General Disclaimer

One or more of the Following Statements may affect this Document

e This document has been reproduced from the best copy furnished by the
organizational source. It is being released in the interest of making available as
much information as possible.

e This document may contain data, which exceeds the sheet parameters. It was
furnished in this condition by the organizational source and is the best copy
available.

e This document may contain tone-on-tone or color graphs, charts and/or pictures,
which have been reproduced in black and white.

e This document is paginated as submitted by the original source.

e Portions of this document are not fully legible due to the historical nature of some
of the material. However, it is the best reproduction available from the original
submission.

Produced by the NASA Center for Aerospace Information (CASI)



bt ¥
- e : » ; : /\
; S N
A i i
. | -
'z
’ ! 2
- ‘4 i -~ S
4 : : -
_ . }i 5
(NASA-CE-147397) SPACE SHUTTLE ON-OREIT N76-15241

FLIGHT CONTROL SOFTWAFE REQUIREMENTS,
PRELIMINARY VERSION (Lraper (Charles Stark)

Lab., Inc.) 219 p HC $7.75 CSCL 228 Unclas
G3/18 08470

= : LS
4 2 N & L- kS > ”

F & % 3
H ? i SR ok e , 5
/-\ -. . M
e

5 L



C-4546

SPACE SHUTTLE
ON-ORBIT FLIGHT CONTROL
SOFTWARE REQUIREMENTS
(Preliminaxry Version)

Recommended for Inclusion in
Space Shuttle Orkiter
Orbital Flight Test
Level C
Functional Subsystem
Software Requirements Document
Guidance, Navigation and Control
Part C
Flight Control

Decembex 1975

The Charles Stark Draper Laboratory, Inc.
Cambridge, Massachusetts 02139




ACENOWLEDGMENT

This report was prepared by The Charles Stark Draper Laboratory,
Inc. undexr Contract NAS 9-13809 with the Wational Aeronautics and Space
Administration.

Publication of this report does not constitute approval by NASA
of the findings or conclusions contained herein. It is published for
the exchange and stimulation of ideas.

T



TABLE OF CONTENTS

Section Page

OVERVIEW. saccvesncruerrcascsssansanasssancsnsnonans
Relationship to Other GN&C FUNCEIiONS....sveaseanss

W N =

On-Oxbit Flight Control Module OVerview....scease.

AbbreviationS..sccicseesenssncsassssvsassssscsnnnse

FUNCTINONAL REQUIREMENTS . eocssesscsansaccssaannnsn
.1 Interface RequirementS...cccenensssnsnsnsnssanesuna

L R " I 7% I T R V-
.
A =

.2 Detailed Functional RequirementS...ssseessarescas 13
4,2.1 Reconfiguration Module...eceeaceeasraconanasnenss 13
4.2.1.1 FUNCEiONe e essvesasenatsancacsarosssenassananrass 13
4,2.1.2 Processing Rat@.aceacerserssrasssescncnrnssennnsas 45
4.2.1.3 Interface Requirements..eecescscnsernsascoansnnssss 45
4,2.1.4 Control Law Function Model Initialization........ 45
4,2.2 Control Law ModUule...eeeevsassssccsascasennensnes 53
4,2.2.1 Drivers.....................................;.... 59
4.2.2.1.1 ATTUTUDE _HOLD. tcesaannsnecesnccocanrscscsnnansrnnre 59
4,2.2.1.2 ATTITUDE LCL VERTICAL...asecocssccsaccannsrannnne 62
4.2.2.1.3 AUTO RCS TRANS.cesesasaescssonnsssnsssscassssssas BE
4.2.2.1.4 BAUTO TVC.eevssonssnscnnsnnsscansssansasssvannvses 10
4.2.2.1.5 BARBEQUE. e +sonassssavovensssssssanrsassasvascsnnsss 73
4.2.2.1.6 MANUAL TVC.cvesannnssnsnsrnnnncasssssaoncvansenas 17
4.2.2.1.7 MISC_TRACKING. evssvesscnssansencsneannossanasnens 8L
4.2,2.1.8 OMS_PRETHRUST MANEUVER...econsssssvessoasasssasns 83
4,2.2.1.9 PAYTOAD ATTITUDE..svesascrcavarsrssenconscncsnsaes 88
4,2.2.1.10 ROT ACCEL.c.vssceasssssssacanssssssvansacnnnssseca 90
4.2.2.1.11 ROT DISC.vienraroecessasevsssvsssssnssnsnsnsnssan 93
4.2.2,1.,12 ROT PULSE«:svvavssanssnesssssssnnsrarsssanssesaas 97
4.2.2.1.13 THREE_AXIS_ATTITUDE_MANEUVER....sseevessensssnss 100
4.2.2.1.14 TRANS _ACCEL.«ssssosecscssossasaasacessavssveaass LOD
4.2.2.1.15 TRANS PULSE. eveecrosocancnnnnsansecsnsassasvasss L12



