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ABSTRACT

The objective of the On-Orbit Flight Control Module is to provide
rotational and translational control of the Space Shuttle orbiter in the
Orbital Mission Phases, which are external tank separation, orbit inser-
tion, on—orbit and de-orbit. A candidate design and 1ts implementation
‘are presented in this document. The program provides a versatile contrel
system structure while maintaining uniform communications with other
programs, sSensors, and control effectors by using an executive routine/
functional subroutine format.

' Sectaon 1 describes the software functional requirements using
block diagrams where feasible, and input-output tables. Section 2
describes the software implementation of each function using equations
and structured flowcharts. This section relates on a one-for-one basis
with the material in Section 1. Section 3 contains a glossary of all
symbols used to defaine the reguirements. The Appendices of Sectaon 4
contain material which is supportive in nature to the preceding sections
or g too voluminous to be included therean.



FOREWORD

This document presents the second revision of the Space Shuttle
digital flight control design base developed jointly by the Draper
. Laboratory Control and Flight Dynamics Daivision, the JSC Guidance and
Control Systems Branch, and the Lockheed Houston Aerospace Systems
Division. Detailed designs for the orbital £light phase are documented
herein in accordance with Rockwell International Space Division, Pro-
curement Data Requirement Descraption, Digital Autopilot Requirements
Deflﬁltlon, number UAl7. This report replaces the parallel material in
The Charles Stark Draper Laboratory, Inc. document R~793, Book l-Volume IV,
Functional Subsystem Sofitware Requirements Document, Flight Control,
Vertical Flaight Test, Revised August 1%74. Sections have been renumbered
to reflect the more limited scope of the present document.

This publication describes the design of the Flight Control soft-
ware 1n 1ts present state of development. Its praimary intent is to
provide a reference to the algorithms incorporated in the control laws.
The organizational structure of the software is undergoing significant
revision; therefore, material pertinent to this aspect should be con-
sidered a snapshot of an evolwving process.

Point designs and algorithms are presented for the Flight Control
module which may be categorized into Digital Autopilot (DAP)} drivers,
a Reaction Control System (RCS) DAP, a Thrust Vector Control (TVC) DAP-
and a state estimator.

Each driver has the function of providing to either the RCS DAP
or the TVC DAP drive signals which have been processed from raw con-
troller anputs or other data external to the Flight Control module.

The RCS DAP contains designs for the phase plane and jet selection.
A single phase plane control law is employed which treats the no dis-
turbance acceleration case as the limit of the finite disturbance accel-

eration case. The nominal and vernier jet selection 1s based on logical
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equations that produce an on-cff state for each jet as output while
accommodating hi-lo, jet fairl, tall or nose, translation, and off-axis
coupling compensation options. Its major design feature i1s the capa-

balaty to satisfy the fairl-operational fail-safe requlrement.'

The TVC DAP design is presented for both the linear englﬁe glmbal.
servo and the latest model of the nonlinear servo. The digital compen-
sation was desagned in consideration of bending, slosh, tail-wags-dog,
stability margins, transient response, closed-loop guidance, sample
perrod, thrust misalignment and engine failures.

The state estimator has two separate filters which produce some-
what independent estaimates for rate and acceleration without use of the
nonlinear trap concept.

In addit:ion to revisions of existaing designs, this report contains
the farst version of failure detection and identaification logic whach
responds to failures in the control effectors.

?he sections of the Flight Control module described in this
document, with the exception ¢f the jet selection algorithms, certain
drive routines and the failure detection and identification logic, have
been structured and are being run on the Statement Level Simulator (SLS)
which 1s beang developed, at the Draper Laboratory for the testing of
flight programs that are written in HAL (Higher Assembly Language).

vi
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SECTION 1

SOFTWARE FUNCTIONAL REQUIREMENTS

The functions of the Flight Control (FC) module, and additional
FC~related functions performed externally to the module, ére 1dentified
and descraibed in this section. The descraption begins with an overview
that relates the FC module to the other Guidance, Navigation and Control
(GN&C) software major functions, defines 1ts external interface, and
identifies the functional groups within the FC module. The section then
describes individual functions using analytic block diagrams which
relate on a one-for-one basis with the actual flowcharts of Section 2.
The input and output requirements for each module appear in tabular
form. A glossary of the symbols used in this section to represent
computer variables appears in Section 3.

1.1 Overview

The FC module, or FC, will control the attitude and translation
of the Space Shuttle during orbital activities by using the Reaction
Control System (RCS) and/or Thrust Vector Control (TVC) of the Orbital
Maneuvering System ({OMS) as effectors. The RCS consists of 38 nominal
(900 pound thrust) fixed jets and 6 vernier (25 pound thrust) fixed
jets. The OMS 1s a pair of 6000 pound thrust engines gimballed inde-
pendently of each other in pitch and yaw. Fagure 1.1-1 shows the
relationship of FC to other GN&C major functions and to the shuttle
sensors, effectors, controls and dasplays. The FC module 1is scheduled
by the top-level Moding and Sequencing function of the applications
software via the Flight Computer Operating System.

There are two rather independent sets of control laws for the
RCS and for TVC, and FC divides the effector-peculiar algorithms into
two digital antopilots (DAPs)—an RCS DAP and a TVC DAP—as shown in
Figure 1.1-2. Only one DAP 1s 1n control at any given tame, although
the TVC DAP can reguest help from the RCS DAP for attitude control if

necessary. The controlling DAP receilves commands from one ox possibly
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two 0? a set of driver routines, whose general function 1s to translate
théwe¥ternally supplied commands and data into a standard command set
aécep%able by the particular DAP. Selection of the draver(s) and con-
tiolllng DaP 1is the responsibility of the Reconfiguration Logaic which
calls the appropriate routines in response to crew inputs and external
software flags. Additional reconfiguration, withan the called routines,
15 performed through the passage of flags and adjustment of parameters
used in the control laws.

Inputs and outputs of FC are described in Tables 1.1-1 and 1.1-2
respectively. Within these tables, the inputs and outputs are grouped
under headings that correspond to the input/output interface labels

of Figure 1.1-2. The "type" column of the tables uses the following
abbreviations:

A{1) =~ Array of order 1
v(r) - Vector of order 1
M({x1,3) - Matrix of 1 rows, j columns
§ - Scalar
I -~ Integer
B - Boolean

The detection and identification of failures of the control
effectors 1s performed by code in the Redundancy Management module
(Fagure 1.1-1). The routine, titled OMS/RCS Failure Detection and
Identification (FDI), 1is described in this document since 1ts imple-
mentation 1s proceeding parallel to the flight control design. Based
upon FDI-deraived data, the FC module may make internal changes to its
execution.

1.2 Reconfiguration Logic

1.2.) Supervisor

The FC module 1s invoked regularly by the FCOS. The Reconfigura-
tion Logic at the top level maintains and interrogates flags and indices,
and determines the appropriate selection and sequence for ainvoking the
second-level, or "driver", routines, each of which performs a specific
function to supply commands to the TVC or RCS DAP,



Table 1.1-1l. Input parameters for the FC module.

XIITYOD W00d JI0
1 EHV4 TVNIDIIO

Update
Sample Rate Req'd
Name Description Source Type Range Units Rate (Hz) {Hz)
SWITCH PANEL COMMANDS
WIDE_NARROW._. |Phase plane deadband SOPr A(3)B 0, 1 (non:e) 25 TBD
DB_SW select ’
ROT_HI_LO _SW |Rolation controller grad- sop A(3)B 0,1 (none) 25 TBD
enl, discrete rate, pulse
s1z¢ and discrete accelera~-
tion level select
TRANS HI_L.O_ Translation pulse size and | SOP A(3)B 0, 1 {(none) 25 TBD
SwW discrete acceleration level '
select
ROT_OPTION Manual rotalion submode S0P A3) 1, 2, 3 (none) 25 TBD
select
TRANS_QOPTION |Manual lranslatwon submode| SOP AR 0,1 {none) 25 TBD
select
NOM. VERNIER__ [RCS nominal/vernier jet S0P B 0, 1 {none) 25 TBD
SW select
NORMAL_VIEW._ [HC axis system select sop B 0, 1 {none) 25 TRD
SW {based on HC 1dentity and
desired axes)
PURE_NONPURE_RCS pure momehnt/cross S0P B 0,1 (none) 25 TBD
SW coupling select
INERTIATL Barbecue mode nertial/ SOP B 10, 1 {none) 25 TR
LOCAL,_SW - ocal vertical axas system
select




9-1

Table 1.1-1.

Input parameters for the FC module (Cont.)

Update
Sample Rale Req'd.
Name Description Scurce Type Range Units Rate (Hz) {Hz)
MODE/EVENT FLAGS
RCS_ROTATION |RCS rotation mode enable MSC 0, 1 {none) 25 TBD
RCS_ROT_AUTQO_|RCS rotation aute/manual MSC B 0, 1 (none) 25 TBD
MANUAL select
ATT._MNVR Auto attitude maneuver MSC B 0, 1 (none} 25 TBD
mode enable

TWO_THREE_ Two or three axis select MSC B 0, 1 {none) 25 TBD
AXIS for auto attitude maneuver
OMS_ OMS prethrust alignment MsC B 0, 1 (none) 25 TBD
PRETHRUST mode enable
LCL_VERT_. Local vertical auto attitude | MSC B 0, 1 {none) 25 TBD
ATT maneuver mode enable
PAYLOAD. . Payload manipulation mode{ MSC B 0, 1 {none) 25 TBD
MANIP enable
POINTING Poinling mode enable MSC B 0, 1 (none) 25 TBD
POINTING. Peinting options select MSC 1 TBD (none) 25 TBD
QPTIONS
BRQ Barbecue mode enable MSC B 0, 1 (none) 25 TBD
RCS_. RCS translation mode MSC 0,1 {(none) 25 TBD
TRANSLATION enable
RCS_TRANS_ RCS translation auto/ MSC B 0,1 {none) 25 TRD

AUTO_MANUAL

manual select
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Table 1.1-1. Input parameters for the FC module (Cont.).
) Update
Sample Rate Reqg'd.
Name Description Source Type Range Units Rate {(Hz} {Hz})
MODE/EVENT FLAGS (Continued)
OMS_ARM_REQ |OMS arming request MSC A{2)B 0,1 {none) 25 TBD
OMS_ON_REQ OMS {urn-on request ) MSC A{2)B 0, 1 {(none) 25 25
TVCAUTO- TVC auto/manual select MSC B 0, 1 {none). 25 TBD
MANUAL
HC COMMANDS
RHEC Rotational hand controller | SOP A(3)8 (TBD) deg 25 TBD
deflection
THC Translational hand SOP A(3)I -1, 0, 1} {none) 25 TBD
controller command .
GUIDANCE COMMANDS
GA_ Commanded terminal IMU GUID or | A(3)S -130<x deg 25 no require-
COMMANDED gumbal angles . D&C =180 ment
OMEGA_C Commanded body angle GUID V(3)8 {(TBD) deg/s 25 25
rate
POINTING— Unit veclor specifying GUID or | V(3}S +1 {none) 25 no require-
VECTOR_CMD commanded pointing direc-| D&C ment

tion, including wtial OMS
thrust direction, 1n stable
member axes

-




Table 1.1-1.

Input parameters for the FC module (Cont.).

Update
Sample |Rate Reqg'd.
Name Description Source Type Range Units Rate (Hz) (Hz)
GUIDANCE COMMANDS (Continued)
BODY__ Unit vector, n body axes, GUID or | V(3)8 11 {none) 25 no require-
POINTING to be aligned with POINT - b&C ment
VECTOR ING VECTOR CMD
DELTA_V_CMD Commanded translational GUID or | V{(3)S {(TBD) m/s 25 0o reguire-
velocity change D&C ment
PAYLOAD-GENERATED COMMANDS
(TBD)
IMU-MTU DATA
GIMBAL_ANGLES|IMU gimbal angles S0P A(3)S -180<x deg 25 25
=180
DELTA_V IMU accelerometer data; SQOP V(3)8 (TBD) m/s 25 TRD
vehicle velocity change
since previous sampling
TIME_OE_. IMU data time tag S0P ] {TBD}) s 25 25
READING
VEHICLE STATE
POSITION Vehicle position 1n stable NAV V(3)S {TBD}) m 25 TRD

member coordinates,
referred to geocenter
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Table 1.1-1. Input parameters for the FC module (Cont.).

Update
Sample [Rate Req'd.
Name Description Source Type Range Units Rate (Hz) (Hiz)
VEHICLE MASS PROPERTIES
VEHICLE_CG Vehicle center of gravity COMPOOL | V{(3)S (TBD) m 25 no require-
. . menl
EFFECTOR FAULT FLAGS "
JFAIL RCS jet failure RM A(44)B 0,1 {none) 25 25
OMS_FAIL__ OMS failure detected RM B 0, 1 {none} 25 25
DETECT "
OMSI_FAIL OMS1 failure 1dentified RM B 0, 1 (none) 25 25
OMS2_FAIL OMS2 failure 1dentified RM B 0,1 {none) 25 , 25
EFFECTQOR POSITION
OMS1_YAW_ OMS1 gimbals yaw and S0P A(2)3 (TBD) deg 25 25
PITCH piich angles
OMS2_YAW._ OMS2 gimbals yaw and SOP A(2)8 {TBD) deg 25 25
PITCH pttch angles
CREW VARIABLES
DESIRED_ Desgired magmtude of body | D&C 5 Dto S deg/s 25 no require-
MAGNITUDE_QF._ | rate in automatic attitude ment
BODY_RATE maneuvers .
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Table 1.1-1.

Input

parameters .for the FC module (Cont.).

Update
Sample Rate Req'd.
Name Description Source Type Range Umts Rate (Hz}) {¥lz)
CREW VARIABLES (Continued)
BARBECUE_. Desired barbecue~mode D&C 3 (TBD) deg/s 26 no require-
RATE angular rate raent
LO_PITCH_. Tail or nose Jet select D&C B 0, 1 {none) 25 no reguire-
TAIL _NOSE for low-level pitch rota~- ment
tion
LO_YAW_. Tail or nosge jet select D&C B 0, 1 {none) 25 no reguire-
TAIL_NOSE for low-level yaw rota~ ment

fion
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Table 1.1-2.

Output parameters for the FC moduyle.

Sample
Update Rate Regq'd.

Name Description Destination Type Range Units Rate (Hz) {Hz)
EFFECTOR COMMANDS
JONLST RCS jet on command S0P, RM A{44)B 0, 1 {none) 25 25
OMS1_ON_CMD OMS1 on command SOP, RM B 0, 1 (none) 25 25
OMS2_ON_CMD OMS2 on command SOP, RM B 0, 1 {none} 25 25
OMS1_YAW_ OMS1 yaw and pitch SOP, RM A(2)s (TBD) deg 25 25
PITCH_ERROR pesition errors
OMS2_YAW_ OMS2 yaw and pitch SOP, RM A(2)S (TBD) deg 25 25
PITCH_ERRCR position errors
DEDICATED DISPLAY DATA
RATE_ERROR Angular rate error 1n D&C A(3)S (TBD) deg/s 25 TBD

body axes :
VEHICLE_RATE | Vehicle attitude rate in D&C A(3)S (TBD) deg/s 25 TBD
body axes

DESIRED_. Desired terminal IMU D&C A(3)S (TBD) deg 25 TBD
VEHICLE. gimbal angles
ATTITUDE
SWITCH PANEL COMMAND ACKNOWLEDGMENTS
WIDE_NARROW_ | Phase plane deadband sSCoP A(3)B 0, 1 {none) 25 TBD
DB_ACK select acknowledge
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Table 1.1-2.

Output parameters for the FC module (Cont.)

-

Sample |
- Update Rate Req'dy
Name Description Destination Type Range Units Rate (Hz) (Hz) !
1
SWITCH PANEL COMMAND ACKNOWLEDGMENTS (Continued) /
ROT_HI_LQ_ACK |Rotation level select SOP A(3B 0, 1 {none) 25 TBD
acknowledge .
TRANS HI 1L.O_ Translation level select | SOP A(3)B 0,1 (none) 25 TRD :
ACK acknowledge
ROT_OPTION._ |Manual rotation submode| SOP A3 0, 1, 2, |(none) 25 TBD
ACK select acknowledge 3
TRANS_OPTION_ |Manual translation sub- | SOP A3 0, 1 {(none) 25 TBD
ACK mode select acknowledge i
NOM._VERNIEER.. |RCS norminal/vermer jet| SOP B 0, 1 {none) 25 TBD
ACK select acknowledge
NORMAL _VIEW_ |HC axis system select S0P B 0, 1 (none) a5 TBD
ACK acknowledge ;
PURE.. RCS pure moment/crossj SOP B 0, 1 {none) 25 TBD
NONPURE_ACK {coupling select acknow-
ledge
INERTIAL_ Barbecue mode 1nerfial/} SOP B 0, 1 {none} 25 TBD
LOCAL_ACK local vertical axis
system select acknow-
ledge
DATA FOR FAILURE DETECTION =
ROLL_ANGULAR-{Roll angular disturbance| RM 3 {(TBD) deglsz 25 25
DISTURBANCE_. |acceleration

ACCELERATION




The 'primary task of the supervisor software 1s to 1nte}rogate the
states of flags which are i1n general set/cleared by the upper~level
applicatrons software associated with crew anterface and mission se-
guencing. For example, when the crew has commanded that an OMS burn
be initiated, the major mode associated with the orbital maneuver opera-
tions will set the OMS_ARM REQ and OMS_ON_REQ flags, causing the FC
Reconfaguration Logic software to invoke the TVC DAP and its appropriate
driver and to termirate nominal use of the RCS DAP. The supervisory
reconfiguration software 1s also responsible for certain initialization
actions and clean-up actions as modes of the FC change {from TVC to RCS
or from automatic to manual, for example). The following lists the
major Reconfiguration Logic functions in the sequence performed:

(1) Initialization (1f first entry or restart)
(2) Input interface
(3) Panel switch interpretation .

(4) State estamation, part 1

(5) Draiver call(s)

a

(6) TVC or RCS DAP execution
(7) State estaimation, part 2

The frrst time: #C 15 executed upon entry into the.Orbltal Missaion
Phase, an initialization will bhe performed. Fixed parameters which are
derived from pad-loaded constants are computed and stored (1t may be
later decided, however, that this function should be performed preflaght,
rather than on-line). A restart flag may alsc be set externally because
of certain external scftware, operating system, or hardware problems
which would <all for setting FC variables to ainitial valueg. Parameters
that are initialized include integrator outputs, filter nodes and certain
flags, which apply to the entare FC program. Other parameters which
apply to subsets of the FC program will be re-initialized at lower

levels of the Reconfiguration Logic.

An input interface routine processes dynamic inputs (sensor
measurements, navigation estimates, guidance commands and other data)
into the proper form for the control laws that are subsequently executed.
It 1s assumed that Subsystem Operating Programs {(S0Ps), external to the
FC module and running concurrently with i1t, perform selection filtering
and preliminary data manipulation. It 15 further assumed that all meas-

urements for a given FC pass are read into the computer at approximately
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the same time. Doing so ensures that the measurements are registered
with respect to each other and also samplifies the interface between
FC and the input/output processor. However, it may prove to be neces-
sary to change thas design so as to read some inputs for some control

channels separately in order to reduce transport delay.

The design of the switch panel interpretation function assumes
the existence of a SCP external to the FC module and running concurrently
with 2t, whach reads the cockpit mode switch panel and the rotational
and translational hand controllers (RHC and THC). If the RHC or THC
1s out of detent, the SOP i1s assumed not to change the switch panel
bit words for the interpretation function, which can simply unpack the
bit words and set up flags and parameters for the drivers and DAPs.

The state estimation function is implemented in two parts. The
motivation for this divasion 1s to minamize transport delay by not
performing unnecessary calculations between reading of the sensors and
issuance of the actuator comwands. The first part performs only those
computations which require the dynamic input data and are required to
obtain the state estimates used 1n generating the commands. The second
part performs those computations which can be postponed until after the
actuator commands are issued. Viewad differently, it performs those
computations which can be done in advance for the subsequent FC pass,
before the next set of measurements is known. It 1s used to "push

down" (precompute) the filters.

1.2.2 Panel Switch Tnterpretation

Crew control panels enable the crew to select submodes for manual
RCS translation and rotation, as well as several parameters and options.
The switch panels currently consist of 44 momentary switches, inter- ;
connected 1n such a manner that activation of a switch deactivates all
of 1ts complements. Also, when a switch command has been received and
accepted by the software, the swatch is 1llumainatad. If a command 1s
rejected, the switch does not i1lluminate, but the complementary command
previously in effect remains so, and the switch corresponding to that

command remains 1lluminated.

At any time, 19 switches are activated:
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(1) 3 rotation submodes.
(2) 3 translation submodes.
(3) 3 attitude deadband wide/narrow options. by axis

(4) 3 rotation hi/lo options.

(5) 3 translation hi/lo options. .

(6) Normal/view axes option.

(7} Cross~coupled/pure moment option.
(8) Normal/vernier RCS option,

{9) Inertial/local vertical option,

The PANEL SWITCH INTERP procedure will not accept rotational submode
changes with the RHC out of detent, nor tramslational submode changes
with the THC out of detent. When a submode switch 1s activated with
the related Hand Controller in detent, the switch corresponding to the
new submode 15 i1lluminated, confirming the selection. If the related
Hand Controller is out of detent, the new submode selection 1s rejected
and- the switch previously illuminated will remain so, indicating the
previous submode 1s still in effect. None of the other options can be
changed with the RHC or THC out of detent, as the SOP will not send
new switch data with either controller deflected.

The rotation submode switches for each axis include a disc rate
swrtch for the discrete rate command submode, an accel switch for the
direct rotation acceleration command submode, and a pulse switch for the
direct rotation pulse command submode. These switches allow selection
of one of the 3 submodes independently in each of the 3 rotational axes.

The rotation hi/lo switches determine certaln parameters by axis

for the submode in effect in that axis. These parameters include:

(1) High or low discrete angular rate for the discrete rate

command” submode .

{2} High or low angular acceleration level for the direct
rotaticon acceleration command submode.

(3} Hirgh or low angular rate change for the direct rotation
pulse command submode. '

The translation option switches allow the pilot to select translation

submodes by axis.
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The translation hi/lo switches determine certain parametsrs by

axis for the submode in effect 1n that axis. These parameters i1nclude:

(1) High or low acceleration level for the direct translation
acceleration command submode.

(2} High or low velccity increment for the direct translation
pulse command submode.

The attitude deadband wide/narrow switches allow the crew to select

attitude deadband by axis for the Phase Plane Switching Logic.

The normal/view axes option allows the crew to select whether
RHC and THC commands from the aft station are to be referenced to
docking (-z facing} or payload view (-x facing) axes.

The cross-coupled/pure moment options allow the crew to determine
threshold levels for off-axis compensation firings by the Jat Selection
Logic.

Normal RCS or vernier RCS options allow the crew to determine

whether the main or vernier RCS jets are used to perform maneuvers.

The inertial/local vertical option determines whether automatic
barbecue mansuvers are to be referenced to 1nertial or local vertical

axes.

A switch panel will exist at the aft docking/payload station as
well as at the forwaxrd Commander's station. Both panels will be con-
figured so that a change 1n options at either panel will be acknowledged
by 1llumination of the appropraiate lamps on both panels. The panel
descraiption i1s only tentative, and subject to change as requirements

dactate.

Table 1.2.2~1 gives the input-output requirements of the procedure
PANEL_SWITCH_XINTERP.

1.3 Control Laws

The control laws are implemented in an RCS DAP, a TVC DAP, and
a group of draivers. The interface between the two DAPs 1s described in
Subsection 1.3.1l. Subsection 1.3.2 presents the control algorithms for
the RCS DAP. Subsection 1.3.3 describes the TVC DAP control laws.
Finally, Subsection 1.3.4 gives descripticns of the driver routines
which determine the inputs to the RCS and TVC DAPs based upon automatic

and manual commands.
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Table 1.2.2-1.

-

Input-output requirements for PANEL_SWITCH_ INTERP.

—

Name of Variable or Constant

categor Descraption of Unit Value Sample Rate
gory Computer Mathematical Variable or Constant aLts or Range {words/s)
Notation Notation
Inputs to | NEWORDL NEWORDll {Hona) OR/OFF 25
PANEL NEWORD2 NEWORD2 Panel switch discretes
SWITCH NEWORD3 NEWORD3 ) .
INTERP
Outputs of| NORMAL NORMAL Flag for normal/view (None) ON/OFF 25
PANEL _ VIEW VIEW axes
SWITCH_ SWITCH SWITCH
I@TERP
CFLAG CFLAG Flag for hi/low (None) ON/OFF 25
acceleration
selections
TRANSLATION TRANSLATION Plag for translation . {None) ON/OFF 25
' OPTION OPTION subrode by axis
ROTATION _ ROTATION Flag for rotation {None) 1,2,3 25
OPTIONS OPTIONS submode by axas '
4
TRANSLATION | [4V, ulse Pulse AV by axis 'FtSs 0.03 to 25
PULSE_SIZE paLs 0.8
ROTATION [Aw dlse Pulse Aw by axis rad/s | 0.000873 25
PULSE_SIZE pass to
0.00873
DISCRETE [wD 1 Discrete wy by axis rad/s .0,00105 25
OMEGA disc to
0.0349 .
NOM _VERNIER | NOM VERNIER | Swatch for nominal/ . (None) ON/OFF 725
8w sW vernier RCS Jets
L TL Thresheld levels for ft/s TBD 25,
off-axls compen- rad/s
sation firaings
ATT DR X B Attitude deadbands rad 0.0087 5
D for phase plane to
0.087
' INERTTIAL_ INERTIAL | Auto barbecue maneuver {None) ON/OFF 25
LOCAL SW LOCAL_sW inertaial/local
vertical axis system '’
’ selection
LIGHTL LIGHTL ] Lamp commanrds for panel (None) ON/OFF 25
LIGHT2 LIGHTZ2 switches
- LIGHT3 LIGHT3

ORIGINAT} PAGH T8
OF POOR QUALITY|
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1.3.1 RCS/OMS. Interface

A flag, OMS_ON REQ, is set external to FC to initiate OMS thrusting.
When thais flag i1s not set, FC controls the vehicle by means of the RCS
exclusively. When the flag is set, control is normally by means of TFVC
exclusively. However, 1f only one OMS engine i1s thrusting, RCS control
is also required about the roll axis. Furthermore, 1f an engine failure
occurs during a normal two-engine burn, RCS contreol may also be needed
in prtch and yaw until the wvehicle 1s stably realigned as required by
the changed orientation of the vector representing net thrust through
the vehicle center of gravity.

1.3.2 RCS PAP

Figure 1.3.2-1 15 a block diagram of the RCS DAP. The RCS rota-

tion draver routines supply the following to Error Computation:
(1) A set of desired IMU gimbal angles [@D].
(2} A set of desired IMU gimbal angle increments [A¢D].

(3) besired angular velocity w

(4) besired attitude bias ﬁBIAS' -

Items 3 and 4 are vectors in vehicle body coordinates. Every RCS DAP
cycle (0.04 s), Brror Computation combines these inputs with IMU
attitude data [4] and wrth the angular rate estimate é from the State
Estimator. Error Computation also sums the State Estimator outputs of
estimated disturbance angular acceleration éd’ and ém’ the computed
angular acceleration due to inertira cross products and other modelled
"bras" effects.

The resulting attitude and rate errors ge and W, and the total

"undesired" angular acceleration %am 3re applied to the Phase Plane
Switching Togic along with the magnitudes of the available RCS control
accelerations [ac] and a crew input selecting either a wide or a
narrow attitude deadband. The Phase Plane Switching Logic then deter-

mines the desired angular rate change AQD.

A discrete, HELP_TVC, is set 1f the TVC DAP needs RCS assistance
in controlling the vehicle. This discrete reconfigures the RCS DAP
such that the outputs of Error Computation are idgnored, and the Fhase
Plane Switching Logic instead uses the AED supplied by the TVC DAP.
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‘The ‘Phase Plane Switching Logic alsoc receives a set of reconfig-
uration discretes, [BYPASS PHASE PLANE], from the manual rotation drivex
. routine. When BYPASS PHASE PLANE for a given axis is set, it turns off .
Xthe Phase Plane Switching Logic and passes on the integer JET COMMAND
\(from the manual rotation driver) as the output AQD.

the translation dravers, the Jet Selection Logic determines [JONLST],
those jets which should be fired during the forthcoming cycle, The crew

From Aw and the set of integer-valued translation commands from

can specify whether to use nominal or varnier jets, and 1f nominal, jets
are selected, can choose a high or a low acceleration level (applying

to both rotation and translation), and a "pure moment" option that fires
additional jets as reguired to suppress undesired translational velocity
changes. If vernier jets are seiected, the high/liow and pure moment
options are not available, and translation commands are not i1mplemented.

The RCS DAP returns two computed guantities to certain drive
routines. The eétlmated angular rate Q_ls used by the manual rotaélon
draiver, and the computed change in translation rate Ai is used by the
auntomataic, and manual translation drivers. '

1.3.2.1 Error Computation

The error computation module provides the attitude, angular velo-
crty, and angular acceleration values required by the Phase Plane

Switching Logic. A block diragram is shown in Figure 1.3.2.1-1.

Pa1as

{41 ¢ _1 CONVERT FROM
GIMEATL TO
BODY AXES

e +

»

Figure 1.3.2.1l-1. Block diagram of the error computation routaine.
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Table 1.3.2.1~-1.

Input-output requirements for error. computation.

and modelled bias angular

accelerations

Name of -
Description of Variable Value Sample
Varable or Constant or Constants Units or Rate
Category Computer Mathematical Range (words/s)
Notatlion Notation
Inputs to
RCS_ERRORS
BIAS_BETA B p1as Bias body angles to prevent exces-| rad TBD TBD
sive fuel use when slarting and
stopping a maneuver
[DFCS_GAJ {#] Measured IMU gimbal angles rad ~TLKLT TBD
[GA_DESIRED] (4] Desired IMU gimbal angles rad ~TLXL T TBD
[DELTA_GA] [ag, ] Desired IMU gimbal angle rad TBD TBD
- increments per RCS DAP cycle
OMEGAHAT @ Updated estimate of body rad/s TBD TBD
angular rate
DESIRED_BODY_RATE @p Desired body rate rad/s TBD TBD
ALPHADHAT c'_i-d Updated estimate of body rad/s2 TBD TBD
angular disturbance acceleration
BIAS_ANG—'('JLAR_ [ 3 Modelled bias angular acceleration | rad/ 52 TBD TBD
ACCELERATION
Qutputs of
RCS_ERRORS
ANGULAR_ERROR - 0o Angular position error rad TBD TBD
RATE_ERROR W, Angular rate error rad/s TBD TBD
ALPHADM ‘ %4m Sum of estimated disturbance rad/s2 TBD TBD




The attitude and angular velocity errors are the differences
between the actual and the desired values expressed in body axis coordi-
nates. The input $p +s the incremented value from the previous RCS DAP
1teration, unless a draiver was called ain the present FC cycle, in which

lcase ¢D 1s the driver output. The increment A¢D serves to interface
drivers with long cycle times to the shorter cycle time of the RCS DAP.
The acceleration faigure i1s the sum of the estimated disturbance and

modelled bias accelerations. Input-output requirements are listed in
Table ¥.3.2.1-1.

1.3.2.2 State Estimator

Contxol of the shuttle vehicle regquires estimates of body angular

rate, w, and body angular disturbance acceleration o The procedure

a
used 1s based on Kalman filter theory in which measurements from the
IMU gaimbal angles are mixed with extrapolated state estimates to form

a filtered estimate of the vehicle state. A block diagram of the State

Estamator i1s 1llustrated in Figure 1.3.2.2-1.

[ e e e e ey
| |
| {
] CALCULATE p i &, éd
[ \ - 5 MEASUREMENT |
v i ’ INCORPORATION I
| ANGLES |
i L. . . - {
: 8., 8wy 8B e, |
| 8., W g, }
1 PARTL_FILTER I
—_————— e e e e —_—— 2
1 CYCLE
delay
— s e — e e g
|
1
]
- N

EXTRAPOLATION

Aw CONTROL (dap.otBupecls Can

PART2_FILTER

Figure 1.3.2.2-1. Block diagram of the State Estimator.

The discrete filtering process is divided anto two parts: extra-
.polation and measurement incorporaticn. The extrapolation process re-
-qulres t+hat the estimate of vehicle state at some tame, tnnl’ 1s inte-

grated forward to the next measurement incorporation time, tn. This

1-22



results in a predicted state estimate which includes the effects of any
known ‘biases or control inputs occurring in the interval €1 to L
The new estimate of vehicle state 1s calculated by combining the pre-
dicted state estimate with the measured value of state in accordance
with the equations given in Subsection 2.3.2.2.

The State Estimator is processad in two stages in order to minimize
the time lag between data input and faltered output. The first stage,
which occurs in PART1_FILTER, takes the digitized gimbal angles from
the IMU and converts them to body angles. These boay angles are then
combined with the previcusly calculated extrapolated state to obtain the
filtered state. After the appropriate jet control 1s exercised, ;
PART2_FILTER takes the current state information and extrapolates it to
the next measurement incorporation time, when it will be used by
PART1 FILTER in the next cycle.

The input-output requirements of the State Estimator are summarized
in Tables 1.3.2.2-1 and 1.3.2.2-2.

1.3.2.3 Phase Plane Switching Logic

The object of the Phase Plane Switching Logic 1s to compute desired
changes in angular velocity, so that by turning on or off the appropriate
Jjets to achieve this velocity change, the vehicle limit cycles about a
desired attitude and attitude rate. The two-dimensional phase plane 1s
applied to each of the three axeg. Limit cycling 1s desirable since 1t
would be extremely costly to attempt to maintain the desired attitude
and rate exactly. By designing appropriate switching lines into the
phase plane, the vehacle can bg draiven into the desired laimit cycle.

Two separate logics are used depending on the size of the.posltlon and
rate errors. TFor large errors, a switching logic has besen designed to
drive the state into the small error control regaon. The small error
switching logic then drives the state into a limit cycle about the
desired attitude and attitude rate.

The input-output reqguirements for the Phase Plane Switching Logic
are given in Table 1.3.2,3-1.

1.3.2.3.1 Small Error Control Law. - The small error switching legic

has the following features:

{1 The design 1s based upon the optimal switch curves for mini-
mizing a werghted combination of fuel and response time. The
optamal curves are separated by a deadband in order to allow
for limxt cyclang.
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Table 1.3.2.2-1. Input-cutput requirements for PART1 FILTER.

Name of Variable or Constant
Descraiption of Value Sample Rate
Categor
gIeryY Computer Mathematical Variable or Constant Units or Range {(words/s)
Notataion Notation
Inputs to | [DFCS GA] [#] Present set of measured rad ~Tm<x<T TED
"PARTL gimbal angles
FILTER
IGa_0LD] [¢ol d] Previous set of measured | rad —mex<T TBD
gimbal angles .
., 2
ALPHABAR e Extrapolated estaimate of |rad/s TBD TED
ACCEL body angular accelera-—
tion, for acceleration
filtexr
OMEGABAR _ ®” Extrapolated estimate of | rad/s TBD TED
ACCEL a body angular rate, for
acceleration filter
OMEGABAR _ @; Extrapolated estimate of | rad/s TBD TBD
. RATE body angular rate, for
. rate filter
THETABAR _ 8 Extrapolated estimate of | rad TBD TED
ACCEL body angles, for
acceleration filter
THETABAR g; Extrapolated estimate of rad TBD TBD
RATE body angles, for rate
filter
KALPHA RACCEL Angular acceleration gainj (None) TBD TBD
- aa
for acceleration faltexr
KOMEGA ACCEL a Angular rate gain for (None) TBD TBD
w acceleration filter
KOMEGA_RATE Kmr: Angular rate gain for (Hone) TBD TBD
rate failterx -
KTHETA_ ACCEL Kea Angqular position gain for| (None) TBD TBD
acceleration filter
KTHETA RATE KB angular position gain for| (None) TED TBD
£ rate falter




Takle 1.3.2.2-1.

Input-cutput requirements for PART1 FILTER (Cont.)

Name of Varizble or Constant
Cateqo Descraiption of Units Value Sample Rate
gox¥ Computer Mathematacal Variable or Constant or Range (words/s)
Notation Notation
—— - 2
Outputs of| ALPHADHAT N Updated estimate of body |rad/s TED TBD
PART1 _ angular disturbance
FILTER acceleration
OMEGRHAT ) Updated estimate of body | rad/s TED TBD
angular rate
ALPHAHAT éa Updated estimate of body raa/s2 TBD TED
ACCEL angular acceleration,
for acceleration filter
OMEGRHAT _ Qs_a Updated estimate of body | rad/s T8O TRD
! ACCEL angular rate, for
acceleration filter
OMEGAHAT _ ér Updated estaimate of body | rad/s TBD TBD
RATE angular rate, for rate
filter
" | THETAHAT 8 Updated estimate of body | rad TED TBD
ACCEL —a angles, for acceleration
filter
THETAHAT 8 Updated estimate of body | rad * TBD TBD
RATE , - angles, for rate filterx

ORIAMAL PAGE &
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Table 1.3.2.2-2.

Input-output requirements for PART2_FILTER.

!

H

Name of Variable or Constant

Gat Description of Units Value Sample Rate
ﬁ egoxry Computer Mathematacal Variable or Constant or Range (words/s)
Kotation Notation 4
— 2
Inputs to ALPHADM Edm Sum of estamated dasturb- | rad/s” TED TBD
PART2 ance and mcdelled bias
FILTER angular accelerations
[DFCs_Gal [41 Present set of measured rad TED TED
. gambal angles
{DELTAOMESA [AwCONTRDL] Expected body angular rad/s TBD TBD
CONTROL] rate change due toRCSjet
firings and OMS TVC.
DELTAT At Period of the DAP cycle 5 0.040 TBD
ALPHAHAT o Updated estimate of hody rad/s2 TED TBD
. ACCEL - angular acceleration, for
acceleration filtexr
OMEGAHAT _ o Updated estimate of body | rad/s TBD TED
ACCEL = angular rate, for
. acceleration filter
CMEGARHAT _ Er Updated estimate of bedy | rad/s TBD TED
RATE angular rate, for rate
filter
THETABAT 8.+ |Updated estimate of body rad TBD TBD
ACCEL a angles, for acceleration
filter ,
THETAHAT [ Updated estamate of body | rad TBD TED
RATE angles, for rate failter
Outputs of | [6A_o1D] [¢ 1 d] Set of measured gawbal rad TBD TED
PART2 ° angles on the FC pass
FILTER presently being concluded
2
BIAS ANGULAR 34 Modelled bias angulaxr rad/s 18D TBD
ACCELERATION acceleration
ALPHABAR é; Extrapolated estimate of rad/s2 TED ~ TBD
ACCEL body angular accelera-
tion, for acceleration :
filter
bMEGABAR e Extrapolated estimate of rad/s TED TBD
ACCEL - body angular rate, for
acceleration filter
OMEGABAR B Extrapolated estimate of | rad/s TBD TBD
RATE - - body angular rate, for
rate filter
THETABAR g~ Extrapolated estimate of rad TBD TED
ACCEL - —a body angles, for acceler-
.ation filter
THETABAR g Extrapolated estimate of rad TBD TBD
- -
RATE body angles, for rate
falter
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Table 1.3.2.3-1.

Input-output requirements for Phase Plane Switching Logic.

