 0 1 0 0 1 1 
3. 6 6 0 1 0 0 0 1 1 

=Z NONE 0 0 0 0 0 2 2 
5 0 0 0 0 0 2 2 

~PITICH 6 0 0 0 0 0 2 2 

+X 13 0 0 0 0 2 2 
14 0 i) 0 0 0 2 2 

5 5 0 0 ; oO 0 2 2 

5 6 0 0 0 0 0 2 2 
5 13 0 0 0 0 0 2 2 
5 14 0 0 0 0 0 2 2 

6 6 0 0 0 0 0 2 2 
6 13 0 0 0 0 0 2 2 
6 14 0 0 0 0 0 2 2 

13 13 0 0 0 0 0 1 2 
13 14 0 0 0 0 0 2 2 
14 14 0 0 0 0 0 2 l 

5 5 6 0 0 0 0 0 2 2 
5 6 6 0 0 0 0 0 2 2 

| 
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Table 4. 4, 4, 2. 2. 1-1¢, 

  

arkwell 
Spee arene Orenan oN Poe national 

2 Translation and/or Roll Rotation and/or Piteh 
Rotation Jet Groupa (Separation Phase With 2 Teranalatian, 

+X Tranalation, and Open Croesfeed) (Cont) 

  

  

  

  
  
  

  
  

  

  

  

  
    
  

  

  

  

                    

Number ef Jatea Used by Oraup 

Commands Ferlure Locationa by Group | 6-4 G-5 a4 611 O12 6 13 | G is 

=z NONE 0 i l 0 0 0 2 
ROLL 3 0 i l 0 4 0 3 
*PLTCH 6 0 L A 0 0 0 

+X 13 0 1 1 0 ] 6 2 
14 0 l l 0 0 0 2 

$ $ 0 0 l 0 0 0 4 

5 6 0 1 1 0 0 0 
$ 13 0 l \ 9 0 ] 2 
5 14 0 l 1 0 0 0 [ 2 

6 6 0 l 0 0 0 0 I 
6 13 A) l 1 0 0 0 yi 
6 14 0 L l 0 0 0 2 

43 13 0 1 l 0 0 0 2 
13 14 0 1 1 0 0 0 2 
1 14 0 1 1 0 0 0 1 

5 5 6 0 0 l 0 0 0 I 
5 6 6 I 0 0 0 0 1 

2 NONE 0 1 i 0 0 0 2 
-ROLL 5 0 1 1 0 0 0 2 

6 0 1 1 0 0 0 2 

+X 13 0 l 1 0 0 0 2 
14 0 1 1 0 0 0 2 

5 5 0 0 1 0 0 0 2 

5 6 0 1 1 0 0 0 2 
3 13 0 1 1 0 0 0 2 
5 14 0 1 1 0 0 0 2 

6 6 0 1 0 0 0 0 2 
6 13 0 l 1 0 0 0 2 
6 14 0 1 i 0 0 0 2 

13 13 0 1 1 0 0 0 2 
13 14 0 1 l 0 0 0 2 
14 14 0 1 l 0 0 0 l 

5 5 0 0 l 0 0 0 2 
5 6 0 1 0 0 0 ft] 2 

44-117 
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Table 4. 4. 4, 2. 2. 1l-1C. 

Space Transportation g 
Systems Division 

  

Rockwell 
International 

Z Translation and/or Roll Rotation and/or Pitch 
Rotation Jet Groups (Separation Phase With <Z Translation, 

+X Translation, and Open Crossfeed) (Cont) 
  

Number of Jets Used by Group 
  

  

  

  

  

  

  

                    

Commands Failure Locations by Group | G-4 G-5 G-6 Gell G-12 G13 G-14 

<2 NONE 0 0 0 0 0 0 2 
~ROLL 5 0 ) 0 0 0 0 2 
PITCH 6 0 0 0 0 0 0 2 

+X 13 0 0 0 0 0 0 2 
14 0 0 0 0 0 0 2 

5 5 0 0- 0 0 0 0 2 
5 6 0 0 0 0 0 0 2 
5 13 0 0 0 0 0 0 2 

5 14 0 0 0 0 0 0 1 2 

6 6 0 0 0 0 0 0 2 

6 13 0 0 0 0 0 0 2 

6 14 0 0 0 0 0 0 2 

13 13 0 0 0 0 0 0 2 
13 14 0 0 0 0 0 0 2 
14 14 0 0 0 0 0 0 1 

5 5 6 0 0 0 0 0 0 2 
5 6 6 0 0 0 0 0 0 2 

4.4-118 
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Table 4, 4, 4, 2. 2. l-1D. 

Ale ct ltl dae on 
“pe, dieses " 

8 Traneportati Rockwell 
Pe gystere Olnsion 6) international] 

Z Translation and/or Roll Rotation and/or Pitch 
Rotation Jet Groups (Post-Separation Phase With -Z Translation) 

  

  

      

  

    
  

  

  

  

  

  

  

  

  
  

                    

Number of Jets Used by Croup 

Commands Faalure Locations by Group | G-4 6-5 G 6 G-i1 6-12 6-13 G-le 

=z NONE 0 i 1 0 0 2 0 
*ROLL 5 0 1 i 0 0 2 0 
oerTcu 6 0 l 1 0 0 | 2 | 9 

13 0 i i 0 0 2 0 
la 0 i 1 0 0 2 0 

“Zz NONE 0 1 1 0 0 2 0 

*ROLL 5 0 l 1 0 0 2 0 

6 0 1 1 0 0 2 5 

13 0 1 1 0 0 2 6 
14 0 1 1 0 0 2 6 

Zz NONE 0 0 0 0 0 2 0 

ROLL 5 0 0 0 0 0 2 O 

-PITCH 6 0 0 0 0 0 2 0 

13 0 0 0 0 0 2 0 

14 0 0 0 0 0 z Q 

) “Zz NONE 0 l 1 0 0 0 0 

5 0 l 1 0 0 0 Qo 

*PITCH 6 0 1 1 0 0 0 0 

13 0 1 l 0 Qo 0 Q 

14 0 1 1 0 Qa 0 0 

-Z NONE 0 1 l 0 0 2 2 

5 0 1 l 0 0 2 2 

6 0 1 1 0 Q 2 2 

13 0 1 l 9 2 2 

14 0 1 l 0 0 2 2 

7% NONE 0 0 0 0 0 1 1 
5 0 0 0 0 Q i L 

“PITCH 6 0 0 0 0 Q L L 

13 0 oO 0 0 0 l 1 
14 0 0 0 0 Q 1 1 

44-119 
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Space Transportation g Rockwell 
Systems Division International 