Section

4.2.2.1.16
4.2.2.2
4.2.2.2.1
4.2.2.2.2
4.2.2.2.3
4.2.2.3
4.2.2.3.1
4,2.2.3.2
4.2.2.4
4.2.2.4.1

4.2.2.4.2

4.2.2.4.3
4.2.2.4.4
4,2.2.4.5
4.2.2.4.6
4.2.2.4.7
4.2.2.4.8
4.2.2.4.8
4.2,2.4.10
4.2.2.4.11
4,2.2.4.12
4.2.2.5
4,2.2.5.1
4.2.2.5.2
4.2.2.5.3
4.2.2.5.4
4.2.2.5.5

TABLE OF CONTEN''S (Cont.)

TWO_AXIS ATTITUDE MANEUVER..sesusoeenonnrsansaoes
RCS DAP.vsscncnssnsvososoncnasosnsessssasnsnsons
JET SELECT . . sessseaonsoassaronranssnnncsnsscnses
PHASE PLANE..usevnvasncssososrssessannnsasssanss
RCS_ERRORS . .enseuunsrasesassnsssosanossassanssns
State Estimabor.sicecersatevscsncssssnnscsasanas
PARTL FILTER. s eeorecnranssassesnonaosansssaes
PART2 FILTER...u:esnsssssssssnnccassssassnnssnses
TVC DAP.svssesorsersennssscanansonncsascsannnens
DELTA OMEGA OMS _ENGINE.: eeessvossssrsscsasssscans
ENGINE CG CMDuuveoreeossaanssosssansensesnanninne
ENGINE_PRETHRUST TRIM:.«evuvanreassssorsoncansnsas
GUIDANCE COMPENSATION. ..o seassnosnonnsnonnaassa
GUIDANCE_GAIN RCS_ASSIST..veesessnesnorsonnansss
OMS_ENG CMDu.svaonacecnssvsscssoasenssonessassas
PITCH YAW ASSIST COMPUTATION: . +sesvecsccescnnns
RCS_ASSIST PITCH YAW...esnesansonsnnveannsansses
RCS_ASSIST ROLLiuucscescvsassnoororrnssasecsennne
TVC_TAW PITCH YAW.4:evesessaaacanamsosrscssnnans
TVC_TAW ROLLis e as stasasasconcssannosnsassassennes
TVC MIXER: suoseevnosssnanansassannonsasasenasasss
BEYViCEeeuerneanss vrsstasenasnssnnnsassasnensvns
BANGLES TO DCMuusesorsnaanscnrascosssnssssaansnsse
MODULBR ADD.cssnconcscosnsvssassssssssacenscenns
GA._TNCREMENT . s0essacecvosasansaascssanasesnnscns
GIMBALS TO _BODYuuuueasonsooasnsansaanssansnssnss
BODY_TO_GIMBALS.sseenacsnesnsnesossaransacnnanns

iv

Page

lie
12z
122
124
137
141
141
146
150
150
154
158
1e2
les
169
172
175
179
183
189
193
196
195
199
202
205
208

i
|



LIST OF ILLUSTRATIONS

Figure Page
3.1-1 Relationship of FC module to other GN&CQ

Mmajor fTuncEiONS.escsesarsssosessenesnsnssscannnnnas 2

3.2-1 Relationship of FC module reconfiguration
logic and contxol laWS..cesessesussrssscrssaasseses 3