Name of
. Value Sample
Variable or Constant Description of Variable Umts or Rate
Category Computer Mathematical or Constants Range {words/s)
Notation Notation
: B PP B_.P_P | | Bypass phase plane command (None) 1,0
Inputs to JET_CONTROL. JET_CONTROL| Jet rotation command {None) 1,0,-1
PHASE PLANE " | R D_R FP_D_R Desired rate change per command| rad/s TBD
DELTA_POSITION '0; Angular position error rad TBD TBD
X DELTA_RATE w, Angular rate error radfs TBD TBD
MAG_U_C IUCE Magnitude of control acceleration rad/52 TBD TBD
NO_CHANGE Awyy Residual desired changes 1n rad/s TBD TBD
. old angular rate; indication of
jets still on
u_D %dm Sum of esiimated disturbance rad/sz TBD TBD
and modelled bias angular
accelerations
X_DB Xpg -Deadband of DAP limit cycles rad 0.2° to 20° TBD
Cutputs of
PHASE_PLANE -
XD Awpy Rate change comnmand to Jet rad/s TBD TBD
. Selection Logic




{2} The deadband has been chosen to £ix the maximum attitude
excursion while limit cyclaing.

(3) The average attitude error 1s minimized by biasing the place-
ment of the switch curves.

(4} Parabolic switch curves approxaimate the trajectories whach
the state follows. However, hysteres:is logic prevents per-
formance degradation due to errors in these approximations.

Control regions for relatively small errors are 1liustrated an
Figure 1.3.2.3.1-1 and corresponding centrol actions are given in
Table 1.3.2.3.1-1. All logic in thas subsection 15 formulated 1n terms
of positive disturbing accelerations. In the actual implementation,
negataive disturbances are treated by inverting the signs of the state
va;;ables Be and W Birasing the right and left deadbands, DR and DI,
to null the average attitude error in accordance with the equations
derived in the appendix (see Subsection 4.3.2.3), defines the placement
of the switching curves BOUNDARY IT TO_COAST and BOUNDARY IXI_TO_COAST.
These curves approximate the trajectory of the state during a firing.
When the state lies in Region IT, control is applied to drive the state
to the curve TARGET DISTURB. The vehicle 1s then allowed to coast.

Table 1.3.2.3.1-1. Control actions ain small error control regions.

REGION CONTROL ACTION
I Drive state to BOUNDARY I_TO_COAST
i1 Drive state to TARGET DISTURB
IIT Drive state to zero rate
v Drive state to BOUNDARY IV TO_COAST
HS_ I If coming from LARGE_ERROR CONTROL

LOGIC or REGION_IIT then draive state
to zero rate, else coast

HS II If coming from LARGE ERROR_CONTROL _
LOGIC or REGION_II then drave state
to TARGET DISTURB, else coast

cs_T Coast

Cs_IT Coast
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The “deadband 1ncrement ADB is added to prevent fuel-consuming

overshoot when the disturbance acceleration is zero or very swmall. The
points

DR'

If

DR + ADB

pL!

it

DL - ADB

define the placement of the curves BOUNDARY I TO_COAST and ]'E',OI.II\IDAREI_IV_~
TO_COAST.

A factor, CD, determines the weight given to response time as
opposed to fuel consumption, by adjusting the steepness of the switch
curves that are normally crossed when enteraing the coast region
(BOUNDARY_IV_TO_COAST and BOUNDARY I TG COAST).

Hysteresis has been incorporated to make the most efficient use
of disturbance accelerations, to prevent switching line chatter, and to
prevent tight limit-cyecling about the point DR. The dashed curxves
withain the shaded area and parallel to BOUNDARY II TO COAST provide
hysteresig in the Regions HS_I and HS_II. 1If the state lies inside
either Region HS I or HS_II, the last computed change in rate was non-
zero, and the sign of the newly computed change in xate 1S not the same
as the sign of the last computed change in rate, then no control is
applied and the véhlcle 1s .allowed to coast. Otherwise, in Region HS I
the state 1s driven to zero and in Region HS_II the state is driven to
TARGET DISTURB. Whenever the state liss inside either Region CS_I or
C5_IT the vehicle is simply allowed to coast.

When £he state lies to the right of BOUNDARY I TO ITI, p051tion'
error 1s reduced more quickly by driving the state to BOUNDARY I TO
COAST and then coasting, instead of driving the stale to TARGET_DISTURB
and then coasting. This 1s particularly important as the disturbance
acceleration appreoaches zero. The curve BOUNDARY I TO II 1s defined by
the intersection of TARGET DISTURE- and BOUNDARY_I_TO_COAST.

In Region IIT the rate error is driven to zero, but in Region IV
the state 1s draiven to BOUNDARY IV TO COAST to more guickly reduce

position and rate errors.

The input-output requirements for SMALL_ERROR_CONTROL_LCGIC are
listed an Table 1.3.2.3.1-2. Input-output requirements for the proce-
dure REGION_ II_ TARGETTING and the function BOUNDARY are found 1n
Tables 1.3.2.3,1-3 and 1.3.2.3.1-4.
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i Takle 1.3.2.3.1-2. Input-output requirements for SMALL ERROR_CONTROL_LOGIC.,

/
Name of
Value Sample
Variable or Constant Description of Variable Units or Rate
Category Computer Mathemadtical or Constants Range (words/s)
Notation Notation
Inputs to i
SMALL_ERROR__ Y.
CONTROL_LOGIC .
CcD cD Phase plane switch curve {none) 0.8 TBD
design parameter
DL DL Be imtercept for rad TBD TBD
BOUNDARY_III TQO _COAST
DL_PRIME1 DL’ 0, tercept for - rad " TBD TBD
BOQUNDARY_IV_TO_COAST
DR DR 0, Wiercept for rad’ TBD TBD
BOUNDARY_TI_TO_COAST
DR_PRIME1 DR’ 0, wtercept for rad TBD TBD
BOUNDARY_I_TO_COAST .
DR._PRIME? DR” 8, wtercept for rad " TBD TBD
BOUNDARY_I_TG_II .
K K .| Si1gn of estimated none +1,0o0r -1,0 |- TBD
disturbance acceleration - -
MAG_‘_U_C |UC| Magnitude of control acceleration| rad /s2 TBD TRD
MAG_U_D IUDl Magnitude of disturbance ra.d/s2 ‘ TBD TBD
acceleratién -




Table 1.3.2.3.1-2. Input-output reguirements for SMALL ERROR CONTROL_LOGIC (Cont.)

2€-T

Name of -
bl tant
Vamable or Constan Description of Variable Value Sample
Category Computer Mathematical or Consgtants Units or Rate
Notation Notation Range . (words/s)
NC_CHANGE Xp Angular rate change computed rad/s TBD TED
old on last DFCS pass
PCSITION_ERROR t)e Angular position error rad TBD TRD
RATE_ERROR wg Angular rate error rad/s TBD TBD
U_D Up Disturbance acceleration rad/s? TBD TBD
X_BAR X Displacement of the centroid rad TBED TBED
of a limt cycle
XD Xy Desired change in angular rad/s TED TBD
rate
Qutputs of
SMALL_ERROR_. .
CONTROL_LOGIC
X_D XD Desired change 1n angular rad/s TBD TED
rate
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Table 1.3.2.3.1-3.

Input-output requirements for REGION II_TARGETTING.

Name of
- D i Value Sample
Category Variable or Constant escrg; lggnlft;{i;lable Units or Ra‘?e
Computer Mathematieal Range {words/s)
Notation Notation
Inputs io
REGION_II__
TARGETTING COAST_I1_. COAST_I_ | Switch curve 1n large error rad/s TBD TBD
RBOUNDARY BOUNDARY | control region of the phase
plane
MAG U_C |UC| Magnitude of control acceleration rad/s? TBD TBD
MAG_U_D IUD[ Magnitude of disturbance rad/s? TED TBD
acceleration
P_CEPT ~ P_CEPT 0, axis intercept rad TBD TBD
POSITION_ERROR 0o Angular position error rad TBD TBD
RATE_ERROR 2N Angular rate error rad/s TBD TBD
RL RL Rate limits of large error rad/s 47/180 TBD
control region of the phase
plane
TARGET_ARL TARGET_ARL | Possible target curve for rad/s TBD TBD
Region II
X_BAR X Tsplacement of the centrowd rad TBD TED
of a lumit cycle
X_D XD Desired change in angular rate rad/s TBD TBD
Quiputs of
REGION_II_.
TARGETTING P_CEPT P_CEPT i o X185 Intercept rad TBD TBED
TARGET._ARL TARGET_ARL | Possible target curve for rad/s TBD TBD
i Region II
X_D X Desired change 1n angular rate rad/s TEBD TBD
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Table 1.3.2,3.1-4.

Input-~output requirements for BOUNDARY.

Name of
; Value Sample
Varable or Constant Description of Variable Units or Rate
Computer Mathematical or Constants Range (words/s}
Notation Notation
inputs to
BOUNDARY
B_SIGN B_SIGN 0 direction to which the switch {none) |{~1.0 or +1,0) TBD
curve proceeds from 1ts origin
on the 0 axis )
CD CD Phase plane switch curve design {none) | (0.0 to 1,0) TBD
parameter
BR DR 0 axis intercept rad TBD T8D
RATE w Angular rate rad/s TRD TBD
uc uc Magnitude of control acceleration rad/s® TED TBD
UD UD Magnitade of disturbance rad/e? TBD TBD
acceleration
Outputs of
BOUNDARY
POSITION ¢ Angular pos.tion on a phase rad TBD TBD

plane switch curve




1.3.2.3.2 Large Error Control Law. - Control regions for relatively
large errors are 1llustrated in Figure 1.3.2.3.2-1, and corresponding
control actions are given in Table 1.3.2.3.2-1. As in the preceding

subsection, all logic 1s formulated in terms of positive disturblng
accelerations. In the actual implementation, negative disturbances are

treated by inverting the signs of the state variables, ee and W,

Table 1.3.2.3.2-1. Control actions in large error control regions.

13

REGIOM CONTROL ACTION
I Drive state to —(TARGET_ARL)
11 . Drive state to TARGET_ ARL
I11 Drive state to COAST_IV_BOUNDARY
v Drave state to -RL
HL_;' If coming from Region II, then drive .

state to TARGET_ARL, else coast

HL II If coming f£from Ragion I, then drive
state to -(TARGET ARL), else coast

| cuz . Coast

CL I Coast ' .

The purpose o% the large error control logic essentially is to
drive the state into the small error control region. Bounds between
the small exror and large error regions are set by the values of the
parameters RL and RL' (currently 4.0 and 3.0°/s respectively). The
rate-error bounds are egual to tRL. The left position error limit, .
~PLL, 15 defined by the intersection of BOUNDARY IV TO COAST and COAST
IV_BOUNDARY. Simrlarly, the right position error lamit, +PLR 1is defined
by the intersection of BOUNDARY_I_TO_COAST and COAST_I_TO_BOUNDARY. The
boundaries COAST_IV_BOUNDARY AND COAST I BOUNDARY are rate errors equal
to RL’,

TARGET ARL 1s the average of RL and RL'. TARGET_ARL 1s taken to
be the target rate when the state as an Region II or Region III. When
the state lies in either Regron I or Region IV then - (TARGET ARL) is
taken to be the target rate.
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Hysteresis 1s incorporated into the large error coast regions to
prevent switching line chatter. If the state 1s driven anto Region HL I
from Region IT, then i1t 1s further draiven to TARGET_ARL., If the state
1s driven into Region CL I from Reqion III then it is further driven to
TARGET_ARL. If the state otherwise appears in Region HL_I or Region
CL. I, the vehicle 1s allowad to coast. A similar sztuation occurs in
Regions HL_II and €L II. If the state 1s driven into Region HL II from
Region I, or 1f the state is driven into Region CL_II from Region IV,
then 1t 1s further driven to - (PARGET ARL). Should the state otherwase
appear in either Region HL IT or Region CL_II, then the vehicle is
allowed to coast. '

A final feature of the small error control lcgic can be described,
now that TARGET ARL has been introduced. If the disturbance acceleration
15 very large, part of the curve TARGET DISTURB may lie below - (TARGET_
ARL). In this situation, a check 1s made to see 1f a rate change to
drive the state to TARGET DISTURB is greater than a rate change to drave
the state to -(TARGET ARL}. If 1t 1s, the state 1s driven to - (TARGET
ARL)}, which means less fuel consumption with the result of fainishing an
a2 lamat cycle about the origin.

The input-output requirements for LARGE_ERRCR_CONTROL LOGIC are
listed ain Table 1.3.2.3.2-2.

r

1.3.2.4 Jet Selection

There are two independent jet selection routines: one to control
the main RCS jets, and the other to control the vernier jets. A flag
set outside the FC (either manually or automatically} is interrogated

in order to make the appropriate decision {see Table 1.3.2.4-1).

1.3.2.4.1 Jet Selection for Main RCS Jets. - The Jet Selection Logic

determines which jets should be turned on or off each FC cycle based
upon the action desired. No fairaing times are calculated for the jets,
rathexr they are constrained to be either on or off for the duration of
each FC cycle. The jet numbers referenced herein apply to the Fo-2 RCS
configuration. The "new” jet numbering system 1s described in Sub-
section 4.3.2.4.

This design includes jet-failure logic which allows the Jet Selec-
tion Logic to retain all 6 degrees of control with any two jet failures
or manifold shutdowns. Logical variables are used to indicate whether
a jet 1s failed or normal and, also, whether a jet should bhe turned on



8e-1

Table 1.3.2.3.2-2.

»

Input-output requirements for LARGE_ERROR_CONTROL LOGIC.

Name of Value Sam
L ple
Variable or Constant Description of Variable Units or Rate
Category Computer Mathematical or Constants Range (words/ s)
Notation Notation
Inputs to
LARGE_ERROR.__
CONTROL_I.OGIC
COAST I__ COAST_I_ | Switch curve in large error rad/fs -3m/180 TBD
BOUNDARY BOUNDARY | contrel region of the phase
plane
COAST_IV_. COAST_IV_ Switch curve in large error rad/s 3r /180 TBD
BOUNDARY BOUNDARY | control region of the phase
plane
K K Sign of estimated disturbance | (none) | +1.0 or -1,0 TBD
acceleration J
NO_CHANGE Xp Angular rate change computed| rad/s TBD TBD
ald on last DFCS pass
PLL PLL, Left position limit of rad TBD TBD
large error control region
PLR PLR Right position limit of large rad TBD TBD

error control region
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Table 1.3.2.3.2-2. Input-output requirements for LARGE_ERROR_CONTROL_ LOGIC (Cont.).

/

Name of )
Variable or Constant
- Description of Variable Value Sample
Category Computer Mathematical . or Constants Unils or Rate
Notation Notalion Range (words/s)
POSITION_ 0, Angular position error rad TBD TBD
ERROR * .
RATE_ 2N Angular rate error rad/s TBD TBD
ERROR
RL RL Rate limits of large error radfs TBD TBD
control region of the phase
plane
X_D Xp Desired change 1n angular rad/s TBD TBD
rate
Qutputs of . v
LARGE_ERROR..
CONTROL,_LOGIC
XD Xy Desired change 1n angular rate rad/s TBD TED |
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Table 1.3.2.4-1.

Input-cutput requirements for Jet Selection.

Name of
Category Variable or Constant Description of Variable Value Sample
o - YA p— or Constants Units or Rate
omputer athematica Range d
Notation Notation g {words/s)
Input )
VERNIER_JETS N/A Flag for Vernier Jet Logic {none) 0,1 TBD




or off. Then Boolean algebra equations are written ielatlng jet-failure
information to -the on/off state of each jet. In this way proper control
cah strll be maintained in the presence of jet failures. The only. excep-

tion 1s that Y Tontrol may be lost 1f hdéth nose thrusters on the same
side faal..

The lcgic provides either low- or high-level accelerations for
both translations and rotations. For translations both low- and high-
level accelerations provide at least 0.3 ft/s2 acceleration, with up
to one jet failure or one manifold shutdown. The acceleration may be
less with two 13et failures or two manifold shutdowns. High-level trans-
lation commands result in the maximum available thrust in the commanded
axis. However, the logic permits high~level translational acceleration
in only one axis at a tame. Tables 1.3.2.4.1-1, 1.3.2.4.1-3, and
1.3.2.4.1-5 give the jets selected for translations. These tables do
not include jet-failure cases. As a general rule, 12f a normally selected
jJet 1s failed, and an adjacent jet i1s neither selected nor failed, 1t
will be chosen an lieu of the original jet. Modifications to the jet
selection for other failure conditions are peculiar to the particular
coqmands and failures, and are too numerous to tabulate.

For both pitch and yaw control, the high-level option corresponds
to the coupled thruster option. For pitch, two nose and two tail
thrusters are gelected; for yaw, one noge and one tail thruster are
selected. These seléctions minimize translational and rotational cou-
pling. The low-level pitch and yvaw options are designed to provide
minimum control accelerations (which can provaide more efficient attitude~
hold lamit cycling). The'low-level pitch and yaw options have sub-
options of preferences for using either nose or tail jets. These pref-
erences permit a degree of propellent usage balancing between the
forward and aft tanks.

For roll control, both the highr and low-level options minimize
translational coupling and use tail thrusters only.. The high-level roll
option corresponds to a two-couple selection, and the low-level roll
option to a one-couple selection (however, the "couples" are not true
couples due to thruster canting). The low-level roll option provides
more than adequate control acceleration and it is used for nominal
operation. The high-level rxoll option was designed to be used only when
ta1l *Y thrusters are firing and their coupling into rxroll would reduce

the nominal low-level roll acceleration. The high-level roll optaion
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can not be selected manually. However, the Jet Selection Logic auto-
matically uses high-level roll control when tail Y thrusters couple
unfavorably into roll. The jets selected with ro jet failures for
rotational commands alone, and for rotations combained with translations,
are listed in Tables 1.3.2.4.1-2 through 1.3.2.4.1-5,

Each cycle the Jet Selection Logic computes_the'translatlonal and
retational rate changes resultlng.from a l-cyele firing of the jets
selected by the logic. This information 1s used by the State Estimator
to immediately account for rate changes due'to jet firangs. In addition,
this information 1is used by the Jet Selection Logic itself to open-loop
compensate any off-axis rate changes produced by jet fairinas. A record
1s kept of the total off-axis rate changes produced in each axis '‘since
the: last time a command was 1ssued in that axas. When the resultant
velocity reaches a preset threshold level, a compensation command will
be issued by the Jet Selection Logic to compensate for the off-axas rate
changes. It should be noted that the receipt of a closed-~loop command
will cause the record of off-axis velocity produced on that axis to be
zeroed. Thus open-loop compensation commands are 1ssued only in the
absence of a closed-loop command. The length of the compensation firings
may be specified to be any integral number of FC cycles in duration. In
this way the fuel loss due.to jet-on delays and dribble penalties may
be reduced. If open-loop compensation of off-axis rate changes 1s not
desired, the threshold levels may be set to very large numbers. This
wi1ll prevent compensation commands from being issued.

2 block diagram of the jet selection routine 1g shown in Fig-

ure 1.3.2.4.1-1. The input-output requirements are presented in
Table 1.3.2.4.1-6.

.

1.3.2.4.2 Jet Selection for Vernier Jets. - The vernier Jjet sgelection

1s provided with unat vectors giving the direction of rotational acceler-
ation for each of the six vernier jets and for jets 1 and 2 combined and
Jets 5 and 6 combined. The logac will then select the jet(s) corre-
sponding to the acceleration unit vector which provides the maximum dot
product wath the command vector. .

The input-cutput requirements are given in Table 1.3.2.4.2-1.

1.3.3 TVC DAP

The TVC DAP must be capable of controlling the attitude of the

-vehicle during ncrmal two—engane burns and also in the event of a single
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Table 1.3.2.4.1-1. X-translation Jet Selection Logic.

COMMAND ACCELERATION JETS SELECTED
LEVEL
+X High 15, 18, 27, 28
+X Low 15, 27
-X High 1, 2,3,
-X Low 1, 3

Table 1.3.2.4.1-2,

Yaw rotational Jet Selection Logic when
there 18 no y-translation command.

COMMAND ACCELERATION JETS SELECTED
LEVEL
+ Yaw High 4, 29
+ Yaw Low (nose)* 4 .
+ Yaw Low (ta11)* 29
- Yaw High 11, 17
- Yaw Low (nose)™ 11
- Yaw Low (tail)™ 17

* for the low acceleration level, either nose-
only or tail-only jets can be selected.




Table 1.3.2.4.1-3,

Y-translation and vaw rotation
combined Jet Selection Logic.

ROTATIONA;_.
COMMAND™ JETS SELECTED FOR Y-TRANSLATION COMMAND
N . +Y -Y
HIGH LOW HIGH LOW ]
+Yaw 4, 5 4 29, 30, 31 29, 30
-Yaw i7,18,19 17, 18 11, 12 i1
NONE 4,5, 17,18, 19 4,17, 18 11, 12, 29, 30, 31 11, 29, 30

“When a Y-translational command 1s present, the high level is assumed
for all yaw commands

Table 1.3.2.4.1-4.

there 1s no z-translation command.

Pitch and roll Jet Selection Logic when

. Jets Selected for Roll/Pitch Commands = T
Pitch
PrECh o celerat +Roll -Roll
Command cceL:‘f;l on ° o No Roll
Low High Low High Command
High 9, 13, 33 9, 13, 33, &, 13, 21, ¢, 13, 21, 9, 13, 21,
34, 35 22, 36 33
+Pitch Low ({Noge) 33 24, 33, 34 21 21, 22, 36 9, 13
Low(Tarl) 33 24, 33, 34 21 21, 22, 36 21, 33
High 8, 24 8, 24, 25, 6, 36 6, 21, 36, 6, 8, 24,
33 37 36
-Pitch Low (Nose) 24 24, 25, 33 36 21, 36, 37 6, 8
Low(Tail) 24 24, 25, 33 36 21, 36, 37 24, 26
None None 24, 33 24, 25, 33 21, 36 21, 22, 36, - -
34 37 ‘

=
1
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Table 1.3.2.4.1-5.

Z~translation and pitch and roll rotation
combined Jet Selection Logic.

Jets Selected for Z-Translation Logic

Rotaticnal
o+ - .
Compands* z z
Hagh Low High Low
Low 7, 21, 33, 34, 35 33 9, 10, 13, 14, 24, 9, 13, 24 /
+Roll 25, 26, 36
High 7, 33, 34, 35 33, 34, 35 9, 10, 13, 14, 24, 9, 10, 13, 14, 24,
+Pitch 25, 26 25, 26
Low 7., 21, 22, 23, 33 21 9, 10, 13, 14, 24, 9, 13, 36
-Roll . 36, 37, 38
High 7, 21, 22, 23 21, 22, 23 9, 10, 13, 14, 36, 9, 10, 13, 14, 36
37, 38 37, 38
No Roll 6, 8, 21, 22, 23, 2L, 33 9, 10, 13, 14, 24, 9, 13
33, 34, 35 36
Tow 6, 7, 8, 33, 34 7, 33 24, 25, 26, 36 24, 25
+Roll
High 6, 7, 8, 33, 34, &6, 7, 8, 33, 34, 24, 25, 26 24, 25, 26
~Pitch 35 35
Low 6, 7, 8, 21, 22 7, 21 24, 36, 37, a8 36, 37
~Roll
High 6, 7., 8, 21, 22, &6, 7, &, 21, 36, 37, 38 36, 37, 38
23 22, 23
No Roll 6, 7, 8, 21, 33 7 9, 13, 24, 25, 26, 24, 25, 36, 37
36, 37, 38
Low 6, 7, 8, 21, 33, 7, 33 9, 10, 13, l4, 24, 9, 13, 24, 25
+#RO11 34, 35 25, 26, 36
Haigh 6, 7, 8, 33, 34, 6, 7, 8, 33, 34, 9, 10, 13, 14, 24, 9, 13, 24, 25, 26
No 35 35 25, 26
Patch
Low 6, 7, 8, 21, 22, 7, 21 9, 10, 13, 14, 36, 9, 13, 36, 37
~Roll 23, 33 37, 38
High 6, 7, 8, 21, 22z, 6, 7, 8, 21, 22, 9, 10, 13, 14, 386, 9, 13, 36, 37, 38
23 23 37, 38 .
No Roll 6, 7, 8, 21, 22, 7, 21, 33 9, 10, 13, 14, 24, 9, 13, 24, 25, 36,
23, 33, 34, 35 25, 26, 36, 37, 38 37

*
All pitch commands are high level.

roll disturbance i1s i1n the opposite direction of the xroll command.

High level roll 15 used conly when tarl v jets are selected and their
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JET

FAILUBES I

JET ON/OFF COMMANDS

TwETS 1, 2, 3, 15, 16, 27, 28)

JET ON/OFF COM MANDS

JETS 4, 5,11, 12, 17-20, 29-32)

*

~ JET ON/OFF COMMANDS

THCH1) - :
. Jf—:nF;ANSLAriro“NAL THEX - . % JET
DISTURBANCE _ | COMPENSATIO - SELECTION
COUNTERS LOGIC
i
1-CYCLE
DELAY
i OFF-AXIS
DISTURBANCE
COUNTER
INCREMENTATION
JET
THC(2) FATLURES |
Y-Y AW . R Y andfor YA
THCY
+y¥ wels) COMPENSATION o JET
) DISTURBANGE LOGIC Y aw* _ | seLEcTioN
+ COUNTERS
I
IFE-AXIS
3 =CYCLE D'STURBANCE
DELAY COUNTER
INCREMENTATION
JET
wei FATLURES |
- - Yor P
WC(2) ROLL-PITCH-Z ROLL* >~ ROLL ancI:'orZITCH
+ oG COMPENSA [ON —— - andtlar
pihed -l A LOGIC PITCH . JET
o DISTURBANGE THCZ" . SELECTION
+ COUNTERS
+
CYCLE OFF-AXIS
£ DELAY —3 DISTURBANCE
: COUNTER

INCREMENTATION

(JETS 610, 13, 14, 21-26, 33.38)

JET SELECTION COMMAND AFTER MODIFICATION BY COMPENSATION LOGIC

Pigure 1.3.2.4.1-1.

Block diagram of Jet Selection for main RCS Jets.
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Table 1.3.2.4.1-6.

Input~-output requirements for main RCS Jet Selection,

Name of val Sadapl
Variable or Constant Description of Variable alue ample
Category or[? Constants Units * or Rate
Computer Mathematical Range (words/§)
Notation Notation
Inputs from Manual
Translation Driver TRD THC Translation commands in the {none} -1, 0, 1 TBP
or Guidance X, ¥, and Z axes
Inputs from Pilot TBD TIP A logical variable commanding the!  {none) TRUE/FALSE TBD
use of tail jets only {TIP=true) or
nose jets only (TJP=false) for low-
level piich
TBD TJY Similar to TIP only pertaining to (none) TRUE/FALSE TBD
yaw
Inputs from Manual TBD wC Rotation rate change commands rad/s TBD TRD
Rotation Driver or in the roll, pitch, yaw (X, ¥, Z)
Phase Plane axes '
Inputs from TBD TRD A 1 X 84 array conlainng trans- mfs TBD *
Input Data Routine(s) lational and rotational accelera- and
tions for 1 representative jet in rad/s
each of the 14 jet Groups
TBD FL 1 X 38 array wndicating whether (none) TRUE/FALSE k
each jet normal (FL=false) or )
failed {F'L=true)
TBD LEV Commanded acceleration levels {none} 1, 2 %

for X, ¥, Z, roll, mtch, and yaw,

selectable per axig

&
Function of Input Routine(s).
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Table 1.3.2.4.1-6. Input-output requirements for main RCE Jet Selection (Cont.}.
Name of
Value Sample
Category Variable or Constaat Description of Varable Units or Rate
Computer Mathematical or Constants Range {words/s)
Notation Notation
TBD MODCYC Number of cycles a compensation {none) TBD Integer *
firing 18 to be held
TBD OFFDLY Delay in turning off a jet s TBD &
i
TBD ONDLY Delay 1n jel wgnition 5 TBD ¢
TBD TL Threshold levels 1n translational m/s and TBD *
and rotational compensation logice rad/s
Output to TRBD DV The expected rate changes each m/s and TBD TED
State Estimator eycle inX, ¥, Z, roll, pitch, and rad/s
yaw resuliing from jet firings
Output to TBD JTLST . Cn or off command for each of {none) 0, 1 TBD

Thrust Effectors

the 38 main RCS jets

* Puaction of Input Routine(s),
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Table 1.3.2.4.2~-1.

Input-output requirements for Vernier Jet Selectiron.

Name of
Value Sample
Category Variable or Constant Description of Variable or Units or Rate
Computer Mathemalical Constants Range {words/s)
Notation Notation
Inputs to TBD AM Magnitudes of the acceleration vectors :r-ad.!'s2 TBD TBD
Vernier from which o, through o are formed.
TBD Qg Unit vectors in the direction of the roll, | (none) +1.0 TBD
pitch, and yaw accelerations for each of -
the 6 vernier jets
TBD Qt7 Unit vector in direction of combined {none} 1.0 TRD
acceleration of jels 1 and 2 .
TBD og Unmt vector in direction of combined {none) £1.0 TBD
acceleration of jets 5 and 6
. TBD fcMD] Commands for roll, pitch, yaw {none) +1,0 TBD
TBD DT DAP minor cycle lLime 5 TBD TBD
Outputs of TBD [DWT] Roll, pitch, and yaw rate changes rad/s TBD TRBD
Vernier resulting from 1-cycle firing of jets
selected by vermer logic -
TBD [J] On/Off commands; one for each of the (none) 0,1 TRD

6 vermer jets




engine failure. Control of the vehicle attitude in pitch and yaw 1s
accomplished with the gimballed OMS engines while roll control may be
provided exrther by the gimballed OMS engines or by the RCS jets.

There are two modes of operation during OMS burns, auvtomatic and

manual. In the automatic mode the following functions are performed by
the TVC DAP:

{1) Provide OMS gimbal actuator positioning commands and RCS
Jet control commands for attitude control.

(2) Provide orbiter three-axis automatic attitude stabilization
and control using three-axis attitude command signals from

the Guidance and Navigation modules (1.e., steering loop).

{(3) Provide OMS gambal actuator tram signals prior to thrust
initiation.

(4) Transmit thrust-on and thrust-off commands to the OMS engines

as provided by the guidance loop.

(5} Transmit a thrust-off command to the OMS engines as provided
. by manual input.

(6) In the event of an engine failure during a two-engine burn,
conttinue thrusting with the remaining engine but retrim the
engine actuator to line up the engine thrust direction with
the center of gravity {cg) of the vehicle. Also, disable
the TVC DAP and transfer to RCS jet control by routing
guidance to the RCS DAP. Roll attatude control stays with
the RCS DAP, but the pitch and yaw control is returned to
the TVC DAP once the body rates drop below a preset value.
The burn 1s then completed with the good engine.

Subsection 1.3.3.1 describes the pitch and yaw control, and Sub-
section 1.3.3.2 the roll contrel, for the autcmatic TVC mode.

In the manual mode, the vehicle follows angular rate commands pro—
portional to rotation hand controller deflections. This mode is initiated
and terminated by manual control. In the event of an engine failure,
the burn 1is completed with the remaining engine. In the manual mode
the TVC DPAP must do the followang:

(1) Provide OMS gimbal actuator positioning signals and RCS
jet control signals to follow rate commands.

(2) Provade orbiter three-axis angular rate control using
three-axis rate commands from the manual controller.
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(3} Initiate and terminate the mode in response to manual

commands.

(4 Provide OMS gimbal actuator trim signals derived from mznual
inputs prior to thrust initiation.

{5} Transmit thrust-on and thrust-off commands to the OMS
engines as provided by manual inputs.

Subsection 1.3.3.3 describes the manual TVC mode control law.

1.3.3.1 Auvtomatic Patch/Yaw TVC Law

1

In this subsection the contrel law which provides automatic pitch
or yaw acrtitude control for a one-engine or two-engine burn is described.
The method for providing OMS gimbal actuator trim signals 1s to be de-
termined. The TVC DAP must compute engine gimbal servo commands in
response to computed errors between the commanded and measured vehicle
attitudes such that these errors are keﬁt small.

A block diagram cf the TVC DAP and 1ts relationship to the vehicle
contrel loop is shown in Figure 1.3.3.1-~1., The external rate commands
coﬁe from the Guidance module via a driver. These are integrated to
form attitude increments and further passed through the guidance loop
compensation filtex which serves the purpose of stabilizing the other-
wise unstable guidance loop. The output of this filter is the vehicle
attitude command. The difference between the commanded wehicle attitude
and the actual (méasured) vehicle attitude 1s the attitude error whaich
15 the input to the digital compénsatlon failter. The output of the
filter passes through a thrust misalignment correction (TMC} filter
{explained below), is differenced with the engine position signal, and
finally 1s sent through a zero-order hold to cbtain the engine gimbal
servo error as a continuous signal. The OMS engine dynamics include the
bang-bang amplifier, motor drave, engine inertia, ete. The vehicle
dynamicgs relate the actual vehicle attitude to the actual engine
deflection. The engine dynamics and vehicle dynamics are continuous
components of the control loop. The sampling rate of the digaital com-
ponents an the loop is 25 Hz, corresponding to a sampling period of
0.04 second.

.

The purpose of the TMC filter is to cancel out the effects of any
thrust misalignment relative to the vehicle cg while also eliminating
any steady-state attitude error. The TMC filter removes the bias effect
of thrust misalignment. Without the TMC filter, the steady-state
attitude 1s nonzero, and 1ts magnitude depends on the dec gain of the
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digital compensation filter. Since the TMC filter acts like a pro-
portional plus integral transfer function, its inclusion causes the

dec gain of the forward loop to become infinite, thus eliminating any
steady-state attitude error as the result of a constant bias in the
thrust position relative to the engine servo command. The digatal
compensation filter in seraes with the TMC filter generates the engine
gimbal servo commands from the attitude error. !

The ainputs and outputs of the TVC DAP pitch/yaw channel are
described in Table 1.3.3.1-1,

1.3.3.2 Automatic Roll TVC Law

Durang TVC burns, roll attitude control i1s achieved by applyving
differential commands in the pitch plane to the two OMS engines. A

block diagram of this loop is shown in Fagure 1.3.3.2-1.

T —— — — ——— WA Atk PAL BH b Bk bk et mkd b gt

]T"Tvc DAP (AUTO ROLL) . |
I |
. O
| 5 e
I ¢ + Y [EERO : OMS 9
ORDER|={ENGINE £1 >
oc! T + DIGITAL \ HOLD | | | DYNAMTCS VEHICLE
ROM Y COMPENSATION | 5. IDyYnNamiCsl
AUTO | FILTER ZERG OMS 2 :
bAp - = ORDER|++=| ENGINE #2 }—¢—>
TVC | HOLD | | |DYNAMICS
DRIVER | + T 1
|
| % |
! T |
] ;?v i
b e |
T = sampling period (0.04s) -
8 = commanded wvehicle reoll angle

6 = actual vehicle roll angle
8 . = commanded engine deflection

1,62 = actual engines 1 and 2 deflecticns in pitch plane

Figure 1.3.3.2-1, TVC DAP auto roll channel and relationshap
to vehicle control loop.
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Table 1.3.3.1-1.

Input-ocutput reguirements for TVC DAP pirtch/yaw channel,

Name of
Computer Mathematical or Constant Range (words/s)
Notation Notation
Input
TBD W, Pitch or yaw rate command rad/s TED TBD
TBD 6 IMU-derived body attitude data rad TBD TBD
Output
TBD 5e Engine deflection error rad TBD TRBRD
BYPASS__PHASE_ {none) Phase plane switching logle {none} 0, 1 TRBD
PLANE bypass command
TBD Awy Desired pitch or yaw rate rad/s TBD TBD

change




The roll attitude command coming from the guidance module via the
draver will predominantly stay constant; thus the loop operates in an.
attitude-hold mode. This command 1s compared with the roll attitude
and the error passed through a digital compensation filter. The output
1s the engine command. It 15 applied with opposite polarities to the

two OMS engine servos after comparison with the corresponding engine
position signals.

1.3.3.3 Manual TVC law

Manual paitch or yaw TVC as performed by gimballing the CMS engaines.
A block diagram of the mannal TVC loop 1s shown in Fagure 1.3,3.3-1,

ﬁx?é_ni"p_(mim'r}zﬁ. ____________ ]
‘PITCH/YAW) i
wl DIGITAL & T 7ERO || [oms #wcInE| 4 5
=+ + . VEHI
PROM = COMPENSATION|G Y ORDERH- #1 and #2|+ Dmﬁi‘ﬁs
TVC DAP | S \
DRIVER | i
0
1 ) T
! DIFFER }T !
‘ = I3
{ ENTATION ° i
e .|

T = sémpllng perzod (0.04s)
W, = manually commanded vehicle attitude rate

6 = actual vehicle attitude
w = derived vehicle attitude rate

§ = actual engine deflection
¢ . = commanded engine deflectaon-:

Figure 1.3.3.3~1. TVC DAP manual pitch/yaw channel and
relationshap to vehicle control loop.

The difference between the manual rate command and the derived
rate forms the rate error. The rate is derived by simple back-
dirfferencing of measured vehicle attitude increments. The error s
passed through the digital compensation filter whose main function is

to attenuate the high bending frequencies and to filter the noise
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resulting from differentiation of attitude. This signal represents the
engine position command. It is differenced with the measured engine
‘POSlthn and the error thus formed is sent to the engine servo.

Manual roll control design is TBD.

%
1.3.4 RCS DAP znd TVC DAP Drivers '

1.3.4.1 RCS DAP Dravers

1.3.4.1.)1 Manually Commanded RCS DAP Dravexrs. - Manual control of the
vehicle using the RCS jets is accomplished by the procedures MAN RCS_ROT
and MAN RCS TRANS draiving the RCS DAP and the Jet Selection Logic. Each
procedure accepts commands from a Rotational Hand Controller (RHC) or a
Translational Hand Controller (THC), as well as option and parameterxr
selegtions from the switch panel via the procedure PANEL SWITCH_INTERP.

Hand controllers and switch panels are placed at two stations:
the Commander's station (+x facing) and the aft staticn. Hand controller
commands from the aft station wmav be referenced to docking axes (-2 fac-~
ing) or payleoad viewing axes (-x facing). Selection between commands
from the two stations 1s performed by the external SOP.

1.3.4.1.1.1 Rotation. - Manual control of the orbiter attitude and
attitude rate is accomplished by the routine MAN _RCS ROT containing
three submodes selectable by axis:

(1) Discrete rate command submode.
(2) Direct rotation acceleration command submode,
(3) Darect rotation pulse command submode.

The procedure MAN _RCS_ROT accepts proporticnal inputs from an RHC
and selectable parameters chosen through PANEL SWITCH INTERP, and 1t
produces rotation commands £for the RCS DAP.

MAN RCS_ROT 1s not available when the TVC DAP 1s 1n operation.
should RCS jets be required for attatude control during an OMS burn,
RHC inputs will be interpreted by a manual TVC DAP driver, and the
TVC DAP will generate attitude and angular rate commands for the RCS DAP,.

Hysteresis 1s incorporated in the procedure RHC_READ to prevent
ON/OFF "chatter" in RHC commands.
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Should the RHC be out of detent,

are rejected, and commands are sent to the switch panel laghts to

indicate that the previous rotation submodes are still in effect.

Table 1.3.4.1.1.1-1.

new rotation submode selections

Table 1.3.4.1.1.1-1 gives the input-output requirements of MAN
RCS_ROT.