7 
Table 4.4.4.2.2.1-1D. 2Z Translation and/or Roll Rotation and/or Pitch 

Rotation Jet Groups (Post-Separation Phase With 
-Z2 Translation) (Cont) 

  

  

  

  

  

  

  

  

  

                    

’ Number of Jets Used by Group 

Commands Failure Locations by Group | G-4 G=-5 G-6 G-ll G-12 G-13 Ge-l4 

-Z NONE 0 1 1 0 0 0 2 
“ROLL 5 0 1 1 0 0 0 2 
*PITCH 6 0 1 1 0 0 0 2 

13 0 1 1 0 0 0 2 
14 0 l l 0 0 0 2 

=z NONE 0 1 1 0 0 0 2 
“ROLL 5 0 I 1 0 0 0 2 

6 0 l 1 0 0 0 2 

13 0 1 1 0 0 0 2 
14 0 1 1 0 0 0 2 

-2 "NONE 0 0 0 0 0 0 2 
-ROLL 5 0 0 0 0 0 0 2 
-PITCH 6 0 0 0 0 0 0 2 

13 0 0 0 0 0 0 2 
14 ; 0 0 0 0 0 0 2 . 

4.4-120 
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wel) 
“Yona, 

Space Transportation ¢ Rockwell 

= Systems Division International 

Table 4.4.4.2.2.1-l1E. 2 Translation and/or Roll Rotation and/or Pitch 
— Rotation Jet Groups (+Z Translation or No Z Translation) 

  

  

  

  
  

  

  

  
  

  

  

  

  

  

  

  

  

  

  

  

                      
    

3 G Number of Jets Used by Group 

“1 
4 Commands Failure Locations by Group | G-4 G=5 G-6 G-11 G-12 G-13 G-14 

2 
2 4 NONE 0 0 ) 0 1 0 0 
2 +ROLL 4 0 0 0 0 1 0 0 

; 12 0 0 0 0 L 0 0 

oo +2 NONE 1 0 0 0 1 0 0 
2 +ROLL 4 1 0 0 0 1 0 0 
2 ll 1 0 0 0 l 0 0 
2 

— 12 1 0 0 0 | 1 0 0 
2 ; } 

2 +2 NONE 1 0 0 0 1 0 0 
+ROLL 4 1 0 0 0 l 0 0 

2 -PITCH ll 1 0 0 0 1 | 9 0 

; 12 1 0 0 0 1 0 3 0 

—— +Z NONE 0 0 0 1 1 0 0 
2 4 0 0 0 1 1 o ;, 90 
2 +PITCH il 0 0 0 1 1 0 , 0 

Q 12 0 0 0 1 i 0 0 

+2 NONE 1 0 0 1 1 0 0 
4 1 0 0 1 1 0 0 

ll 1 0 0 1 l 0 0 

12 l 0 0 1 l 0 0 

+Z NONE 1 0 0 0 0 0 0 
4 1 0 0 0 0 0 0 

-PITCH li 1 0 0 0 0 0 0 

12 1 0 0 0 0 0 0 

+2 NONE 0 0 0 1 0 0 0 
“ROLL 4 0 0 0 1 0 0 ‘0 
+PITCH ll 0 0 0 1 0 0 0 

12 0 0 0 1 0 0 0 
+Z NONE 1 0 0 1 0 0 0 
“ROLL 4 1 0 0 1 0 0 0 

ll 1 0 0 1 0 0 0 

12 1 0 0 1 0 0 0 

4.4-121 
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Table 4.4.4.2.2.1-lE. Z Translation and/or Roll Rotation and/or Pitch 

Space Transportation 
Systems Division OR Rockwell 

international 

Rotation Jet Groups (+Z Translation or No Z Translation) (Cont) 

  

  

  

    
  

    

  

  

  

  

      

  
  

  

  

  

                    

Number of Jets Used by Group 

Commands Failure Locations by Group | G-4 G-5 G-6 G11 Ge12 G-13 | “14 

+Z NONE 1 0 0 1 0 1) 0 
“ROLL 4 1 0 0 1 0 0 0 
-PITCH il 1 0 0 l 0 0 0 

1 

12 1 0 | 0 1 | 0 0 | 0 

NONE 0 1 a | fy) | l 0 0 
+ROLL 5 0 1 ' oo4 0 l 0 0 
+PITCH 6 0 l boy 0) f oo. 0 ‘0 

ll 0 1 1 0 | oul 0 0 
12 0 l 1 0 1 0 0 

5 5 0 0 ; 0 0 1 0 0 

5 6 0 1 ; ol 0 | 1 0 0 
5 ll 0 1 to. 0 1 0 | 
5 12 0 l l 0 l 0 0 

6 6 0 0 0 0 1 0 0 
6 ll 0 1 1 0 L 0 0 
6 12 0 1 1 1) 1 4) 0 

11 ll 0 1 1 0 1 0 4) 
ll 12 0 1 1 0 1 0 0 
12 12 0 1 1 ) 1 0 ) 