4.2,1.1-1 OFC reconfiguration module major functionS...s.s.. 14

4,2.1.1-2 OFC control law function medule segquencing
reUirement e esasnesnnnsossscneransnannanssnsssa 25

4.2,2-1 OFC control law module functionS..sssesssscscsvses 57

4,2.2.1.1~1  ATTITUDE HOLD:::eoseevesssannssassnnssncoossnasnes 60
4.2.2.1,2-1  ATTITUDE_LCL_VERTICAL..:sessesesnassssacssenuassss 63
4,2.2.1.3~1  AUTO RCS_TRAMS...sesesceosscennsancsnsarsconsnsoss G7
4,2.2.1.4~]1  AUTO TVC.evresvvansosnnsscascsnpsssssesssascnnnasse 71
4,2.2.1.5-1  BARBEQUE...ssvsesesssvascsncnnsonssssaassncsresses 74
4.2.2,1,6-1  MANUAL TVC.uosuuenoessssesasvesosaseennsasncansaas 78
4.2.2.1,8~1  OMS_PRETHRUST MANEUVERa.seasseasecssaorusssssonsnass 54
4,2.2.1.10~1 ROT ACCELssveassenssosssnsnssansaseassnsarsansses O1
4,2.2.1.11=1 ROT DISCuvssssassaaserovssnssossunssnoraansrnanaane 94
4.2,2,1.12~1 ROT PULSE.vsessnsvescsssscassasarssascrassssenanans 38
4.2.2,1.13-1 THREE_AXIS ATTITUDE MANEUVER:. .eassecssoesvosssess 101
4.2.2.1.13-2 THREE_AXIS_ATTITUDE MANEUVER Initialization...... 105
4.2,2.1.14-1  TRANS_ACCELseesvecosssrsonasssnnsanscessssersncass 110
4.2.2.1,15-1 'TRANS PULSE..csvrsorsoacansonnssosssssnsasannaras 113
4.2.2.1.16~1 THO_AXIS ATTITUDE_MANEUVER..ssesensaseassnsesssss L17
4.2.2,1.16~-2 TWO_AXIS_ATTITUDE MANEUVER Initialization........ 120
4,2.2,2.2~]1  PHASE PLANE.«avsvssess sonscesscsssessnnssssnasans L25
4.2.2.2,2=2 Position Errxoxr Intercepts Caloulation......eces.. 127
4,2,2,2.2-3 SMALI, FRROR _BOUNDARIES..sesseseersssessassonranrs 128
4.2.2,2.2-4 BOUNDARY . eensanresvanvoarsssossnnsnsnninvssoanass L20
4.2.,2,2.2-5 DR PRIME2 COMP.euesesvsvvessonnssnsussnsssvsonsss 130
4,2.2.2.2-6 Small error phase PlanCeseessesssesssrscsssasanss L3L



LIST OF ILLUSTRATIONS (Cont.)

Figure Pag

4.2.2.2.2-7 LARGE_ERROR LIMITS..evcsausnsocsossasasnonassasnss 132
4.2.2.2.2-8 Large error phase planf....esesvessscsssnasssnnas L33
4.2.2.2.3-1 RCS_ERRORS..ccerssnsnssncsocsnnsras: sanssnaneans L38
4.2.2.3.1-1 PART] FILTER...evvaessasoesnssacssanascosossnosas L42
4.2.2,3.2-1 PART2 FILTEReueevossnsosonasenasnonnansnsonssanas L47
4.2.2.4.1-1 DELTA OMEGA_OMS_ENGINE..+e-ecesessoncssnssnesonss 151
4.2.2.4.2-1 ENGINE_CG CMD.+veveesssnssvancasnansnsasnonasacass LG5
4.2.2.4.3-1  ENGINE_PRETHRUST TRIM.....oseecesesscessacssoenns 159
4.2.2.4.4-1 GUIDANCE_COMPENSATION..e0ieenseracaassassnscansss 163