Input-output requirements for MAN_ RCS ROT.

i ‘Name of Variable or Constant '
Description of Sample Rate
Category Computer Mathematical variable or Constant Units Value (words/s)
Notation Notation
Inputs to RHC 6RHC Values of RHC TBD TBD 25
MAN RCS ROT deflection
INIT MAN INTIT MAN Flag for initialization (Hone) ON/OFF 25
ROT_FLAG ROT_FIAG of MAN_RCS_ROT
ROTATION ROTATION Rotation submode {(None) 1,2,3 25
OFTIONS OPTIONS selection by axas
CFLAG CFLAG Flag for hi/le accel (None) ON/OFF 25
selection
OMEGAHAT é_ Current angular rad/s TBD 25
rate estimate
ROTATION__ [Aw ulse] Selected pulse Aw rad/s |0.000873 to 25
PULSE_SIZE P 0.00873
DISCRETE _ [w 1 Discrete w by axas rad/s |0.00105 to 25
OMEGA disc 0.0349
Outputs of | DESTRED ED Desired rotataonal rad/s TBD 25
MAN RCS_ROT OMEGA velocities
LIGHT1 LIGHT1 Commands for panel (None) ON/QFF 25
switch lamps
BYPASS_PHASE | BYPASS_PHASE| Flag for direct control (None) ON/OFF 25
PLANE _PLANE of jet select
CLSTRE CLSTRF Flags for hi/lo accel {None) ON/OFF 25
option by axis
JET COMMAND JET COMMAND | Jet firing commands (None) -1,0,1 25
by axis
G m?hgsysi




1.3.4.1.1.1.1 Discrete Rate Command Submode. - When this submode 1is
selected for a given axis, the response to a deflection of the RHC is
a vehicle rate egual to a preset value. This preset value can be one

,of two in the range 0.06 to 2.0 deg/s, and is selectable by axis via
the switch panel. Thas rate 1s maintained as long as the RHC i1s out
of detent in the given axis. When the RHC 1s returned to detent, the
existing vehicle attitude in the given axis is held.

1.3.4.1.1.1.2 Direct Rotation Acceleration Command Submode. - When this

submode 1s selected for a given axis, the response to a deflection of

the RHC consists of firing commands to RCS jets appropriate for producing
a moment with the same sense as the RHC deflection. The jets remain on
as long as the RHC 1s out of detent in the given axis. The Jets are

off *as long as the RHC is an detent, allowing the attitude to draft
freely.

Two levels of angular acceleration, differing by a factor of 1.8
to 2.7, are selectable via the switch panel.
1.3.4.1,1.1.3 Direct Rotation Pulse Command Submode. - When this sub-
mode 1is selected for a given axis, the response to a deflection of the

RHC c¢onsists of a sangle continuous command to the jets until the angular
velocity of the vehicle is changed by a preset increment. No fuxther
rate increment 1s commanded until the RHC is returned to detent and

again deflected. Two values of increment are available over the range
0,05 to 0.50 deg/s, and are selectable by axis via the switch panel.

1.,3.4.1.1.2 Translation. - Manual control of wvehicle trxanslation with
the RCE jets i1s accomplished by the routine MAN RCS TRANS containing

two submodes, selectable by axis:
(1) Direct translation acceleration command submode.
{(2) Direct translation pulse command submode.

MAN RCS TRANS accepts integer commands from a THC as well as selectable
par;ﬁetgrs chosen through PANEL SWITCH_INTERP, and it produces transla-
t10on rate change commands for the Jet Selection Logic. If the THC 1s
out of detent, neu translation submode selections are rejected, and
commands are sent to the switch panel lights to indicate that the pre-
vious translation sgubmodes are still an effect. MAN_ RCS TRANS is not

available when the TVC DAP is operating.

1-58



THC hystersas is incorporated in the hardware.

Table 1.3.4.1.1.2-1 gives the input-output regquirements of MAN__
RCS_TRANS.

Table 1.3.4.1.1.2-1. Input-output requirements for MAN_ RCS_TRANS.
.

A

Name of Variable or Constant
Category Computer Mathematical v Dezirlptlgn Oi N Units Value Fampif Rate
Notation Notation ariable or Lonstan (words/s)
Inputs to THC THC Flag for THC deflection} (None) -1,0,1 25
MAN RCS _ containing sense
TRANS
. TRANSLATION TRANSLATION {Flag for translation (None) ON/OFF 25
_OPTION _OPTION submode selections
by axis
DELTA V AV Estimated translational| ft/s TBD 25
rate changes
' TRANSLATION [AV ulsel Selected rxate change ft/s 0.03 to 25
_PULSE P per pulse 0.8
. SIZE -
CFLAG CFLAG Flag for hi/lo accel (None) | ON/OFF 25
. selection
Outputs of | LIGHT2 LIGHT2 Commands for panel {None} | ON/OFF 25
MAN RCS switch lamps
TRANS
W W Rate change commands rad/s TBD 25
to jet select ft/s
CLSTRF CLSTRF Flag for hi/lo
acceleration by axis | (None) | OM/OFF 25
1.3.4.1.1.2.1 Direct Translation Acceleration Command Submode. - When

this submode 1s selected for a given axis, the response to a THC deflec-

tion consists of fairang
ducing translation with
levels of translataional

panel.

given

The jets remain

axis.

the vehaicle to draift freely.

the same sense as the THC deflection.

acceleration are available through the
on as long ag the THC as out of detent
The jets are off as long as the THC 1s in detent,

commands to the RCS jets appropriate for pro-
Two

switch
ian the

allowing




1.3.4.1.1.2,2 Dixect Translation Pulse Command Submode. - When this-

submode' 15 selected for a given axis, the response to a deflechion of
the THC consists of a single continuous command to the jets until the
translational velocity of the wvehicle 1s changed by a preset increment.
No further rate increment 1s commanded in thls axis until the THC 1s
returned to detent and again deflected. Two values of 1ncrement; over

the range 0.03 ft/s to 0.8 ft/s, are selectable by axis via the switch
panel.

1.3.4.1.2 Automatically Commanded RCS DAP Drivers

1.3.4.1.2,1 Rotation. - Only auvtomatirc steeraing commands are accepted
for the rotational axes while in the automatic mode. There 1s nc re-
sponse to any deflection of the RHC., The RCS DAP is driven by the
auvtomatic attitude maneuver routines descrabed below. When none are in
progress, the RCS DAP W}ll perform attitude hold.

1.3.4.1.2,1.1 Three-Axls Automatic Attitude Maneuver. - The purpose of

the automatic attitude maneuver routine (ATTITUDE_MANUEVER) 1s to supply
the RCS DAP with parameters necessary to perform a desired reorientation
of the spacecraft. There are four RCS DAP parameters. The first of these
gquantities 1s a set of desired gimbal angles, [¢D}, which 1s updated
regularly durang the maneuver. To achieve a smooth sequence of commands
beéween successive updates, the routine generates a set of incremental
gambal angles,[&¢D], to be added to [¢D] by the RCS DAP Error Computa-
tion. Also computed are the desired angular velocity vector, w., and

a set of bias angles, 8

ZBIAS'
are used by the RCS DAP to prevent fuel-consuming over-—

all in vehicle coordinates. The bias
angles EBIAS
shoot when starting and stopping an automatic maneuver.

The block diagram of ATTITUDE_ MANEUVER 1s :tllustrated in Fig-
ure 1.3.4.1.2.1—1. Maneuvers are performed by rotating the spacecraft
about the axis of single equivalent rotation, u.r through the angle AM.
To compute AM and Er' ATTITUDE_MANEUVER accepts as input the present
gimbal angles, (4], the desired magnitude of the angular rate, Wy s and
the desired terminal set of gimbal angles, [¢c]. If AM 15 found to be
less than or egual to 0.25 degree, then the routine switches to HOLD_
ATTITUDE which supplies the RCS DAP with the terminal commanded gaimbal
angles, [¢C], and zeros the remaining inputs to the RCS DAP. If A, 1S
greater than 0.25 degree, then the steering procedure cycles every
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Atcycle seconds, and computes on each pass the four sets of guantities

to be used by the RCS DAP in following the angular path defined by u, .

and AM. At the termination of the maneuver (tcycle > ts) the routine
switches to HOLD_ATTITUDE. If the mode selection 1s changed from auto

l during the execution of STEERING, the STOPRATE procedure 1s executed.

STOPRATE sets the desired gimbal angles equal to the present gimbal

angles and zeroes the remaining inputs to the RCS DAP.

There are two desired capabilities not present in the current
design of ATTITUDE MANEUVER.

(1) It i1s desarable to be able to call ATTITUDE MANEUVER and
request that it compute the time required for the maneuver
without a maneuver actually being performed.

(2) It is desirable to be able to pass to ATTITUDE_MANEUVER the
desired final body rates. These rates would not be used as
additional boundary values with which to compute the maneuver
path, but rather, as an alternative to always performing a
HOLD ATTITUDE at the end of the maneuver. This is a fuel
saving strategy for those cases when the wvehicle rate at
the end of the maneuver has components that are desairable
for post-maneuver tracking.

The input-output requirements for ATTITUDE MANEUVER are listed in
Table 1.3.4.1.2.1-1.

1.3.4.1.2.1.2 fwo—Ax1s Auntomatic Attitude Maneuvers. -~ Two-aXis maneu-
vers are accomplished by first executing the procedure VECPOINT and then
the procedure ATTITUDE MANEUVER. VECPOINT computes the desired set of
terminal gimbal angles, [¢c], required by ATTITUDE MANEUVER, from a
body—-fixed unit vector,

Yayp’ 2nd a desired unit vector in stable member

EDSM’ to which EANB 1s to be alignsd. In general, this

procedure will reduce the fuel regquired for the maneuver by not con-

coordinates,

straining the orientation of the spacecraft about the pointing axis de~

fined by Ypay Bdditionally, the attitude about Yan will be left

unchanged. Consequently, the crew may specify the attitude about the

pointing axis to satisfy addational communication, visibility, or thermal
constraints, if desired. This 1s done by manually reorienting the

' spacecraft about the pointing axis either prior to, or after the maneuver.

If this procedure is done after the automatic maneuver, a final traim will

.



Table 1.3.4.1.2.1-1.

Input-output requirements for automatic

attiftude maneuver.

MName of Variable or Constant Value
Category Computer Mathematical v rlzgiczlgzlgn oian " Unaits or S&ng)};s /za)te
Notation Notation @ € ons s Range -
Inputs to | DEG_TO_RAD DEG_TO RAD |Degrees to radians {(¥one) w/180 TBD
ATTITURE conversion factor
MANEUVER
{GA_B] [41 Initial gimbal angles rad |-7 < X < 7 TED
[GA [tj)c] Terminal commanded rad |~-m<=x=2T TBD
COMMANDED] gambal angles
Inputs to | AUTO_MODE AUTO_MODE Automatic mode switch | (None) ON/OFF TBD
STEERING
DELTAT C At cle. Period of the cycle s 1.2 TBD
ey of STEERING
DESIRED W, Desired magnitude of rad/s {x < 0.034 TED
MAGNITUDE__ body rate
OF_BODY__
RATE
2 . B8P
FASTDFCS__ t fast RCS DAP cycle time s 0.04
. FLAG2
[ca B] [$1 Initial gambal angles rad |-m <x <™ TBD
RUNTIME RUNTIME FCOS runtime s 0 to = TBD
Inputs to [GA _ [q:cl Terminal commanded rad |-T <x <7 TBD
HOLD COMMANDED] gimbal angles
ATTITUDE
Outputs of U:R u Single equivalent (None) Igr | =1 TBD
ATTITUDE_ = rotation unit
MANEUVER vector; rotation
through the angle AM .
AM A, Angle of rotation rad TBD TBD
about u
-
Outputs of BIAS_1§§TA QBIAS Bias bedy angles to rad TBD TBD
STEERING, prevent overshoot
HOLD__ ' when starting and
ATTITUDE, stopping a maneuver
and .
STOPRATE [DELTA_ GAl {A¢D] Incremental gimbal rad TBD TBD
{same angles
output
for all) DESIRED _ a Desired body rate rad/s TBD TBD
BODY_RATE
[GA__ [@D] Desired gambal angles rad |-m<x <7 TED
DESIRED]

GRIGINAY YAGE I3
OF POOR QUALITY]



usually be required to assure that u

—ANB

1s aligned with Yoeur

The anput-

output requirements for VECPOINT are listed in Table 1.3.4.1.2.1-2,

[y

\ 1.3.4.1.2.1-1,

\

Table 1.3.4.

1.2.1-2.

automatic attitude maneuvers.

, Input-output requirements for ATTITUDE MANEUVER are listed in Table

Input-output requirements for two-axis

Name of Variable or Constant
! Descraption of value Sample Rate
Category Computer Mathematical v b1 c tant nits or p(i
Notation Notation ariables or Lonstants Range twords/s}
Inputs to U;gﬁB u Unit vector in vehicle | (None) lEﬂNEl =1 T2D
VECPOINT axes
' o -
U_DSM LA Unit vector in stable |(None) |Eﬂsml TBD
- member axes to which
u 15 to be aligned
Outputs of | [GA__ ¢ 1 Terminal commanded rad |~71 <x < 7w TBD
VECPOINT COMMANDED] c gimbal angles
1.3.4.1.2.1.3 OMS Prethrust Maneuver. - The OMS prethrust maneuver is a

special case of the two-axis automatic maneuver in which the body-fixed

unit vector,

YanB’

is the OMS inaitial net thrust vector.

For two-engine

OMS burns, this vector lies on the line connecting the vehicle cg to a

"virtual" OMS engine midway between the two real OMS engines.

The maneu-

ver 1s accomplished by first executing the procedure OMS_PRETHRUST
DIRECTION, which calculates the two-engine thrust vector, and then the
procedures VECPOINT and ATTITUDE MANEUVER (Subsection 1.3.4.1.2.1.2).
The initial OMS gimbal angles required to point the OMS engines parallel
to each other and with a net thrust vector through the vehicle cg are

calculated by OMS_PRETHRUST DIRECTION for use by the TVC DAP.

tation of OMS_PRETHRUST DIRECTION i1s TBD.

Implemen-

1.3.4.1.2.1.4 Automatic Attitude Maneuver Service Routines. ~ ATTITUDE
MANEUVER and VECPQINT use the service routines described below.
input-output requirements are listed an Table 1.3.4.1.2.1-3.

1)

ANGLES_TO_DCM

This procedure converts three gimbal angles,

Their

[$], to a dairec-

*
tion cosine matrix, €, that relates the corresponding space-

crait axes orientation to the stable-member frame.
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Table 1.3.4.1.2.1-3, Input-output requirements for automatic maneuver service routines.
i
Name of |
Varlgble or Constant Descriptron of Variables Value Sample
Category Computer |Mathematical or Constants Units or Rate
. Notation Notation . Range (words/s)
Inputs to
ANGLES_TO._DCM
[cal [¢] Set of gimbal angles rad - LT TBD
*I_l '
& | Outputs of
ANGLES_TO_DCM c -C Direction cosine matrix relating (none) TBD TBD
spacecraft axes to stable member axes
Inputs {o
DCM_TO_ANGLES " -
C Direction cosine matrix relating (none) TBD TBD
spacecraft axes to stable member axes
PI T L {none) TBD
Qutputs of
DCM._TO_ANGLES
[GA] Set of gumbal angles rad -nLXL T TBD
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Table 1.3.4.1.2,1-3.

Input-output requirements for automatic maneuver service routines

{Cont.).

Name of
Variable or Constant
Category
Computer Mathematical Description of Variahles Value Sample
Netation Notation or Constants Units or Rate
Range {words/s)
Inputs to
ROTATION_
MATRIX
A A Angle of rotation rad Ogxe o TBD
U_R 4. Unit vector about which rotation {none) ]urt =1 TED
ocgurs
ID_MATRIX Ildenhty (3x3) 1dentity matrix {none) 0, 1 TBD
Outputs of -
ROTATION
MATRIX R Formal parameter, rotation (none) TBD TBD
matrix
P




(2) DCM_TO_ANGLES

Thais procedure extracts the gimbal angles from a direction-
%*

cosine matrax, C, that relates the spacecraft ccordinates to

the stable-member coordinates.

(3) ROTATION_MATRIX

*®
This procecure computes the direction-~cosine matrix, R, that
relates one coordinate frame to another which is rotated
with respect to the first by an angle A about & unit vector

.
-

1

1.3.4.1.2.1.5 Automatic Rate Drivers. - The automatic rate drivers are

initiated by the automatic tracking routines.

(1) SM_RATE_ANGLE_DRIVE

SM_RATE_ANGLE DRIVE supplies commands te the RCS DAP to
rotate the vehicle about a desired angular velocity vector
in stable member coordinates. Before initiating SM RATE
ANGLE_DRIVE the attaitude of the vehicle must lie within the
deadband of the RCS DAP. The ainput-output requirements for
SM RATE ANGLE_DRIVE are listed in Table 1.3.4.1.2.1-4.

{(2) BODY_RATE_ANGLE_DRIVE

BODY RATE ANGLE_DRIVE supplies commznds to the RCS PAP to
rotate the vehicle about a desired angular velocity vector
in body coordinates. Before inatiating BODY RATE ANGLE _
DRIVE the attitude of the vehicle must lie within the dead-
band of the RCS DAP. The input-output requirements for
BODY RATE ANGLE DRIVE are listed 1in Table 1.3.4.1.2.1-5.

(3) Transformation Matraix f£rom Gimbal Axes to Vehicle Axes
{COMPMPGA)

COMPMPGA 1s a service routine used by BODY_RATE ANGLE DRIVE
to compute the transformation matrix from gimbal angle xates
to body angle rates.

3

1.3.4.1.2.1.6 2Automatic Tracking

1.3.4.1.2.1.6.1 Tracking a Specified Target wath a Specified Body Axais
with Variable Attitude Control about the Specafied
Body Axis. - This mode will be used for tracking targets

of interest such as another vehicle, a celestial body, or an arbatrary
inertial vector. The body tracking axis shall be i1dentified as a
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Table 1.3.4.1.2.1-4.

Input-output requirements for SM RATE ANGLE DRIVE.

va bl;Iame gf et Value Ss:;pple
Category rian.e of vous Description of Varables Uniis or Rate
Computer Mathematical or Constants Range (words/s)
Notation Notation
Inputs to
SM_RATE_
ANGLLE_DRIVE
[GA_lNITIALJ [‘#’I} Set of initwal gimbal angles rad ~ACRLT TBD
SIVI:RATE QD(SM) Desired angular velocity vector rad/s x<0,034 TBD
m stable member coordinates
Outputs of
SM_RATE_
ANGLE_DRIVE
BODY_RATE w D(BA) Desired angular velocity rad/s x<0,034 TBD

vector 1n body coordinates
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Table 1.3.4.1.2.1~5.

Tnput-output requirements for BODY_RATE ANGLE DRIVE.

Name of

Catesor Variable or Constant Description of Variables Units Vz;l:e S%Iﬁf;e
gory Computer Mathemaiical or Constants Range (words/s)
Notation Notation
Inputs te
BODY_RATE..
ANGLE_DRIVE )
[ GA—INITIAL] [‘PI] Set of tmtial gimbal angles rad -~ X €W TBD
BODY:RATE ©(BA) Desired angular velocity vector rad/s x<0.034 TBD
1in body coordinates
FASTDFCS__FLAGZ Yoo at Period of the RCS DAP cycle s 0. 04 TBD
Outputs of
BODY RATE_
ANGLE_DRIVE
[ ca_DESIRED] [‘%] Set of intermediate desired rad Ty T TBD
gimbal angles
[DELTA_GA] [A¢D] Set of incremental gumbal angles rad TBD TBD
BIASZ_,BETA EBIAS Set of biag body angles rad (0,0,0) TBD
BODY_RATE QD(BA) Desired angular velocity rad/s x<0,034 TBD

vector 1n body coordinates




principal vehicle axis, a tracking sensor, or as an arbitrary vehicle
axis. An arbitrary vehicle axis shall be identified with the angles

Y and p as shown in Figure 1.3.4.1.,2.1-2, Attitude control about the
tracking axis shall be:

(1) Free, in which case no control 1s exercised.

(2) Hold, in which case the attitude pertalnlﬁg at the end of
the acquisition maneuver 1s maintained withain the bounds of
the deadband.

(3) Rate Command, ian which case the vehicle i1s rotated at a
specified rate, w, about the tracking axais.

BODY TRACKING

00

< 3600
-00° <

Y
o 900

IN A

Figure 1.3.4.1.2.1-2. Arbitrary vehicle tracking axis.

If the Hold option has been selected and 1f the tracking axis
a principal wvehicle axis, the manual discrete rate rotational submaode
ig operable about that axis.

The barbecue {(sclar heat distribution) modes are examples of the
Rate Command option. In the local vertical barbecue mode, the X axis
of the vehicle 1is maintained perpendicular to the local vertacal and
to the sun line; in the i1nertial barbecue mode, the X axais of the wvehicle
is held ain alignment with an inertial vector. In either mode, the ve-
hicle is rotated in roll at a specified rate,.

1.3.4.1.2.1.6.2 Tracking a Specified Target with a Specified Body axis
and Maintain a Specified Attitude about the Specified
Body Axis. -~ This mode will be used for tracking targets

of interest such as another vehicle, a star, a planet, or an arbitrary
inertial vector. The vehicle tracking axis will be identified by the

angles vy, p and & where vy and p are defained as in the previous subsection
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and 9 1s defined as the positive sensed angle between planes A and B.
Plane A 1s defined by the negative orbital angular momentum vector, -H,
and the line of sight. Plane B 1is defined by the body +Y axis and the
line of sight (see Figure 1.3.4.1.2.1-3}. This definition of 6§ precludes
the alignment of the line of sight with either the body Y axis or the
momentum vector.

PLANE A

Figure 1.3.4.1.2.1-3. Definition of 6 for 3-axis tracking.

1.3.4.1.2.1.7 Peintaing. - To he determined.

1.3.4.1.2.1.8 Pavload Supplied Commands. - To be determined.

1.3.4.1.2.2 Translation. - Automatic X and *Z thrust commands are
responded to in the auwtomatic mode. The automatic translation driver
produces appropriate translation commands for the Jet Selection Logic,
which responds by commanding jets on to produce a thrust in the desired
axis or axes. The Y rate change 13 held below a limiting value. Im-
plementation of thas driver 1s TBD.

1.3.4.2 TVC DAP Drivers

1.3.4.2.1 Manually Commanded TVC DAP Driver. - The manual TVC DAP driver
will interface the Roéatlonal Hand Contreoller (RHC) signal to the TVC DAP.
When manual TVC 1s selected, the response to a deflection of the RHC will
be an angular rate proportional to the amount of RHC deflection. Imple-
mentation of the manual TVC DAP draver 1s TBD.

1.3.4.2.2 Automatically Commanded TVC DAP Draver. - The aunto TVC DAP

driver will interface commands from the Guidance module to the TVC DAP.

Implementation of the auto TVC DAP driver is TBD.'



1.4 OMS/RCS Fail ise Detection and Identification

The OMS and RCS failure detection and identification (FDI) function
1s divided into three subfunctions:

{1} OMS engine FDI.
(2} OMS actuator FDI.
(3) RCS jet FDI.

These are described in Subsections 1.4.1 through 1.4.3 respectively.

1.4.1 OMS Engine FDI

The purpose of the OMS engine FDI procedure, OMS_ENGINE FDI, is to
detect and identify off-nominal thrust performance of the OMS engines.
The.following gualifications apply:

(1) OMS_ENGINE_ FDI provides the capability for detecting and
identifying hard failures only; 1.e., full-off or full-on
failures.

' (a}) A full-off failure 15 defined as the case in which an
engine is providing essentially zero thrust when

commanded on.

(b) A full-on failure is defined as the case in which an
engine 1ls providing essentially full thrust when com-
manded off.

(2) OMS_ENGINE_FDI detects and identifies failures of a single
engine or failures of both engines whether simultaneous or

not.

{3) Both engine thrust vectors are assumed to be aligned in the
xz plane so as to yield zero net torque on the vehicle when-—
ever OMS ENGINE FDI 1s being called.

(4) It 1s further assumed that RCS jet firings are inhibited

until the failed engine 1s adentified.
OMS_ENGINE_FDI has as inputs the following quantities:

(1) The IMU-measured accumulated vehicle velocity change saince

+he beginning of the OMS burn.

(2) The roll angular disturbance acceleration estimate from the

state estimator.



(3)
(4)

The OMS engine ON/OFF commands.

An inaitaalization flag.

The outputs of OMS _ENGINE FDI are two fallure flags indicating the status

of the OMS engines.
the OMS engines to the crew and,
signal to the FC module for automatic reconfiguration of the TVC DAP
control mode and of the state estimator.

The FDI executive vprogram displays the status of

OMS ENGINE FDI are listed in Table 1l.4.1-1.

Table 1.4.1-1.

Input-output recuirements for OMS ENGINE FDI.

1f either failure flag 15 on,

sends a

1

The inputs and outputs of

Name of Variable or Constant

Value
D t £ Rat
Gategory Computer Mathemat:ical Vavlgiizlirlg:nztant Units or g?ﬁgﬁg;/:;e
Notation Motation - Range
Inputs ACCdﬁ_ Av Accumulated vehicle it/s TBD 25
DELTA V - velocity change since
the beginning of the
OMS burxn
" 2 -
ROLL DISTURB_ | & Roll angular dastur- rad/s TBD 25
ACCEL r bance accelexation
estimate
OMS1_ON CMD OMS1_ON_CMD |OMS engine #1 ON/OFF (None) | ON/OFF 25
cormand
OMS2_ON_CMD OMS2MPN“FMD OMS engine #2 ON/OFF {None) OK/OFF 25
- command
OMSE_TNIT OMSE_INIT Tnitializataion flag (None) ON/OFF 1
FLAG FLAG
Outputs OMS1 FAIL OMSl FAIL OMS engine #l failure {None) ON/QOFF 25
X flag
OMs2_FAIL OMS2 FAIL 0OMS engine #2 failure (None} ON/OFF 25

flag

The logic used in OMS ENGINE FDI 1s fairly simple.
15 called once every second,

The procedure

and the increment in the accumulated velocity

over the interval since the last call to the procedure 15 checked to de-

termine whether two,

one, or no engines are firing.

If it 1s deter-

mined that two or no engines are firing, then the failure flags are set

(by separate rules) according.to the engine ON/OFF commands.

If 1t as

determined that one engine is firang, then the magnitude and sign of the

=
|
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http:according.to

roll disturbarnce acceleration is checked. If 1t is outside a deadband,
then the failure flags are set by rules according to the sign of the
roll disturbing acceleration and the engine ON/QOFF commands. If the

disturbing acceleration is withain the deadband, the failure flags are
left at their present values.

1.4.2 OMS Actuator FDI

The purpose of the OMS actuator FDI procedure, OMS_ACTUATOR_-FDI,
1s to detect and identify off-nominal performance of the pitch and yaw
gambal actuators of the OMS engines. The following qualifications apply:

(1) OMS ACTUATOR_FDI provides capability for directly detecting
and identifying full-off failures only. Full-on failures

are indirectly detected and identified as described below,

.

{(a) A full-off failure is defined as the case in which the
actuator output screw is not extending or retracting
when commanded +to do so.

{b) A full-on failure is defined as the case in which the
actuator output screw continues extending or retracting
when commanded to reverse darection or stop.

(2 Based on resulits presented in Reference 1.4.2-1 an unfailed
OMS gimbal actuator 1s assumed to respond to a command
(r.e., an applied voltage) and attain a steady-state nominal

deflection rate within cne minor cycle time (40 ms) .

(3) The accuracy of the OMS actuator output position transducer
1s assumed tc be adequate to permit the use of estimates of
gimbal deflection rate to detect and 1éentify full-off
failures with zero probabil:ity of a false alarm.

(4} OMS_ACTUATOR_¥DI 1s not designed to detect and identify
failures downstream of the actuator output; 1.e., in the
gimbal mounting structure. Depending upon the exact nature
of such a failure, indirect detection may be possible.

It should be noted that since inputs for performance monitoring of the
four actuators are made available and processed for each actuator
separately, the failure detection and identification problem reduces to
one of detection only.
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OMS ACTUATOR_FDI has as inputs the following guantities:

(1) The OMS engine gimbal deflection for each actuator as
measured by the actuator output position transducer, a

1

linear voltage differential transformer (LVDT).*

(2) The OMS engine gimbal deflection error for each actuator
as calculated by the TVC DAP.

{3) A procedure call counter.
{4} An initialization flag.
The outputs of OMS_ ACTUATOR_FDI are:
(1) A failure flag for each actuator.

(2) An indicator for.each actuator which specifies whether that
actuator is being commanded to extend, retract, or remain
immebile.

The FDI executive program displays the status of the actuators to the
crew which may elect to initiate reconfiguration of a failed actuator
via manuval command. The inputs and outputs of OMS_ACTUATOR _FDI axe
listed an Table 1.4.2-1.

A simplified block diagram of an OMS giwbal actuator servo loop
1s shown in Figure 1.4.2-1. The gimbal deflection command 1s differenced
with the measured gimbal deflection to obtain the gimbal deflection
error. The deflection error i1s then supplied to the servo amplifier, a
bang-bang amplifier with deadzone and hysteresis. The output of the
servo amplifier is the actuator input voltage which drives the actuator
motor. An LVDT positaion transducer senses the actuator output extension
and i1ts gain is adjusted to give 1° of gaimbal deflection for 1° of
command. If the absolute value of the gimbal deflection error 1s greater

than e2(0.4°), then the actuator should be either extending or retracting.

The logic of OMS_ACTUATOR_FDI 1s as follows.

(1) Once every second the procedure 1s called with OMSA CALL
COUNTER=1. On this first pass, the gimbal deflection error
of each actuator 1s checked. The extension indicator for

* The actuator extensicn length rather than the OMS gimbal angle atself
1s the sensed guantity.



that~actuator is set to -1,

0, or 1 according to whethe&r™

the actuator 1s being commanded to retract, remain immobile,

or extend.*

Table 1.4.2-1.

Input-output requirements for OMS ACTUATOR_FDI.

Name of Variable or Constant
Description of Value Sample Rate
Categoxry Computer Mathematical v, bl— c Units or P
Notation Notation ariable or Constant Range {(words/s)
Inputs [OMs GIMBAL] [6] . |oMs engine gimbal rad ~0.123<x<0.123 25
deflections
[OMS_GIMBAL [ée] OMS engine gimbal rad TBD 25
ERROR] deflection erxrors
* | omsa caLL OMSA_CALL |Procedure call counter | (None) 0<x<3 1
COUNTER COUNTER
OMSA INIT OMSA INIT _[Initialization flag {None) CN/OFF 1
FLAG FLAG
Outputs [OoMS [oMs_ OMS actuator failure (None) ON/OFF 25
ACTUATOR _ ACTUATOR | flags
FATL] FAIL} :
[oMs [oms__ OMS actuator extension | (None) -1, 0, 1 1
ACTUATOR ACTUATOR | andrcators
N EXTERD] EXTEND]
(2) If any actuator extension indicator is nonzero, the FDI

execution program calls OMS_ACTUATOR_FDI a second time with
OMS_CALL_COUNTER=2 one minor cycle (40 ms) after the first

call.

tors are recomputed.

On this pass,

+he nonzero actualor extension indica-
If the second-pass value 1s the same

as the first-pass value, the gimbal deflection is recorded;

otherwise the actuator extension indicator i1s set to zero.

(3)

If any actuator extension.indicator is still nonzero, the

FDI executive program calls OMS_ACTUATOR_FDI a third time
with OMSA CALL_COUNTER=3 one mainor cycle after the second
call. On this pass, nonzero actuator extension indicators

.

*

The gimbal deflection error supplied to OMS_ACTUATOR_FDI should be
egual to the last value sent to the servo amplifier, even 1f a1t has
changed in the interaim.

=
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are recomputed once more and 1f still unchanged, the gaimbal
deflection is recorded again. Finally, 1f the measured
gimbal deflection increment ig below a certain thresheld,

a failure counter 1s 1ncremented.

{4} The actuator failure flag 1s set to ON if the counter
reaches 2.

Vi .
20V
5, o~ | f} Viv éslmsAL v
GIMBAL  ~“./ GIMBAL %f g el ACTUATOR ’BYTI\?:J‘%; ACTUATOR K“N“g“;fﬂul?g;E:E
DEFLECTION DEFLECTION -20v | |npUT OUTPUT vNANIOS
COMMAND ERROR VOLTAGE EXTENSION
OMS SERVO
AMPLIFIER
' 8 LVDT -t
GIMBAL
DEFLECTION
POSITION
TRANSDUCER

Figure 1.4.2-1. Simplified block diagram of OMS
gimbal actuator servo loop.

In summary, 1f any actuator is being commanded to extend or
retract continuously for three successive mincr cycles, then the meas-
ured increment in the gimbal deflection i1s compared to a threshold
deflection to test the actuator performance. Two successive failure
indications (one second apart) are necessary before an actuator fail flag
is set to ON. If the gambal deflection error of any actuator is inside
the deadzone on the first pass or moves into or through the deadzone
after the first pass, no gambal deflection increment threshold test 1is
performed during that second, either because the actuator is not being
- commanded to extend or retract for three successive minor cycles or

because such behavior 1s an indication of nominal actuator performance.



It is assumed that the error in the measured giwmbal deflection
increment (i.e., deflection rate) 1s small enough so that:

(1) An actuator which has experienced a full-off fallure and 1is
not moving has zero probability of passing the threshold
test.

(2} An actuator which is performing nominally has zero probabil-
1ty of failing the threshold test.

OMS_ACTUATOR_FDI 1s specifically designed to detect full-off
failures by the nature of the threshold test. That is, 1f during the
checks the command 1s or changes to "do not move" or if the command 1s
to reverse direction, no test on the gimhal deflection increment will
be iﬁde. However, 1f a full-on failure occurs, then eventually the
gimbal deflection error will remain outside the servo amplifier dead~
zone, and threshold tests will occur resulting in failure indications.
How long 1t takes the error to stabilize outside the deadzone depends
upon how: long 1t takes the OMS TVC autopilot loop to sense that the
engine is not pointing 2n the desired direction and subsequently change
the deflection command appreciably. Consequently one would expect full-
on failures to take longer to detect than full~off failures.

’

An OMS actuator FDI scheme which checks the ¢gimbal deflection
error only at periodic intervals would of course bhe much simpler. How-
ever, such a scheme would be undesirable for two reasons. Farst, the
probability of false alarms could become guite large. The reason for
this a1s that on several successive checks, the gimbal deflection error
could be guite large due to changes in the gimbal deflection command
Just before the check 1s made, whereas the actuator might be performing
nominally at all times. The obvious modification to reduce the proba-
bility of false alarms would be to raise the threshold level on the
deflection error check. But the higher the threshcld level, the lower
the probability of detecting a failure. Eliminating false alarms could
mean eliminating failure detection. Secondly, 1f the threshold level
for the deflection error check were at all larger than the deadzone
size of the servo amplifier, an actuator which had experienced a full-
off failure could pass the test several times until the error increased
enough to cross the threshold level. A detection time penalty is the
net result. OMS_ACTUATOR FDI is desagned to eliminate both of the
above problems.



1.4.3 RCS Jet FDI
RCS jet failures can occur in any of three forms:
(1} Full ON failure.
(2) Leak.
(3) OFF failure.

A full ON failure 1s one in which the jet i1s ON at full thrust, dnd does
not respond to OFF commands. A leak may result from the fuel valve
and/or the oxadizer valverjamming open, or a crack 1in one of the lines.
An OFF failure occurs when the fuel and/or oxidirzer valves do not
respond to ON commands.

The jet FDI compares the Jet commands with pressure sensor outputs,
leak detector outputs, and jet driver talkbacks. Discrepancies in these
outputs are taken as failure indicatlions, and appropriate action is
taken.

If a jet is'failed OFF for three successive minor cycles, the
routine OFFAIL sends a flag indicating that the jet has failed to the
Jet Selection routine. -

If a jet 1s failed ON for two successive major cycles, the roﬁtlne
ONFAIL sends a flag td the Jet Selection routine indicating that the
jet has farled. The jet select then defaults the Jjet command to OFF.
The jet 1s rechecked three cycles later. In the event that the Jet is
st1ll ON, the valves to i1ts fuel/oxidizer manifold are closed, and all

jets on tﬂat manifold are flagged as failed.

The Jet Selection routine uses the jet failure data to avoid
trying to use failed jets for maneuvering. The crew or ground control- .
lers can check the je£ fail status by daisplaying the ébproprlate failure
words and noting whether bits are ON or OFF. To reenable a jet after
failure, the crew must set the appropriate bit of the failure word OFF.

The manifold valves are available for the crew Lo reopen.

Input-output reguirements for the routines ONFAIL and OFFAIL are
given in Tables 1.4.3-1 and 1.4.3-2 respectively.

1.5 Remote Manipulator System

To be determined.

Y



Table 1.4.3-1.

Input-output requirements for ONFAIL.

Category

Name of Varaieble or Constant

Computer
Notation

Mathematical
Notation

Description of
Variable or Constant

Unlts

Value

Sample Rate
{(voxrds/s)

Inputs to
ONFAIL

Ooutputs of
ONFAIL

DRIVERA
DRIVERB
DRIVERC
DRIVERD
DRIVERE
DRIVERF

JETCOMA
JETCOMB
JETCOMC
JETCOMD
JETCOME
JETCOHE

MANTFOLDOFFCOM

JFAILA
JFAILB
JFATILC
JFAILD
JFATILE
JFAILF

Same

Same

Same

]
Same

Draver talkbkack words

Jet ON/OFF command
words

Man1fold shutdown
cormands

Jet fail flags

{None)

(None)

{None)

(None}

ON /OFF

ON/OFF

ON/OEF

ON/OFF

25

25

25

25

Table 1.4.3-2.

Input-output requirements for

OFFATL,

Cateqgory

Name of variable or constant

Computer
Hotatlon

Mathematical
Notation

Description of
Variable oxr Constant

Units

Value

Sample Rate
{words/s)

Inputs to
OFCAILL

Outputs of]
QFFAIL

JETOOMA
JETCOMB
JETCOMC
JETCOND
JETCOME
JETCOMF

PRESSA
PRESSB
PRESSC
PRESSD
PRESSE
PRESSF

JEAXLA
JFAILB
JEFATLC
JEAILD
JEAILE

JFAILY

Same

Same

Same

Jet OMN/OFF command
words

Pressure Sensor
discretes

Jet faxl flags

{¥one)

(None)

(None)

ON/OFF

ON/OFF

ON/OFF

25

25

25
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SECTION 2

SOFTWARE FORMULATION

This section contains structured flowcharts for each of the modules
described in Section 1. A glossary of the symbols used appears in
Section 3.

2.1 Overview

2.2 Reconfigquration Logic

2.2:1 Supexvisor

A structured flowchart of the FC Reconfiguration Supervaisor
(OODAP_RECON) 1s shown in Figure 2.2.1-1. OODAP_RECON checks a variety
of flags which are set by crew action via the keyboard, in the context
of Major Mode and Speélallst functions. The crew may also reconfigure
the FC modes by means of pushbuttons on the cockpit panef. These
switches are interrogated by an external program that creates packed
bit words. The draiver and DAP routines are invoked by CODAP_ RECON as
a function of the state of those inputs which have been configured by

crew action.

On each FC pass, dynamic inputs are read, GP Matrix Calculation
is performed, and the panel switches are cﬁ;ckgq for changes in state.
If there has been a change since the last pass, PANEL SWITCH_INTERP
sets new flags and/or data values for the use of the driver{s) and DAP
to be executed subsequently. WNext PART1 FILTER is eXecuted. (PARTZ_
FILTER will follow the driver/DAP execution.}

OODAP_RECON can 1invoke either the TVC_DAP or RCS_DAP, but not
both. The TVC_DAP and RCS_DAP can both be executed in a single pass,
but only when the TVC_DAP 1tself invokes the RCS_DAP. If the requests
for OMS arming and OMS firing have been made, then the FC program
executes the TVC DAP-related driver modules and invokes the TVC_DAP.
On the first pass through the TVC mode, certain initialazation steps



‘ ENTER ’
[ IF ODDAP_RESTART_FLAG>——D-- DO QOGAP INITN J

Y ¥
NTERFACE J foomp_ags'mn-r FLAG = OI

l INPUT

y

Y
DO GP_MATRIX_CALC

. é i » IF oLD MoDE # TvC >-—> DO RCS_DAP_CLEANUP

[DO PANEL_SUITCE INTERP l é

% SET TVC_INIT FLAG

| DO PART]1 FILTER |

Y
OLD_MODE = TVC

IF OLD_TVC SET AUTO_
¥ £ AUTO TVC_INIT FLAG

IF ‘OMS_ARI_REQ AND O xs_on_@»- ’ !{

A OLD_TVC = AUTO

Y
DO AUTO_TVC

’ [

INIT FLAG —

DO PARTZ_FILTER 3 IF OLD_TVCHMANL > | SET MANL_TVC

!