NONE 1) 1 } 2 1 l 0 0 
5 0 1 ood l 1 0 0 

+PITCH 6 0 l 1 l od 0 0 

ll 0 a | l 1 0 0 
12 0 l 1 1 1 0 0 

5 5 0 0 0 1 1 0 0 
5 6 0 1 1 1 1 0 0 
5 ll 0 1 1 1 l 0 0 
5 12 0 1 l 1 1 0 0 

6 6 0 0 0 1 0 0 
6 ll 0 1 l l 1 ) 0 
6 12 1 1 1 1 0 0 

ll ll 0 1 1 1 1 4) 0 
1 12 0 1 1 1 1 0 0 
12 12 0 1 1 1 1 0 0 
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Table 4.4.4.2.2.1-1E. Z Translation and/or Roll Rotation and/or Pitch 
Rotation Jet Groups (+Z Translation or No Z Translation) (Cone) 

  

  

  

  

  
    
  

  

  

  

  

  

  

  
  

  

                        
  

Number of Jets Used by Group 

Commands Failure Locations by Group | G-4 G-5 G-6 Gell G-12 G-13 G-14 

NONE 0 i 1 1 0 0 0 
ROLL 5 0 1 1 1 0 0 0 
*PITCH 6 ) 1 1 1 0 0 0 

ll 0 1 1 1 0 0 0 
12 0 l 1 1 0 0 0 

5 5 0 0 0 1 0 0 0 

5 6 0 1 l L 0 0 0 
5 ll 0 1 1 1 0 0 0 
5 12 0 1 L 1 0 0 0 

6 6 0 0 0 1 0 0 0 
6 ll 0 1 1 1 0 0 0 
6 12 0 1 1 1 0 0 0 

ll ll 0 l 1 1 0 0 0 
ll 12 0 1 1 1 0 0 0 
12 12 0 1 1 1 ) 0 0 

NONE 1 0 0 0 0 2 0 
+ROLL 4 1 0 0 0 0 2 0 
-PITCH 13 1 0 0 0 0 2 0 

14 1 0 0 0 0 2 0 
4 4 1 0 0 0 0 2 0 
4 13 l 0 0 0 0 2 0 
4 14 1 0 0 0 0 | 2 0 

13 13 1 0 0 0 0 l 0 
13 14 1 0 ft) 0 0 2 0 

14 14 1 0 0 0 0 2 i) 

NONE 1 0 0 0 0 1 l 
4 1 0 0 0 0 1 1 

-PLTCH 13 1 0 0 0 0 1 1 

14 1 0 0 0 0 1 1 
4 4 1 0 0 0 0 1 1 
4 13 l 0 0 0 0 l 1 

4 14 1 0 0 0 0 i 1 
13 13 1 0 0 0 0 1 1 
13 14 l 0 0 0 0 1 1 

14 14 1 0 0 0 0 1 1 
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Table 4.4.4,2.2.1-1E. Z Translation and/or Roll Rotation and/or Pitch 
Rotation Jet Groups (+Z Translation or No Z Translation) (Cont) 

  

  

  

    
  

  

  

  

  

  
  

                    

Number of Jets Used by Group 

Commands Failure Locations by Group | G-4 G-5 G-6 Gell G~12 G-13 G-14 

NONE 1 0 0 0 0 | 0 2 
“ROLL 4 l 0 0 0 i) 0 2 
-PITCH 13 1 0 0 0 o0 | o 2 

14 1 0 0 0 0 | 0 ; 2 
4 4 1 0 0 0 0 0 ; 2 
4 13 1 0 0 0 0 ' 0 2 

4 14 1 0 0 0 0 0 2 
13 13 1 0 0 ) 0 i 0 2 
13 14 1 0 0 0 0 0 2 

14 14 1 0 0 0 o j; Oo : 1 

NONE 0 0 0 0 1 1 ‘ 0 

+ROLL 12 0 0 0 0 1 1 1) 
13 0 0 0 0 l | 1 0 

12 12 0 0 0 0 1 1 0 
12 13 0 0 0 0 1 1 0 
13 13 0 0 0 0 1 1 0 ) 

-ROLL NONE 0 0 0 1 0 0 1 

ll 0 0 0 1 0 0 1 
14 0 0 0 1 ) i 0 1 

ll ll 0 0 0 L 0 0 L 
11 14 0 0 0 1 0 0 1 
14 14 0 0 0 1 0 ) 1 
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‘Ch 

— 9 Table 4.4.4,.2.2.1°2. Y Translation and/or Yaw Rotation Jet Groupe 

TS Number of Jets Used by Geaup 
Gn 

~~ Commands Failure Locations by Group G-2 G-3 ¢9 6 16 

P 
2 +Y None i 0 0 0 

2 +Yaw 2 1 0 0 0 
—~ 9 1 0 0 0 

; +7 None 1 0 1 0 
—_] 2 1 0 1 0 

2 9 1 0 i 0 

2 
2 +Y None 0 0 1 0 

—— -Yaw 2 0 0 1 0 
l 9 0 0 1 0 

| ~ 

9 -Y None 0 0 0 1 
O +Yaw 3 0 0 0 1 

—_| 10 0 0 0 1 

° “¥ None 0 1 0 1 
0 3 0 1 0 1 

C) 10 0 1 0 1 

1 
1 “Y None 0 1 0 0 

l -Yaw 3 0 1 0 0 

> 10 0 1 0 0 

+Yaw None 1 0 0 1 

2 1 0 0 1 

10 1 0 0 1 

2 2 0 0 0 l 

2 10 1 0 0 1 

10 10 1 0 0 1 

-Yaw None 0 1 1 0 

3 0 1 1 0 

9 0 1 1 0 

3 3 0 0 l 0 

3 9 0 1 1 0 

9 9 0 1 1 0 

‘ 
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él 
Table 4.4.4.2.2.1-3. X Translation Jet Groups 

Rockwell 
International 

  

  

  

            

Number of Jets Used by Group 

Commands Failure Locations by Group G-1l G-7 G-8 

+X None 0 2 2 
7 0 1 2 
8 0 2 1 

-X None 2 0 0 
1 2 0 0 
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RCS Jet Grouping, Prioritization, and I/O Mapping 
  

  

    
  

  

  

  

  

  

  

  

  

  

  

  

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

\ l 1 <r 
2 1 2 LCFLY), 5(¥2F), 13¢93F) 
3 1 3 

4 2 1 *Y 2(F1L), 14(F3L) 
5 2 2 

6 3 1 oY 6(¥2R), 9(F4R) 

? 3 2 

8 4 1 42 
9 4 2 3(PlU), 7(F20), 15¢F3U) 

10 4 3 

ll 5 1 -Z 8(F2D), 10¢F4D) 

12 5 2 

13 6 1 -Z 4(F1D), 16(F3D) 
4 6 2 

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

16 7 2 

17 8 1 eX 1(L1A), 9(L3A) 

18 8 2 

19 9 1 +Y 
20 9 2 2(L1L), 17(L2L), 10(L3L), 23(L4L) 
2i 9 3 

22 9 4 

23 10 1 -Y 
24 10 2 SCRIR), 20(R2R), 13(R3R), 26(R4R) 
25 10 3 

26 10 4 

27 11 1 +Z 
28 ll 2 3(L1U), 18(L2U), 24(L4U) 
29 11 3 

30 12 1 +2 
31 12 2 6(R1U), 21(R2U), 27(R4U) 

32 12 3 

33 13 1 2 
34 13 2 19(L2D), 11(L3D), 25(L4D) 
35 13 3 

36 14 1 2 
37 14 2 22(R2D), 14(R3D), 28(R4D) 
38 14 3             *Note: Lowest number = highest priority (i.e., No. 1 is selected first). 
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Table 4.4.4.2.2.1=-5. 

Space Transportation 
Systems Division é) Rockwell 

international 

JET_SELECT_TRANSITION Interface Requirements 
  

  

  

  

  

  

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

Inputs 

CROSSFEED_OPEN Crossfeed between aft RCS tanke is | RCS/RCS XFEED 8 0,1 none 12.5 
open (l=open) 

AVAILABLE_JET_ Aft jet available status RCS RM A(28)8 | 0,1 none 12.5 
AFT (l*available) 

AVAILABLE JET_ Forward jet available status RCS BM A(16)B | 0,1 none 12.5 
FwD (l@avai lable) 

JET_FAIL_CHANGE | Flag signifying change in HFAIL RCS RM B 0,1 none 12.5 
FLAG (lechanged) 

JET_MAP Mapping of jet use preference RCS RM or carryover | A(38)I | 1-28 none 12.5 
within groups from previous OPS 

NOSé_DUMP Request for RCS propellant duup DEORB MNVR DIP B 0,1 none 12.5 
using forward jets 

ROT_JET_CMD Rotation command 3-aX RHC SOP (via AC3)1 -1,0,1 1] ,none 12.5 

unity gain), ROT_ 
PULSE TRANSITION, or 

PHASE _PLANE_ 
TRANSITION 

SEP_COMPLETE -Z separation velocity has been TRNS_RECON, B 0,1 none 12.5 
achieved (l=*complete) ET_SEP_ 

PROCESSOR 

SEP_MINUSZ CMD Flag indicating auto ET separation | ET SEP SEQ B 0,1 none 12.5 
burn is to begin 

TRANS _JET_CMD Translation command (+X, -X, +Y, GN&C SW RM (via A(6)B 0,1 none 12.5 
“Y¥, +Z, <2) unity gain) ,ET_SEP_ 

PROCESSOR, or 

TRNS_RECON 

Output 

NEW _JONLST_AFT RCS aft jet command (l#on; O#off) AS RCS CMD SOP A(28)B | 0,1 none 12.5 

NEW_JONLST_FWD RCS forward jet command (l=on; AS RCS CMD SOP A(16)B | 0,1 none 12.5 

  
O=of f) 
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4.4.4.2.2.2 PHASE PLANE TRANSITION 

A. Function. For each body axis requiring RCS rotation control and not in 
the manual rotation acceleration submode, this module determines whether an 

angular rate change is needed and the sign of the desired rate change. The 
sign and magnitude of the desired rate error and the RCS rotation commands are 
supplied to the OMS processor as well. The module operates individually by 
axis. The algorithm drives and holds the vehicle in a limit cycle about the 
desired attitude and attitude rate. Rate error extrapolation logic compen- 
sates for lags in RCS jet thrust buildup and angular rate measurement. The 
block diagrams for the module PHASE PLANE TRANSITION are presented in Fig- 
ures 4.4.4,2,2.2-1 and 4.4.4.2.2.2-2. Region boundaries and control actions 
of the function P_P TRANSITION are shown in Table 4.4.4.2,2.2-1. The switch- 
ing lines are defined in Table 4.4.4.2,2.2=-2. 

B. Processing Rate. The module PHASE PLANE TRANSITION is processed at 

12.5 Hz. 

C. Interface Requirements. The interface requirements for the module PHASE _ 
PLANE TRANSITION are shown in Table 4.4.4,2.2.2-3. 

D. I-Loads/Constants. The I-loads/constants for the module PHASE PLANE _ 
TRANSITION are shown in Table 4.4.4.2.2.2-4. 

E. Initialization Requirements. Initialization requirements for the module 
PHASE PLANE TRANSITION are shown in Table 4.4.4.2.2.2=5. 
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x2 

$3 { 1 
4 

S5 

52 S42 S1(k) 
5 

3 

> x1 

a LOCAL VARIABLE DEFINITIONS: 

VARIABLE DEFINITION 
  

(was [wl > RTH 

SIGN (0,)3 lwgl < RTH 

Xl SE a, 

- ('" |wel > RTH 
‘ 

0 3 lw.) < RTH 

k SET TO ZERO IF |X1|< 0.9 DB; 
OTHERWISE, UNCHANGED 

Figure 4.4.4.2.2.2-2. Phase Plane for Function P_P 
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Table 4.4.4.2.2.2-1. ‘Control Actions by Function P_P TRANSITION 
in Regions of the Phase Plane 

  

  

  

  

  

    