DO TVC_DAP OLD_TVC =
MANL

)
DO MANUAL_TVC

Y

( RETURN )
»» IF OLD_NODE # Rcs>____> DO TVC_DAP_CLEANUP

Y
SET RCS_INIT FLAG

Y 4
DO RCS_SEQUENCE OLD_MODE = RCS

Figure 2.2.1-1. OODAP_RECON: PROCEDURE
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L
are taken for the benefit of the drivers and the TVC DAP. Checks are
then made regarding manual and auntomatic modes of operation; change from
one mode to the other will cause reinitialization of certain parameters

for the respective drivers. ;

If eather the OMS arm or fire request 1s not present, then the
FC program remains in, or re-enters, the RCS control mode of operation.
If a change of mode since the last pass 1s detected, as would occur at
OMS cut-off, anitaialization steps are taken for the benefit of the RCS
driver modules and the RCS_DAP. Then RCS_SEQUENCE (Figure 2.2.1-2) 15
performed. The RCS_DAP has no knowledge as to which drivers are respon-
sible for provadang its input data, nor whether 1t has been invoked by
the TVC_DAP or by RCS_SEQUENCE directly. RCS_SEQUENCE invokes various
RCS_DAP draver modules as a function of flag states which reflect crew-
selected options. These options include: OMS prethrust maneuvexr
{(alignment to a desrred vector of the total thrust vector of the gim-
balled OMS engines through the vehicle cg), attitude contrel during 'pay-—
load handling, vehicle axas pointing options, inertial or local vertical
barbecue, local vertical attitude hold, 2- and 3-axis attitude maneuvers,
and manual and automatic translation maneuvers. The driver (s) necessary
for performance of 'the selected options will be invcked by RCS_SEQUENCE
as a function of the flag settings; certarn options are exclusive and
others are not. OMS prethrust, payload handlaing, barbecue and pointing
are mutually exclusive and cannot be accomplished 51multaneously: RCS
rotation and translat:ion may be achieved in the context of any of the
other options, and will supersede the inputs of those other options
when there 1s logical conflict between their objectives.

2.2.2 Panel Switch Interpretation

1

Switch discretes enter the PANEL_SWITCH_INTERP procedure (Fig-
ure 2.2.2-1) as three half words, hence the logic 1s broken into three
segments, one for each word. NEWORDl 1s tested to see 1f 1t differs
from its value on the previous pass. If so, it i1s checked bit-hy-bit
for each option. Otherwise, 1t is bypassed and NEWORDZ checked, and
similarly for NEWORD3. Hence, 1f no new options have been selected,
PANEL SWITCH_INTERP 1s essentially bypassed.

The bit-by-bit checking 1s accomplished by ANDing the word with
various masks and noting 1f the result 1s null. Foxr example, the
statement



DO POINTING_ONL

DO OMS_PRETHRUST

3

DO PAYLOAD_SUPPLIED_CMDS
—>| DO POINTING_THO J

IF oms_pm:'mmus'r}.,
DO CASE POINTING>——)

40

KITIVOD ¥00q J0
ST EDVd TVNIDT

Y

p{ IF PAYLORD MANIP
IF NOT BARBQ >—1tn

Amsaa s

DO POINTING_TBD

DO LOCAL_VERT_BBQ

¥
IF LCL_VERT_ATT >—> DO LOCAL_VWRT_ATT »| IF LOCAL VERT)_,
DO THRCE_AXIS_INL_BBQ

‘V

SCT INIT_MAN_ROT? PLAG

i

p-{ IT OLD_RCS_A_M ¥ MANUAL
P IF RCS ROT'N . IF MANUAL S Do mnuai_ncs_now ox.o_szcs_a_i: = MANUAL
SET LZLRO_ROT_FLAG > IF 2_AXIS >__,. DO 2_AXIS_AUTO
!
DG 3_ARYIS_RUTO

v

IF ATT_MNVR FLAG = 1 >__¢. DO AUTO_ATT_NVR
1F RCS TRANS IF MANUAL DO MANUAL_RCS_TRANS
y SET GLCRO_TRANS_FLAG ~| DO AUTO_RCS_TRANS |,

CALL RCS_DAP

Figure 2.2.1~2. RCS SEQUENCE: PROCEDURE.



IF ((NEWORD3 AND (NOT OLDWORD3})
OR (OLDWORD3 AND (NOT MNEWORD3)}}
# HEX'0'

IF (NEWORD3 AND

THEN

INERTIAL_LOCAL_

HEX'1000'} # HEX'0' /

SH = oW

ELSE| INERTIAL_LOCAL_

Figure 2.2.2-1.

§W = OFF

IF (MEWORD3 AUD \ THEN ! wommar,_vIEW_SW

HEX'40') # HEX'0Q' /

= ON

ELSE]  NORMAL_VIEW_

\

IF (NEWORD3 AND \ THEN

5W = QFF

TL = TLNARROW

HEX'20G') # HEX'OD'

ELSE

11, = TLWIDE

]

IF (NEWORD3 AND \

NORMVERN = ]

HEX'400') # HEX'0® /

|

' t

NOM_VERWIER_
SW = OFF

ELSE
— NORMVERN = 2

{

NOM VERNIER_
sS4 = ON

THEN
¥ (NEWORD3 AND \ ATT_DB, = 0.087

HEX'1') # HEX'0®

ELSE

ATT DB, = 0.0087

PANBEL, SWITCH_INTERP: PROCEDURE.
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B

A l
‘ |
IF (NEWORD3 AND THEN

- HEX'2') # HEX'0Q"' /

ATT DB, = 0.087

= 0.0087

ATT
ELSE DB

)

IF (NEWORD3 AND \\ THEN
HEX'4') # HEX'D' //

ATT-DB, = 0,087

]

OLDWORD3 = NEWORD3 gose=] AT D3; = 0.0087
NEWVAL = ON
f
IF ((HEWORD2 AND (NOT OLDWORD?)) THEN
OR (OLDWARDZ AND (NOT NEWORD2)))
# HEX'0'
{
¥ \\\
IF (NEWORD2 AND THEN TRaNSHIIO, = 1
HEX'40') # HEX‘D'_J//
CFLAG, = ON
]  TRANSHILO, = 2
ELSE 2
CFLAG, = OFF
) IF (NEWORD2 AND \\\THEN TRANSHILoz =1
HEX'80')} # HEX'0' //
|
CFLAGg = OV
<
‘ =] TRANSHILO, = 2
ELSE
) CELAG; = OFF
¥ Y
c D

Figure 2.2.2-). PANEL SWITCH INTERP: PROCEDURE (Cont.}.



D

| l

y
‘ IF (NEWORD2 AND \mgu_ RANSHILO. = 1
HEX'100') # HEX '0' / 3
CFLAG, = ON
FESE TRANSHILO; _ 2
' CFLAG, = OFF
. |
IF (NEWORD2 AND \THEN TRANSLATION
HEX'1l') # HEX'(Q' / *1 ° oerzow, = ow
TRANSLATION
ELSE . OPTION, = OFF
¥ ¥
IF {NEWORDZ AND \THEN TRANSLATION
HEX'2') # HEX'Q’® / OPTION, = ON
- TRANSLATION -
ELSE OPTION, = OFF
¥
’ IF NEWORD2 AND \THBN TRANSLATION
HEX'4') # HEX'0’ / i OPTION, = ON
. v TRANSLATION
ELSE OPTION, = OFF
OLDWORD2 = NEWORD2 i
¥
NEWVAL = ON
1
IF {{NEWORD1l AND (NOT OLDWORDL}) THEN

OR (OLDWORD1 AND (NOT NEWORDL})}}
# HEX'0'

1] —_fm—y
"y

Figure 2.2,2-1. PANEL SWITCH INTERP: PROCEDURE {Cont.}.
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IF NEWVAL = ON

THEN

DO rOR
AXIS_INDEX = 1,2,3

LIGHTL = NEWORD1
{
LIGHT2 = NEWORD2
LIGHT3 = NEWORD3
\
RETURN

Figure 2.2.2-~1.

TRANSLATION PULSE  SIZD =

AXIS_INDCX
NS P ARRAY
TRANSLATION_PULSE_ARRAY o ansnILO , AXIS_INDEX
. AXIS_INDLX -
{
ROTATION_PULSE_SIZEAXIS_INDEX -

ROWATION PULSE_ARRAY
- ROTHILOAXIShINDEX' AXIS INDCX

]

DISCRETE_OMIDGA =
- AXIS_TINDEX

DISCRETC_OMEGA _ARRAY
NORMVLRN, ROTHILOAKIS_INDEX' AXIS INDLCX

PANEI, SWITCH INTERP: PROCEDURE (Cont.).




IF (NEWORD1l AND THEL ¢ POTHILO 1
HE{'200'} # HEX'0' 1

!

= ON

CFLAG

it R =
ELSE 0THIL01 2

'

CFLAG1 = QFF

|

IF (NEWORDL AND \ THEN
HEX'400') 7 HEX'0* /

ROTHILD2 =1

i

CPLAG2 = ON

=n ROTHILO2 = 2

ZLSE

/
IF (NEWORDL AND  \ THEN
HCX'800') # HE){'D'/

-

ELSE 3

CFLRG3 = QFF

Y )
IF (NEWORD1 AND THEN ROTATION
HEX'1'} # HEX'O' OPTIONSl =1
IF [(NEWORD1 AND THEN ROTATION
HE¥'8') # HEX'0' OPTIONS; = 2

IF {NEWORDL AND THEN ROTATICN
HEX"40) # HEX'Q' OPTIONsl = 3

G

Figure 2.2.2-~1. PANEL SWITCH INTERP: PROCEDURE ({(Cont.}.
2-9
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G

|

IF (MEWORD1 AND THEN ROTATION_
HEX'2'} # HEX'D' OPTION52 = 1
IF {NEVIORDI AND THEN ROTATION_

HEX®10') # HEX'Q® OPTION52 =2

\

IF (NEUORD1 AND THEN ROTATION_
HEX'80') # HEX'0' OPTIONS, = 3

5

IF (NEWORD1l AND THEN ROTATION_
HEX'4') # uEX'0D’ OPTIONS, = 1
IF (NEWORDL AND THEN ROTATION

HEX'20") # HEX'D' DPTION53 =2

/

IF (NEWORDL AND THEN ROTATION
’
HEX'100') # HEX'0' OPTIONS3 = 3

TYYYIYY

¥

OLDWORD] = NEWORD1

NEWVAL = ON

Figure 2.2,2-1. PANEL SWITCH INTERP: PROCEDURE (Cont.).



IF(NEWORD1 AND MASK4) NOT = MASKO

where

MASK4
MASKO

BIN'0001000000000000"
BIN'0000000000000000"

15 true 1f BIT 4 of NEWORD1l is ON and false if 1t is OFF.

The flag INERTIAL LCCAL SW 1s set ON 1f the inertial axes option
15 selected, OFF if the local vertical option 1s selected. This flag

15 used by OODAP_RECON to determine whether to call THREE AXIS INTL_BBQ
or LOCAL VERT BBQ.

The flag NORMAL VIEW SW 1s set OM 1f the normal axes option is
selected, OFF if view axes are selected. This 1s used by the external
S0P to determine if RHC and THC inputs from the aft station are to be
phased for -x facing or -z facing operation.

Selecting the pure moment option sets the PURE MOM FLAG ON,
caﬁ31ng PANEL_SWITCH_INTERP to set the off-axid compensation threshold
TL used by Jet Selection to a narrow value so that off-axis drift ais
kept to a preset minimum. Otherwise, TL is set wide so that Jet

Selection does not command compensation firings, thus conserving fuel.

The normal/vernier switches set a flag to determine 1f the Jet
Selection uses the nominal or vernier RCS jets.

The deadband wide/narrow switches (oné per rotation ax1is) cause
selection of either wide or narrow attitude deadbands to be passed to
the Phase Plane Switching Logic.

The translation high switch for each axas sets a flag which causes
the routine to select the larger-valued of two sets of translation
parameters (specified an Subsection 1.2.2), and to set the multiple-
jet optaon flag CLSTRF ON for the Jet Selection routine. The transla-
tion low switch sets a flag to cause selection of the smaller-valued
set of parameters, and to set CLSTRF OFF for the Jet Selection if the
translation acceleration submode 1s i1n effect.

Similarly, for each rotation axis, the rotation high switch sets
a flag which causes PANEL SWITCH INTERP to select the larger~valued
of two sets of rotation paramete;s (specified in Subsectaion 1.2.2), and
to set CLSTRF ON for the Jet Selection routine. The rotation low
switch sets a flag to cause selection of’ the smaller-valued set of

+



parameters, and to set CLSTRF OFF for the Jet Selection if the rotation
acceleration submode is in effect.

The. translation submode switches set the flags TRANSLATION_OPTION
which MAN RCS TRANS uses to determine whether the translation pulse or
translation acceleration submode 1s in effect by axais.

Similarly, the rotation submode switches set the f£lags ROTATION

OPTIONS, used by MAN RCS ROT to determine which rotation submeode 1s in
effect by axais.

Since the actual structure of the switch panel (i.e., options,
number of keys, etc.) 2s not fixed, the options represented by NEWORDIL,
NEWORD2, and NEWORD3 are subject to change. Their current configuration
1s shown an Table 2.2.2-1, Several of these options are mutually
exclusive; 1.e., the pulse command submode and the discrete rate command
submode cannot coexist in the same axis., The SOP, in receaving inputs
from the switch panel, cancels all inputs complementing the current
rnputs. PANEL SWITCH_INTERP thus only checks one of a pair of mutually
exclusive options, or all but one of several mutually exclusive options,
selecting the remaining option by default 1f those examined are OFF.
PANEL_SWITCH_INTERP generates commands to i1lluminate those keys reflec~-
ting the new options, exqept where the options may be cancelled else-

where, as in the rotation options.

2.3 Control Laws

2.3.1 RCS/0MS Interface

The flag OMS_ON_REQ, whaich 1s set external to FC, 1s used waith the
flag OMS_ARM REQ to cause FC to suspend execution of the RCS DAP and
initiate execution of the TVC DAP. The TVC DAP monitors the OMS engine
FDI for failure of one or both of the OMS engines, and invokes the
RCS DAP as necessary to maintain required attitude rates in the event
of OMS failures.

2.3.2 RCS5 DAP

2.3.2.1 Error Computation

The routine RCS_ERRORS (Figure 2.3.2.1-1) computes a number of
sums and differences required for PHASE PLANE and also transforms the
gimbal angles to body angles. Body angles are defined as the integral
of the body rates.



Table 2.2.2-1.

Function of bits in NEWORDLl, 2, 3.

Bitd NEWORD1 NEWORD?Z NEWORD3
1 DISC RATE (ROLL) TRANS ACCEL (X) WIDE DB (ROLL)
2 DISC RATE (PITCH) | TRANS ACCEL (Y) WIDE DB  (PITCH)
3 DISC RATE (YAW) TRANS ACCEL (2) WIDE DB (YAW)
4 ROT ACCEL (ROLL) TRANS PULSE (X) NARROW DB (ROLL)
5 ROT ACCEL (PITCH) TRANS PULSE (Y) NARROW DB (PITCH)
6 ROT ACCEL (YAW) TRANS PULSE (Z) NARROW DB (YAW)
7 ROT PULSE (ROLL) TRANS HIGH {X) NORMAL AXES
8 ROT PULSE (PITCH) TRANS HIGH (YY) VIEW AXES
9 ROT PULSE (YAW) TRANS HIGH (%) XCPL
10 ROT HIGH (ROLL) TRANS LOW (X) PURE MOM
11 ROT HIGH (PITCH) TRANS LOW (Y) NORM RCS
12 ROT HIGH  (YAW) TRANS LOW (Z) VERN RCS
13 ROT LOW (ROLL) NULL INRTL
14 ROT LOW  (PITCH) NULL LOCAL VERTL
15 ROT LOW (YAwW) NULL NULL
16 NULL NULL NULL
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( RETURN )
Figure 2.3.2.1-1. RCS_ERRORS: PROCEDURE.
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The attitude error, ge’ 1s basically the difference between the
gimbal angles, as received from the IMU, and the desired attitude. The

angles, however, must be transformed to body angles as noted above.

The angular velocity error, W, r 1S computed by taking the differ-
ence between the estimated true velocity and desired velocity.

. The total undesired acceleration, Edm’ which is passed to the
Phase Plane Swatch Log:ic for use ain computang limit cycle parameters,
1s the sum of the estimated disturbance and modelled bias accelerations.

2.3.2.2 State Estimator

The State Estimator i1s processed in two steps, as described ain
Subsection 1.3.2.2. PART]1 FILTER utilaizes the extrapolated state
calculated in the previous i1teration of PART2 FILTER to obtain the
latest filtered estimates for angular fate and angular acceleration
separately by means of recursive linear filteraing.

PARTl_FILTER {Figure 2.3,2,2-~1) 1s performed in two stages. The
first 1s a transformation of gimbal angles into a set of "body angles".
These body angles are defined as the integral of the body rates. The
equations for éj(tn) yvield a good approximation to the body angles.

g The second staée of PART]1 FILTER 1s the measurement incorporation
process. The updated estimates of the rate portion ér and ﬁr, and the

acceleration portion @a, w_ and &a for each axis are made here.

a

The equations ,for the extrapolation of the vehicle state to the
next time cycle by PARTZ_FILTER are shown in Figure 2.3.2.2-2, The
extrapolation takes into account the control acceleration as well as
the angular disturbance acceleration.

The estimated state which is supplied to the autopalot by the
State Estaimator is

e ) = o ()

and a smoothed acceleration guantity

A 1 EE: A
ad(tn) - 10 0La(ti)

'2-15



el(tn) Bl(tn—l) ! sin ¢m 0 Lf'c; C) til’o,old
8,0t ) 52(tn_l) ® 0 cos $, cos ¢ sin ¢ b, O] . 014
650t ) 05(t, 1) 1  -sin ¢ cos ¢ cos ¢ S o 9, 0ld

A8, (k) = B () O &7 (t)

8y () = & (t,) ® Kox 88, (C))

w_ (t ) —“‘(t)+i*’lae (t_)

B Ve T8y Iy At T=r "™m’

ag, (e} = B (g - B (t)

Ea (tn) = E; (tn) * KBa Aﬁa (tn)

~ A Kwa

Wy () = wl (8] + ¢ 88, (&)

K
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P b -3 n AtZ 8 It
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=)

Figure 2.3.2.2-1. PART1 FILTER: PROCEDURE.
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( RETURN )

Figure 2.3.2.2-2. PART2 FILTER: PROCEDURE.
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2.3.2.3 Phase Plane Switching Logic

The Phase Plane Switching Logic 1is implemented by the structured
flowcharts appearing in Figures 2.3.2.3-1 through 2.3.2.3-5. The
function PHASE PLANE 1s cailed by the procedure TVC _DAP and 1s composed
of three principal routines: PHASE_PLANE, LARGE_ERROR_CONTROL LOGIC,
and SMALL ERROR_CONTROL LOGIC.

PHASE_ PLANE

The function PHASE_PLANE selects the appropriate sign to be at-
tached to the computed change in angular rate, computes position error
intercepts, and also computes the boundaries between the small error
control logic and the large "error control logic, as detailed in Sub-
section 1.3.2.3. PHASE PLANE then selects either the small error control
logxc or the large error control logic to compute the desired change
in rate.

LARGE_ERROR_CONTROL_TLOGIC

The procedure LARGE_ERROR_CONTROL_LOGIC computes the change in

rate, X required to drive the state into the small error control

DI
region. The switching lines are described in Subsection 1.3.2.3.2, and
the equations which define them are presented in Table 2.3.2.3-1. As

1llustrated in Figure 2.3.2,3-2, the region in which the state lies 1is

singled out, and then the appropriate contrel action is computed.

Table 2.3.2.3-1. Definitions of boundaries of
large error control regions.

Boundary/Parameter Definition
COAST_IV_BOUNDARY w, = RL’
COAST.I-BOUNDARY w, = -RL'
TARGET_ARL w, = (RL +RL")/2

(RL )2
PLR 6, =+ + DR’
2GD(|UC| + |UD|)
N2
PLL o = - (RL) - pL’
2en(|ug] - Juph




o
"
L

-

[
e %
then
1 IR
oy UD >0.0 /\
ee = -Be
else wE: "%
K=+1,0
y

[upl )
1

= X 1.'0'1'
X3 DB( lucl

!

DR=XD:B---5§L \
8pp = 0.2 Xpy
[ -
DR —DR+ADB
Ce.l
DL =%+1 x o

I =
DL —DL-I-ADB

COAST-.]_BOUNDARY = -COAST.IV_-BOUNDARY

PLR = BOUNDARY (+1, COAST_I_BOUNDARY, DR’, |UC], IUD[, CD)
PLL = BOUNDARY (-1, COAST_IV_BOUNDARY, -DL’, IUCI, |UD], CD}
(U] - (U] + CDUA] + U]
DR,,=@+DR,)|UD[( cl - oy [ugl +jup) .y
€D (|Ual + U - |uph (Jua| - lugh
1 then CALL LARGE ERROR_CONTROL _
LOGIC

I¥ {w,| =RL or 8, = +PLR .

or ee = -PLL

"

else LOGIC

CALL SMALL_ERROR_CONTROL_ _

¥

XD=K XD

RLTURN XI) !

Figure 2.3.2.3-1. PHASE_PLANE: FUNCTION (87,w , |U
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;

gc-¢

F (0> +PLR &%_2 COAST_I.BOUNDARY\ ’
IF (0 = FPLR &, 2 COAST.L \ FIIEN sy oo - (COAST_LBOUNDARY-RL)
OR (0,2 -PLL &w, S - RL) /(H(-gwn 1& T e 2
Repron T\ : =
RETURN
IF (0_S+PLR& i, = +RL) \TI—IEN ol x o = o ~LCOASTLIN BOUNDARY + RLY
Region I & D Ve 2
OR (g <-PLL &weSCOAST_IV_BOUNDARSE'/ ( o ?
. RISTLRN
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. 2
. THI '
IF Ny g # 00 >____D1r'u(,4o.o
% = o (COASTI\_BOUNDARY +RL)
plspl Poe 2

RETURN

IFSIGN (h X = SIGN (X, 01d>;
Xy =00

\3

RETURN
Figure 2.3.2.3-2. LARGE_ERROR_CONTROL LOGIC: PROCEDURE.
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2
, w

P8 £
cept € ajusl - |u

pl’

TARGET_ARL = u_ _(COAST_I_BC;UNDARY -~ RL )

4

IF |Xp] > |TARGET_ARL|>——> X = TARGET_ARL

5
( RETURN )

’

Figure 2.3.2.3-4, REGION_II TARGETTING: PROCEDURE.
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(RETURN 6)

Figure 2.3.2.3-5. BOUNDARY: FUNCTION {(B_SIGN,w,D,UC,UD,CD)}.




SMALL_BERROR_CONTROL _LOGIC

The procedure SMALL ERROR_CONTROL_LOGIC computes the change in
B requlired to drive the state into a limit cycle with the spec-
1fied deadband about the desired attitude and rate., Testing to date
has used deadbands cf 0.5 and 5.0 degrees. The switching curves are
described in Subsection 1.3.2.3.1, and the equations which define them
are presented in Table 2.3.2.3-2. As 1llustrated ain Pigures 2.3.2.3~3

and 2.3.2.3-4, the region in which the state lies is singled out and

rate, X

then the appropriate control action is computed.

The function BOUNDARY, i1llustrated in Faigure 2,3.2.3-5, 1s imple-
mented to compute the various switching curves.

Table 2.3.2.3-2. Definitions of boundaries of small error
control regions.

Boundary/Parameter . Definition
2
[13)
BOUNDARY_I_TO_II B, = € +DR*
2(|ual - lugh
w2
BOUNDARY..II_TO_COAST 8, = - & + DR
2(|Ua| - lupD
o 2
BOUNDARY_I_TO_COAST 6, =+ e + DR’
2¢D((u.| + |uph
. w2
BOUNDARY_III_TO_COAST 8, =+ e - DL
2(fusl + lugd
w2
BOUNDARY_IV._TO_III 6, =+ € - DL/
2([Ug| + Uy
w2
BOUNDARY_IV_TO _COAST o, = - € - DL’
2CD([U| - [up])
w2
TARGET._DISTURB 8, = + & . .x
2jupl

2,3.2.4 Jet Selection

A decisaion, based on the flag NOM_VERNIER 5W, i1s made as to which
jet selection scheme is to be used (see Faigure 2.2.2-1). The procedure
NOMINAL 2s called :f the main RCS Jets are to be used, and the procedure
VERNIER 1s called if the vernier jets are to be used.
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2.3.2.4.1 Jet Selectaon for Main RCS Jets (NOMINAL). - The eguations

used to select the jets are Boolean algebra eguations relating the jet
failure condition to the jet on/off state desired. The equations were
derived by first determining which jets should be fired for all different
control actions and all reguired jet failure conditions. Logical equa-
tions were then written which would result in the firing of those jets.
This 1s basically a table look-up method of jet selection, since a

different set of eguations 1s used for esach control action.

A flowchart i1s given in Figure 2.3.2.4.1-1. This module has noct
yvet been structured. The flowchart uses the "old" jet numbering scheme
(see Subsection 4.3.2.4).

2.3.2.4.2 Jet Selection for Vernier Jets (VERNIER). -~ The vernier jet

selection logic selects the jet(s) corresponding to the rotaticnal ac-
celeration unit vector which provides the maximum dot product with the
command vector.

The flowchart for the vernier 3jet selection appears in Fig-

ure 2.3.2.4.2~1. This module has not yet been structured.

2.3.3 TVC DAP

’

2.3.3.1 Automatic Patch/Yaw TVC Law

The guidance pitch/vaw rate command w, s processed in the TVC DAP
in the followaing way. It 1s first multiplied by the guidance loop gain
Ksteer and integrated to form attitude increments. These are then
passed through the guidance loop compensat:ion £ilter whose z-transform

S{z) 1s gaiven by

0.34 - 0.3332 z %

1 - 0.9932 z 1

5(z) =

The output of this filter represents the attitude command Bc. it 1s
summed with the measured attitude 0 (feedback) to yield the attitude
erroxy signal Be as follows:

This sampled attitude error signal then goes through the following
digital compensation filter (the w-transform of this filter is given
in Subsection 4.3.3.1):
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ENTRY
JETSLT
h
DEFINE ¥1(I} = FL{I) *+ [FL{I + 1)
+ PLAI + 2}] + E‘L(I + 1)
= FL{I + 2}
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IPASS

DLY = ONDLY — OFFDLY

D I = 1,3
i e m e = o —— e i
i i
1 i
| |
1 <0 F <0 >0 I
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1 \ ]
| |
1 =0 0 [
i B i
i |
i |
; |
= y \:4 I
1
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1 1
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| I
| i
1 i
i - [
] |
i A v ]
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i ]
| - A l
| I
] H
! i
I .
i 3 I
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{ N *l
i 2 . ]
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= I DYl 4 31 = 0.0 1 :
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S8BT JT{1} through JT{38)
to FALSE
HC = Y

Figure 2.3.2.4,1=1, NOMINAL.
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\-
<0
>0

CHD {HC) = NCOM({NC)
MgD(RC} = MED(NCY - 1
L2{NC) = FALSE

L2(NC} = TRUE

1

L2 (NC) = FALSE

v

= Ir
CHD {KC)
#0

CT(KC) = 0
MOD{NC) = 0
NCOM{HC) = 0

NCOH(NC) = ~1 » se [CT(RC))
H@D (NC) = M@DCYC (NC)
CT(NC} =0

Figure 2.,3.2.4.1-1. NOMINAL {Cont).
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JIT(1) = FL{L)
IT(2) = TL(2} IFL{1) + FL{3) + L2(1}]
3T(3) = FL(D

XCOUNT

(ol

+%

=a

Jr(15) = FLI15)
ar{zn = FL{27}
J2(16) = FR{16)  {FL(15} + F2{27) + L2(1}]
JT{29) = FL(28) + [FL(27) + F2(15) + 12{1})

@ Xcoour

k4
Hn=1
Iz2=7

JEB = 1

CRTR
THCR

XFIN

£T(2) = eT(2}
€T(3} = CT{3)
CT({d) = cT{d}
CT(5) = cr(3)
cT{6) = cT{&}

+ ADD(2)
+ ADD(3}
+ ADD (4}
+ apD(5)
+ ADD(E)

@——p ¥ comp

YAW
COMP

Figure 2,3.2.4,1-1. NOMINAL (Cont)
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N -
YAWY = § o mm““”( | : )
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‘,? +YAW

+Y/-YAH

FY/+YAW

YAWY = 4
Issue warning that -Y¥Y command
ignecred due to jet failures

Figure 2.3.2.4.1-1. HNOMINAL (Cont).



+ YAW
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TS = 28

O
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¥-¥AW COUNT
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Figure 2.3.2,4.1~1. NOMINAL (Cont).
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Figure 2,3.2,4.1-1, NOMINAL (Cont).
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JT (R
JT{NT
JT(TT)
aT (T3
JIT{TT

= FL(HT)

+ 1) = FE(NF + 1) FLiyg)
+ 2) = FL(NT + 2] + F2(NJ)

= FL {3

+ 1) = FL(TF +# 1) - FLiTI)
+ 20 = FL(17 + 2) - F2(13}

7

7

w RPZ CQUNT

vy =
W2 =
JT{6} =
a7y =
Jri{e} =
HJ -
7 -

-PITCH ?
TJIP

TJF + L215)
FL{8} - LVv2
FL{7} » Iv2 -
FL(B) + Lv2

24
i

[FL{6) + FE{7]]

1wl = TJP + F2(9) + F2{13)
w2 = IVI + L2(5)

JT{9) = FL{®) »+ Lv2

JT(13) = FL(13) » L2

JT{10) = ¥FL{10) *+ FL(9) - LvZ

J7(14) = FL{14) - FL(13) + Lv2
NI =21 -

T3 = 33

Figure 2,3.2,4.1-1. NOMINAL (Cont).
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+2

g

g

JT{6)
JT(T)
JT{8)
LVl

FL(6) - (FL{7) + L2(3}]
FL(N
FL{8) ~ [FL{7)} < FL[6} +12(3}]

= FL(8) + FL{?) + FE(8) + FL(2l)

+ FL{22) + FL{23) + FL{33)
# FL{34) + FL{35)

Jar(s} = FL(9
JT(13} = FL{13)
JT{10) = FE(10} « {FE{9) + L2{3})
JT(14) = FL(14§) [FE(13) + L2(3))

YIR © TRYE

[}; ,

JT (23} = TRUE
JP(TT + 1) = TRUE
d7(1y + 2} = TRUE
JT{NT} = TRUZ
JT(NT + 1) = TRUE
JT(NT + 2} = TRUE

9,

RPZ COUNT w

™,
o =

7 TRUE
NT = 24

T3 = 36

NI = 24
. T3 = 36

IF
F2{3) + F2{13)

HIR = TRUE

Pigure 2.3.2.4.1=1, NOMINAL (Cont).



+ROLL/+PTTCH w -ROLL/~PITCH
’ A

JT{6) = FL{6)} - L2(5)
JT{7) = FL(m - FL(E) - L2(5)

JT{8) = FL{8) - F2(§) - L2(5)
HI = 36
v

TJ = 36

vl = P2{9} + r2(13)
Lv2 = L2{3) + IvT
JT(8) = FL{9) - Lv2
JT(13) = FE{13) 1v2
H

JT{10) FL(10) - FL{9} - L¥2
JT{148) FL(14) * FL{13}) » Iv2
ITiTTY FL() +ROLL/+2
JTITT + 1} = FL{TT + 1) +« [FL{TI) + Lv1]
IT{TT + 2)

.

FLiTT + 2) » {F2(T3) + L¥1
+ [FL{TJ) + FL(TT + 1)1}

TJ = 33

I NI = 21

@—o

RPZ COUNT

(Rl

¥
LVl = FL{&} + FL(7) + FL{8)} ¥ FL{EJ) + FL(TJI + 1)

+ FL{TJ + 2)
+ROLL/-PITCH @ w2  m 12(3) + TOT
. JT{6} = FL{6) - [FL(?) + L2(3)]
x JT{7) = FL(7}
IT{E) = F(E) - 12(5) ‘ TT(8) = FL{g} « [F2(6) + L2(3})
Jr(7) = FL(7}  FL{B) + L2(5} .
JT{6)} = FL(6) - FL{D) + FL{8) + L2(5) ITRT) = FL{H3) - L203)
NT = 24 JT{NT + 1) = FL{NJ + 1) » PLIRI) » L2{3)}
o7 w24 JTINT + 2) = FL{®T # 2) - F2{NJ) - L2{3)
JT{TI) = FL{T3}
JT{TT + 1} = FLITT + 1) - L2{D)
IT{TT + 2} = FLITT + 2) + Iv2

L7

RPZ COUNT w

-ROLL/+PITCH

2] Gl

T = 21

a=

Figure 2,372,4,1-1. NOMINAL ({Cont).




+ROLL /=2

AT PLICH/+T w
( T3 = 24 __J
f !
‘
— LVl = FL({21l} + FL{Z2} + FL{23) + FL({33)
aT(s) = FL{9) + FL{34}) + FL(35)
ITiL3) = FLILY) IT(6) = FT(6} - BT » L2
JT(10) = FL{10) + [FL{9} + L2(3)] IT(T) = FE(7)  [FL{6) + FLIB) + Lvl
JT (14} = FL(14) - [FL{13) + L2{(3)] * lorier = TEBY IO » n203)
JT(7T) = FL(T3)

I™MTT + 1) = FLITT + 1)

JIT{TT + 2} = FL(TT + 2) -

JT{HD)

+ L2(3)]

= FL{NT) L2(3)

JT(NT + 1) = FL{NT + 1) » FL(NJ) « L2(3)
JTNT + 2) = FL(NT + 2) + FP2(NJ) * 5L2(3)

FL{?J) + FL{TJ + 1)

+ L2{3)

p

RPZ COUNRT

(e

-ROLL/+Z

L
TF = 21

<
]
[
[N

=ROLL/~2Z

] (el

RF = 24
¥ o 36

Gl

+PITCH/=2 v

aT(s) = FL(9)

JT(13) = FL{13)

J2[10} = FL(10} « [FL(9) + L2(3})
JT(14) = FL{14) + [PL(13) + L2(2)]
19 = 24

HI = 36

RPZ COUNT
TRUE

Figure 2,3,2,4,1-1. NOMINAL (Cont).
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~PITCH/+2Z

JT(6) = FL(6) « [FLIT) + L2({3)]
JT{7} = FL{N

JT(8) = FL(8) - [F2{6) + L2(3}]
T3 =21

NI = 33

+RAAR/ T w

NI =21
T3 = 33

A

JT(6} =
IT(N) =
Je(8} =
JT (NI} =
JT(NT + 1) =
JTMI + 2) =
JT(TT) =
JT{RT + 1) =

JT{ET + 2) =

FL(§) +« FL(7) » L2(3)

FL(7) - L2()

FE (8} - P26} - L2{3)

LT - L2(3)

FL(%J + 1) - FL(NI) + L2{3)
FLINF + 2} « F2{¥T) + L2(3)
FLIT3)

FLi(ra + 1} {FL(TJ) + L2{3})}
FLinF + 2) « {F2(7I) + L2{3}}

=-DINCH/ -5

aTis)y = FL(s) W
IT(13) = FL(13)
GT(24) = FL[24)
IT{25) = FL{25)
Jr{26] = FL{26)
JT{36) = FL(36)
JT37) = FL(37)
3T{38) = FL(38)

Y,
v RPZ COUNT

4R/4D/ =2

NIl = 9
NJ2 = 13
TIL = 24
TJ2:= 36

Figure 2,3,2.4,1-1. NOMINAL (Cont).
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Lv2 = FZ{NJZ} T3 o 24

IT{NIL) = FT(u31) Ny - 36
JT{NJl + 1) = FL(NJL + 1) * ([FL(NJ1) + L2(3}]
JT {(HI2) = FL(N32) L2
JT{HI2 ¥ 1) = FL(NJ2 + 1) + [FLINI2) + L2(})] :
J2 (TIL) = FLITo) * (V2 + L2(3)] ITIT3] = FL(TT)
IT(ITL + 1) = FE{T01 + 1)  {FLiTJ1) =~ LV2 JTITI + 1) = FTITT + 1}
+_r..2(3)] JT{TF + 2) = FLIPT + 2} - [FL(TJY
FT(TIL + 2} = z;x.-('r.n + 2} * [L2(3) +'F2(TJ1) - Lv2} + FO{TT + 1) + L2(3]
FT{TT2) = Fo{T32) + L2(3) IT(NT) = FL{NT) » L2(3)
X JTNT + 1) = FL(HJ + 1) + FL(N3) > L2(3}
v HPZ COUNT ],
v RPZ COUNT
+R/=P/+Z
~R/P/+2 ?
9 = 33 NJ = 33
TJ = 2}
Y.
JT{6) = FL{8) [F2{7) + L2(3)]
I7(7) = FL{7) - [FL{8) + L2{3))
I8} = FL(8)
vl = FL(6) + PL(7) + FL{8} ~R/+B/-Z
IT(TT) = FLlTa)
ar(tF + 1) = FLITg + 1) [FL (T3} + Lz{3} + IVI]
JT(TF + 2} = FLITT + 2} - §F2(may + 12(3) - LFL
« (FL{TJ} # FLIT3 + 13} NI1 = 13
RI2 = 3

TIL = 36

]
w RPZ COUNT TI2 = 24

]

Figure 2,3.2.4,1=1, NOMINAL {Cont).



—R/-B/+2 !
%, .

o= 21

ADD(4) = 0
e )
\7
T3 = 36 =0 IF
NI = 24 CHD(5)
! - 76
ADD(5} = O
RPZ COUNT
7

Il = 20
E2 = 38

ADD{3) =0

J0B = 3
é CNTR INCR ——%,

CT{I} = CT{I) + ADDII)
FOR I = 1 TD 6

FINISH

Figure 2.3,.2.4.1-1, NOMINAL (Cont),



CHTR IHCR DOR = 1,6
e Mamalate o
| V |
SET ADD{1) THROUGH 1 BV(R) = DVIK) 1
ADD(6) TO ZERD : + ADD(K) 1
|
————— e e i L

Do 1, 12
= e e et e e e i i
1

HEEETE ]

V
JTLST{¥J) = 0 0
TURN JT(NJ)} OFF

<0

TIME = DT - DLY
- TURN JT{N3) OY
JTYLST(NJ)Y = 1.0

L ] I

—

k;a-s'cmn-gl

o St s o et Pt P e . s e e A P 1 o ot . et e o o et ey e
e e e e et o e 1 i e kB i e e e e e e et et . e s e et o e e it e S 0

Figure 2,3,2,4,1-1. NOMINAL {Cont).