Region Action Region Definition 

1 ROT _JET_CMD = -SE; IF x2 < $3 X1 2 Sl or 
THEN k = MINIMUM [k + 1, KLIM]3; and X2 > §3 

WED = - SE WLOW 

ELSE k UNCHANGED and 

WED = SE WHIGH 

2 IF ROT_JET_CMD (from previous cycle) $3 2 X2 
= -SE, and X2 #0 
THEN (leave ROT_JET_CMD at that and 

value) 
ELSE ROT_JET_CMD = 0 S1 > Xl 2 sé 
WED = 0 

3 ROT JET_CMD = SE X1 < s2 

WED = SE WLOW and 

X2 < $5 

4 ROT _JET_CMD = 0 X1 < $2 

WED = SE WLOW and 

$3 2 X2 2 S5 

5 ROT JET_CMD = 0 $2 < Xl < S4 

WED = SE WLOW and 

X2 < $3       
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Table 4.4.4.2.2.2-2. Definition of Switching Lines 

International 

  

Line 
  

  
    

Definition 

51 mL a = x24 pp 4 22 DB gC yo c sat 
2U, KSTEP °° = 

cx2? S2 Xl =- Zul” 7 1-2 DB, 0 < x2 < +RL (see note) 
Cc 

$3 X2 = +RL, bounded on the right by Sl 

s5 X2 = LRL, bounded on the right by S2 

-x2? S4 X1 = = - DB, 0 < X2 < +RL 
2U, - 

1.25, |ROT_JET_cMD| # 1 
Note: C= 

1.0, |ROT_JET_CMD| = 1   
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Table 4.4.4.2.2.2-3. PHASE PLANE TRANSITION Interface Requirements 

  

      

  

  

  

  

  

                

Source or Sample 

Name Description Destination Type Range Unie Race (Hz) 

Taputs 

ATTITUDE_ERROR Body angle error RCS_ERRORS TRANSITION v(3)s -360 to deg 12.5 
360 

AXIS Body axis for this executioa TRNS_ RECON I 1,2,3 none 12.5/ 
axis 

DEADBAND Atcicude deadband by axis TRNS_RECON A(3)S | O co 20 deg 12.5 

FORCE_FIRE Rate damping initiation flag by | ROT_DISC_TRANSITION, B(3) 0,1 for none 12.5 
axis (l=damp race) AUTO_MNVR, TRNS_ RECON each bit 

INIT_PHASE_ PLANE | Module initialization TRNS_RECON A(3)8B 0,1 none 12.5 

flag (1 = inic.) 

PHASE_PLANE_ACCEL | Magnitude of average control See Note 1 A(3)s 0 to 5 deg/s s 12.5 
acceleration available for each 
axis, scaled for phase~plane use 

RATE_ERROR Body angular rate error RCS_ERRORS TRANSITION | V(3)S | -20 to 20 | deg/s 12.5 

RATE_LIMIT Angular rate error limit by axis | TRNS RECON AQ3)S | 0 to 5 deg/s 12.5 

ROT_JET_CMD Rotation comaand from previous PHASE PLANE_ AC3)IE } ~1,0,1 none 12.5 
cycle TRANSITION 

LOWER_RATE_LIMIT | Phase-plane lower rate limit TRNS_RECON s 0 to 2 deg/s 12.5 

Outputs 

OMEGA_E_DESIRED Desired angular rate error TVC_LAW _PITCH_YAW, V(3)S | -5 to 5 deg/s 12.5 
TVC_LAW_ROLL 

ROT_JET_CMD Rotation command PHASE PLANE_ AC3)I -1,0,1 none 12.5 

TRANSITION, JET_ 
SELECT TRANSITION, 

TVC_LAW_PITCH_YAW, 
TVC_LAW_ROLL, 
RCS ACT LT 

Noce 1. I-load (Insertion); carryover value from On-Orbit phase (Deorbit)     
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Table 4.4.4.2.2,2=-46, 

ON fost 

PHASE PLANE TRANSITION I-Loads/Consteacs 

  

  

  

Name Description Type MSiD/Valwe ta ¢ 

K_REL | Rate error lead function gain A(3)S | ¥9701318¢ éez/s 
V97ULI19C 
¥9701320C 

KLIM Switching line incrementation Limit t ¥9702618C 2030 

KSTEP | Switching line incrementation size factor | 1 V9702417C s0te 

L_REL | Rate error lead function A(3)$ | ¥9907285C tez 3 
gain to compensate for filter lags 9990 7286C 

v99 728°C 

TDAP Period of RCS DAP cycle s 0.08 3 

RTH Rate threshold AC3)s | V9702414¢ seg a 
to 

V970241 6¢ 

WHIGH | Upper target rate error for TVC crossfeed | S ¥9609710C a25.3 

WLOW Lower target rate error for TVC crossfeed | S v96ug711c deg. a         

Table 4,.4.4,2.2.2-5. PHASE PLANE TRANSITION Initialization Requirements 

  

Initialize on 

Transition From 

Initalize oa 
Transition To Variable Tartial Vacee 

  

  
INIT_PHASE_PLANE,yy5 = 0 INIT PHASE_PLANE,yrg * 1 
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4.4.4.2.3 OMS Processor. 

4.4.4.2.3.1 TVC LAW PITCH YAW. 

A. Function. This module closes the inner loop of the TVC DAP. Commanded 
pitch and yaw rates and the corresponding desired rate errors are subtracted 
from the vehicle rates to form rate errors, which are processed by compensa- 
tion filters and passed through proportional-plus-integral paths. The inte- 
gral paths are incremented as a function of the RCS rotation commands. The 
outputs are limited and passed on as position commands to the OMS engine 
actuator servos. Initialization of this module consists of subfunctions, 
which are invoked as required. These subfunctions are described separately, 
and the initialization modes are then summarized. 