Inputs

J(1} through J(6) = ©

JET =0

DPMX = -1,0
DwWJ{1) = 0,0
DWI(2) = 0.0
DWJ{(3) = 0.0

<0
| Return ’

=t
n
-
-
[==]

DP=aI‘

CMD
>0

JET =1
NDPMX = DP

AN
[~

— — —— E— A——

DWJ(2) = DWJ(2) +‘-“I(2) AM(L) - DT

I
I
I |
DWJ(1) = DWJ(1) +a {1} AM(I) DT |
|
I
|

S |
|
|

N
|
|
|

_

|
|
|

l_....
I

I

l

I

|

[ DWJI(3) = DWJ(3) + aI(3) AM(I) DT
I

I

L

I

vV
2=

' Return '

Figure 2.3.2.4,2-1. VERNIER: PROCEDURE.
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1
1

+ 0.08922 z %) (1 - 0.98807 z 1)

+ 0.78845 2_2)(1 - 0.78571 z"l)

(L - 0.5974 z
(1 - 1.7376 z

Dl(z) = KD

The filter gain KD 1s computed from the following:

0.534
K =
D KV
where
TEX
KV = = for the pitch autopailot
vy
TQX
Kv = for the yaw autopilot
Z2

T 1s total thrust in pounds

L 1s distance parallel to x axis from OMS engines to
vehicle cg in feet

: IZz are moments of inertia about y, £ axes in slug—ft2

1

Yy
The cutput DAPOUT of the digital compensation filter is the input to
the TMC filter. ’

For computational accuracy the above filter 1s broken up into two
cascaded sections, the first section containing the first-order part of
the filter, and the second section being the remaining second-order
section. The output of the first-order section DAP] becomes an input
for the second section. This arrangement results in the following
difference equations for computing the fialter output at the nth auto-
pilot sampling time:

bapl = Ky88, _ 5.98807:% ) + 0.78571 pari
n n-1 n-1
DAPOUTn = DAPln - 0.597? DAPln_l + 0.08922 DAPln_2
+ 1.7376 DAPOUTn_l - 0.78845 DAPOUTn_2
The z-~transform of the TMC filter is:
-1.2
M(z) = (1 0.998 z ),

(L - 2) %1 - 0.9%6 2z 1)



)

]

The difference equations for two cascaded first-order sections of this
filter are:

¢, = DAPOUT =~ 0.998 DAPOUT _, + 6]
n “n-1
Sc = 6;‘ - 0.998 6; + 0.996 GC
n n n-1 n-1
8 = § -8
=} C n

Gcn 1s the engiﬂe command, Gn engine position, and 6en engine servo
error at the n autopilot sampling time. Upon conversion to analog
form, this error 1s sent to the engine servo amplifier.

It should be pointed out that in the case of pitch-plane engine
servos, the total command and thus the error signal sent to the servo
amplifiers 15 modified by differential commands from the roll autopirlot.
Thus, if SCP 1s the engine command produced by the pitch autopilot and
Sy

error Ge sent to engine servo amplifier number one 1is
1 .

15 the engine command produced by the xoll autopilot, the total

A flowchart of the algorithm which i1mplements all‘equatlons with-
out a pushdown list for the wvariables' is shown in Figure 2.3.3.1-1.

2.3.3.2 Auvtomatic Roll TVC Law

The compensation filter for the autematic roll control 1s given
by the z-transform

1 - 0.984 2%
T 1. 0.88 2 ¢

Dz(z) = K

where

bl
Il

26-4/1(v

=
It

le/l’Xx



:

1
steer Yc DT + ec

8, = K
'
8, = 0.340 + SUM
X
SUM = -0.33326_ + 0.99320
C C

DAP]1 = X 6 + SUM1
D e

SUML

—(KD)(0.98807)Be 4+ 0.78571DAP1

DAPOUT = DAPl + SUM2

SUM2 = -0.5974DAP1l + 1.7376DAPOUT + SUM3

5UM3 = (0.08922DAP1 - 0.78845DAPOUT

6; = DAPOUT + LASTL .
LASTL = —?.998DAPOUT + SC
Gc = Sc 4+ LAST2
1
LAST2 = -0.998 Sc + 0.996 Gc
Se = 6c - &

=)

™C falter for pitch or vaw attitude control.

Figure 2.3.3.1-1.



T is thrust in pounds
L 1s distance parallel to y axis from OMS engine to vehicle cg
in feet

I 1s vehicle moment of inertia about x axis in slug-ft2

The input to this failter is the rcll attitude error Be which s the
dirfference between the roll command Gc and the measured roll angle 8.

Implementation of this compensation would result in the following

eguations:

Sd = Kree + sum3

sum3 = -—-0.984 Kree + 0.88 6d

X

6d 1s the engine command to the pitch plane engine servos, which i1s com-—
bined with pitch autop:ilot commands as described in the previous sub-
section.

2,3.3.3 Manual TVC Law

.

For the manual mode of TVC in pitch and yaw, the error signal irs

the rate error W resulting from differencing the pilot RHC rate com-—
mand W, and the rate w derived from IMU gimhal angle measurements
transformed to body axes:

[t = W -
e C

This error 1s passed through the compensation f£ilter whose z-transform
1s D3(z):

1 - 0,994 z %

(1 - z_l)(l - 0.7857 z"l)(l - 1.7376 2~

D3(z} = K

M 1 2

+ 0.78845 2~ %)

where

KM = 0.0109/1(v

and Kv 1s the vehicle gain as defined in .Subsection 2.3.3.1. Implemen-
tation of this filter results in equations samilar to those for the

antomatic mode given in Figure 2.3.3.1-1.

The roll autopilot envisioned foxr this mede would alsoc be a rate
control system and would probably involve a simple gain compensation
which 18 to be determined.



2.3.4 RCS DAF and TVC DAP Drivers

2.3.4.1 RCS DAP Drivers

2.3.4.1.1 Manually Commanded RCS DAP Drivers. — The manual RCS modes

accept RHC and THC commands referenced to the Commander's statzon (+X
facing) axes. Thus, inputs from the aft station must be transformed

from either -Z facing or -X facing coordinates to +X facing coordinates.

The transformations to accomplish this are:

where the following conventions are used:

=X Facing
RHC (1) | -1 0 olfmec )]
RHC (2) 0 -1 0{|=zECc (2)
RHC (3) | .4 | 0 0 +1|| RHC (3) | _y
THC (1) | +1 0 o[mHC ()]
THC (2) o -1 0| THC (2)
THC (3) |, o o -l]jmic (3)]_,

~Z PFPacing
'REC (1) | [0 o -1]frEc (1)
RHC (2) o -1 o0|lrac (2)
RHC (3) | . -1 0 O [ rREC (3] _,
(e (1) (o o -1[ e @)
THC (2) 0 -1 off THe (2)
THC (3) | o =10 of{mHC (3)[_,



RIGHT DOWN
+RHC = AFT +THC = RIGHT

TWIST TO RIGHT FORWARD

2.3.4.1.1.1 Rotation. - The procedure MAN RCS ROT, flowcharted in
Figure 2.3.4.1.1.1-2, first checks whether INIT MAN ROT FLAG 1s on.

If so, it selects the direct rotation acceleration command submode 1n
all three axes. On subsegquent passes, 1f the RHC 1s out of detent, the
rotation submode 1s always the gsame as on the previous pass, effecting
inhibition of mode switching. If the RHC 1s in detent, new submode
selections are accepted, with the submodes of the previous pass as

default selections.

In all cases, appropriate switch lamps are commanded on, confirmang
the new submode selections, or retention of previous selections, MAN_
RCS_ROT then executes the selected submode in each of the three rotation

axes.

RHC hysteresis ({(see Figure 2.3.4.1.1.1-1) 1s incorporated in the
procedure RHC READ, flowcharted in Fagure 2.3.4.1.1.1-3.

RHC_STATE

R

STA SLB 0 SRB SRA RHC

Figure 2.3.4.1.1.1-1. RHC hysteresis incorperated by RHC_READ.

RHC_READ compares the RHC deflection with four deadband limits to detex-
mine 1f 1t 1s out of detent. If the deflection 1s greater than SRA,

RHC STATE = +1. If it 1s less than SLA, RHC STATE = -1l. If the RHC
deflection is between SIB and SRB, 1t is considered an detent, and
RHC_STATE = 0. '
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IF INIT_MAN_

THEN | poTATION_GPTIONS

ROT_FLAG = O8  / - = (2,2:2)

LIGHT1 = LIGHTL AND HEX '7E38'
IF RHC_STATE 0 OR )
OLDLIGHT1 ELSE . 17 THEN [ RoTATION OPTIONS
- LIGHT1 RHC_STATE, # 0 OR -
PIC_STATE, 7 0 = OLD_ROTATION_OPTIONS
. LIGHTL = (LIGHTL AND HEX'TA')
OR {OLDLIGHT1 AND HEX'1FF00')
DO FOR AXTS_INDEX DO CASE N\ 1 em
=1,2,3 ) ROTATION OPTIONS,yys 1npEX / RHC_RFAD
CALL
ROT_DISC
OLD_ROTATION_GPTIONS
= ROTATION_OPTTIONS
21 eaLL
™| rHC_READ
CALL
CALL BODY_RATE_ANGLC_DRIVE
_RATE_, - ROT_ACCEL
{DESIRED_OMEGA, GA_DESIRED) :
3{ CALL
=] RHC_READ
{ RETURN ) &
CALL
ROT_PULSE

Figure 2.3.4.1.1.1-2. MAN RCS_ROT: FROCEDURE,



{OLD_RHC_STATE]
=[RHC_sTATE]

DO FOR
AXIS_INDEX=1,2,3

y
‘ RETURN i

Figure 2.3.4.1.1.1-3.

ORIGINAT PAGE B
OF POOR QUALITY|

!

F& RH
17 € axis_inpEx = SRA

IF 6 RHC A <sLA

XIS_INDEX

Y

IF § RHC AXIS_INDEX >>SRB

AND 8§ BHC AXIS_INDER <SRA

IF 8 RHC e 1unEx <sLB

AND § RHC AXLS_INDEX>SLA

IF § RHC AXIS_[NDEX>SLB

AND & RHC AXIS_INDEX <SRB

!

Y

RHC_STATE 1

AXIS_INDEX ~

Y

RHC-STATEAXIS_tNDEX =1

¢

RHC_STATE o315 _iNDEX ™

OLD—HHC-STATEAXES_INDEX

Y

RHC_STATE \ )5 |NDEX =
OLO_RHC_STATE syis |nDEX

\V

RHC_STATEAXIS_INDEX =0

RHC_READ: PROCEDURE.




If the RHC deflection is i1n the hysteresis zone between SLA and
SLB or between SRA and SRB, RHC-3TATE i1s set equal to 1ts value on the
last FC pass. By this logic RHC_STATE remains at the value 1t had upon
entering the hysteresis zone, as long as the RHC deflection remains in
that zone. Thus small-amplitude RHC vibrations will cause at most one
change in the value of RHC_ STATE, which prevents system dither.
2.3.4.1.1.1.1 Discrete Rate Commaﬂd Submode. - The routine ROT_DISC,
flowcharted in Figure 2.3.4.1.1.1-4, first sets the components of CLSTRF
for the affected axis to ON, commanding the higher of two levels of ’
angular acceleration. BYPASS PHASE_PLANE 1s set to OFF for this axis,
indicating that the Phase Plane Switching Logic will be used in thas

axis. A new value of desired omega is obtained, equal to the selected
discrete omega, with the sense of RHC deflection. If the RHC 15 in
detent, this value 1s zero. If the difference between desired omega

and the current estimated angular rate, omegahat, 1s larger than a
_preset deadband, the new desired omega 15 used 1n conjunction with
'BODY_RATE ANGLE_DRIVE (Subsection 2.3.4.1.2.1.5) to generate appropriate
commands for RCS_ERRORS.

2.3.4.1.1.1.2 Direct Rotation Acceleration Command Submode. - On the
first pass of the procedure ROT_ACCEL, flowcharted in Figure 2.3.4.,1.1.1-5,
CLSTRF 1s set ON or OFF depending on whether the crew selected the high

or low rotation option in this axis. BYPASS PHASE PLANE 1s set ON so

that the Jet Select Logic is darectly draven by this submode. The jet

select rate change command 1g set equal to a nominal value with the
sense of RHC deflection. If the RHC 1s in detent, the jets are commanded
CFF.

2.3.4.1.1.1.3 Direct Rotation Pulse Command Submode. - The procedure
ROT PULSE, flowcharted in Figure 2.3.4.1.1.1-6, first sets the compo-
nent of CLSTRF for the affected axais ON, selecting the higher of two
available levels of angular acceleration. BYPASS PHASE_PILANE 1s set ON

in this axis, indicating that the Jet Selection Logic will be driven
directly by this routine. On the first pass in this submode, desired
omega in the affected axis is imitialized to the current estimated

®

angular rate, omegahat.

On passes for which the REC 1s out of detent, and was in detent
on the.previous pass, desired omega 1is incremented,by the selected
pulse size, with the sense of RHC deflection. If the RHC 15 n detent,
" the value of desired omega is not incremented.

2-~50
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IF ROTATION OPTIONS CLSTRE
NDEX
AXIS_I THEN AXIS_ INDEX
# OLD_ROTATION_OPTIONS = ON
AXIS_INDEX
BYPASS_PHASE PLANE
DESIRED_OMEGA AXIS_INDEX
AXIS_INDEX = OFF
= RHC_STATE DISCRETE_OMEGA
AXIS_INDEX AXIS_INDEX

( RETURN )

Fagure 2.3.4,.1.1.1~4. ROT_DISC: PROCEDURE.




z9-C

é

IF ROTATION_OPTIONS
AXIS_INDEX

THEN
—

CLSTRF
AXIS INDEX

# OLD_ROTATION OPTIONS
AXI5_INDEX )

JET COMMAND
- AXIS_INDEX = RHC_STATE

AXIS_INDEX

()

Figure 2.3.4.1.1.1-5. ROT_ACCEL:

= CPLAG
AXIS_INDEX

BYPASS_PHASE_PLANE
AXIS_ TINDEX
= ON

PROCEDURE.



£5-T

l

IF OLD_RCTATION_OPTIONS

AXIS_INDEX
¥ ROTATION OPTIONS

AXIS_INDEX

IF

OLD_RHC_STATE

AXIS_INDEX >

=0

\
/

THEN

DLSIRCD_OMEGA

OMCGAHAT,

AXIS_INDEX

AXIS_INDEX

CLSTRE

AXIS_INDEX
= ON

{

BYPASS_PHASE_
PLANE

AXKIS_INDEX
= ON

THEN

IF ABS (DESIRED_OMEGA

AXIS_INDEX

DESIRCD_OMEGA

AXIS_INDEX
RHC_STATC

DESIRED_OMEGAH

AXIS_ INDEX

i

ROTATEON PULSC~SIZE

DB_OMEGA

ax1s_tupEx t

AXIS_INDEX

AXIS_INDEK
0.1 DESIRLD_OMEGA

AXIS_INDEX

{

IF PULSL_DB_OMEGA

AXIS_INDEX
> DB_OMEGA

AXIS_INDEX

-OMEGAHAT
> DB_OMEGA

AX1S_INDEX/
AXIS_INDEX

THEN

Figure 2.3.4.1.1.1~

~

JET_COMMAND

THEN

DB_OMEGA

AXIS_INDEX
PULSE_DPB_OMEGA

ANIS_INDEX

SIGN (DESIRED_OMEGA

ELSE

JET_COMMAND

AXIS_INDDX ~

AXIS_INDDX

OMEGAHAT

AXrs_INDEx'

AXIS_INDLX

6.

0

ROT_PULSE:

PROCEDURE.
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A deadband, equal to 0.1 times desired omega but not less than a
preset minimum, 1s placed around the current estimated angular velocity.
If the desired rate 1s outside this deadband, commands are sent to the
Jet Selection Logic appropriate to draive the rate into the deadband.
Otherwise, the jets are commanded QFF.

3

2.3.4.1.1.2 Translation

The procedure MAN RCS_TRANS, flowcharted in Figure 2.3.4.1.1.2-1,
checks the THC for detent. If the THC 1s out of detent, MAN RCS TRANS
takes the translation submode selections to be the same as those of the
previcus pass, and commands the switches corresponding to those options
to be 1lluminated, effecting inhabation of submode changes. If the THC
15 an detent, new submode selections are accepted, with the submodes of
the previous pass as default selections.

MAN RCS_TRANS then executes the selected submodes in each of the
three translation axes.
2.3.4.1.1.2.1 Manual Direct Translation Acceleration Command Submode.
Wnen the procedure TRANS ACCEL, flowcharted in Figure 2.3.4.1.1.2-2,
1s selected for an axis, the component of CLSTRF in that axis 1s set

ON or OFF 1in accordance with the translation high/low selections. The
jet select rate change command in that axis 1s set egual to a nomanal
rate change with the sense of THC deflection. If the THC 1s 1in detent,
the jets are commanded OFF.

2.3.4.1.1.2.2 Darect Tranglation Pulse Command Submode. - On the first
pass of the procedure TRANS_PULSE, flowcharted in Figure 2.3.4.1.1.2-3,
the component of CLSTRF in the affected axis is set OW, and V_DESIRED
and V_NOW are set to zero. If the THC was in detent on a previous FC

pass, V_DESIRED 1s incremented by the selected translation pulse size
with the same sense as the THC deflection. If the THC 1s in detent,
V_DESIRED is not incremented. Should the difference between V_DESIRED
and V_NOW be greater than a preset deadband, jets are commanded ON to
drive this difference to zero. Otherwise, the jets are commanded OFF.
V_NOW 1s i1ncremented with the rate change predicted by the Jet Selection
Logic.
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IF THC #
INTEGER (0,0,0)

i

DO FOR AXIS IMDEX
= 1,2,3

¥

(j_ RETURN _j>

THEMN TRANSLATION OPTION

= OLD_TRANSLATION_ OPTION

¥

L.IGHT2 = (OLDLIGHTZ2 AND HEX'3F')
OR {LIGHTZ2 AND HEX'FCO']

TRANS_ACCEL

TRANS PULSE

JET_COMMAND

AXIS_INDEX + 3 ~

AXIS_INDEX + 3

THEN
IF TRANSLATION OPTIONy o ryppy \\\ "
= on //rf -

ELSE CALL
S Y.

V NOWyyrs mvpEx = V- Paxrs rwpEx

+ DELTA_Vpx1s INDEX
- ~

Figure 2.3.4.1.1.2-1. MAW_RCS TRANS: PROCEDURE.
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&

Ir TRANSLATION—OPTIONAXIS_INDEX

# OLD__TRANSLATION__OPTIONAXI:S_]‘:NDEX

THEN

¥

JET_COMMAND y75 INDEX

= MChyrs_INDEX

i

C RETURN )

Figure 2.3.4.1.1.2~2,

TRANS_ACCEL:

CLSTRF %15 INDEX + 3 =

CFLAGAx1s INDEX + 3

PROCEDURE.
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IF TRANSLATION_OPTION #
AXIS_INDEX THEN

V_DESIRED

OLD_TRANSEATION _OPTION
AXIS_INDLDX

SN

AXIS_INDEX
= 0

/

Y-NOI?
AXYS_INDDX

=0~

/
CLSTRP
AXIS_INDEX + 3

= O

i‘

=0

IF OLD_THC \ )
AXIS_INDEX / ZHEN

V.PESIRED, x5 rappx = V-PESIRED rq rup

+ THCAXIS_INDEX TRANSLATION_PULSE_SIZEAKIS

EX

_INDEX

7
IF ABS(V_DESIREDayrs ywppx ~ V—N“"’Aﬂs_mbm:’\ THEN SET_COMMANDyrs rwopx + 3 = STOW(V_DESIRED... o yopex
LR -
> OB VELpyvs INDDK - = V_NOW. .05 1npEN
pof JET-FOMMANDLyrs TpER + 3
ROCTURN ELSE

=0

Figure 2.3.4.1.1.2-3, TRANS PULSE: PROCEDURE.




2.3.4.1.2 Automatically Commanded RCS DAP Drivers

2.3.4.1.2.1 Rotation. - Faigure 2.3.4.1.2.,1-1 is a graphic summariza-
tion of the modular breakdown for automatic attitude maneuvers.

Table 2.3.4.1.2,1~1, the Module Dictionary for Attitude Maneuver, 1s

a detairled summarization of the attitude maneuver modules and the f£low

of data into and out of these modules.

2.3.4.1.2.1.1 Three-Ax1is Automatic Attitude Maneuver. - An automatic
attitude maneuver about all three axes is executed by calling the pro-
cedure ATTITUDE MANEUVER. The structured flowchart for this procedure
1s found i1n Figure 2.3.4.1.2.1-2. The procedures STEERING, HOLD_ATTITUDE,
and STOPRATE, set the values for [¢DI, {A@D], EBIAS and oy
the RCS DAP. These procedures are flowcharted in Figures 2.3.4.1.2.1-3

through 2.3.4.1.2.1-5.

required for

The service routines GIMBAL_ANGLE_READ, ANGLES_TO_DCM, DCM_TO_
ANGLES and ROTATION MATRIX are described in Subsection 2.3.4.1.2.1.4.

2.3.4.1.2.1.2 Two-Axis Automatic Attitude Maneuver. - A two-axis auto-

matic attitude maneuver 1s executed by performing the procedure VECPOINT,
followed by ATTITUDE MANEUVER. The structured f£lowchart for VECPOINT
appears in Fagure 2.3.4.1.2.1-6. ATTITUDE_MANEUVER 1s described an
Subsection 2.3.4.1.2.1.1. ‘fThe service routines GIMBAL ANGLE READ,
ANGLES_TO_DCM, DCM TO ANGLES, and ROTATION MATRIX are described in
Subsection 2.3.4.1.2.1.4.

v

2.3.4.1.2.1.3 OMS Prethrust Maneuver. - To be determined.

2.3.4.1.2.1.4 Automatic Attatude Maneuver Service Routines. - The pro-
cedures ANGLES_TO_DCM, DCM_TO_ANGLES, ROTATION MATRIX, and GIMBAL ANGLE_
READ are flowcharted in Figures 2.3.4.1.2.1-7 through 2.3.4.1.2.1-10.

Phese routines are called by a number of automatic attitude maneuver
procedures.

2.3.4.1.2.1.5 Automatic Rate Dravers. - Automatic rate driving can be
implemented by calling the prccedure SM_RATE ANGLE DRIVE or BODY_ RATE_

ANGLE_DRIVE. Flowcharts of these procedures appear 1n Figures 2.3.4.1.2.1-11

and 2.3.4.1.2.1~12. The service routine COMPMPGA, which computes the
transformation matrix from gimbal axes to body axes, 1s flowcharted in
Figure 2.3.4.1.2.1-13, The servace routine ANGLES_TO_DCM 1s described
in the preceding subsection.
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FCOS
{COMPOOL}

VECPOINT

ATTITUDE__
MANEUVER

GIMBAL_ANGLE_
READ

ANGLES_TO_DCM

DCM_TO_ANGLES

ROTATION_MATRIX

STEERING

HOLD_ATTITUDE

Figure 2.3.4.1,2.1-1.

STOPRATE

Structure of automatic attitude maneuvers.
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Table 2.3.4.1.2.1-1.

Attitude maneuver module dictionary.

MNEMONIC DESCRIETION v | cLass DECLARED ENTRY FORMAT AT QuirUTS LEVEL'
ANGLES. Converis an array of ANGLIS TO DCM
TO.DCM angles to a directton~ PROCEDURE| COMPOOL PROCTDURITI($]) --- --- 2
cosine matelx ASSIGN(C)
p— Computes anpgle of tota= .
ATTITUDE_
MANCUVER tion, Ay, and aus of PROCEDURE | COMPOOL  |ATTITUDE MANLUVER AUTO MODE - 1
single equivalent rolation, "
u_, and calls STEERING PROCEDURE {{gh Juw o)
DCN_ro- Conve: ts direction=
ANGLES cosine matiis o an PROCEDURE COMPOOL DCM_TO _ANGLLS
array ot gumbal angles . !-'ROCEDURE(&) . o 2
ASSIGN{[e])
GIMBAL . Reads the gimba! angles PROCLDURE COMPOOL GIMBAL_ANGL ID-RLCAD
ANGLE_READ PROCEDUREL ASSIGN (GA) =--- - 1
HOLD_ Sends steerwng pat ameter s ATTUPUDE HOLE_ ATTITUDE [ 3080.]
ATTITUDE to the automlot to hold - o " > A pdté®nsl,
attitude at commanded PROCEDURD MANCUVER PROCEDURE [ﬂc] C ] 2
gimbal angles 'BBEAS » ¥y
ROTATION_ Computes rotation maty s ATTITUDL_ ROTATION_MATRIX _
MAT BRI ; PROCEDURE | 3 NRUVER PROCEDURL{u , A) Cdentity -- 2
R from y  and Ay Pt}
v ASSIGN (1)
Computes and send to AM' U w,
autopilot the steering ATTITUDE_ -
STELRING Pi1amaters every tgyq, PROCEDURE | wyanpuvor | STECRING PROCEDURE wled [6g o, f2op), [Bpiag) )
seconds
Wy f6p), €
Yast 2loyereCmsm | 4 BY “BSM
REALSEC, AUTO.
MODE
STOPRATE Sends steerl;lg parameters ATTITU Present pumbal (opd. Lady) .
te the autopilot te hold TTUDL. anglas obtained from
attitude at present glmbal | TROCEDURE | puppgypg | STOPRATE PROCEDURE | Siminny sncrr ) eias) @p 3
angles READ
VECPOINT Computes [¢c] from Yann PROCEDURE COMPOOL VECPOINT PROCEDUREL YA NE Sosye UxLe T [uc] 1
atd U

*COMPCOL betng on level 0 °



CALL

ASSIGN

GIMBAL_ANGLE_READ

ol

!

CAIL

ASSIGN

WGLES TO_BOM ([pp])

g’

CALL

AngLes_to_pem (e )y

\M=H’a- Yitzace
1

\ ™
SSIGH ((:QEM_).
* L T *
H(‘B (CBSM) CCS;\I
R. = ns (a H T
R, o] (RCB) ]

(Rpgt - 1 0)e2)

P

CALL

1 HOLD-ATTITUDE
.
IR, 1\, £(0 24 DEG_TO_RAD Hertin :
¥
RETURYN }
THEN
—u unit{-R R -R ]
Ay A9 Az

iF

-\M {170 O}

DEG_TO_RAD >

»

Rg

* L
=05 (RCB+ (RCB’ }

}

Dq FOR

o3 >—

:

,
u_ = umt (g}

ELSE

1F ul_\l>ur2 ANDu_ >ur\

THEN ; R ; )
- u, = s1gn (R
Tz Tp 5
v ’
ul = sign {R
Ty - 3 s
1 3
= ’
Y. T g, sign m"] 3:)
- fz=gf
THEN ul s a slgn (ﬁs 9)
I 3 1.2
1F u.’= u’ sign (R H
L} u. Bu_ AND u, >u rp Mg T80 s, 4
ELSE 2 1 Ty I,
F AP .
o = u sigad H\I 2)
ELSE u/ = u / sign (R, }
BN 513
u’ = uf sign (R }
2 T S2 4

CALL

STEERING

RETURN

Figure 2.3.4.1.2.1-2.

AL PAGE 15
QtLﬁIJTTﬂ
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ATTITUDE MANEUVER: PROCEDU RE.
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h GIVIVT _ANGT E_RLAD

L I oy
\__d

ORIGINAL PAGE IS

FIRLL_PASS = ON

‘:‘\\1 ] Alvels

[

OF POOR QUALITY,

o«
l1.u::1e’.~ ts f

N\ THEN I )

PO ATION MATHIN tul. _\.\Ml
x
ASSIGN (AR
) u.\l -l)
con © RUATIME
LT T feele
l ¥
F THEN CALL
AUTO_MODE = OFF S1OFRATE
x 3 Fl
) RETURN
. Cpsm - Cmsm oR " i i
caLL . .
DCM_TO_ANGLES (Cpqy)
assian (8]
FIRST_PASS = OFF
L.fw u
DO WHILE b

IF  FIRST_PASS

UPDATE >__

i ={s fe IH{2e
BIJ‘.S1 d L .d‘ <,

g D65

!
' [*o] " [*a]
!

[*a] * ]

Lc_\‘clt: : "cycla tat

cyele

arl
HOID_ATTITUDE

!

4
{ HLTURN

WAIT UNTIL
MINIMUM t

cyvele ls]

T

Faigure 2.3.4.1.2.1-3, STEERING: PROCEDURE.
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UPDATE

v
o
N
2
n
2
[}

RETURN

Fiqure 2.3.4,1.2.1-4. HOLD_ATTITUDE: PROCEDURE.



CALL
GIMBAL_ANGLE_READ

ASSIGN ( [‘i’LD‘

v ]

UPDATE > I:B BIAS:' - 0.0

ff
RETURN

Figure 2.3.4.1.2.1-5. STOPRATE: PROCEDURE.
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CALL
GIMBAL_ANGLE_READ
ASSIGN ({éd)

!
CALL
ANGLES_TO_DCM ([dﬂ)

*
ASSIGN (€ o)

. T
inp, © Cpan! Upsm

BaL T ZanB

!

. rE T
Sysur " (CLSM (0,1, 0

1 THEN -

THEN IF jumt (EYSML xy_XL) x

-12
ust |<2

‘ l u, = vetflaygyy xugy ) vy )

THEN

ELSE
1F sy, - upy) “B— 1

‘ ] - [
iF L
lupp *uap, '<2'12>' - BLSE

¢

g, * cumtlup Y, )

ELSE

+

CALL.
ROTATION_MATRIX {u_, A)

ASSIGN(R, | )
l\
Cmsm ~ CIISM "ML ORIGINAL} PAGE IS

CALL OF P.OOR QUALITY,

*
DCM_TO_ANGLES(Cpyor)
assicn[s,.])

RETURN }

Fagure 2.3.4.1.2.1-6. VECPOINT: PROCEDURE.
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C

11 = cos (¢,) cos {6 4)

!

C

1,2

= ~cos(¢’2)sm(d)3)cos (d)l) 4+ s1n (¢2)51n(¢1)

¥

c

1,3

= cos (¢,) sin ($5) 510 (8,) + sin(d,) cos (9,)

¢

cC

2,1 - sm(¢3)

1

¥

C = cos(¢3)cos(¢1)

2.2

v

Cc

9.3 " —005(¢3) sin (¢1)

!

C3’1 = -s1n(¢2) cos (,)

!

C

3,2

= sin(¢2)51n(¢3)cosj¢1)+ cos ($,) s ()

!

Cs,3

= -51n(¢2)51n(¢3)51n(¢1)4-cos(¢2)cos(¢1)

*
Figure 2.3.4.1.2.1-7. ANGLES TO_DCM: PROCEDURE {([$]) "ASSIGN (C).

%
RETURN
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IF C; 4 <0.0 >EN_ ¢, = 7 sign () -6,

0y - - (jcz’slcos(sb?)))

¥

IF  C, ,<0.0 THEN ¢, = 7 sign (8,)- &,

L7

RETURN

oy, PAGE D
cIAL \
O poom GUAY e



o -1 u T
T3 T
U.r [a] -1
Bx_ = 3 Ty
-u u 4]
Ty Ty

Y

R=1

1dentity cos(A) +{a

rgg)(l—cos(A))-% Bz _sn(a)

|

( RETURN )

’ *
Fagure 2.3.4,1.2.1-9. ROTATION__MATRIX: PROCEDURE (Er +A) ASSIGN (R}.

Supply
Gimbal
Angles

Y

( RETURN )

Figure 2.3.4.1.2.1-10, GIMBAL ANGLE READ: PROCEDURE ASSIGN ([¢]).
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Figure 2,3.4.1.2.1-11,

Figure 2.3.4.1.2.1-12.

ORICINAT! PAGE IS
OF POOR QUALITY]

l

x
CALL ANGED S0 ( [OI] ) IRRTEN (:

14 \\‘\L)

|

2pmy

*

« !

TRT VLI PYARTH

CAIT RODY BAYED ANGHTE DRIVE ([Dl] :_””‘\))

¥

( REILRN ,

% :

SM_RATE ANGLE DRIVE:
PROCEDURE ([¢],

CALL COMPMPGA ([o l] )

*
ASSICN (AT }

PG,

|
[6D]= ["IJ

2p T Zpipy

*
Ypummy " Mpoa ¥p

Fast

DO TOR:1 =1

w
e

Yn (sM)

).

D

Ap =
1

v

DURMMMY N

Bprag = "

\

1 RETURN ’

BODY RATE_ANGLE DRIVE:
PROCEDURE ([¢I],

Yy (8a)

).




y

SINOGA = sin (c,bo)
COSOGA = cos {9,)

¥

SECMGA =1 0/cos{¢.)

TANMGA =tan (¢,.)

y

MPGA; ; = 1
MPGA1 5 = -COS0GA TANMGA

I

i‘./IPGA1 3" SINOGA TANMGA

i

MPGAz, 1 0

{

MPGA2 9 COSOGA SECMGA

{

- SINOGA SECMGA

I\{IPGA& 3

MPGA, 4 = 0

MPGA = SINOGA

MPGA = COSOGA

3:

5
1

RETURN

- '

Figure 2.3.4.1.2.1-13. COMPMPGA: PROCEDURE {(¢)] ASSIGN (MgGA).
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2.3.4.1.2.1.6 BAutomatic Tracking. - To be determined.

2.,3.4.1.2.1.7 Poanting. - To be determined.

2.3.4.1.2.1.8 Payload Supplied Commands. — To be determined.
2.3.4.1.2.2 Translation. - To be determined.

2.3.4.2 TVC DAP Drivers

2.3.4.2.1 Manually Commanded TVC DAP Drivers. - To be determined.

2.3.4.2.2 Automatically Commanded TVC DAP Drivers. ~ To be determined.

2.4 OMS/RCS Failure Detection and Identification

2.4.1 OMS Engine FDT

The OMS engine failure detection and i1dentaification 1s performed
by callang the procedure OMS _ENGINE FDI once per second. The structured
flowchart for this procedure is shown in Figure 2.4.1-1.

2.4.2 OMS Actuator FDI

The OMS actuator failure detection and identificatron is performed
by '‘calling the procedure OMS_ACTUATOR _FDI three times on successive
40 ms mainor cycles, once per second. The structured flowchart for this
procedure 1s shown ik Figure 2.4,.2-1.

2.4.3 RCS Jdet FpI '

Jet FDI 1s implemented in two maln sections: Onfail Logic and
O0ffail Logic. The Onfail Logic 15 again davided into new farlure de-
tection and recheck portions. The Onfail Logic 1s to be executed each
major cycle, and 0ffail Logic each minor cycle. These routlnes are
flowcharted in Figures 2,4.3-1 and 2.4.3-2.

The data used by the Jet FDI consists of jet commands from the
jet selection routine, jet driver talkback combined with leak detectox
output, and pressure sensor output. Jet FDI issues fail flags and

manifold shutdown commands.

The Onfail lLogic first determines 1f a recheck is reguired due to
the ON failure of any jet 3 major cycles before. 3If so, the recheck
logic commands %he appropriate manifold closed 1f the jet was failed
ON at the last major cycle. 8Since this disables all jets on that mana-

fold, fail flags for those jets are sent to the jet selection routine.



cL~Z

IF OMSE_INIT_

THEN ,

OLD_ACCUM_DELTA_V =

ACCUM_DELTA_V

¥

[ ousi FAIL = OFT

FLAG = ON [
OMS3_I'AIL = OFF
THER omsi_ratn = TUEN OMS1_TAIL =
* OMSL_ON_CMD = OMSL_ON_CMD
ACCUM_DELTA_¥_
o INCR = ABVAL {ACCUM
- _ /
ELSE | BELTA_V-OLD_ACCUN
] - - - OlS2_FAIL = OMS2_FAIL = HOT
DELTA_V)
n OMS2_ON_CHMD oMs2_ON_cMD
RETURN
X
oLp ACCUR DELTA Y = Ir ACCUM_DCLTA_V_ IF ROLL_DISTURB_ \ IF FOLL DISTURB_ \
ACCUM_DELTA_V FHENz INCR < ONE_ENGING > ACCEL > ROLL_ACCEL_ #»{ ACCEL < =ROLL_ACCEE_
| - - - / tLsE LLSE
THRESHOLD / TURCSHOLD / THRESHOLD
= ,
=t IF ACCUM_DELTA_V_ \ ¥
o &2 INGT < ThO ENGINE w| O'SL_FAIL = OT OMS1_FAIL -+ NOT
COD E TLRES-OLD / ELSE Q.51_on_CuD OMEL_ON VD
® B l
a > OMS2_FAIL = NOT OMS2_FAIL =
% % otis2_ON_cio OMS1_ON_CHD

Faigure 2.4.1-1. OMS_ENGINE_FDI: PROCEDURE.
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ACTUATOR_FAIL_

THEN
P counTER = 0
¥ tL
. z YF OMS_GIMBAL_
IF OMSA_INIT_ [OMS_ACTUATOR_ THEN | crrROR_ > oMS_SERVO a
FLAG = ON FAIL) = OLF AMP_DEADBAND

£L-¢

IF OMSA_CALL_
DO FOR I = COUNTER = 1 OR OMS_
ACTUATDR_EXTENDI i

i

EIRE" 1to 4
’ “NOYT = O
IF OMSA_CALL_
COUNTER = 1 8

!
RETURN

Frgure 2.4.2-1. OMS ACTUATOR FDI: FROCEDURE.
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THCN
B w——

THEN

OM5_ACTUATOR
EX'II‘EN]IZOI = 1

¥

THCN | OMS_ACTUATOR
- = EXTEND, & -1
IF OMS_GIMBAL_
= I ERROR, < ~QMS | ONMS_RCTUATOR_
~ T —_
ELSD BESE CXTEND, = 0
SERVO_AMP_DCADBAKND I
ACTUATOR_FAIL_
COUNTER; = 0
OLD_OMS_ACTUATOR _
EXTEND, = O!i§_
ACTUATOR_EXTEND,
1F OMS_ACTUATOR_ \
o EXTND, NOT = OLD_ THEN | OMS_ACTUATOR_ THEN
ELSC CXTEND, = 0
ONME_AGTUATOR_EXTEND, I
' IF OMSA_CALL_
TL5E =
COUNTCR = 2 CISE

"0
) AREAAAE w00d &
of 3OVd4 W NTOTHG

OLD_GMS_
GIMBAL, =

OMS_GIMBAL L

TP (OMS_GIMBAL ~OL)_
OMS_GIMBALI) oMs_ACTUATOR_

XTEND, < OMS_GIMBAL_ i

INCR_THRESHOLD

Figure 2,4.2-1.

OMS_ACTUATOR FDI:

THEN
—-._D

ACTUMTOR_FAIL_
COUNTER, = ACTUATOR_
FAIL_COUNTLR  + 1

e ACTUATOR_FAIL N THEN
COUN'PE:RI = 2

PROCEDURE {Cont.).

ACTUATOR_FATL_
COUNTCRI = 0

ONS=ACTUATOR _

FAI LI = ON




IF RECHECK3 ™, THEN DO FOR I = IF (NEWFAILA AND ~~, THEN [ nantPOLDOFFCOM
= oW e 1 to 8 MAP[) ¥ MASKO = on I
¥
JPAILA = JEAILA
OR MAPy
ELSE
3
NEWFAILA = IF (NEWFAILB AND THEN JFALLE = JFAILF
DRIVERA ANN (NOT JETCOMA) }mPI) # MASKO OR MAP .
]
NEWFAILE = JFAILB = JFAILB
DRIVERB AND (NGT JETCOMB) ‘ OR .RP,
3 Y
NEWFAILC = IF (NEUFAILC PND THEN MANIFOLDOFFCOM,
DRIVERC AND (NOT JETCOMC) MAPT) # MASKO = on
Y 3
NEWFAILD = JFAILC = JFAILC
DRIVERD AND (NOT JETCOND) OR 1P,
¥ ¥
NEWFALLE = TF (NEWFAILD AND HEN | MANIFOLDOFFCOM
. 148
DRIVERE AND (NOT JETCOME) MaPy g} # MASXKO = oN
y
MEWFAILE = : JFATLD = JFAILD
DRIVERF AND (NOT JETCOMF) OR MAF, o
v
RECHECKA =
MEWFAILA AND OLDFAILA
l’ Y

A B

Figure 2.4.3-1. ONFAIL: PROCEDURE.
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A

l

RECHECKB =
NEWFAILB AND OLDFAILB

B

l

IF (NEWFAILE AND THEN
MAPI+8) # MASKO

Y

RECHECKC =
NEWFAILC AND OLDFAILC

!