The pitch and yaw channels each consist of an upstream error determin- 
ation and filter section, and a downstream proportional-plus-integral path and 
limiting section (Figure 4.4.4.2.3.1l-1). A switch between the sections, oper- 
ated by the initialization flag, allows a trim mode, with the downstream sec- 
tion operating alone with input zeroed, and a dynamic mode, with the sections 
connected together. 

The I-loaded trim angles can be over written by adjusting the values of 
OMS PITCH_TRIM and OMS_YAW TRIM via the maneuver display principal function; 
or the trim angles may “be left alone, in which case they would either be their 
I-loaded values or the values remaining from the previous burn. Operating the 
downstream section causes the existing trim value to be output from the module 
as the engine pitch and yaw commands. In case of a mid=burn transition from 
two OMS engines to one engine, the trim angles are automatically adjusted for 
thrusting through the c.g. by the use of internally stored constants. 

The OMS PITCH TRIM and OMS YAW TRIM values provided by the maneuver dis- 
play principal function are identified in the principal function interface 

tables (See Tables 4.4.2-1, 4.4.2-2, and 4.4.5-1) using different MSID and 
Level B mnemonic numbers from those numbers used to identify the trim values 
which are outputs from this module. Providing unique identification for the 
input and output values is done for accounting of principal function inter- 
faces only and is not intended to preclude the possibility of using a common 
compool location for storage of both values. 

Dynamic gains must also be adjusted as a function of the number of OMS 
engines operating. Thus, on the first dynamic pass following prethrust trim- 
ming or upon a two to one engine transition, the reconfiguration module indi- 
cates the number of engines via a gain flag and forces a gain calculation via 
the initialization flag. The first dynamic pass also requires initialization 
of the filters. The various initialization modes are summarized below. 
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4.4.4.2.3 OMS Processor. 

4.4.4.2.3.1 TVC_LAW_ PITCH YAW. 

A. Function. This module closes the inner loop of the TVC DAP. Commanded 
pitch and yaw rates and the corresponding desired rate errors are subtracted 
from the vehicle rates to form rate errors, which are processed by compensa- 
tion filters and passed through proportional-plus-integral paths. The inte- 
gral paths are incremented as a function of the RCS rotation commands. The 
outputs are limited and passed on as position commands to the OMS engine 
actuator servos. Initialization of this module consists of subfunctions, 
which are invoked as required. These subfunctions are described separately, 

and the initialization modes are then summarized, 

The pitch and yaw channels each consist of an upstream error determin- 
ation and filter section, and a downstream proportional-plus-integral path and 

limiting section (Figure 4.4.4.2.3.1l-l1). A switch between the sections, oper- 
ated by the initialization flag, allows a trim mode, with the downstream sec- 
tion operating alone with input zeroed, and a dynamic mode, with the sections 
connected together. 

The I-loaded trim angles can be over written by adjusting the values of 
OMS PITCH TRIM and OMS YAW TRIM via the maneuver display principal function; 

or the trim angles may , be left alone, in which case they would either be their 

I-loaded values or the values remaining from the previous burn. Operating the 
downstream section causes the existing trim value to be output from the module 
as the engine pitch and yaw commands. In case of a mid-burn transition from 
two OMS engines to one engine, the trim angles are automatically adjusted for 

thrusting through the c.g. by the use of internally stored constants. 

The OMS PITCH TRIM and OMS YAW TRIM values provided by the maneuver dis~ 

play principal function are identified in the principal function interface 
tables (See Tables 4.4.2-1, 4.4.2-2, and Appendix A) using difference MSID and 
Level B mnemonic numbers from those-numbers used to identify the trim values 
which are outputs from this module. Providing unique identification for the 
input and output values is done for accounting of principal function inter- 
faces only and is not intended to preclude the possibility of using a common 
compool location for storage of both values. 

Dynamic gains must also be adjusted as a function of the number of OMS 
engines operating. Thus, on the first dynamic pass following prethrust trim- 
ming or upon a two to one engine transition, the reconfiguration module indi- 
cates the number of engines via a gain flag and forces a gain calculation via 
the initialization flag. The first dynamic pass also requires initialization 
of the filters. The various initialization modes are summarized below. 
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Initialization 
Flag Value Description Action 

0 Normal dynamic pass Operate both sections of module. 

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

2 Two to one engine Set trim angles to internal one- 
transition trim engine values, calculate gains, 

and operate both sections of 
module. 

3 First dynamic pass Calculate gains and operate both 
after prethrust sections. 
trim 

These modes are sequenced as follows: 

Initialization 

Event Flag Value 

Prethrust trim commanded 
Engine(s) ignition 
Engine(s) on, subsequent 
Midburn two to one engine transition 
Remainder of burn o

n
w
n
o
w
r
 

The detailed block diagram for TVC_LAW PITCH YAW is presented in 
Figure 4.4.4.2.3.1-1l. 

B. Processing Rate. TVC_LAW PITCH _YAW is processed at 12.5 Hz. 

C. Interface Requirements. The interface requirements for TVC_LAW PITCH YAW 
are shown in Table 4.4.4.2.3.1-l. 

D. I-Loads/Constants. The I-loads/constants for TVC_LAW PITCH YAW are shown 
in Table 4.4.4.2.3.1-2. 

E. Initialization Requirements. 
PITCH YAW are shown in Table 4.4,4.2.3.1°3. 
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Table 4.4.4.2.3,1°1, TVC_LAW_PITCH_YAW Interface Requirenente 
_/ 

Tanpie 
Souree or flate 

Name Description Destination Type Range Unie (Wa) 

Tapate 

Init ahaa Webale tnitialization flag (Ono TRNS_ RECON t 0,1,2,3 | sone 13 $ 
pITce_Y dwiey Uprechruet trie; zetwo 

@anine to one engine transition 
ere Pfireat dynamic pace afcer 
prethrast trie) 

KP2 Pited filter gain (two engines) See Note 2 8 0 te 10 | deg/ 135 
(deg/a) 

KY2 Yew Filter gain (two engines) See Note 2 8 0 to 10 | deg/ 125 
(dag/e) 

ONEGA_C BODY (pated | Commanded body anguler race GUIDANCE_COMPENSATION | ¥(3)8 | =5 to 3 | deg/e 12.5 
and yaw componente) or MANUAL_TVC 

OMEGA B OSFIRED Deerred angular rate error PHASK_PLANE TRANSITION) V(3)8 | =5 to 3 | deg/s 12.5 
(patch aad yaw 
components) 

OMS_PITGH TRIM QuS engines patch trie angle with See Note 1; also 8 710 to | deg 12.5 
Peepect to center of gimbal travel | XXXXX MNVR YYYYY, U/L 10 

OMS_YAW TRIM Left end right OMS engines yav See Note 1; also A(2)8 | 10 to | deg 12.5 
trim angles with respect to center | XXxXxx MNVR YYYYY, G/L 10 
@t giwdel travel 

” RATE GYRO_CORR ‘easured body angular race ASCENT/ENTRY ATT ¥(3)S8 | -20 to | deg/s 12.5 
(patch and yaw PROC 20 

or component 3) 

ROT BT CMD RS rotation command PHASE_PLANE_TRANSITION} AC3)I | -1,0,1 | none 12.5 
(patch aod yaw 
componen a) 

TVC LAW F ¥ GAIN Gara waltiplication factor based TRNS_RECON IT 1,2 none 12.5 
FLAG wa @uabder of OMS engines operating 

(l=two engines, Zone engine) 

Outputs 

OMS FITCH TR * ONS eagines pitch trim angle with AS MNVR DIP or DEORB s -6 to 6 | deg 12.5 
respect to center of gimbal travel | MNVR DIP, XXXXX MNVR 

YYYYY, ORB INS GUID or 

DEORB GUID 

ONS_YAW_TRIN Lefe and right OMS engines yaw tria| AS MNVR DIP or DEORB A(2)S ]-8 to 6 | deg 12.5 
aagles with respect to center of MNVR DIP, XXXXX MNVR 

gimdal travel YYYYY; ORB INS GUID or 
DEORB GUID 

OMSL_PITCH_Yaw_CND [ Lefe OMS engine pitch and yaw servo | OMS TVC CD SOP, A(2)8 | Pitch: | deg 12.5 

commends with respect to center of | TVC_MIXER “5 to 5 
giedal travel Yaw: 

-8 to 8 

OMSR PITCH_YAN CMD [Right OMS engine pitch and yav OMS TVC CMD SOP a(2)S8 |Pitch: | deg 12.5 
servo commands with respect to =5 to 5 
seater of gimbal travel Yav: 

-8 to 8 

  

Wo e 

4 Wote 2   Teloed (rasertica 

To oad (xasertion 

carry over value from on-orbit phase (deorbit). 

subsequent to OPS 1, carry over from previous OPS.   
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TVC_LAW_PITCH_ YAW I-Loads/Constants 

  

Table 4.4.4.2.3.1-2. 

  

  

            

MSID 

Name Description Type Value Unit 

D2 Filter coefficient Ss V97U2340C | none 

D3 Filter coefficient Ss V97U2341C | none 

D4 Filter coefficient S V97U2342C | none 

IYLIM Left and right OMS yaw-indicator s V97U1305C | deg 
limit 

IPLIM - OMS pitch integrator limit s V97U1306C | deg 

KINT_PY Integrator gain Ss V97U2352C | none 

KXF PY Pitch and yaw crossfeed gain S v96U9708C | deg 

ONE_ENG _ OMS engines pitch trim angles S V97U2367C | deg 
OMS _PITCH_ for thrusting through c.g. 
TRIM 

(Note 1) 

ONE_ENG_ Left and right OMS engines yaw A(2)s V97U2368C deg 

OMS_YAW trim angles for thrusting V97U2369C 
TRIM through c.g. 

(Note 1) 

PLIM Left and right OMS pitch command Ss V97U2373C | deg 
limit 

TDAP Period of TVC DAP cycle S 0.08 8 

YLIM1 Left-negative and right-positive s V97U2392C | deg 
OMS yaw command limit 

YLIM2 Left-positive and right-negative Ss v96u9802C | deg 
OMS yaw command limit 

Note 1. Mission-dependent I-load parameter. 
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deg 

none 

deg 

deg 

deg 

deg 

| des 

| deg   

Table 4.4.4. 2. 3. 1-3. 

Space Transportation 
Systems Division 

¢ Rockwell 
International 

TVC_LAW PITCH_YAW Initialization Requirements 
  

  

  

 \
           
  

Inieialize on Transition Initialize on Transition 
Froa To Variable Initial Value 

IN IT_TVC_LAW_P ITCH_YAW © oO] IN IT_TvC_LAW_ PITCH YAW = 1 | INT_PITCH OMS_PITCH TRIM 

INT_YAW OMS_YAW_TRIM 

NODES (3 FOR EACH FILTER)| 0,0,0 

In IT _TVC_LAW_P ITCH_YAW = 0| INIT _TVC_LAW PITCH YAW = 2 | INT_ PITCH ONE_ENG_OMS P ITCH_TRIM 

INT_YAW ONE_ENG_OMS_YAW_TR IM 

KP KP2 TVC_LAW_P_Y GAIN FLAG 

Ky KY2 TVC_LAW_P_Y GAIN FLAG 

INIT_TVC_LAW_PITCH_YAW © 0| INIT_TVC_LAW_PITCH_YAW = 3 | KP KP2 TVC_LAW_P_Y GAIN FLAG 

Ky KY2 TVC_LAW_P_Y GAIN FLAG 

FIRST PASS INSERTION INT_PITCH OMS_PITCH_TRIM 
PHASE INT_YAW $ 1 OMS_YAW TRIM (1) 

INT_YAW $ 2 OMS_“YAW_TRIM (2) 

nena 
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4.4.4.2.3.2 TVC_LAW_ROLL. 