RECHECKD =
NEWFAILD AND OLDFAILD

4

F

IF (NEWFAILF AND
MAP. o) # MASKO

RECHECKE =
NEWFAILE AND OLDFAILE

Y

RECHECKF =
NEWFAILF AND OLDFAILF

EY

JFAILA = JFAILA
OR RECHECKA

!

JFAILB = JFAILB
OR RECHECKB

\

JFAILC = JFAILC
OR RECHECKC

/

JFAILD - JFAILD

OR RECHECKE

-

C

Figure 2.4.3-1.
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THEN

MANIFOLDOFFCOM

3
= o I+8

y
JFAILE = JFAILE
OR MAP, . o

MANIFOLDOFFCOMI
= ON

+8

y

JFA%ﬁ?Mi JFAILP
“I+8

PROCEDURE (Cont.).




c
JFAILE = JPAILE
OR RECHECKE RECHECK3 = RECHECK2

Y

, !

JFAILE = JFAILF _
OR RECHECKE RECHECK2 = RECHECK1

, -

OLDFAILA = NEUFAILA
IF (RECHECKA OR RECHECKB

é OF RECHECKC OR RECHECKD ECHECEL
RECHECKE OR RECHECKF } - ON
OLDFAILB = NEWFAILB # MASKO

OLDFAILC = NEWFAILC

4

RETURN
OLDFAILD = NEUFAILD

']

OLDFAILE = WEWFAILE

!

OLDFAILF = NEWFAILF

f

Figure 2.4.3-1. ONFAIL: PROCEDURE (Cont.).
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OFA3

Il

{OFA2 AND (JETCOMA AND NOT PRESSA))
OR (OFA3 AND NOT {(JETCOMA AND PRESSA))

!

OFB3 = (QFB2 AND (JETCOMB AND NOT PRESSRB))
OR {(OFB3 AND NOT {JETCOMB AND PRESSB))

.

OFC3 = {CFC2Z AND (JETCOMC AND NOT PRESSC))
OR (Of'C3 AND NOT {(JETCOMC AND PRESSC))

/

OFD3 = (QFD2 AND (JETCOMD AND NOT PRESSD))
OR (OFD3 AND NOT (JETCOMD AND PRESSD))

1

OFE3 = (OFEZ AND (JETCOME AND NOT PRESSE))
OR (OFE3 AND NOT {JETCOME AND PRESSE))

!

OFF3 = (OFF2 AND {JETCOMF AND NOT PRESSF))
OR {OFF3 AND NOT (JETCOMF AND PRESSF))

!

OFA2 = (OFAl AND (JETCOMA AND NOT PRESSA))
OR (OFA2 AND NOT (JETCOMA AND PRESSA))

!

OFB2 = (OFBl AND (JETCOMB AND NOT PRESSB))
OR (OFB2 AND NOT (JETCOME AND PRESSB))

!

OFC2 = (QFC1 AND (JETCOMC AND NOT PRESSC})
OR (OFC2 AND NOT (JETCOMC AND PRESSC))

!

OFD2 = {OFDL and (JETCOMD AND NQT PRESSD))
OR (OFD2 AND NOT (JETCOMD AND PRESSD))

! |

OFE2 = (OFEl AND (JETCOME AND NOT PRESSE))
OR (OFE2 AND NOT (JETCOME AND PRESSE})

v

OFF2 = (OFF1 AND (JETCOMF AND NOT PRESSF))
OR (OFF2 AND NOT (JETCOMF AND PRESST))

!

OFAL = (JETCOMA AND NOT PRESSA)

QR (QFAl AND NQT (JEFPCCOMA AND-PRESSA})

;

A
Figure 2.4.3-2. OFFAIL: PROCEDURE.
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OFBl = (JETCOMB AND NOT PRESSB}
OR (OFBl AND NOT (JETCOMB AND PRESSR})

'

OFCl = (JETCOMC AND NOT PRESSC)
OR (OFCl AND NOT (JETCOMC AND PRESSC))

y

OFDl = (JETCOMD AND NOT PRESSD)
OR (OFD1l AND NOT (JETCOMD AND PRESSD))

!

OFEl = (JETCOME AND NOT PRFSSE}
OR (OFEl AND NOT (JETCOME AND PRESSE)}

!

OFFl = (JETCOMF AND NOT PRESSF}
OR (OFF1l AND NOT (JETCOMF AND PRESSF))

!

JFAILA = JFAILA OR (OFA3 AND OFA2 AND OFAL)

!

{OFB3 AND OFB2 AND OFBl)

!

JFAILC OR (OFC3 AND OFCZ AND OQFCl)

!

JFAILD = JFAILD OR (OFD3 AND OFD2 AND QFDL)

JFAILB = JFAlLB OR

JFALLC

i

JFAILE = JFAILE OR (OFE3 AND OFEZ2 AND OFEl)

4, |

JFAILF OR (OFF3 AWD OFF2 AND OFF1)

JEALILEF =

3

( owm )

Figure 2.4.3-2. OFFAIL: PROCEDURE (Cont.).
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On a pass with no recheck, jets which are not commanded ON, but
whrich indicate either a leak or an ON command in the driver, are
flagged as possible failures. A Jet must be flagged on two successive
onfail passes before action 1s taken, as spurious signals in the hard-
ware may give £false indications on one pass. Those jets which are
flagged -for two successive passes are indicated as failures to the jet
selection routine, and rechecked 3 passes later.

The Offarl Logic flags as a potential failure any jet whaich is
commanded ON and fails to indicate a normal operating pressure 1n its
combustion chamber. Bubbles in the fuel line or chamber may delay the
pressure buildup, so a jet must fail on 3 successive minor cycles before
action 1s taken. When a jet is failed 3 times 1t 1s indicated as failed

to the jet selection routine.

Data used by the jet FDI i1s to be packed in strings of 32 bits
{1 word), with 8 to 10 jets represented 1n each string. Thus, for the
44 RCS jets, 6 spch words are reguired for each item of data such
as jet commandé}wdrfgé; talkback, etec. The structure of the jet FDI
assumes that the structures of these bit string sets are all i1dentical;
1.e., that data pertaining to jet 1 will always be found in bit n of
string m. Arranging the data in this manner allows processing to be
done word by word, or 8 to 10 jets at a time. Alsc, since flags and
commands‘are similarly arranged, most of the processing can be accom-

plished by simple AND and OR operations. .

However, due to redundancy constraints on the hardware or the
structure of the Jet Selection Logic, 1t 15 anticipated that some
repacking of these bit strings may be necessary before data 1s used by
the jet FDI or transmitted to either the hardware or the Jet Selection’
Logic. The Jet Selection Logic and Jet FDI can be readily modified to
assure conformity to the structure of these bit strings.

The data coming from the hardware will be packed in strings of
16 bats, which can be reaally concatenatéd to 32-bit straings, and 32-bat
words can readily be broken into l6-~bit halfwords. The channelization
of the Multiplexer/Demultlpiexers is expected to be completed by
September 1975 at which time this repacking dan be more completely
designed.

2.5 Remote Manipulator System

To be determined.



SECTION 3

GLOSSARY

This section contains an alphabetic list of all constants, vari-
ables, and symbols used in this document. It has been broken 1into

units coeorresponding to the program modules described in earlier sections.

Table 3-1. Glossary of acronyms,

cg center of gravaty
DAP Pigital Autopilot
FC Flaight Control
FCOS Flight Computer Operating System
: FDI Failure Detection and Identafication
MU inertial measurement unit
oMs Orbital Maneuvering System
RCS Reaction Control System
RHC rotational hand controller
sM ‘stable member
soP Subsystem Operating Program
TBD to be determined
THC translational hand controller
TMC thrust misalignment correction ‘
Ve thrust vector control )




Table 3-2.

Notation conventions.

ox

{1

Modular addition
Modular subtraction
Measured guantaty
Estaimated quantity
Extrapolated quantity
Vector

Matraix

Array

Boolean




Type/ \ Declared | Assigned | Referenced
Name Attribute Description Units Value in in in
NEWORD1 PANEL
NEWORD2Z2 B(l6}) /- Panel switch discretes (None) ON/QFF COMPQQL gégDWARE/ SWITCH
NEWORD3 INTERP
NORMAL _ B(l)/- Flag for normal/view (None) | ON/OFF | COMPOOL |PANEL MAN_RCS_
VIEW SW axes SWITCH | ROT, MAN_
INTERFP RCS__TRANS
CFPLAG A(6),B(1) /-1 Flag for high/low (None) ON/OFF COMPOOL | PANEL MAN RCS_
acceleration SWITCH_, ROT, MAN__
INTERP RCS_TRANS
TRANSLATION _ A(3),B(L)/~{| Flag for translation (None) OW/OFF COMPOOL | PANEL_ MAN RCS_
OPTION submode by axis SWITCH_ TRANS
INTERE
ROTATION_ A(3),I/- Flag for rotation (None) i,2,3 COMPOOL | PANEL_ MAN RCS _
OPTIONS submode by axis SWITCH ROT
INTERP
TRANSLATION _ A(3),Sc/~ | Pulse AV by axis ft/s 0.03 COMPOOL | PANEL TRANS _
PULSE_SIZE to SWITCH_ | PULSE
0.8 INTERP
ROTATION_ A{3),S8c/~ Pulse Aw by axis rad/s [0.000873 | COMPOOL !PANEL_ ROT
PULSE _S5Y2E to SWITCH_ PULSE
0.00873 INTERP
DISCRETE_ A(3),8¢c/- | Discrete w by axis rad/s |[0.00105 | COMPOOL |PANEL ROT _
OMEGA to SWITCH DISC
0.0349 INTERP
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Table 3.2.2-1.

Panel switch anterpretation glossary (Cont.),

Type/ Declared | Assigned | Referenced
Name Attribute Descrlpt}on Units Value in in in
NOM_VERNIER B{Ll)/~ Switch for nom/vernier (None) ON/OFF COMPOQOTL: PANEL__ RCS_DAP
SW RCS jets SWITCH_
INTERP
TL A(6) ,8c/- Threshold levels for off- m/s TBD COMPOOL | PANEL RCS_DAP
axlis compensation firangs| rad/s SWITCH_ .
- INTERP
ATT DB A{3),8¢c/- Attitude deadbands for rad G.0087 COMPOOL PANEL _ PHASE
phase plane to SWITCH PLANE
0.087 INTERP
INERTIAL _ B(L) /- Auto bharbecue maneuver {None) ON/OFF | COMPOOL | PANEL_ QODAP_
LOCAL SW inertial/local vertical SWITCH RECON
axlis system selection INTERP
LIGHTL, . PANEL
LIGHT2, B(16) /- anp commands for panel (None) | ON/OFF | coMpooL | swrrCH_ | BORPWARE/
LIGHT3 INTERP
NOMVERN /- Subscript denoting (Nene) 1,2 PANEL PANEL_ PANEL_
. nominal/vernier RCS jets SWITCH_ | SWITCH_ | SWITCH_
INTERP_ INTERP INTERP
TRANSHILO A(3),1/- Subscript denoting ‘trans- (None) 1,2 PANEL_ PANEL_ PANET,
lation high/low options SWITCH_ | SWITCH _ | SWITCH_
INTERP INTERPE INTERP
ROTHILO A{3),%X/- Subscript denoting rota- (None) 1,2 PANEL PANEL_ PANEL_
tion high/low options SWITCH_ | SWITCH _ | SWITCH_
. INTERP INTERP INTERP
OLDWORD1, . Values of NEWCRDI, PANEIT_ PANEL _ PANEL
OLDWORD2, B(1l6} NEWORD2, NEWORD3 last (None) ON/OFF SWITCH SWITCH SWITCH_
OLDWORD3 FC cycle INTERP INTERP INTERP
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Table 3.2.2~1.

Panel switch interpretation glossary (Cont.)

Type/ Declared |} Assigned | Referenced

Name Attribute Description Units Value n n in
TRANSLATION A(2,3),8¢c/~ Values of translation m/s TBD PANEL _ FANEL PANEL
PULSE_ARRAY pulse size SWITCH | SWITCH | SWITCH
INTERP INTERP INTERP

ROTATION_ A{(2,3),5c/~ Values of rotation pulse rad/s TBD PANEL_ PANEL _ PANEL__
PULSE_ARRAY size SWITCH_ SWETCH_ SWITCH
INTERP INTERP INTERP

DISCRETE_ A(2,2,3},8¢/~| values of discrete o rad/s TBD PANEL__ PANEL_ PANEL__
OMEGA_ARRAY : SWITCH_ | sWwITcH_ | SWITCH_
INTERP INTERP INTERE

NEWVAL B(l)/~ Flag indicataing new {None) ON/OFF PANEL _ PANEL_ PANEL
parameters are selected BWITCH_ | SWITCH_ | SWITCH_

INTERP INTERP INTERP

TLNARROW A(6},8¢c/- Narrow threshold for off- m/s TBD PANEL_ PANEL PANEL _
axis compensation firaings| rad/s SWITCH _ SWITCH_ SWITCH_

INTERP INTERP INTERP

TLWIDE B(6),Sc/~ Wide threshold for off- m/s TBD PAMEL PANEL PANEL
axis compensation firings] rad/s SWITCH _ SWITCH_ SWITCH_

INTERP INTERP INTERP

AXIS /- Subscrapt {(None) 1,2,3 PANEL _ PANEL PANEL
SWITCH_ | SWITCH_ |SWITCH_

INTERP INTERP INTERE
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Table 3.3,2-1.

RCS DAP glossary.

Name of
Variable or Constant Type/ Value
Compute: Mathematacal Attribute Description Umits or Declared Assagned Relerenced
Notation Notation Range n n i
ALPHADBAR ad* V{3)/SP Extrapolated estimate of rad/s? TBD COMPOOL | PART2- PARTI_
- digturbance acceleration FILTER FILTER
_ . 5 RCS_
ALPHADHAT 2y v{(3}/3P Updated estimate of rad/s TBD COMPOQOL | PARTI. ERRORS,
disiurbance acceleration F1L.TER PART2. .
FILTER
_ 5 RCS_
ALPHADM Qan V{3)/8P, A Sum of estimated disturbance radfs TBD rc RCS_ DAP,
n and bias accelerations ERRORS PART2_
FILTER
ANGULAR— VERNIER, | RCS_
ERROR [ V(3)/SP,A Body angle errors rad TBD RC5_DAP RCS_ DAP
ERRORS
AMNGULAR_ 8, Sc¢/SP.A Formal parameter for rad TED PHASE. {See Note 1) PHASE _
ERROR body angle error PLANE ee fote PLANE
B_SIGN B_SIGN Sc¢fSP Sign of estimate (none} -1,0 or +1,0 BOUNDARY| BOUNDARY| BOUNDARY
disturbance acceleration
BIAS. 2 V(3)/8P Bias acceleration used to radfs? TBD COMPOOL, | PARTZ2_ RCS_
ACCELERATION better estimate switch curves FILTER ERRORS
of phase plane
BIAS_BETA EBIA‘-‘. V(3)}/5P Bias body angles to prevent rad TBD COMPOOL: | autopilot RCS_
' overshoot when staiting or driver ERRORS
stopping a maneuver
Note | PHASE_PLANE

LARGE_ERROR_CONTROL_LOGIC
SMALL_ERROR_CONTROL_LOGIC

REGION _II_TARGETTING

o
I
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Table 3.3.2-1 RCS DAP glossary {Cont.)

Name of .
Variable or Constant Type/ Value
Computer Mathematical Attr}.pbute Description Units or Declared Assigned Referenced
Notation Notation Range n n n
BOUNDARY_ I TO.COAST
BOUNDARY_I_TO._II
BOUNDARY_II_TO_COAST Se/sP, A Switch curves 1n small error rad TBD SMALL. SMALL . SMALL _
BOUNDARY_III_TO_COAST conirol region of the phase ERROR_ ERROR.. ERROR..
BOUNDARY_IV_TO_COAST plane CONTROL._ | CONTROL_ | CONTROL _
BOUNDARY_IV_TO_II LOGIC LOGIC LOGIC
CD Cch Se/sP, C Phase plane switch curve (none) 08 COMPOOL | COMPOQL | PHASE .
design parameter. PLANE,
SMALL.
ERROR.
CONTROL -
) LOGIC
CD CD SefSP Formal parameter for phase {none) 0.0tel1 0 BOUNDARY | BOUNDARY | BOUNDARY ’
plenc swilch curve designs -
COAST_I_BOUNDARY SefsSP, A Switch curve 1n large error rad/s TBD PHASE. PHASE (See Note 2)
) control region of the phase plane PLANE PLANE
COAST_IV_BOUNDARY Sc/sSP,A Switch curve n large error rad/s TBD PIIASE _ PIIASE _ LARGE. _
control region of the phase plane PLANE PLANE ERROR..
CONTROL..
LOGIC
CONTRCL.. 5
ACCELERATION_ [ac] A(3), 5¢/SP Normnal magmtiudes of rad/s TBD COMPCOL | TBD RCS_DAFP
1AGNITUDE ) roll, pitch, and yaw
conirol accelerations
COsSMGA COSMGA Sc/SP, A Cosine of middle gimnbal angle {none} ~1,0to+1 0 INPUT_ INPUT.- INPUT
INTERFACE|INTERFACE|INTERF ACE
COSOGA COSOGA Sc/sP, A Coswne of outer gimbal angle {none) ~10t0 +1.0 INPUT_ INPUT _ INPUT.
INTERFACE| INTERFACE|INTERFACE
Note 2+ LARGE_ERROR_CONTROL._LOGIC

REGION_II_TARGETTING




Table 3.3.2-1, RCS DAP glossary (Cont.).

Name of

Varable or Constant Type/ Value
Computet Mathematical Attribute Descraption Units or Declared Assigned Referenced
Notaiion Notation Range mn n n
DEG_TO_RAD DEG_TO_RAD Sc/DP, C Conversion factor for rad/deg | w/180 COMPOOL | COMPOOL | PHASE._
degrees to radians PLANE
DELTA ADB Sc/8P, A Width of "shelf" to prevent rad 02 XDB PILASE.. PIiASE PHASE -
excess firings in phase plane PLANE PLANE PLANE
logie .
DELTA_BODY_ Ag V{3}/SP, A Incremental bedy angle rad TBD PARTL_ PARTL_, PARTL.
ANGLE FILTER FILTER FILTER
[DELT:\_GA] [AtﬁD] A(3),8c/sP Incremental gimbal angles rad -7t to 4T COMPQOOL | driver RCS_
. - ) routine ERRORS
DLLTA_ M Sc/sP Formal parameter for rad TBD PHASE . PHIASE | PHASE .
POSITION angular errot PLANE PLANE PLANE ~
DL LTA_RATE Aw V(3)/8SP, St Desired change in vehicle rad/s TRD RCS_, RCS._ RCS_
angular rate DAP DAP, DAP,
! VERNIER VERNIER
DLLTA_RATE we' Sc¢/SP TFormal parameter for radfs TBD PHASE _ PIASE _ PIASE
) angular rate error PLANE PLANE PLANE
DLSIRED_BODY_ “n v(3)/sP Desired angular velocity radfs TRD COMPOOL | driver RCS_
RATE vector routine ERRORS
DFCS5_FLAG!1 DFCS_FLAGI 1/SP Externzl FC restart flag (none) 0,1 COMPOOL, | drver FC
routine
DFCS_FLAG?2 DFCS_FLAG?2 1/8P, External FC phase flag {none) Lto8 COMPOOL | driver FC
{6 for ACPS routine
orbital)
DIFCS_FLAG3 DFCS_FLAGS 1/SP Control mode flag (nene) TBD COMPOOL | driver FC
routine
DFCS _FLAG4 DFCS_FLAGY 1/8P Manual control mode (none) TBD COMPQOL | driver FC 7
flag . routine
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Table 3.3.2~1. RCS DAP glossary {Cont.},

Name of
Variable o1 Constant Typef Value
Computer Mathematical Attribute Description Unats ol Declared Assigned Referenced
Notation Notation Range n n n
[DFCS_GA] [gb] A{3), 8¢/SP, 4 | Copy of the measured rad TBD rC INPUT._. INPUT_
gimbal angles inside the INTERFACE| INTERFACE,
DFCS PARTI_
. FLTER,
RCS_
ERRORS,
PARTZ2_
FILTER
DFCS_MODE DFCS_MQODTL i/sp Internal DFCS mode flag {none} TBBD FC PHASE_ ¥C
. ) START
PHASE PIIASE I/sP Internal DFCS phase flag (none) l1io8 FC PlIASE FC
(6 for ACPS START
orbital)
DL ' DL SefsP, A & ntercept for BOUNDARY rad TBD PHASE, ., PHASE .. PlUASE
. HI_TO_COAST o PLANE PLANE PLANTE,
SMALL
LRROR
CONPROL _
LOGIC
DL, PRIMEL pL’ S¢/SP,A Qe mtercept for BOUNDARY. rad TBD PIASE _ PIIASE_ PHASE_
_IV_TO_COAST PLANE PLANE PLANLE,
SMALL _
ERROR _.
CONTROL .
LOGIC
DR DR Sc/8P,A & _ ntercept for BOUNDARY__ rad TBD PHASE _ PHASE__ PHASE ..
I2TO_COAST PLANE PLANE PLANE,
SMALL _
ERROR_
CONTROL...
LOGIC
DR DR Se/sp lgormal. parameter for rad TBD - BOUNDARY | BOUNDARY |BOUNDARY
mnter cept
e
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. Table 3.3.2~1 RCS DAP glossary (Cont, ).
Name of
Vailable ot Constant Type/ Value
Computer Mathematical Attributc Deseription Unaite or Declared Agsigned Referenced
Notation Notation Range n n m
DR_PRIMEL bR’ Sc/8SP, A se intercept for BOUNDARY __ rad TBD PHASE _ PlHASE PHASE .
I_TO_COAST PLANE PLANE PLANE,
SMALL _
ERROR_
CONTROL
LOGIC
DE_PRIME? DR” Sc/SP, A 8_ intercept for BOUNDARY. . rad TRD PIIASE _ PHASE _ | (See Mote 3)
€ 1_TO_I1 PLANE PLANE
[DUMMY__DELTA] {none) A(3), 8c/8P,A | Temporary vaniable for rad TRD RCS_ RCS_ RCS__
-GA DELTA_GA ERRORS ERRORS ERRORS
[DUMMY_GA] (none) A(3},5¢/8P, A | Temporary variable for rad TBD RCS__ RCS__ RCS
-DESIRLCD GA_DESIRLED ERRORS ERRORS LERRORS
[FASTJ [FAST] A(8),5c/sP, List of FC cycle tunes for s TBD COMPOOL | COMPOOL | PHASE.. ,
each missiwon phase START
[GA__DI:SIRLD] [,,5 ] A(3),8c/SP | Set of desrted gumbal rad <M to 47 COMPOOL | driver RCS_
L¥) angles routine, ERRCRS
RCS__
ERRORS
[GA_ERROR] [¢ J A(3),S¢/SP,A |Etror mn gumbal angles rad - to +7 RCS_ RCS__ RCS_
&, ERRORS ERRORS ERRORS
[GA"LNCREMENT] [Adb] A(3), 8¢/SP, A | Amount of change 1n gumbal rad TBD PARTI_ PARTL.. PART
angles after 1 FC pass FILTER FILTER FILTER
[6a_oLD] [#1a] A(3),Sc/SP  |Set of measured gimbal angles | rad T to 470 COMPQOL | PART2_. | PARTIL.
old on the previous FC pass FILTER FILTER
IM IM I/5P,St Medium pass counter (none) TBD ®C PHASE . e
START
1S5 ] I/sP, St Slow pass counter (none) TBD FC PHASE rC
X START
Note 3+ TPIHASE_PLANE

SMALL_ERROR_CONTROL_LOGIC

[y
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Table 3.3.2-1. RCS DAP glossary (Cont. ).
Name of
Variable or Constant Typel Value
Computer Mathematical Attribute Description Units or Declared Assigned Referenced
Notation Notation Range mn in n
ISTART ISTART I/8P, 8t Internal restart fiag (none) 0,1 FC PHASE - rC
START
ITM ITM I/sP, St Number of fast passes (none) TBD ¥C ‘ PHASE _ C
per medium pass START
ITS 1T8 1/sp,st Number of fast passes {none) TBD rc PHASE rC
per slow pass START
K K I/8P, A Counter {none) 1,2,3 PART1__ PARTL_, PARTL..
FILTER FILTER FILTER
K K Sc/SP, A Sign of estimated {none) ~10,410 PHASE_ PHASE PLIASE .
disturbance acceleration PLANIRE PLANE PLANLE,
LARGE ..
ERROR..
CONTROL
LOGIC,
SMALL -
. ERROR..
CONTROL_
LOGIC
K K 1/8P,A Counter {none) 1,2,3 RCS_ RCS_ RCS_
. ERRORS ERRORS ERRORS
J ] I/SP, A Counter (none) 1,2,3 PARTZ . PART2 . PART2_
FILTER FILTER FILTER
[a7] o] A(44),1/B,St | On or off commands, (none) 0,1 FC NOMINAL, | PARTS2 _
one for each RCS jet VERNIER FILTER
KALPHA Ko Se/spP, C Gaunin filiering angular {none) 0 02147 COMPOOL | COMPOOL | RART1_.

disturbance acceleration

»

FILTER
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Table 3,3.2-1, RCS DAP glossary (Cont. ).

MName of
Variable or Constant

Computer
Notation

Mathematical
Notation

Type/
Attribute

Description

Uniis

Value
or
Range

Declared
n

Assigned
m

Referenced_
n

KOMEGA

K,

S¢/SP, C

Gain 1n filtering angular
rate

{none)

0.3018

COMPOOL

COMPOOL:

PARTI_
FILTER

KTHETA

Se¢fSp, C

Gain in filtering hody*
angles

(none)

0 6294

COMPOOL

COMPOOL

PARTL, .
FILTER

MAG, U_C

Sc/8P, A

FFermal paiameter for
magnitude of coniroel
acceleration

rad/s

TBD

PHASE__
PLANE

PHASE__
PLANE

MAG_U.D

Se/SP,A

Magmtude of disturbance
accealeration

radls

TBD

PLHASL
PLANE

PHASE ..
PLANE

PHASE _
PLANE,
SMALL -
ERROR_
CONTROL..
LOGIC,
REGION_II_
TARGETTING

PILASE .
PLANT,
SMALL_
CRROR_.
CONTROL. —
LOGIC,
REGION_II..
IPARGETTING

NO_CHANGEL

old

Se/sSP

Angular rate change com-
puled on last FC pass

radfs

TBD

PHASE
PLANT

PHASE -
PLANE

LARGE—
ERROR_
CONTROL—
LOGIC,
SMALL...
LRROR
CONTROL .—
L.OGIC

NUMBER.QF..
JETS

1/Sp

Number of RCS jets

(none)

TBD

COMPOOL

COMPOOL

COMPOOL,
PART2_
FILTER

CMEGABAR

L

(1=

V{3}/sp

Extrapolated estimate of
angular rate ‘

1adfs

TED

COMPOOL

PART2_
FILTER

PARTI__
FILTER
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Table 3.3.2~1. RCS DAP glossary (Cont. ).
Name of
Variable or Constant Typel Value
Computer Mathematical Attrbute Description Units or Declared Assigned Referenced
Notation Notation Range m n i
OMEGAHAT _c_u': V{3)/8pP Updated estimate of ) rad/s TBD PARTL_ RCS_
angular rate COMPOOL | FILTER ERRORS,
PART2
FILTER,
VERNIER
P_CEPT P_CEPT Sc/8P, A 8 inteicept of rad TBD SMALL_ SMALL _ SMALL
BrbUNDARY__I TO_IL LRROR ERROR .. ERROR —
CONTROL_{ CONTROL_|{ CONTROL...
LOGIC LOGIC, LOGIC,
REGION_II.. REGION_II_
TARGETTING TARGETTING
PLL PLL Sc/SP, A Left position Iimit of rad TBD PlIASE_ PHASE _ PIIASE _
large error control 1egion PLANE PLANE PLANI,
\ LARGE__
. * LRROR _
CONTROL.—
LOGIC .
PLR PLR S¢/SP, A Right position limut of large rad TBD PHASE _ PITASE_ PIASE
control region PLANE PLANE PLANE,
LARGE _
ERROR_
A CONTROL—
LOGIC
POSITION N ] Sc/sSP, A Formal parameter for rad TBD BOUNDARY | BOUNDARY| BOUNDARY
- % angular position error
POSITION__ 8, Sc/sPp Formal parameter for rad TBD PIASE _ PIIASTC PHASE.
LRROR angulag error PLANE PLANE PLANE
RATD w Sc/3p,A Formal parameter for rad/s TBD BOUNDARY | BOUNDARY| BOUNDARY
angular rate erro:x
RATE_ERROR - Wy V() /5P, A Three components of angular rad/s TBD RCS_DAP RCS_ RCS_DAP
rate error ERRORS
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Table 3.3.2-1. RCS DAP glossary{Cont. ),

Name of
Variable o1 Constant Type/ Value
Compute: Mathematical Attribute Description Units or Declared Assigned Referenced
Notation Notation Range m . m . n
RATE_LERRO1 w SefsP,A Formal parameter for angular radfs TBD PHASE. PHASE . LARGE _
e rate error PLANE PLANE ERROR..
CONTROL..
LOGIC,
SMALL —
ERROR._.
CONTROL
— LOGIC
RATT_ 8 ' V(3)/SP,5t| Sum of incremental body rad -Tto 4w PARTI1_ PARTL.. PARTIL
INTCORAL - angle changes FILTER FILTER FILTER
RL RL Se/8P, A Rate lumits of large error radfs TBD PIASE PHASE PHASE —
conti ol region of the phase PLANE PLANE PLANTE,
plane LARGE .
ERROR._
CONTROL_
1.OGIC
SINMIGA SINMGA Se/SP, A Sine of middle gimbal angle (none) -10104+1.0 INPUT INPUT INPUT _
INTERFAC]E‘: INTERFACE| INTERFACE
SINOGA SINOGA Sc/SP, A Sine of outer gimbal angle {none) ~1.0 to +1.0 INPUT._. ENPUT_ INPUT ..
INTERFACE INTERFACE] INTCRFACTE
TARGET_ARL TARGET_ARL Sc/8P, 4 Possible target curve 1n rad/s TRD SMALLE, REGION.IT_] REGION_II _
SMALL_ERROR_CONTROL. ERROR_ TARGET- [jTARGET-
LOGIC CONTROL .| TING TING
LOGIC
TARGET_ TARGET_DISTURB Sc/SP,A Possible {arget curve 1n rad TBD SMALL SMALL.. SMALL
DISTURDB SMALL_TERROR_CONTROL ERROR ERROR - LRROR
LOGIC CONTROL_| CONTROL_| CONTROL. _,
LOGIC LOGIC LOGIC
TENPL TEMP1 Sc/SP, A Change 1n body angle rad TBD PARTL . PARTL PART1.
sice the last FC pass FILTER FILTER PILTER




Table 3.3.2-1. RCS DAP glossary (Cont. ).

Name of
Variable or Constant Type/ Value
Computer Mathematical Attribute Description Units or Declared Assigned Referenced
Notation Notation . Range mn n n
TEMP_DELTA . A V(3}/5P, A Angular change due to rad TBD PARTZ2.. PART2.. PART2 _
ANGLE RCS jets FILTER FILTER FILTER
TEMP_DELTA . Aw V{3}/SP, A Rate change due to radfs TBD PART2,., PART2 . PART2..
RATE - RCS jets FILTER FILTER FILTER
TF tiast Sc¢/SP, 5t Internal copy of FC s TBD FC PHASE_ (See Note 4)
cycle frme } START
THETABAR é' V{3}/sp Extrapolated estimate of rad TBD COMPOQOL | PART2 . PARTI .
body angles FILTER FILTER
THDTAHAT é v{3)/SP Updated estimate of rad TBD COMPOOL | PARTL_ PART2_
body angles TILTER FILTER
TICK_TO_SEC TICK_TO_SEC Se/8P, C Conversion factor to synchronize| s/computerl 0 COMPOOL, | COMPQOOL { INPUT._
program 1o computer fick INTERFACE
['I‘LAST] [t_ﬂ ] A(3), 8¢/SP, St | Times of last measurement s TBD PARTI_ PARTI_ PARTL _
mecorporation FILTER FILTER FILTER
TNOW th Sefsp, A Tume of immediate gimbal s TBD rc INPUT_ PARTI1
angle reading INTERFACE FILTER
1
[TRAPSIZE] [6r] A(3),5¢/SP,C | Size of the "trap" to filter rad COMPOOL | COMPOOL | PARTL ..
quantization noise FILTER
u_D UD Sc/sP, A Formal parameter for ratch’s2 PHASE .. PHASE_ PHASE
disturbance acceleration PLANE PLANE PLANE,
SMALL
ERROR .-
CONTROL.
LOGIC

Note 4:

PLIASE ST ART, PART2_FILTER_ACPS
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Table 3.3.2~-1, RCS DAP glogsary (Cont.).

Name of
Variable or Conslant Type/ Value
Compuler Mathematical Attribute Description ” Unts or Declared Assigned Referenced
Notation Notation Range n n n
uc uc Se/SP Formal parameter for magnitude 1ad."sz TBD BOUNDARY|[ BOUNDARY | BOUNDARY
of control acceleration
UD uD Sc/SP Formal parameter for magnitude Ia.d."s2 TBD BOUNDARY| BOUNDARY | BOUNDARY
of disturbance acceleration
VERNIER facc) Al2), Sc/SP Single vernier jet acceleration rad/s? TBD COMPOOL. | COMPOOL | VERNIER
~ACCEL - for roll and patch
A_BAR X Sc/SP,A Displacement of the centroid rad TBD PHASE .. PHASE SMALL -
of a lamit eycle PLANE PLANE ERROR .
CONTROL,
LOGIC,
. REGION_H .
TARGET-
TING
X _D Xp Se/SE, A Desired change 1n angular rad/s TBD PHASE_ PHASE — PIIASE —
rate PLANE PLANE, PLANE,
. LARGE_ LARGE _
ERROR— ERROR _.
CONTROL .| CONTROL
L.OGIC, LOGIC,
SMALL —~ SMALL. .
CRROR- ERROR..
CONTROL | CONTROL..
L.0GIC, LOGIC,
REGION_I_ | REGION_II_
TARGET- TARGET-
TING TING-
X_DB :XDB Sc/8P Limit cycle deadband rad 0 0817, COMPOOL., | COMPOOL | PHASE_
width 0.0087 PLANE
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E % Table 3.3.2.4.1-1, Mawn RCS jet selection glossary.
= Name of
g 75 Variable or Constant Type/ Value
Computer Mathematical Attribute Descripiion Umis or Declared Assighed Referenced
Notation Notation Range m mn mn
TBD THCX INTEGER Translational command 1n {none) -21t02 TRD TBD TBED .
the X axs
{meludes acceleration level)
TRBRD THCY INTEGER Translational command in {none} -2to 2 TBD TBRD TBD
the ¥ axis (includes
acceleration level)
TBD THCZ INTEGER Tranglational command 1n the 7 (none) -2to 2 TRD TBD TBD
axis (includes acceleration level)
TBD ROLL INTEGER Rotational command 1n the X awxis | {none) -2to 2 TBD TRD TBD
{(includes acceleration level)
TBD PITCH INTEGER Rotational command in the ¥ axis | (none) -2to 2 TRD TBD TRD
(includes acceleration level) ‘
v TBD OYAW INTEGER Rotational command wn the Z axas | {none) -2 to 2 TED TBD TBD
5 (includes acceleration level)
5 {-0 0484 to
TED A FL PT A 40 » B array of translational m/s 0. 0434 TBD TBD TED
and rotational accelerations for 9 [—o. 0133 to
each jet rad/s 0.0133
TBD FL LOGICAL A logical array where TRUE (none) TRUE/FALSL TBD TBD TBD |
indrcaies a jet 1s failed
TBD TONM FL PT Minimum on-iume for s 0.0¢ TBD TBD TBD
compensahon firings
TED XLEV L PT X-translational disturbance {none) 0,096 TBD TED TBD
counter threshold
TBD YLEV FL PT Y-~translaironal disturbance (none) 0 096 TBD TBD TBD
counter threshold
TRBRD ZLEV PLPT. Z~-translational disturbance {none) 0192 TBD TBD TBD
counter threshold
TRD RLEV FL. PT Roll disturbance counter {none) 0026 TBD TBD TBD
threshold
TBD TL FL.PT. Threshold levels for m/fs TBD TRD TBD TBD
off-axis compensation rad/s




8T-¢

Table 3.3.2.4.1-1. Main RCS jet selection glossary (Cont. ),

Name of
Variable or Constant Type/ Value
Computer Mathematical Aitribute Description Uniis or Declared Assigned Referenced
Nolation Notation Range n n n
TBD PLEV FL.PT Pateh disturbance counter {none) 0 031 TBD TBD TBD
threshold
TBD YAWLEV FL PT Yaw disturbance counter (none) 0 015 TBD TBD TBD
threshold
TRD ONDELAY FL PT The amount of cn-delay s 0.018 TBD TBD TBD
occuring when a jet
1s turned on
TBD JT LOGICAL Array indicating desired state {none) TRUE/TALSE TBD TBD TBD
of each jet each cycle
(TRUE indicates ON)
TRD TJET FL PT Array containing the on-times ] 0 to 004 TBD TBD TBD
for each jet each cycle
o o
5%,
vo &
Q 2,
PE
)
-
£, v
<y
X
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Table 3.3.3-1. TVC DAP glossary.

Name of

Type/ Value
. D d £
Variable or Constant Attribute Description Units or eciire Assigned R? eiinced
Computer Mathemataical Range
Notation Notation
TBD KD Sc/sP,5t Pitch or yaw TVC digital - (None) 2 TBD TBD TBD
compehsation filter gain states
TBD KM Sc/Sk, st Pitch or yaw manual TVC gain rad/s/ TBD TBD TBD TBD
rad
TBD ctear Sc¢/5P,St | Guidance loop gain (None) TBD TBD TBD TBD
TRD Kr Sc/8P,S8t | Roll TVC gain (None) TBD TBD TBD TBD
TBD T 8c/SP,St | DAP sampling perilod s 0.04 TRD TBD TBD
TBD [ Se/SP, 5t Actual OMS engaine deflection rad TBD T™BhH TBD TBh
TBD Gc S¢/SP,St | Commanded OMS engaine rad TED TBD TBD TBD
n deflection .
TBD | Ge 8c/8P, St OMS engine deflection exror rad TBD TBD TBD TRD
i
TBD 8 8c¢/SP,St | Measuraed vehicle patch or rad TBD TBD TED TBD
vaw attitude
TBD Bc Sc/8P, St Commanded vehiele pitch ox rad TBD TBD TBD TBED
yaw attitude L )
TRD Be 5¢/S8P,St | Vehicle pitch or yaw attitude rad TBD TBD TBD TBD
error
TBD DAPL 8¢/8P,St | Output of first filter section rad TRD TBD TBD TBD
TBD suml S5c/8P,St | First filter section update rad TBD TBD TBD TBD
for next FC pass
TBD sum2 Sc/SP,St | Second filier section update rad TBD TBD TBD TBD
for next FC pass
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Table 3.3.3-1.

*

TVC DAP glossary (Cont.h

Name of mpe/ Value
Variable or Constant YP - Declared Assigned | Referenced
Attrabute - Description Units or in in in
Computex Mathematical Range
Notation Notation .
TBD sum3 Sc/8P,st Second filter section update rad TBD TBD TBD TBD
for two I'C passes from now
TBD DAPOUT Sc/8P,5¢t Filter output rad TBD TBD ~ TBD TBD
TBD 5; Sc/SP,St | Output of lst section of rad TBD TBD TBD TBD
the TMC filter
?BD LAST1 Sc¢/sp,St TMC filter update for next rad ABD TBD TBD TBD
FC pass -
TBD LASTZ2 Sc/SP,St | TMC filter update for next
* FC pass - rad TBD TBD TBD TBD
TBD wc 8c/SP, 5t Manual or automataic rate rad/s TBD TBD TBD TBD
command to TVC - .
iy
Op g
LI d l"
H()ﬁ) A

R o Ay,
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Table 3.3.4.1.1.1-1.

Manual RCS rotation glossary.

Type/ Declared Assigned Referenced
Name Attribute Description Units Value in in in
DESIRED v(3)/~ Desaired rotational rad/s TBL MAN RCS_ | MAN RCS_ | BODY_RATE_
OMEGA vaelocities ROT ROT ANGLE_DRIVE
AXIS_INDEX /- Subscript by axis (None) | 1,2,3 | MAN RCS_ | MAN_RCS_ | MAN RCS_
ROT, MAN | ROT, MAN_ | ROT, MAN
RCS TRANS| RCS_TRANS | RCS_TRANS
OLDLIGHTL B(16) /~ Value of LIGHTL from (None) | oy/0rF | maN-RCS_ | MAN_RCS_ | MAN RCS_
last pass ROT ROT ROT
OLD_ A(3),I/- value of ROTATION_ {None) | 1,2,3 | man RCS_ | MAN_RCS_ | MAN_RCS_
ROTATION OPTICNS from last pass ROT ROT ROT
OPTIONS
OLD_RHC A(3),TBD/~ Value of RHC from last TBD TED MAN RCS_ | MAN_RCS_ | MAN RCS_
pass ROT ROT ROT
OLD_RHC_ A(3),I/- Value of RHC_STATE from (None) | -1,0,1 | MAN_RCS_ | RHC_READ | MAN_RCS_
STATE last pass ROT ROT
RHC_STATE A(3), I/- Out-of detent flag with (None) -1,0,1 | MAN _RCS_ | RHC_READ | ROT_DISC,
sense of deflection ROT ROT_ACCEL,
ROT_PULSE
SRA
SLA Deadband limits for
SRB TBD RHC hysteresis TEBD TBD RHC_READ RHC_ RBAD RHC_READ
SLB
PULSE DB _ A(3),8¢c/- Lower limit of rate rad/s |0.00087266( ROT PULSE| ROT_PULSE | ROT_PULSE
OMEGA deadband in pulse
submode
DB_OMEGA 2 A({3),8¢/~ Rate deadband i1in pulse rad/s TED ROT PULSE| ROT_PULSE | ROT_PULSE
submode
RHC A(3),TBD/- Values of RHC deflection TBE TRD COMPOOL Hardware/ | MAN_RCS_
SOP ROT, RHC__

4

READ
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Table 3.3.4.1.1.1-1.

Manual RCS rotation glossary (Cont.).

Declared

Type/ ) Assigned | Referenced
Name Attribute Descraiption Units Value in in in
INIT MAN_ROT B5(1) /~ Flag for initialazation (Wone) oN/OFF COMPOOL OODAP _ MAN_RCS_
FLAG of MAN RCS_ROT RECON ROT
LIGHTL B(16) /- Commands for panel {None) ON/OFF COMPOOL MAN_RCS _ Hardware/
switch lamps ROT S0p
ROTATION_ A{3), 1/~ Rotation submode . (Ncone) 1,2,3 COMPOQL PAWEL MAN__RCS__
OPTIONS selections by axis SWITCH _ ROT
INTERP
BYPASS _ A(3),B(L1)/~ Flag for direct control {(None) ON/CFF COMPQOL ROT_DISC, | RCS_DAP
PHASE_PLANE of jet select . ROT_PULSE
ROT_ACCEL
CLSTRF A(6},B(L)/~ Flags for high/low (None) ON/QFF COMPOOL ROT_DISC, RCS_PAP
accelerstion option - ROT_PULSE,
by axis ROT_ACCEL
CFLAG A{&6),B{1) /- Flag for high/low {(None) OW/OFF COMPOOL PANEL_ ROT_ACCEL
acceleration selection SWITCH
INTERP
OMEGAHAT V{(3}/- Current angular rate rad/s TBD COMPOOL PARTI_ ROT_PULSE
estimate FILTER
ROTATION_ a{3),8c/- Selected pulse Aw rad/s 0.000873 | COMPOOL PANEL ROT PULSE
PULSE_SIZE to SWITCH_
0.00873 INTERP
DB_OMEGA A{3),8¢/~ Angular rate deadband rad/s TBD ROT_PULSE | ROT PULSE | ROT_PULSE
JET_COMMAND A(6),1/- Jdet firing commands {None) -1,0,1 COMPOOL ROT_PULSE, RCS_DAP
by ax1s ROT_ACCEL
DISCRETE_ A(3),8¢/- Discrete w, by axis rad/s | 0.00105 | COMPOOL PANEL_ ROT DISC
OMEGA to SWITCH _
0.0349 INTERP
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Table 3.3.4.1.1.2-1.

Manual RCS translation glossary.

Type/ ; Declared Assigned Referenced
Name Attribute Descraiption Units Value in in in
TRANS_NOM A(3},8c/~ Nominal acceleration ft/52 TBD MAN RCS_ | MAN_RCS_ | MAN RCS_
ACCEL levels by axis TRANS TRANS TRANS
AXIS INDEX I/- Subscrapt denoting axais (None) 1,2,3 MAN RCS_ | MAN_RCS_ | MAN_RCS_
TRANS TRANS TRANS
OLDLIGHTZ2 B(16) Value of LIGHTZ2 from {(None) ON/OFF MAN_RCS_ MAN RCS MAN_RCS
last pass TRANS TRANS TRANS
OLD_THC A(3),I/- Value of THC from last {None}) -1,0,1 MAN_RCS_ MAN RCS_ MAN_ RCS
pass TRANS TRANS TRANS
V_NOW A{3),8c/- Current reference ft/s TBD TRANS _ TRANS _ TRANS PULSE
velocity PULSE PULSE
OLD_ A{(3),B(1)/- | value of TRANSLATION_ (None) | ON/OFF | MAN RCS | MAN RCS_ | MAN RCS_
TRANSLATION OPTION from last pass TRANS TRANS TRANS
OPTION
THC A(3),I/- Flag for THC deflection (None) -1,0,1 | COMPOOL Hardware/ | MAN_RCS__
contalning sense 50P TRANS, -
TRANS PULSE,
TRANS_ ACCEL
TRANSLATION A(3),B(1Y/- Flag for translataion (None) ON/OFF COMPOOL PANEL__ MAN RCS__
OPTION subnode selections SWITCH_ TRANS
by axis INTERP
LIGHT2 B(1l6)/~ Commands to panel switch (None} ON/QFF COMPOOL PANEL_ Hardware[
lamps SWITCH__ S0P
INTERP,
MAN RCS_
TRANS
DELTA V vi(3)/- Estimated translaticonal fr/s TBD COMPOOL PARTL_ MAN_ RCS__
rate changes FILTER TRANS
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Table 3.3.4.1.1.2-1.

Manual RCS translation glossary (Cont.)

INTERP

Type,/ . , Declared | Assigned Referenced’
Name Attribute Description Unzits Value in in i
W A(6),5c/- Rate change commands to rad/s TBD COMPOCL RCS_DAP, | RCS_DAP
jet select £t/s MABN RCS
TRANS
JET_QOMMAND A(6),L/- Jet firing commands (None) -1,0,1 COMPOQOL: TRANS _ RCS5_DAP
by axis ACCEL,
. TRANS
PULSE
DB_VEL A{3),8¢c/~ Translation rate dead- - ft/s TBD TRANS _ TRANS _ TRANS__ .
bands for TRANS_PULSE PULSE PULSE PULSE
V_DESIRED A(3),8¢e¢/~ Desired translation £ft/s TBD TRANS TRANS _ TRANS _
rates PULSE PULSE PULSE
CLSTRE Alg) ,B(L)/~ Flaé for hagh/low (None) ON/QFF COMPOOL TRANS RCS_DAP
acceleration by axis ACCEL,
TRANS_
PULSE
TRA?SLATION_ A{3),8c/~ Selected rate change ft/s 0.03 COMPOOL PANEL TRANS _
PULSE _SIZE per pulse « to SWITCH PULSE
0.8 INTERP .
CFLAG A{6),B(L)/- Flayg for high/low (None) ON/OFF COMPOOL: PANEL _ TRANS _
# acceleration selection SWITCH ACCEL
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Table 3.3.4.1.2.1-1, Attitude maneuver glossary.
Name of
Variable or Constant Typel Value
Computer Mathematical Attribute . Pescriplion Units or Declared Assigned Referenced
Notation Notatinn ) Range mn n in
A A Sc/3P, st Formal parameter Angle rad Qgxgm VECPOINT | VECPQOINT |VECPOINT
of rotation about u.
A A Sc/sP, St Formal parameter, Angle rad Ocnew ROTATION_ | ROTATION__|ROTATION_
of rotation about Uy MATRIX NMATRIX MATRIX
A_M AM Sc/SP,8t Angle of rotation rad’ xgwr ATTITUDE_{ ATTITUDE_ {ATTITUDE _
about u,. MANEUVER | MANEUVER |[MANEUVER
AUTO_MQDE AUTO_MODE B(i)~ Automatic mode switch. (none} TBD COMPQOOL:, |COMPOOL |[STEERING
BIAS_BETA £p1as V(3) /3P, St, L | Bias body angles rad TRBD CCMPOOL |STEERING, |RCS DAP
STOPRATE, -
HOLD_.
ATTITUDE
x »
C ' C M(3, 3)/SP, 5t Formal parameter {none} TBD ANGLES _ ANGLES.. (none)
Direction cosine matrix TO_DCM TO_DCM
* ¥
C C M(3, 3}/38P, St Formal parameter, {none} TBD DCM._TO_, (none} DCM_TO.
Ihrection cosine matrix ANGLES ANGLES
é_BSM CBSM M({3, 3)/SP,St Direction coswne matrix (none) TBD ATTITUDE ] ATTITUDE- |ATTITUDE-
between piresent vehicle MANEUVER |MANEUVER,|MANEUVER,
axes and stable member STEERING |STEERING
anes

*

C_C5M éCSM M(3, 3}/SP,St | Direclion cosine matrix {none) TBD ATTITURE—- | ATTITUDE_ [ATTITUDE
between commanded MANEUVER |MANEUVER |[MANEUVER
vehicle axes and stable
member axes

»* + .

C_LSM CLSM M({3, 3)/8P,5t | Direct cosine matrix {none) TRED VECPOINT |{VECPOINT |VECPOINT
between L-coordinate
{frame and stable
member axes
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Table 3.3.4.1.2,1~1.

Attitude maneuver glossary (Cont.)

Name of
Vaiiable ot Consfant Type/ Value
Computer \lathematical Attribute Description Units or Declared Assigned Referenced
Motation Nolation Range n 14} n
é_MSI\I é aM M(3, 3}/SP, St Direction cosine matrix (none) TBD VICPOINT | VECPOINT | VECPOINT
M between M-ccordinate
frame and stable member
ares
CONTROL_ [ac} A(3), S¢/DP, 5t | Magmtudes of the U,V,W r‘ac!,fs2 TBD COMPQOQOL | autopilot STEERING
ACCLLERATION, control accelerations,
MAGNITUDL
DLG_TO_RAD DEG_TO_RAD S¢fSP, 8t, C Conversion factor rad/deg {180 COMPCOL | COMPOOL | ATTITUDE_
s MANEUVER
[DEL.TA_GA] [A¢D] A(3),8c/SP, St, L | Incremental gimbal angles, rad TBD COMPOOL | STEERING, | RC5S_DAP
STOPRATL,
HOLD..
ATTITUDE
DELTAA_N Ja A‘M Sc/SP, St, L Inciemental rotation rad TBD STLERING | STEERING |STEERING
angle
* *
DLELTAR AR M(3, 3)/5P,St, L. | Inc1emental rotation (none} TBD STELRING | ST'EERING |STLERING
matrix, N
DELTAT_C At 1 Sc/sP,st, C Period of the cycle s 1.2 COMPOOL, | COMPOOL | STEERING
cyele of STELRING
DISIRED., COMPOOL | $TLERING, | STLERING,
BODY_RATE W, V{3)/8P,St. L Desired angular velocity rad/s TBD SIOPRATE, [RCS_DAP
vector in navigation- HOLD-
basecd coordmnate ATTITUDE
DESIRED.
MAGNITUDE w, Sc/DP, St Requested magmtude of radfs TBD ATTITUDE.| calling STEERING
Ol _BODY_RATE angular velocity, MANEUVER| program
¥
FASTDFCS_FLAG2 tfast Sc/SP, St f;.‘é‘f:d of the RCS DAP s 0,04 COMPOOL | autopilot STEERING
FIRST_PASS FIRST_PASS B(r}/~ Fair st pass switch {none) TBD STLCERING | STEERING |STEERING
[cal [# A{3), S¢/DP,St | Gimbal angles read rad TED GIMBAL. | GIMBAL.. |GIMBAL_
from sensors. ANGLE . ANGLE ANGLE.
READ READ READ
(Gal [#] A(3),5¢/SP, 8t | Formal parameter, rad “rexgT PCM_TO_. | DCM._TO_ |DCM.TO-
N gumbal angles ANGLIES ANGLES ANGLES
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Table 3.3.4.1.2.1-1. Attitude maneuver glossary (Cont.)

Name of
Variable or Constant Type/ Value .
Compute: Mathematical Attribute Descrption Units or Declared Assigned Referenced -
Nolation Notation Range in n n
[ ,A] [q&] A(3),Sc/SP, St | Formal parameter rad T XET ANGLES_ | {none) ANGLES _
Gimbal angles TO_DCM TO_DCM *
[GA_B] [¢ ] A(3),8c/SP, 5t | Cimbal angles at the rad TR ATTITUDE. | ATTITUDE_ | ATTITUDE.
B start of MANLUVER | MANEUVER,| MANEUVER,
ATTITUDE_MANEUVER, STRERING |[STEERING
[Gz\_comm A.NDI_'D] [cp ] A{3), 5¢/SP,St | Commanded terminal rad g ATTITUDE_ | ATTITUDE. | ATTITUDE_
¢ gimbal angles MANLEUOVER [MANEUVER,|MANEUVER,
VECPOINT JHOLD—
. ATTITUDE
[GAJJES[RED] [4’13] A(3),Sc/SP, St L | Intermediate desired rad “rexLT COMPOOL [STEERING, | RCS_DAP
gimbal angles STOPRATE,
HOLD.
ALTITUDE
[GA_L.] [qSL] A(3),5c/SP, St | Gimbal angles at the rad g VECPOINT |VECPOINT |VECPOINT
start of VECPOINT,
[GA_N] [#’N] A(3),8¢/SP, S5t Gimbal angles predicted rad = TTERCT STEERING |STEERING |STEERING
Atc w advance,
iD__MATRIX ’ Ef N{3, 3)/DP, St, C | Identity matrix., (none) TRD COMPOQL [COMPOOL [ROTATION_
1dentity MATRIX
VECPOINT
Pl T Sc¢/ DP, St P ;
R R M(3, 3}/3P, St Formal parameter, (none) TBED ROTATION_| ROTATION_j ROTATION_
rotation matrx MATRIX MATRIX MATRIX
& *

R_A R, M{3, 3)/SP, 5t Antisymmetric com- {none) TRD ATTITUDE | ATTITURE_} ATTITUDE —
ponent of RCP' MANLUVER | MANEUVER [ MANEUVER

- *

R_CB RCE M(3, 3}/83P, st Rotation matris be- TED ATTITUDE_ | ATTITUDLC. | ATTITUDE
iween commanded and (none) MANEUVER | MANEUVER | MANEUVER
ntial attitudes

R_ML R M(3, 3}/S5P,5t Rotation matrin between {none) TBD VECPOINT |VECPOINT {VECPOINT
the M and L coordinate
frames
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Table 3,3.4.1.2.1-1. Qttltude maneuver glossary (Cont.},

Name of

Vaniable o1 Constant Type/ Value
Computer Mathemaflical Attribute Description Unats or Declared Assigned Referenced
Notation Notation Range n n n
I‘Q_S ﬁS M{3, 3}/8P. St | Symmetric component {none) TBD ATTITUDE_|ATTITUDE] ATTITUDE..
of RCB MANEUVER {MANEUVER| MANEUVER
REALSEC RLALSEC Se¢/SP,S5t, C Scale factor o syn-- compuier | TBD COMPOOL COMPOOL STEERING
chronize with computer ticks/s
clock.,
RUNTIME RUNTIME ScfSP FCOS runiimes s TBD COMPOOL |COMPOOL | STEERING
T_CYCLE tc cle Se¢fSP, St Time at which each new 5 TBED STEERING STEERING | STEERING
yee pass of STEERING
begins
T_M t Sc/sP, st Time of maneuver -1 TRD STELRING |STEERING | STELRING
M
durafion.
T_8S t Sc/SP, St Time of maneuver s TBD STLERING |STEERING | STEERING
s completion
U_Tt!_. Way V{3),8P, S5t Preseribed unit vector it TBD ’ VECPOINT | VECPQINT | VECPOINT
’ u, in the L-coordinate
I‘r‘%me. )
U_ANE UANR V{3)/SP, S5t Prescribed unit vector ft TBD VECPOINT. |[VECPOINT | VECPOINT
. u, 1n navigation-base
- coordinates
U. DL tpL V{3)/DP, 5t Desired umt vector in it TRBD VECPOINT |VECPQOINT | VECPOINT
the Li-coordinate frame .
U_DSM Unam T V(3)/DP, St Desir ed unit vector in ft TRD VECPOINT (VECPOINT { VECPOINT
the stable-member
coordinate frame,
U_R V(3)/SP, 5t Single equivelant rota~ it TBD VECPOINT |VECPOINT | VECPOINT

fion vecior Rotation
thiough the angle A
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Table 3.3.4.1.2,1-1. Attitude maneuver glossary (Cont. ).
Name of
Valiable or Constant Type/ Value
Computer nathematical Attribute Description Units or Declared Assigned Referenced
Notation Notation Range n n n
U_R U, V(3)/sSP, st Formal parameter, ft TBD ROTATION_| ROTATION. | ROTATION_
Single equivelant rota- MATRIX MATRIX MATRIX
tion vector
U_R u,. V{3)/5P, 5t Single equivalent rota~ ft TBD ATTITUDE_| ATTITUDE. | ATTITUDE ..
. fion vector Rotation MANEUVER|{MANEUVER | MANEUVER,
through the angle Ay STEERING
U_RPRIME 1_1;. V(3)/5P, St Intermediate rotation it TBD ATTITUDE_| ATTITUDE_| ATTITUDE -
vector used in deter- MANEUVER | MANEUVER |MANEUVER
mining proper signs .
of u_.
r
U XL Uy, V(3}/SP, 5t Unit vector along the ft 1,0,0 COMPOOL, |COMPQOOIL, |VECPOINT
navigation-based .-
anis (1,0,0)
U_¥SML YvsML V{(3)/8P, St, ¢| Unit vector along the ft TED VECPOINT | VECPOINT |VECPOINT
y-an1s of the stable-
member frame pro-
jected into the L-frame
* *
UX_R Ux. M(3, 3)/SP, St Antisymmetric matrix it TBD ROTATION_ | ROTATION_ | ROTATION-
whose components aire MATRIX MATRIX MATRIX
taken from u,




Table 3.3.4.1.2.1-2 Automatic rate driver glossary.

Name of
Vaiiable o1 Constant Typef Value
Computer Mathematieal Attribute Description Uniis or Declared Assigned Referenced
Notation Notation Range n n mn
BIAS_BLTA Bpias V{3}/8P Bias body angles to prevent rad TBD COMPQOL | BODY_ RCS_DAP
‘ overshoot when starting ot RATE_
stopping a maneuver ANGLE__
DRIVE
BODY_RATE Ynepa) V{(3}/sP Speeified hody rate to rad/s TBD BODY BODY_ BODY_.
BODY RATE ANGLE DRIVE RATE _ RATE_ RATE
ANGLE ANGLYE._. ANGLE..
DRIVE DRIVE DRIVE
BODY_RATE ‘ED(BA) V(3}/ 8P, A Specafied body rate to tad/s TBD SML_RATE.. | SMLRATE_ [SM_RATE__
5M RATE ANGLE DRIVIE ANGLE., ANGLE. ANGLE -
DRIVE DRIVE DRIVE
* x
BODY_TO_SM Crasm M(3, 3}/SP,A | Direction cosine matrix from {none) TBD SM_RATE_ | SM_RATE_ |SM.RATE..
: - body to stable member axes ANGLE., ANGLE. ANGLE ..
DRIVE DRIVE DRIVE
COS0GA COSOGA Sc/sP, A Cosine of outer gambal angle (none) TBRD COMPMPGA] COMPMPGA|COMPMPGA
[DE LTA_GA] [A¢D] A(3),8¢/8P Inctemental gimbal angle rad TRD COMPQOL | BODY_ RCS_DAP
RATE_
ANGLE .
DRIVE
DISIRTD... ¥ v{3)/sp Desired angular velocity vector radfs TBD COMPOOL, | RONY_. RCS_DAP
BODY_RATE RATE_
ANGLE _
DRIVE
DUMMY_ VO uMMY V(3)/SP,A | Temperary location for [ Aqu] rad/s TBD BODY.. BODY._. BODY-
VECTOR * RATE_ RATE RATE..
ANGLE_ ANGLE_. ANGLT _
FAST DRIVE DRIVE _ DRIVE _
DFCE FLAG?2 FAST:
bt A(8), Sc/5P RCS DAP cycle time s TBD COMPOOL | COMPOOL |BODY..
DYCS_FLAG2 RATE
I/5P P
ANGLE_
DRIVE
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Table 3.3.4,1.2.1-2.

Automatic rate driver glossary {(Conl.),

Name of

oy

Variable or Constant Typel Value
Computer Mathematical Attribute Descraption Units or Declared Assigned Referenced
Notation Notation Range m n n
[GA] [¢] A(3), Sc/5P Gimbal angles rad TBD COMPMPGA|COMPMPGA{COMPMPGA
[GA_DESIRED] [qu] A(3),Sc/SP | Desired gimbal angles rad TBD COMPOOL |BODY. RCS_DAP
RATE_
ANGLE_-
DRIVE
[ GA_INITIAL ] . [4, ] A(3), 8c/SP Imtial gimbal angles rad TBD BODY_ BODY .. BODY_
I RATE.. RATE_ RATE..
ANGLE- ANGLE-. ANGLE..
DRIVE DRIVE DRIVE
[GA__INITIAL.] [qg, ] A(3), 5¢/SP Initial gimbal angles rad TBD SM_RATE_ |SM_RATI. [SM_RATE_
. 1 - ANGLE_ ANGLE_ ANGLIE_
. DRIVE DRIVE DRIVE
* *
MPGA Mpea M(3, 3)/sP Pilet to gimbal axes {none) TBD BODY_ BODY.. BODY—
transformation matrrs RATE. . RATE - RATE-
ANGLE . ANGLIS- ANGLE-—.
DRIVE DRIVE DRIVE
*
MPGA I*VIPGA M(3, 3}/SP Pilot to gimbal aves (none) TED COMPMPGA|COMPMPGA [COMPMPGA
transformation matrix
SECMGA SECMGA S5c/SP, A Secant of middle gimbal angle {none) TBD COMPMPGA [COMPMPGA |[COMPMPGA
SINOGA SINOGA SefsP, A Sine of outer gimbal angle {none) TBD COMPMPGA [COMPMPGA [COMPMPGA
SM_RATE Ynsn) V{3)/sP Angular velocity in stable rad TBD SM_RATE._ [SM_RATE_ |SM_RATE_
member coordinates ANGLE_. ANGLE —~ ANGLE —
DRIVE DRIVE DRIVE
TANMGA TANMGA Sc/SP,A Tangent of middle gimbal angle (none) TBD COMPMPGA |COMPMPGA |[COMPMPGA
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Table 3.4.1-1.

OMS engine FbBI glossary.

Name of Variable or Constant Type,/ value
Computer Mathemataical Attribute Descraption Unats or Daclared in Assagned 1in Referenced in
Notation Notataion Range

o

ROLL _DISTURB_ &d S¢/SP Roll angular disturbance rad/52 TED COMPOOL PARTL_FILTER OM3_ENGINL_FDI

ACCEL r acceleration estinate .

ROLL_ACCEL__ ROLL_ACCEL_ Se/sp,C Yaw acceleration threshold rad/s2 TBD OMS_ENGINL_¥FDI | OMS_ENGINE_FDI { OMS_ENGINE_FDI

THRESHOLD THRESHOLD

OMSl ON_CMD OMSl___ON__CI-'LD B{l} /- OMS engine #1 ON/OET command (None) | ON/OFT | COMPOOL TED OMS_ENGINE_FDI

OMS2_ON_CMD OMS2_ON-CMD E(1}/~ | OMS engine #2 ON/OFF command {(None) { ON/OFF | COMPODL TBD OMS_ENGINE_FDI

ACCUM DELTA_ ACCUM_DELTA _ Sc¢/SP,A Increment in the accumulated ft/s TBD OMS_ENGINE FDI | OMS_DNGIND FDI | OMS_ENGINE FDT

V_INCR V_INCR velocity change

ONE_TCNGINE _ ONE_ENGINE Sc/sP,C One-engane veloclty increment ft/s TBD OMS_CNGINE_FDI | OMS_ENGINE_FDI [ OMS_ENGINEG FDI

THRESHOLD THRESHOLD threshold

THO _LNGINE . TWO_ENGENE__ Se/sp,C Two-engine velocity increment ft/s TBD OMS_ENGINC_FDI | OMS_ENGINE FPI | OMS_DNGINE_IDI

THRESHOLD THRESHOLD threshold

OMSl FAIL CMS1 FALL B(1) /- OMS engine #1 farluxe flag {None) | ON/OFT | COMPOOL OMS_ENGINE FDI | I'DI executive

OMS2 FAIL OMS2_FAIL B(1} /- OMS engaine {2 farlure flag (None) | ON/OFF | COMPOOL OMS_ENGINE_FDI' FDI executlve

OMSE_INIT OMSE_TINIT _ B(1) /- Initialaization f£lag {None) | ON/OT'F { COMPOOL FDE executive CMS_ENGINE 'FDI-

FLAG FLAG

ACCUM__ Ay Accumulated vehacle velocity ft/s TBD COMPOOL Hardware/S0OF OMS ENGINE I'DI

~n v{3) /5P . - »

DELTA V change

OLD_ACCUM_ Ay 4 V{3)/SP | Last value of accumulated fr/s TBD | OMS_ENGINE_FDI | OMS_ENGINL FDI | OMS_ENGINE_FDI

DELTA V velocity

'
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Table 3.4.2-1.

OMS actuator FDI glossary.

Name of Variable or Constant Type/
Computer Mathematical Ateribute Descraiption Units | Value or Range Declared 1in Assigned in Referenced 1in
Notataion Neotation
[OMS GIMBAL] [§] A{4) ,3¢c/CP Measured OMS gimbal rad =0 123<x<0.123 | COMPOOL Hardware,/SOP OMS_ACTUATOR _
deflections ' FDI
[OLD OMS_ [Gold] A(4),5c/5P,8t| Last values of measured rad TBD OMS_ACTUATOR _| OMS_ACIUATOR | OMS_ACTUATOR_
GIMBAL) OMS gambal deflectaons FDI FDI FDI ¢
[OMS_GIMBAL [8 1 A(4},8c/sP OMS gimbal deflection rad TBD COMPOOL TVC_DAP OMS_ACTUATOR__
ERRCOR] € errors DI
[Ol1S ACTUATOR | [OMS_ACTUATOR | A(4),I/SP Actuator extension (None) -1,0,1 COMPOOL OMS_ACTUATOR | ONS_RCTUATOR _
LXTEND] EXTEND] indicators FDI FDI, FDI
executLve
[OLD_OMS__ [OLD_OMS A{4},1/5P5t| Faxst-pass values of {(None) -1,0,1 OMS_ACTUATOR_| OMS_ACTUATOR_| OMS_ACTUATOR__
ACTUATCR ACTUATOR actuator extension FDL FbI FDI
EXTEND] EXTEND} indicators
[OMS_SERVO_ e, Sc/se.C OMS servo amplifier rad 0.07 OMS_ACTUATOR | OMS_ACTUATOR | OMS_ACTUATOR _
AMP DEADBAND] deadtone FDI DI FDI
{OM8_ACTUARTOR | [OMS_ACTUATOR_ A(4) /B OMS actuator failure (None) ON/OFF COMPOOL OMS_ACTUATOR_ | FDI execulrive
FAIL] FAIL] flags DI
I I 1/8P,n Index variable and (None) 1,2,3.:4 OMS_ACTUATOR | OMS_ACTUATOR | OMS_ACTUATOR _
counter FDI FDI FDX
OMSA_LINLIT OMSA_INIT B(l} /- Inxtralizatien flag (None) ON/OFF COMPOOL FDI execué;ve OMS_ACTUATOR...
FLAG FLAG DI
[ACTUATOR _ [ACTUATOR_ A(4),I/sP Actuator failure {None) 0,1,2 OMS$ _RCTUATOR | OMS_ACTUATOR | OMS_ACTUATOR_
FAIL COQUNTER] FALL COUNTER] counters FDI FDI FD1
OMSA CALL Q¥sA_CALL I/sp Procedure call counter (Bone) 1,2,3 COMBOOL FDI executave | OMS_ACTUATOR
COUNTER COUNTER , DI, FDI
executive
OMS_GIMBAL_ OMS_GIMBAL_ Se/sp,C Gambal deflection rad TBD OMS_ACTUATOR | OMS_ACTUATOR_| OMS_ACTUATOR
INCR_THRESHOLD { INCR_ THRESHQLD threshold level . FDI FDI ¥DI
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Table 3.4.3-1.

RCS

Jet FDI glossary.

Name
(Computer
Notataion)

Type/
Attraibute

Description

Units

Value

Declared
in

Assigned
in

Referenced
in

RECHECKL
RECHECK?Z2
RECHECK3

MANIFOLD
OFF_COM

DRIVERA
DRIVERBE
DRIVERC
DRIVERD
DRIVERE
DRIVERF

JETCOMA
JETCOMB
JETCOMC
JETCOMD
JETCOME )
JETCOMF
NEWFATLLA
NEWFAILB
NEWFAILC
NEWFAILD ’
NEWFAILE
NEWFAILF

OLDFATLA
OLDFAILB
OLDFAILC
OLDFAILD
OLDFAILE
OLDFATILF

B(1)/~

a(l15),B(1) /-

B(32)/-

B{32)/~

B(32)/~

B(32)/-

Recheck delay flags

Manifold shutdown
commands

Driver talkback words

Jet ON/OFF command
words

Current ONFAIL status

ONFAIL status from
last pass

(None)

(None)

(None)

(NMone)

{(None}

(None}

ON/OFF

ON/OFF

CN/OFF

ON/QFF

OW/OFF

ON/OFF

ONFAIL

ONFAIL

ONFALL

COMPOOL

ONFAIL

ONFAIL

ONFAIL

ONFAIL

lardware/
S0P

JET

SELECT

ONFAIL

ONFAIL

ONFATL

Hardware/
S0P

ONFAIL

ONFAIL,
OFFAIL

ONFAIL

ONFAIL
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Table 3.4.3-1.

RCS jet FDI glossary (Cont.),

Name
(Computer
Notation)

Type/
Attribute

Description

Units

Value

Deaclared
in

Assigned
in

Referenced
xn

JFAILA
JEAILB
JFAILC
JFATID
JFAILE
JPAILF

RECHECKA
RECHECKB
RECHECKC
RECHECKD
RECHECKE
RECHECKF

MAP

OFA3
OFB3
OFC3
OFD3 \
OFE3
OFF3
OFA2
OFR2

OFC2 >

OFD2
OFE2
OFF2
OFAl
OFBl°”

OFCl )
OrDl
OFE1l
QOFF1

B(32) /-

B (32} /-

A(16) ,B(32) /-

B(32) /-~

Jet f£fail flags

Map of jets to be
rechecked

Map of jets by manifold

OFFAIL pushdown lists

{None}

(None)

(None)

{None)

ON/OFF

ON/OFF

ON /OFF

ON/OFF

COMPOOL

ONFALL

ONFAIL

OFFAIL

ONFAIL,
OFFAIL

ONFAIL

ONFAIL

OFFALL

JET_
SELECT

ONFAIL

ONFAILL

CFFALL
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Table 3.4.3-1.

RCS jet FDI glossary (Cont.).

Name
(Computer

Notation)

Type/

Attraibute

Descraiption

Units

Value

Declared
n

Assigned
in

Referenced
in

PRESSA
PRESSB
PRESSC
PRESSD
PRESSE
PRESST

B(32)/~

Pressure sensor discrete

(None)

ON/OFF

COMPOOL

Hardware/
SOP

OFFATIL

CODES FOR TYPE/ATTRIBUTE COLUMN

Key for Pype
E - Event
P - Process Event
5t -« Structure
A{1) - Array (i)
M{i,j) - Matrix (a,7)
V(1) - Vector (1)
Sc - Scalar
I - Integer
B{1) - Bit {1)
Ch - Character

Key for Attributes

sp

DP

A

c

5t

- Single Precision

Double Precision

Automatirc

Constant
Static
Boolean

Locked




SECTION 4

APPENDIX

This appendix contains deravations and other material supportive
to the designs presented in Sections 1 and 2. The numbering scheme
follows that of the earlier sections, but the numbering i1s not necesarily

consecutive.

4.3.2.3 Appendix to Phase Plane Switchaing Logic

In this subsection,; two i1dealized limit cycles are presented. One
lamit cyecle 1s 1n the presence of positive disturbing accelerations
while the other 1s in the presence of zero disturbing accelerations.

For each limit cycle the average attitude error will be derived.

An i1dealized limit cycle for a positive disturbing acceleraticn 1is
1llustrated in Figure 4.3.2.3~1. The coordinates Be and w, are chosen
to be the state, where Oe represents the angular position error and Wy
represents the angular rate error. XDB 1s the attitude variation in the
course of limit cycling. In the presence of a positive disturbance
acceleration, UD, the state is driven along the trajectory from A to B.
At point B a negative control acceleration, -U

the state to poaint A.

ot 18 applied to return
.The time average attitude errcr, X, of the limit cycle in
Figure 4.3.2.3-1 1s found by determinang the average attitude erroxr for

each of the trajectories OB and BO” {called Xl
them according to time to calculate the net average, X.

and ié) and then "weighting"



\i\f -
A Note UD =0

Idealized limit cycle for a positive
disturbing acceleration.

Figure 4.3.2.3-1.

Determination of Ik

El 1s, by definition,

by

5 1
Xl*qf
0

r the time to travel from point O to point B, can be calculated from

(4.3.2.3~-1)

t

1

the value of the ee abscissa of point B'BB ;, since
{4.3.2.3-2)

fz(me) such that

1s found by first rearranging Be = fl(me) and ee

By
e
me = gl(ae)l UJe = gz(ee) (4-3-2-3"3)
Then, at point B, gl(ee) = gz(ee), and
u, -0
- C D ~
By XhR ( i ) (4.3.2.3-4)
e c .
and from Egq. {4.3.2.3-2)
2X (o, - 0.)
g o= +\[ N (4.3.2.3-5)
C D



i

1

Usang, tl in Eg. (4.3.2.3~-1)

u, - U
X = 1 £ _ D -
Xl = 3 Xpp ( o ) (4.3.2.3-%

Determination of ?2:

The tame average attitude error for the trajectory segment 32" can
be found by settaing t = 0, at point B. Then,

or, '

1 _ 2 _
+ 20y - ULty (4.3.2.3~7)

X, 1s defined in BEg. {(4.3.2.3-4) and io can bhe determined from

0
2X U (U, - U}
Y = - DB D C D ~
XO = UDtl = +\/ T (4.3.2.3-8)
C
To find t2 one can use the following relataon,
X0+ (UD'--UC:)'I:2 = 0
from whaich 1t follows,
2X U
£, = \/ﬁ_(_U_DE__%_T {4.3.2.3-9)
c'C b

Substituting the results of Egs. (4.3.2.3-4), (4.3.2.3-8), and
(4.3.2.3-9) anto Eg. (4.3.2.3-7) yvields:

2 30

X = X — (4.3.2.3-10)
DB c

4-3



Determination of X:

Finally, the total average attitude error, X, can be found from,

Xltl + X2t2 -
tl + t2

X = (4.3.2.3-11)
Substituting the results of Egs. (4.3.2.3-5), (4.3.2.3-6), (4.3.2.3-9)
and (4.3.2.3-10) into Eg. {(4.3.2.3-11) vields:

3 U

% U
X = 2B (1 + —2) (4.3.2.3-12)
c )

This 1s the average attitude error for the limit cycle in Figure 4.3.2.3-1.
Thus, the average attitude error would bhe zero’lf the intercept of the
curve on the raght, which i1s the trajectory along which the control 1is
applied, were shifted from point 0~ to have an abscissa of

DR = XDB - X (4.2.3.2-13)
A similar result can be obtained for the case of a negative daisturbance

acceleration. Bguations (4.3.2.3-12) and (4.3.2.3-13) are used in FC
in oxrder to minimize the time averade attitude error.

The attitude waraation, X could be chosen as f£ollows:

DB’
{1) To achieve the cycle period, T:

- |Ys| [ 1%l .2
Set XDB = \:1 'I—[—]El— ——8--— T (4.3.2.3 14)
{2) To achieve the lim:it cycle maximum rate, imax: i
: 2
19| Fnay
Set X = {4.3.2.3-15)
DB 2|Up{ (45| — [Ypl)

(3) By samply setting XDB to the allowable attitude variation.
Currently, the final option 15 employed in the FC.

An i1dealized laimit cycle in the presence of no disturbing acceler-
atlions 1s illustrated in Figure 4.3.2.3—5. From poaint A the state 1=
allowed to drift to point B where a nggatlve control acceleration, “UC’
(in the form of a minimum rmpulse jet firing) 1s applied to drive the
state to point C. From point C the state is then allowed to drift to



point D. At point D a positive control acceleration, +Uc, 18 appl:ed
to return the state to point A. By choosing DL = DR, the state limit
cycles with zero average attitude error. The generalized limxt- cycle
for positive disturbing acceleration 1s made to reduce to the limit
cycle for zero disturbing accelerations by selecting

DL = §+%x (4.3.2.3-16)

A B

-Dl;i\
D

v

A

Figure 4.3.2.3-2. Limit cycle in presence of no
disturbing accelerations.

4.3.2.4 Appendix to Jet Selection

Jet Numbering

The system for numerical identification of the RCS jets has
changed from an "old" configuration (as found in thas report), whach
uses the consecutive numbers 1 to 38 for the main jets, to a "new"
configuration which uses a three-digit number for each main and vernler
jet. For a jet numbered ABC,

(1) A i1dentifies the RCS module containing the jet (see
Figure 4.3.2.4~1) as follows:

(a) A = 1 1f the jet 1s in the forward module.
(b} A = 2 if the jet s in the left aft module.
{c) A = 3 if the jet i1s in the raight aft module.

{2) B identifies the fuel and oxidizer manifolds feeding the

Jjet (see Figure 4.3.2.4-2).



RCS FWD MODULE

LEFT MOUNT

RIGHT MOUNT

NOSE MOUNT
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(=)
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VERNIER O
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RCS AFT MODULE

LEFT MOUNT

243

223

233

T opes

VERNIER

K
4

ORORO
0 ® @

VERNIER

T

DIRECTION OF THRUST

+Z INTO PAPER

O INDICATES PLUME EXTENDS IN -2

O INDICATES PLUME EXTENDS IN +2

Figure 4,3.2.4-1.

RCS AFT MODULE
RIGHT MOUNT

324

334

OJojo

314

Gt
321
-~

0:® ® ®

73

VERNIER VERMIER

ARVARN

{This illustration based on
material in Ref 4324.1}

RCS jet location, by module.