A. Function. This module provides control of the vehicle in roll during two- 
engine TVC burns. Commanded roll rate and desired rate error are subtracted 

from the vehicle rate to form a rate error, which is processed by a compensa~ 
tion filter and passed through proportional-plus-integral paths. The integral 
path is incremented as a function of the RCS rotation command and limited. 
The output is passed on as a roll command to the TVC mixer module. The 
detailed block diagram for TVC_LAW_ROLL is presented in Figure 4.4.4.2.3.2-l. 

B. Processing Rate. TVC_LAW ROLL is processed at 12.5 Hz. 

C. Interface Requirements. The interface requirements for TVC_LAW_ROLL are 
shown in Table 4.4.4.2.3.2-1. 

D. I-Loads/Constants. The I-loads/constants for TVC_LAW_ROLL are shown ‘in 

Table 4.4.4.2.3.2-2. 

E. Initialization Requirements. The initialization requirements for TVC_LAW_ 
ROLL are shown in Table 4.4.4.2.3.2-3. 
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Table 4.4.4.2.3.2-1. TVC LAW ROLL Interface Requirements 

Source or Sample 

Nase Descriptioa Destination Type Range Unit Race (Hz) 
i 

Inputs 

{ t 

INIT_TVC_LAW_ROLL | Module initializacion flag TRNS RECON 0,1 none ‘ 12.5 
— 4 

KR Roll filter gain See Noce 1 0 to 10 des/(des/e)| 12.5 

OMEGA_C_SODY Commanded body angular rate GUIDANCE_COMPENSATION ; V(3)S |=5 to 5 deg/s 12.5 
(roll component) or MANUAL TVC . | 

OMEGA_E_DESIRED Desired angular rate error PHASE_PLANE TRANSITION | V(3)S |-5 to 5 deg/s 12.5 

(roll componenc) 

RATE_GYRO_CORR Measured body angular rate ASCENT/ENTRY ATT PROC | V(3)S !-40 to 40 deg/s 12.5 
(roll component) i 

i 

ROT_JET_CMD RCS rotation command PHASE PLANE TRANSITION A(3)I , -1,0,1 none 12.5 

Oucputs 

Roll component of pitch servo | TVC_MIXER -20 co 20 | deg 12.5 ROLL_TVC_CMD 

  

command for OMS engines 

          
    Note 1. I-Load (insertion) subsequent to OPS 1; carry-over value from previous OPS.   
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TVC_LAW_ROLL I-Loads/Constants 

  

  

  

  
  

  

            
  

  

  

        
  

Name Description Type MSID/Value | Uait 

DS Filter coefficient Ss V¥97U2343C none 

KINT_R Integrator gain s V9702353¢ none 

KXFR Roll crossfeed gain Ss V96U9709C | deg 

RLIM Limiting value for roll integrator BS) V9702389C deg 

TDAP Period of TVC DAP cycle Ss 0.08 3 

Table 4.4,.4.2.3.2-3, TVC_LAW ROLL Initialization Requirements 

Initialize on Transition Initialize on Transition Tartial 
From To Variable Value 

INIT_TVC_ROLL = OFF INIT_TVC_ROLL = ON FILTER_OUT 0 

INT_ROLL 0 

| 
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<y 4.4.4.2.3.3 TVC_MIXER. 

A. Function. This module derives the left and right OMS pitch actuator servo 
commands as the difference and sum respectively of the pitch and roll TVC com 

The roll command is limited as a function of the pitch command, so 
The detailed 

mands. 

that the total pitch command cannot exceed the desired Limit. 
block diagram for the module TVC_MIXER is presented in Figure 4.4.4,.2.3.3-1l. 

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

C. Interface Requirements. The interface requirements for the module TVC_ 
MIXER are shown in Table 4.4.4.2.3.3-1. 

D. I-Loads. The I-loads for the module TVC_MIXER are shown in 
Table 4.4.4.2.3.3-2. ~ 

E. Initialization Requirements. There are no initialization requirements for 
TVC_MIXER. 
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Table 4.4.4.2.3.3-1. TVC_MIXER Interface Requirements 

' Source or Sample 
Neme Description Destination Type Range Unie | Rate (Hz) 

Inputs 

OMSL PITCH YAW CMD | Left OMS engine pitch and yew servo | TVC_LAW_PITCH Yaw | A(2)S | Pitch: deg 12.5 
- (pitch element) commands -§ to 5 
3 Yaw: 
si -8 to 8 
= 
° ROLL_TVC_CMD Roll component of pitch servo TVC_LAW_ROLL 8 -20 to deg 12.5 

command for OMS engines 20 

Outputs 

OMSL_PITCH_YAW CMD | Left OMS engine pitch and yaw servo | OMS TVC CMD SOP a(2)s Pitch: deg 12.5 

w (pitch element) comands —6 to 6 
+ Yaw: 

a | -8 to 8 
& 
° OMSR_PITCH_YAW CMD | Right OMS engine pitch and yaw OMS TVC CMD SOP A(2)S | Pitch: deg 12.5 

(pitch element servo commands -6 to 6 : 
= Yaw: 
$ -8 to 8 oi 
4 
& 
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Table 4.4.4.2.3.3-2, TVC_MIXER I-Load 

125 Name Description Type MSID Unit 

feg le TOTAL _ Limit of total pitch command s V97U2390C deg 
8 PITCH_LIM 

oy 

— 

deg ~—— 

5 

a 
*s 12,5 

A 

f / 

J   
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4.4.5 Transition DAP Principal Function Tables 

The transition DAP principal function IDD inputs and outputs are Listed 
in Table 4.4.5-1. Values for the I-loads are contained in the I-loads 
requirements document (JSC-19350); however, I-load definitions applicable to 
this principal function are listed in Table 4.4.5-2. K-Loads are listed in 
Table 4.4.5=3. 

The automated Interface Definition Document (IDD) table (Table 4.4.5-1) 
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 inter- 

nal text input/output tables, the SASCB data base-controlled IDD tables take 
precedence. 

Note that IDD output (source) tables which reflect parameters going to 
input (destination) "TLM" shall 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. 

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