PROPELLANT
JANK SYSTEM

FWD
MODULE

B

X

I[% H —2 1 3
157 {-2) 144(-Y) 122{-X} 112{-X} 132{-X)
:1 58{-Z) 2146 -2} 123{+Y) T13{+Y}) 134(-Y)
126(-2) 116(-2} 136 (-2}
125{+2Z}) 116 (+2Z) 135(+Z)

=4

AFT RIGHT

PROPELLANT
TANK SYSTEM

MODULE

=

s s N
357(-Y) 344({-Y} 334(-Y) 324(-Y) 3144{-Y)
358(-2Z) 345 {+2) 336 (-2} 325{+Z) 315{+2)

346{-Z} 331+X} 326(-2) , 311 {(+X)
AFT LEFT
MODULE
PROPELLANT
TANK SYSTEM

ST B R - ‘
258(+Y] 243 (+Y) 233(+Y) 223({+Y} 213(+Y}

257 (-2) 245(+2) 236{-Z} 226(+2) 215(+Z}
2456(-2) 231(+X} 226{-2) 211{+X)
NOTE LEGEND

VALVE (OPERATED BY CREW ONLY)
VALVE (AUTOMATIC OR CREW CONTROL)

THIS DIAGRAM BERTAINS

TO ONE PROPELLANT ONLY
{FUEL OR OXIDIZER} THE
OTHER PROPELLANT SYSTEM
IS IDENTICAL.

{This illustration based on material in Ref 432 4-1)

1

Figure 4.3.2.4-2. RCS jet 1ocat1_on,'by manifold.
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(3 C i1dentifies the thrust direction of the jet as follows:

{a) C = 1 for a main jet thrusting in +X.

(h) C = 2 for a main jet thrusting in -X.
(c) C = 3 for a main jet thrustaing in +Y.
{(d) C = 4 for a main jet thrusting in -Y.
{e) C = 5 for a main jet thrusting in +5.
() C = 6 for a main jet thrusting in -7.
{g) C = 7 for a vernier jet effecting +roll.
(h) C =8 for a vernier Jjet effecting -roll.

Table 4.3.2.4~1 relates the old and new jet numberang systems for the
main jets, and additionally provides information on main-—jet grouping,
mpemonic names and locations.

Thrust History Correction

Due *o the diriference between the actual response of an RCS thruster
and 1ts modelled response, a thrust history of the RCS jets 1s reguired
in the estimate of AV. A typical thrust history for an RCS jet is given
in Figure 4.3.2.4-3 with thrust on the vertical axis and time on the

, and

horxzontal. The time of the jet "on" command i1s represented as tOn

the time of the jet "off" command 1s represented by toff'
FORCGE

“full on” 1 rr
=900 [bs H

ff

ton ton¥40ms Py

1
| |
| 1
| 1
| |
| 1
1 1
| 1
] 1
T )
(2}

£ tof40ms

Figure 4.3.2.4-3. Typical thrust hastory.

A simplified model of thlis response 1s given in Frgure 4.3.2.4~4
with the same coordinates. During the pass when the "on" command 1is
received, the response can be modelled as a constant equal to fl times
the "full-on" value. During the pass when the "off" command i1s received,

the response can be modelled as a constant thrust egual to f2 times the



Table 4.3.2.4-1.

RCS main jet data-

New

014

{FD-2) X Y Z
112 * 1 FLF ~X 332.0 ~14.0 | 389.31
122 * 2 FCF =X 332.0 0.0 ] 3%81.0
132 * 3 FRF -X 332.0 14.0 ] 3892.31
123 2 4 FLS +Y 360.0 -47.0 ] 367.5
113 2 5 FLS +Y 360.0 -47.0 { 353.5
115 *% 6 FLU +2 350.0 -13.0 | 394.7
125 *% 7 FCU +% 350.0 0.0} 394.7
135 *% 8 FRU +7 350.0 13.0 | 394.7
1l6 4 9 FLD -Z 333.0 ~-40.5 | 381.0
126 4 10 FLD -2 347.90 -44.68| 385.5
144 6 11 FRS3 4 361.75 47.0 | 367.%
134 6 12 FRS -Y 361.75 47.0 | 353.5
136 8 13 FRD -4 333.0 40.5 4§ 381.¢0
146 8 14 FRD -2 347.0 44.68| 385.5
211 9 15 ALA +X 1557.46 | -119.0 | 473.44
231 9 16 ALa +X 1557.46 | -132.0 | 473.44
243 10 17 ALS +Y 1516.0 -122.5 | 459.0
223 10 18 ALS +Y 1529.0 -122.5 | 45%.0
233 10 19 ALS +¥Y 1542.0 -122.5 | 459.0
213 10 20 ALS +Y 1555.0 -122.5 | 459.¢C
245 11 21 ATLU +2Z 1516.0 -132.0 | 480.5
225 11 22 ALU +3 1529.0 -132.0 | 480.5
215 11 23 ALUO +Z 1542.0 ~132.0 | 480.5
246 12 24 ALD -2 1516.0 -112.0 §437.24
226 12 25 ALD -z 1529.0 -111.0 | 440.0
236 12 26 ALD -Z 1542.0 -110.0 | 442.76
311 13 27 ARA +X 1557.46 119.0 | 473 .44
331 13 28 ARA +X 1557.4¢ 132.0 | 473.44
344 14 29 ARS -Y 1516.0 122.5 | 459.0
324 14 30 ARS -Y 1529.0 122.5 | 459.0
334 14 31 ARS =¥ 1542.0 122.5 | 459.0
314 14 32 ARS -Y 1555.0 122.5 | 459.0
345 15 33 ARU +2 1516.0 132.0 | 480.5
325 15 34 ARU +Z 1529.0 132.0 | 480.5
315 15 35 ARU +Z 1542.0 132.0 | 480.5
346 16 356 ARD -2 1516.0 112.0 | 437.24
326 16 37 ARD -2 1528.0 111.0 { 440.¢
336 16 38 ARD -z 1542.0 110.0 ] 442.76
(This table 1s based in part on material from Ref. 4.3.2.4-2.)
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Figure 4.3.2.4-4. Modelled thrust history.

The flowchart reguired for the estimate of AV 1s presented 1n
Faigure 4.3.2.4-5, On the first pass with JTLST egual to one, the
expected rates are incremented by fl times the "full-on" increments for
all jets turned on. When the jets receive subsequent "on" commands,
the expected rates are lncremented by the "full-on™ increments for all
When the jets first

receive the "off" command, the rate 1s incremented by 1’:'2 times the "full-

jets which have heen turned on 1n previous passes.

on" increment, aftex which the increment is zero until the next "on'
command.
THEN THEN
Do FOR IR ITLST T NOT = N [ N iDv] = {DV] +

JET=11038

{OLD_JTLST]
= (JTLSTI

Figure 4.3.
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4.3.2.4.1 Vernier Jet Selection

The vernier jet configuration is sketched in Figure 4.3.2.4.1-1.

The jet numbers shown are only for the purposes of this discussion.

Figure 4.3.2.4.1-1. Vernier jet configuration.

It can be seen that +paitch may be obtained by firxing jets 1 and
2, and -pitch results from firang jets 5 and 6. However, for other
commands, the jet(s) which must be chosen produce considerable cross
coupling. Although this cross coupling 1s unavoidable, 1t may be used
to advantage by attempting to select jet({s) whose coupling into the
off-axis 1s favorable. To perform this task,; one must compute a three-
axis command vector which contains not only the original phase plane
command, but also preferences for the direction of coupling into the
off-axis. Although the logic for the three—axis command with cross-—
coupling computations has not yet been finalized, nonetheless, the

following will 1llustraté how such a logic 1s formulated.

Consider a line in the coast region of the small error control
logic to determine whether positive or negative cross coupling 1is

desirable. This is shown as a dashed line ain Fagure 4.3.2.4.1-2.

If the operation is above the dashed line in an uncommanded axis,
then 1t would be preferable that the cross coupling provide a negative
acceleration. However, for operation below the dashed line, 1t 1s best
1f the cross coupling is positive., The off-axis command component can
then be completely defined by specifying 1ts sign as the desired coupling
direction, and its magnitude as a TBD weighting of how strongly we
prefer that direction. Combining each of the off-axis command compo-
nent (s) with tne oraiginal phase plane command{s} yields the 3-axis command

vector to be sent to the vernier logic.
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Figure 4.3.2.4.1-2. Cross-couplaing preference.

4.3.3 Appendix to TVC DAP

Thrust Vector Control of the OM3 Engines

This subsection presents the TVC design goals, the dg51gn procedure;
and the analytical tools used for achieving these goals. In additzon to
vehicle dynamics, an important part of the TVC loop i1s the engine gimbal
servo. The daiscussion uses as an example a now outdated engine élmbal
servo model operating in 1ts linear range. However, the current model
of the engine gimbal servo uses a bang-bang ampllflér and has other
nonlinearities as wg}l. Therefore, a linearization procedure 1s needed
and 1s outlined in the latter part of thas subsection. The impact of
these changes in servo characteristics on the present autopilot desaign
18 also presented.

The performance and stability objectives used for the TVC law are
stated 1n terms of either the open- or closed-loop frequency response:

(1) Open—loop freguency response
crossover fregquency > 1 rad/s
gain margin > 8 4B
phase margin > 50°
, rigid body attenuataion of "bending mode
frequencies > 50 dB
{2) Closed-loop frequency response

closed-loop resonant peak
(below crossover freduency) < 2.5 dB

4
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The objective of attenuating the bending mode frequencies by at least

50 .dB 1s determined by the rationalization that 1f the peak of the bending
mode 1s 20 dB above the rigid body response, then the bending mode peak

25 st1ll attenuated by 30 dB. For design purposes, the attenuation is

measured at a frequency which is 70 percent of the first bending mode
frequency. )

The dynamic effects acting on the vehicle which were considered
in this design are: rigid body effects, effects of propellant silosh,
bending effects, and the "tail-wags-dog" effect in which the vehicle is
subjected to the dynamic effects of an actuator physically moving a
large rocket engine. The "dog-wags-tail" effect, in which a vibrating
structure subjects the engine to large initial loads which cause the
engine to move about its gimbal, is not considered.

\The first step in the approach used for the TVC design was to
obtain the necessary data concerning the vehicle and engine dynamics.
For the rigid body effects, the information needed was the vgplgle mass
and moment of inertia, the thrust magnitude, and the distance from the
cg of the vehicle to the engine hinge point. The necessary data for
slosh effects included the slosh mode frequencies, the slosh mass, the
slosh dampang ratico, and the slosh mass moment axm. For bending effects,
the bending mode frequenciles, the generalized bending masses, the‘
bending damping ratiro, the bending deflections and slopes at the engine
hinge point, and the slopes at the IMU station were needed. The tail-
wags-dog effect 1s defined by the engine mass and moment of inertia,
the distance from the cg of the engine to the engine hinge point, the
engine exhatist jet damping constant, and the hose stiffness constant.
Finelly, the engine gimbal servo characteristics are needed for the
effects of engine dynamics. '

Alid of the above data except that' concerning the engine gimbal
servo characteristics were used as input to a matrix program which models
the vehicle dynamics according to a set of differential equations and
which yields as output the s-transfer function relating the actual
vehicle attitude § to the actual engine deflection § (see Figure 1.3.3.1-1).
By adding the transfer function determined from the engine gimbal serve
characteristics, the transfer function relating the actual vehicle atta-
tude 6 to the commanded engine deflection Gc was cbtained (see
Figure 1.3.3.1-1). This function is called G(s). The engine-gimbal-
servo transfer function used was:



- 625

8
60 52 + 255 + 625

Due to the digital nature of the system, the design of the TVC
autopilot must be carried out i terms of either the z- or w-transfer
functions. The w-transfer function 1s preferred because the relation-
shap between the s- and w-planes and their frequencies {w and u, respec-
tively) 1s clearer. Therefore, the next step in the design approach
was to find the z- and w-transformg of G(s) (tc which has been added a
zero—order hold). G(s) and G(z) are related by the transformation

z = =]

where T is the sampling period, and G{z} and G(w)‘are related by the
bilinear transformaticon

The left half .of the s-plane transforms into the left half of the‘w—plane,
and the frequencies of the two transforms are related by

At low frequencies, the u freguency 1s simply a scaled w frequency.

Next, the frequency response of G{w) was found to determine what
the uncompensateé values were for phase and gain margins, Crossover
freguency, bending mode attenuation, and closed-loop resonant peak. The
digital compensation filter D{w) (see Figure 4.3.3-1) was then designed
to adjust these values to satisfy the performance and stabilaity objec-
tives. The open-loop transfer function is then D(w) G(w). Finally, the
thrust misalignment correction loop M(w) (see Figure 4.3.3-1) was added
and the frequency response of D{(w) M(w) G{w) 1s checked. A modification
of D(w) may be necessary at this point. The effects of the TMC loop are
predominantly low-frequency effects and should not alter the freguency

response characteristics near and above the crossover frequency.

Figure 4.3.3-2 shows a magnitude (decibels) versus phase (degrees)
plot for G{w) generated by a computer p}ogram. The large loop 1s due
to the slosh mode and appears to be superimposed upon the rigid body
curve. The reason for this appearance 1s that the complex pole and
zero pairs which the slosh mode adds to the transfer function occur
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I
almost on top of one another, and at a frequency just above or below the

slosh mode frequency, they appear to cancel. The smaller loops are
caused by the first and second bending modes. The crossover frequency
of the uncompensated system 1s 0.27 rad/s, and the phase and galin margins
are nonexistent. The attenuation of the rigad body at 70 percent of the
first bending mede fregquency 1s 69 dB. Referring to the performance and
stabalaty objectives listed above, a compensataing filter i1s clearly
necessary.

The filter used for the compensation 1s a third-order digital
filter. TIts w—-transform 1s:

(w + 0.006) (w + 0.54) 2
(w + 0.12)(w2 + 0.12w + 0.0124)

D{w) = 4

The overall gain of this filter wath ats lead-lag ratio of twenty pro-
vides the system with the proper crossover freguency and phase/gain
margins. At the same time the slosh mode 1s phase stabilized because
it occurs wvery close to the crossover fregquency (1.555 rad/s). The
second-order low-pass component of the filter provides attenuation of
the bending modes without greatly affecting the phase characteristacs
near the crossover fredquency.

The frequency response of the compensated system 1s shown in
Figure 4.3.3-3. The crossover frequency 1s 1.005 rad/s. The attenua-
tion of the rigid body at 70 perxcent of the frequency of the farst
bending mode s 45 dB, and 56 dB at the first bending mode fregquency.

The closed-loop resonant peak 1s 2.05 dB, and finally, the phase and gain
margins are 55° and 12.9 dB respectively. These values either are very

close to or exceed the design objectives,
Adding the TMC loop results in the freguency response of

Figure 4.3.3-4. The w-transform of the T™C loop is:

(w + 0.001)2
wiw + 0.002)

M (w)

Comparzng Figures 4.3.3-3 and 4.3.3-4, 1t can be seen that the TMC loop
1s a low-frequency effect. Because the TMC loop adds an integration in
the forward loop at low frequencies, the phase angle for very low fre-—
quencies 1s —-270° instead of -180° as 1t 1s for the system without the
TMC loop. This causes the magnitude versus phase curve to bend back
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to the left at frequencies below crossover frequency. The addition
of the TMC loop deces not, in this case, affect the phase/galn margins,
closed-loop peaking, or the bending mode attenuation, but creates an

additional 180° crossover with an attendant gain margin which 1s 32 dB.

As was pointed out in the opening paragraph of this subsection,
the current gimbal servo model uses a bang-bang amplifier. Neglectaing
other nonlinearities, the simplified block of the servo 1s shown in
Figure 4.3.3-3. The feedback signal will be sampled and the servo
loop closure, i.e., summation of the digaital command Gc and feedback 6,
will be done in the TVC DAP. However, sSince the sampling rate 1s hagh
{25 times a second), and since 1t serves the purpose of this discussion,
it 1s reasonable to neglect the sampling effects and examine the model
in the s-plane. Using the describing function for the bang-bang block
and a Nichols chart, the closed-loop freguency characteristics were
obtained for this model. These are plotted in Figure 4.3.3-6 for three
values of the parameter a, the ratio of the sinusoidal error signal amp-
litude to the deadband of 0.4 degrees. In the same figure, gain and phase
characteristics of the previous servo model are plotted to 1llustrate
the drastic differences between the two servo models. Whereas the old
servo had negligible lag at the autopilot crossover freguency of 1 rad/s,
the new servo model has considerable lag at thas freguency and also gaan
other than unity for all signal amplitudes. Thus the stability margins
of the present DAP are affected.

+1 =
Ge =0.4° Y i 3.14 § Foo
¥ 1 o0.4° s
— -1

Fagure 4.3.3-5. Block diagram of the current
servo model {(simplifaied).

Table 4.3.3-1 lists the stab:ility margins with this new servo and
the current autopilot. A review of the design 1s necessary since the

margins 4o not meet the specifications.
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Table 4.3.3-1. Stability margins of the present TVC DAP
with the new servo model.

Parameter | Gain Margin | Phase Margin | 1lst Bending Mode¥*

a =1 2 dB 25° 16 dB
a = 2 4 dB 30° 20 4B
a =5 8 dB 16° 30 dB

.

#
Approximate lncrease at bending mode frequency as compared
to old servo model.

It is interesting to note that prelaiminary results of engineering
simulations show that the performance of the TVC loop with this new
servo model 1s satisfactory despaite the degraded margins.! Further
study is underway.

Guidance-Autopilot Loop Analysis

Duraing external AV burns, the guidance or steering controls the
burn by applying appropriate commands to the inner autopilot locp. In
the case of cross-product steering, guidance computation results in a
rate command w defined by

. Re? .
o = — 9 = 1 sin (OLAV - D’.v ) (4.3.3-1)
jovilv,| ‘ g

Upy 28 the angle of the AV vector or veloclty increment achieved over

the past guidance sample period TS, and o 1s the angle of the velocity-

\Y
to-be-gained vector. -9
The derivation of guidance loop relationships, given below, con-
siders the guidance problem in a single plane. Thus, in the coordinate
system of a plane shown in Faigure 4.3.3-7, the x axis is defined as the
desaired thrust dirsction, and compohents of wvelocity in the y-axis

direction are the cross—axls or undesirable velocity errors.

Y4

Figure 4.3.3-7. Plane coordinate system.

4-20



During a burn, guldance takes snapshots of velocities, as measured
by the accelerometers, at sampling intervals Ts' A typical wvelocity
vector dragram is shown in Figure 4.3.3-8. From Figure 4.3.3-8 the angle
uAV of the AV wector i1is given by

AV Vy - vy
— -1 Y . -1 n (n-1) _
Uy tan &V, tan 7 =V, {(4.3.3-2)
*n (n-1)
and the angle Oy of velocity vector Vg is given by
g
v -V

_ -1 gy _ -1 Yn

().’.v = tan v——'—" = tan v——:—‘}'—- (4.3.3"3)
g Iy r x,

Vr total regquired volocaity

Figure 4.3.3-8. Velocity wvector diagram.

in Bgs. (4.3.3-2) and (4.3.3-3) the subscript n represente the
present sample period and (n-1) the previous sample pericd of the guid-
ance loop. Note that an Figure 4.3.3-8 and in Eq. {(4.3.3-3) the
velocity-to-be~gained vector in the y direction (the undesirable veloc-
ity component) 1s exactly egual and opposite to the present cross-axis
velocity.

Now, 1t will be shown that these velocity compeonents, measured by
guidance, are related to dynamic quantities of the vehicle attitude 8
and the engine angle 6. Figuxe 4.3.3-9 shows the vehicle in the
X~y plane. ‘
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Figure 4.3.3-~9. Vehicle 1n x-y plane.

In Faigure 4.3.3-9, the resultant of the two OMS engine angles 1is
shown by the engine angle §. It 1s measured f£rom the body x axis and 1is
defined positive when it generates a positive moment and a positive
angular acceleration 8. Then, the thrust direction angle 1s the differ-
ence between the attitude angle 6 and the engine angle 8. With linear
acceleration of the vehicle egual to thrust T divided by mass M, the
velocity components 1n the x and y directions at time = t, expressed

in terms of § and §, are given by

: &
v, = = /cos(@ - 8) dat (4.3.3-4)
0
&
_ T _ _
Vy = ¥ ./‘Sln(e §) dt (4.3.3-5)
0

{The burn starts at & = 0.)

For small values of (8 - §8)

1
I_l

cos{e - &)

I
D
1
o

sin(g = §)

and at t = nTs Fgs. 4.3.3-4 and 4.3.3-5 become

~ T
=z = .3.3-6
vxrl % g (4.3.3-6)
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nTS
v, = z d/”(e - §) at (4.3.3-7)
n 0

Simrlar expressions are obtained at t = (n-l)Ts. By substituting
Bgs. (4.3.3-6) and (4.3.3~7) into Egs. (4.3.3-2) and (4.3.3-3), the

angles aA and o are expressed in terms of (8 - §):
\Y Vg
nT_ (n--l)TS
%/(9*6)6.1:—}4/ f(e—ﬁ)dt
_ -1 0 0
Gy T tan
I %[n‘rs - (n~1L)T ]
nTS (n-1)7T
u/f(a - §) dt - (6 - & 4t
=~ tan *|-0 0 (4.3.3-8)
T
L S
[~ nT
s
jg J/}B - §) 4t
avg = tan_l 0
L %(tmax - nTS)
[ nT
S
- /(B - §) dt
= tan "t ¢ (4.3.3-9)
L tmax - nTs

The denominator of Eq. (4.3.3-9) 1s the difference between the burn
time required to achieve the desired wvelocaity and the elapsed burn time,
or time-to-go (£t ). Using small angle approximation the arctangent

go
functions are eliminated and Egs. (4.3.3-8) and (4.3.3-9) become

4-23



S
Cpy = ﬁ%— J/ﬁ(e ~ §) at - J{- (6 - 8) dt| (4.3.3-10)
0 0 '

nT
S
e /(e - §) at (4.3.3-11) -
gl go 0

Substituting Egs. (4.3.3-10) and (4.3.3-11) into Eg. (4.3.3-1) and again

invoking small angle approximation, the result of guadance computation,
w, ig obtained: '

(n—l)TS nTS

nTS
.1 1
w=&,—/‘(8—6)d’c-— f(e—s)dt——E— f(e—-S)dt
517 0 0

go
' (4.3.3-12)

A block diagram of Eg. (4.3.3-12) 1s given in Figure 4.3.3-10.

Integration Ts

i
f(e—a)d‘t

1-2

M| =

rif

go

Figure 4.3.3-10. Block diagram of guidance
command ccmputation.

where z_l indicates a one sample period delay. The guidance command w
is valid for the entire guidance sample period T which, 1n block

diagram notation, 1s represented by a zerc-order-hold function as
follows:

.__—_0\0— l_e—TSS —

whaich is equivalent to:



1-z71 o\\r

0=

Saince the inner (autopilot) loop is an attitude loop the guidance rate
command, scaled by gain factor Ksteer’ must first be integrated (1/s)

and the resultant attitude increments applied to the autopilot. A com-
plete diagram of the gunidance-autopilot loop is shown in Pigure 4.3.3-11,
where the high sample rate (25 sps) inner loop is approximated by con- -
tinuous transfer functions. This i1s a valid approximation for the low
fregquency range of the steering loop with 1ts crossover freguency
occurring at about w = Ksteer and Ksteer tvpically ranging from 0.1

to 0.5. Analysis of this loop is done in the w-plane. Let F(w) be

the open loop transfer function. Then
F{w) = Fl(W) Fz(w) (4.3.3-13)

Fl(w) is a w-transform of the continuous transfer function F(s) given by

F(s) = Ksteer b(s) - S(Sﬂ - Ksteer 0 (s) 1 - é(s)
S2 ec(s) S2 ec(s) B (s)
{(4.3.3-14)

In Eg. 4.3.3-14,

g{s)

ac{S)

1.5 the closed loop transfer function of the inner lcop. The term

SZI

§{s) _ Yy

8(s) ,tﬁx \

relates engine angle and vehicle rigid-body attitude. The w-transform
of Bq. (4.3.3-14} 1s obtained using a computer program. Fz(w) 1s ob-
tained from bilinear transformationtof F2(z) of Figure 4.3.3-11 as
follows:

Fz(w) = Fz(z) (4.3.3~15)

14w
zZ = —

l-w


http:transformationt.of
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Approximate, Continuous Model of the Autopilet Channel
A
P
I Compensation || TMC o] Engine L, Vvehile
§ oy Filter Loop Servo B (s) Dynamics
Ksteer
A
Zero order
hold
i_ w-transform = Fyfw) .
T=2sec w-transform = Fotw)
Fz(z)
A
P
- ayls) 1_e"Tss
ot
% Ts
1 [ nTS f(n-l)Ts
Oy = T (a-5)dt - (e-ﬁMt]
Av T IG 0 Gyg
1 nTg 1
Oyg = =-7— {a-0t N N
tgo “0 tgo
Figure 4.3,3-11,

Approximate analytical model of an autopilot channel
and 1ts associated steering loop.



Fz(z) s

F,(z) = (z = l)(zT" L (4.3.3-16)

and Fz(w) becomes

2w[(1+r+)w+;ﬁ

F,(w) = N R (4.3.3-17)
(1 + w) X
Plots of steering loop magnitude versus phase arz -t-~ 1in Figures 4.3.3-12
and 4.3.3-13 for tgo = 20 seconds and tgo = «, Ttz zIsts show that the
uncompensated steering loop 1s unstable in both c::z::. A compensation
1s required to stabilize the loop. The compensat iz zzlected consists

of a single order lag~-lead function given by

. 1w+ 0.5 -
sw) = T D (4.3.3~18)
The compensated functions are also shown 1n Fagur=s:z £.3.3~12 and 4.3.3-13.
The gain margin 1s 6 dB, and the phase margain 1s :I° waen t o = 20 seccnds
and 50° when t = @,
go

Bending and Sloshing Stability Analysis

The results of an analysis of bending modes =z propellant sloshing
stabilaty for the orbiter's TVC mode of operation =z

A1

= presented in thas
section. The analysis was carried out 1n terms of frzguency response of

the autopilot loop. The bending data used in this znzlysis were obtained

from Reference 4.3.3-1. Slosh data, which were urnzvz:lable, were esti-
mated based on considerations of propellant tank s:zs and shape, and
acceleration level. The vehicle data summary used Lzrein 1s given in

Table 4.3.3-2.

Using this data, transfer functions relating pitch/yaw attitude
and engine position were generated by a computer program. The vehicle
equations of motion used rn this computer program are given in the sub- |
section of this appendaix titled "Equations of Motion Including Vehicle
Bending Effects and Propellant Sloshing”.
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Figure 4.3.3-12. Magnitude versus phass plot of the
steering loop for tgo = 20 seconds,
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Faigure 4.3.3-13. Magnitude versus phase plot of the
steerang loor for tgo = ®,
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Table 4.3.3-2. Vehicle data summary.¥®

RE
Symbol Descraiption Value Symbol
M Vehicle mass (insertion) 5400 slugs
T Vehicle moment of inertia about 6.116 % 106 slug-ft2
¥y vV axXis
1 Vehicle moment of inertia about 6.359 % 106 slug-ft2
Zz Z axis
T Thrust (two engines) 12000 1lbs
Ie Engine moment of inertia 80 Slug“ft2
lx Distance from vehicle cg to 32.9 ft
engine hinge point
Qe Distance from engine cg to 0.892 £t
engine hinge point
m, Engine mass (two engines)} 16.97 slugs
@y First bending mode freguency 29.538 rad/s
(symmetric~pitch)
W Second bending mode frequency 39.84 rad/s
{symmetric—pitch)
wy First bending mode frequency 25.3 rad/s
(antisymmetric-yaw)
@, Second bending mode frequency 40.26 rad/s
{antisymmetric-yaw)
(A Bendaing mode damping ratio 0.005
{pitch and yvaw)
ml 2 Generalized bending mass 5650 slugs
’
Bending deflections at engine
hainge point (pitch plane):
@l(xT) First mode 0.7334 in./in. FZ
¢2(XT) Second mode 0.29209 in./in. F_
Bending deflections at engine
hinge point (vaw plane):
-0. . . F
¢1(xT) First mode 0.42156 1in./1in v
. . . F
¢2(XT) Second mode 0.68 im./1n y

*
Taken from Ref. 4.3.3-1.
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Tabhle 4.3.3-2. Vehicle data summary {Cont.) .

Ai,?éiﬂﬁls

RT
Symbol Description Value Symbol
Bending slopes at engine hinge
point (pitch plane):
cl(xT) First mode ~0.0676 rad/ft My
cz(xT) Second mode ~0.01812 rad/ft My
Bendang slopes at engine hinge
point (vaw plane):
cl(xT) First mode 0.00628 rad/ft Mz
GZ(XT) . Second mode 0.0502 rad/ft Mz
Bending slopes at IMU station
(pitch plane): -
cl(xA) First mode -0.1058 xrad/ft MY
UZ(XA) Second mode -0.0436 rad/ft My
Bending slopes at IMU station
(vaw plane):
cl(xA) First mode 0.00742 rad/ft MZ
GZ(XA) Second mode 0.0162 rad/ft gz
‘Q's Slosh mass moment arm** i16.67 £t
m Slosh mass {4 tanks reinforcing) 60 slugs
Wy Slosh mode freguerncy 1.555 rad/s
[ Slosh mode damping ratio 0.0004
Bending deflections at slosh
mass position (prtch plane):
¢l(xs) FPirst mode -0.2835 ain./in.
¢2(xs) Second mode 0.067 1in./in.
Bending deflections at slosh
mass positien (yaw plane):
b, (xg) First mode ~5.3549 x 10 2
¢2(xS) Second mode ~7.2214 « 10_2 in./in.

*
Slosh data are based on estimates,
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The resultant transfer functions are presented here as products
of numerator and denominator s-plane factors as follows:

8
(s + a )
®a Kvp/y i=1 }
— (S) ==
é g
I_I (s + by)

i=1

The pitch-plane factors are listed ain Table 4.3.3-3 and vaw-plane
factors an Table 4.3.3-4. Addition of the gimbal servo loop transfer
function to the above specifies the major analog elements of the auto-
pilot loop. The servo transfer function in the linear range of opera-
tion is:

5 625
Sa s + 255 + 625

Going from continuous to sampled transfer functions, w-plane factors
were obtained Zor the vehicle-engine servo combination. These are
listed in Table 4.3.3-5 for the pitch plane and ain Table 4.3.3-6 for
the yaw plane, together with the digital compensation filter factors.
The corresponding frequency plots were produced and are shown in magni-
tude versus phase plots in Figures 4.3.3-14 and 4.3.3-15.

In both the pitch and vaw planes the slosh resonance occurs at
1.55 rad/s. This resonance 1S phase-lead compensated as it loops away
from the -180°, 0 4B point. Of the four bending modes considered (two
in pirtch and two 1n yaw), only one displays a Strong resonance peak, and

that 18 the first bending mode in the pitch plane shown in Figure 4.3.3-14.

it occurs at 29.5 rad/s and ites peak is at -25 4dB. The reason for i1ts
haigh rase 1s that the complex zero paair associated with this bending
mode is far away in frequency from the poles and ocecurs at 16.3 rad/s.

In the case of other bendaing modes the complex zero pairg are closexr to

the poles and consequently the resonances are not as strongly pronounced.

Summarizing this set of bending data, the gain margins for the bendaing
modes are 25 dB for the first pitch bending mode and higher for others.



Table 4.3.3-3.

Pitch transfer function factors.

Dencminator Roois

Real Roots

0.000000000 x 10

0

0.000000000 x 10°

Complex Root Paars
Real Part:

-6.220148347 x 10~

~1.991470818 x 10

-1.474077255 x 10

4
1l
1

Imaginary Part:

0

1.565524513 x 10
3.983380202 x 101

2.950912238 x 10l

Slosh
2nd bending mode

lst bending node

Numerator Roots

Complex Root Pairs
Real Part:
-6.219909787 x 10
-1.924299000 x 10
2.647588929 < 10

~5.912087315 x 10

Gain factor = Kv
P

4
1
2

2

Imaginary Part:

1.559404128 x 10°

3.884157674 x 10T

2.219705468 x 107
1.635702142 x 10°

4.44 x 1074

Slosh
2nd bendaing mode
Tarl-wags-dog

lst bending mode
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Table 4.3.3-4. Yaw transfer function factors.
Denominator Roots
.Real Roots
0. 000000000 x 10°
0.000000000 x 10°
Complex Root Pairs \
Real Part: Imaginary Part:
-6.220149447 x 10_4 1.565522074 x 10O Slosh
-2.010561992 x l(}_l 4.023471226 x 10l 2nd bending mode
-1.264335288 = 10-l 2.529283870 x 10l st bending mode
Numerator Roots
Complex Root Pairs
Real Part: Imaginary Part:
-6.220155810 x 10_4 1.559490711 x 10° Slosh
-2.602794919 x 10—1 4.167287372 x lOl 2nd bending mode
2.577081754 x 10_2 2.756424849 x 101 Tail-wags—dog
~1.218930441 x 1071 2.433274257 x 10°  1st bending mode
Gain factor = Kv = 8.5 x 10—S
¥




Table 4.3.3-5. w-plane factors of the pitch-plane autop:ilot.

w-Transform Poles Are:

0.000000000 x= 100 Rigid body
0.000000000 % 10D Rigid body
~1.199999999 x 10~ % DAP
~5.999999999 x 102 $1.039999999 x 107 % DAP
~1.245199999 x 10°° +3.131999999 x 1072 Slosh
-8.149999999 x 10 ° +1.021999999 x 107 2nd bending mode
-4.269999999 x 10> £6.697999999 x 107 1st bending mode
-2.935999999 x 10”7t +4.293999999 x 1071 Servo
w-Transform Zeroes Axe:
~5.999999999 x 10 ° DAP
~5.399999999 x- 10 % DAP
~5.399999999 x 10+ DAP
~6.026899999 x 10° %ero caused by
sampling
1.000000000 x 10V zero caused by
sampling
~8.314699999 x 107> +9.826069999 x 1071 2nd bending mode
-7.539999999 x 1074 +4.765999999 x 107" Tail-wags-dog
-0.812783993 x 10 % +3.384409999 x 10T 1st bending mode
~1.245199999 x 107° +3.119809999 x 10 2 slosh
K, = 79.65 % 107>
ORIGINAL PAGE IS
OF POOR QU




Table 4.3.3-6.

w-plane factors of the vaw-plane autopilot.

w-Transform Poles Are:

0.000000000 x 10° Rigid body
0.000000000 x 10° Rig1d body
~1.199999999 x 10 % DAP
~5.999999999 x 10 2 $1.039999999 x 107! DAP
-1.245199999 x 1077 +3.131999999 x 1072 Slosh
-8.359999999 x 10 > +1.038999999 x 10° 2nd bending mode
~3.299999999 x 1073 +5.538999999, x 107t lst bending mode
-2.935699999 x 10+ +4.292999999 x 107% Servo
w-Transform Zeroes Are:
~5.999999999 x 10 - DAP
~5.399999999 x 107 T DAP
~5.399999999 x 10 T DAP
-5.3399299999 x 100 Zero caused by
sampling
1.000000600 = 100 Zero caused by °
sampling *
~8.254299999 x 10 > +1.102879999 x 10° 2nd bending mode
2.185199999 x 10 ° +6.144299999 x 107% Tail-wags-dog
~2.808999999 x 107> +5.288999999 x 10T 1st bending mode
~1.245189999 x 10 > $3.119989999 x 10 2 Slosh
K = -1.51 x 107>
'
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Fagure 4.3.3-14. Magnitude versus phase plot of the pirtch-plane
transfer function with compensation.
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Figure 4.3.3-15. Magnitude versus phase plot of the vaw-plane
transfer function wirth compensation.
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Eguations of Motiron Including Vehicle Bending

Sloshang
Definition of Symbols:

Effects and Propellant

§ ~ engine deflection
6 rigid-body attitude
SB - attitude including slosh and bending
q; - generalized displacement of lst bending mode
9, ~ generalized displacement of 2nd bending mode
Ul(xA) - lst bending mode slope at IMU
cz(xA) - 2nd bending mode slope at IMU
M - wvehicle mass
m, - engine mass
zx - distance from vehicle cg to engine hinge point
le - dastance from engine cg to engine hinge poant
T - thrust
Iyy - vehicle moment of inertia about v axis (for pitch)
Ie - engine moment of inextia about its center of mass
IR = Ie + me£e2
Yom = lateral displacement of vehicle
cl(xT) - lst bending mode slope at engine hinge poaint
UZ(XT) - 2nd bending mode slope at engine hinge point
¢1(xT) - 1lst bending mode deflection at engine hinge point
¢2(XT) - 2nd bending mode deflection at engine hinge point



slosh mass moment arm

slosh mass

slosh mode fregquency

generalized bending mass for lst mode
generalized bending mass for 2nd mode
lst bending mode f£reguency

2nd bending ‘mode freguency

1st bending mode damping ratio

2nd bending mode damping ratie

slosh mode dampaing ratio

1st bending mode deflection at slosh mass position
2nd bending mode deflection at slosh mass position

0: bending data include engine mass and inertial

effects

1: bending data do not include effects of engiae

mass and inertia
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Rotation Equation:

_ B . 2 .
= {megx + gt |2y, + {Iyy S EREE WO re}e,

* [meleg’xc’l(xfr] = Ml by (k) + Tgo, {xg) - me'q'ed)l(xT)]K(?)ql

+ T[zxcl(xT) + ¢l(xT)]ql

+ [mezeaxcz(xT} - mezx¢2(xT} + IRcz(x )y - me£e¢2(xT)]K(?)q2

+ T[Zxcz(xT) + ¢2(xT)]q2

T .
+ [QSKS Mg ﬁ] Yg - [megelx * IR]6 TRXG

Lateral Acceleration Equation:

o = fu+ m k()] 7, - [mge, + met (210

ewl

+

R
+ [«mezeoléxT) + m ¢, (x - ]K(°)ql + [ Ta, (= )]
-

+ [-meﬁecz(xT) m ¢2(X )]K(°)q2 To, (x )]

_ .,
KsyS + meneﬁ T

Bending Equation (for 3 1, 2):

0 = [—me¢3(xT) +me£ecj(xT)]K(?)ycm
+ [meﬂ,ecbj(x,r) +m 2 b (%g) — Ipoo (xg) - mezezxcj(xT)]K(?)eR
+ [me£e¢3(xT)ol(xT) - meéj(xT)¢l(xT) - Ijo(xT)Ul(xT)

+ meﬁecj(xT)¢l(xT)]K(?)§1'

+

o2ty (), Geg) = med (i) by (i) = Tpoy (eg) O ()

+

m L 0. ()6, () | K2V, + K 0, (5 ¥g

+

[—meae¢j(xT) + Ich(xT)]a - To_ (xy) 8

1

m.d, - 2m $_w g -mwzq
3 3717373 37173
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Slosh Eguation

o = ycm - nseR + ¢1(X8)q1 *+ ¢2(Xs)q2 * ys + 2';swsys * ms ys

Attitude Equation:

6y = 08z % cl(xA)ql + o, (xA)q2
Transfer Function of the Vehicle:
G(s) = °s
8

4.3.4.1.2.1.2 Appendix to VECPOINT. - The process used by VECPOINT in
determining the terminal desired angles, [¢c}, is 2llustrated schematic-
ally in Figure 4.3.4.1.2.1-1. VECPOINT uses two frames of reference—
the L frame and the M frame—in addition to the stable-member (SM)

frame computed from initial gimbal angles, [¢]. The wvector uy is re-
.. using the

3T
transformation Crene The L frame 18 then rotated so that Y, and Ung

solved from the stable-member frame i1nto this frame as

are coincident.

. Cpocns ()
<§3CHM@U {} MsM e
Yom
Ypsm
\ X

N S

Zou

() The L frame L {(b] The M frame {c) The SM frame

Figure 4.3.4.1.2.1-1. The coordinate frames and translormations
used in VECPOINT.
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