4.2.2.4.5-1 GUIDANCE_GAIN_RCS_ASSIST..vevessssscescssvanassns L67
4.2.2.4.6-1  OMS_ENG CMDuvvssssssssessnsosssncnsasasnanasansss 170
4,2.2.4.7-1  PITCH_YAW ASSIST COMPUTATION...e.vevssaassenvsess L73
4.2.2.4.8-1 RCS_ASSIST PITCH YAW...eseenessenccrsesssccanesns L76
4.2,2,4.9-1  RCS_ASSIST ROLLiee-tsesossssesconcascsssnnsssssses L8O
4,2,2,4.10-1 TVC _LAW PITCH YAW.seseeaseveencacnsnceosasssassns L84
4.2,2.4,11~1 TVUC_TAW ROLLie.osessoassecsnnsvesssssasvseassanssss L90
4.2,2.4.12~1 TVC_MIXER..ceesseenscaasasrosncssancansssenancess 194
4.2.2,5.1~1  ANGLES_TO DCM.uossasacanasesascasnsnssssasrnossse 197
4.2.2.5,2-1  MODULAR BDDeesssvessosroncnsessosacssscrsancaness 200
4.2.2.5.3-1 GA_INCREMENT..essecaseansecresssaranssasnussensws 203
4.2,2.5.4-1 GIMBALS_TO BODYeseeverensoasannvasesnsnnansrnsaes 206
4.2.2.5.5~1  BODY_TO, GIMBALS.eeoeseasrsseacanvassssscasssnross 200

- e im ot mmann e e



LIST OF TABLES

Table Page
4.1-1 Input parameters for the OFC module..c..tesceascnse 3
4.1-2 Output parameters for the OFC moduleé.....cecssene. 11
4,2.1.1-1 Relationship between OFC_RECON outputs and

moding inputsS..ieeseveracenncsnsccsctciossssansenee 16
4.2.1.1-2 Relationship between moding inpu’s and OFC

MOAES e eeensasrnnnronassvossssasnacencssnasssansenss 21
4.2.1.1~3 ., Relationship between OFC modes and OFC_RECON

OULPUES . e veeavnsssnecanecsosssnnssncsssnnasssncass 22
4.2.1.3-1 OFC_RECON interface requirementsS.....c..ceceeoces-s 46
4.2,.1.4-1 Control law function module initialization

CONALEiONS . ceessnenssssrsarsnsnusasassssssssnssans 32

Tables specifying OFC control law function module interface require-
ments, constants and initialization reguirements are contained in the
subsections desecribing those modules. Fefer to the Table of Contents.

vii



3. Overview
3.1 Relationship to Other GN&C Functions

The GN&C on-orbit £light control function is accomplished in a
software module referred to as the Flight Control (FC)} or On-Orbit
Flight Control (OFC) module. Figure 3.1-1 shows the relationship of
the FC module to other GN&C major functions.

3.2 On-Orbit Flight Control Module Overview

Figure 3.2-1 illustrates the interface categories of the FC module,
and indicates the general functional relationship of the reconfiguxation
logic and control law implementation within the FC module.

3.3 Abbrewviations

The following specialized acronyms or abbreviations are used in
this publication:

cqg center of gravity

DAP digital autopilot

D&C bDisplay and Control

FC Plight Control

GN&C Guidance, Navigation and Control
GUID Guidance

MSC Moding, Sequencing, and Control
NAV Navigation

OFC On-0Orkit Flight Control

oMs Orbital Maneuvering System

RCS Reaction Control System

RHC Rotational Hand Controller

RM Redundancy Management

ST specialist function

80P Subsystem Operating Procedure
TBD to be determined

THC Translational Hand Controller
TVC thrust vector control

The tabular parameter descriptions in Section 4 use the following
type code: V

A(i) - Array (i)
vi{i) - Vector (i)
M(i,q) - Matrix (i,3)
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S - Scalar
B - Boolean
I - Integer

Example: A(3)I signifies an array of three integers.

4. Functional Requirements
4.1 Interface Requirements

Overall interface requirements for the OFC module are given in
Tables 4.1-1 and 4.1-2. This interface specification presupposes the
existence of two specialized software modules (possibly located within
the 80P group) to interface the OFC module with the rotational hand
controller and the switch panel. RHC READ will convert the controller
scalaxr outputs to integer form (with a range of -1,0,1, where a nonzero
value indicates the controller is out of detent and gives the sense of
the deflection) and will set a flag when the controller is deflected
beyond the soft stop. The routine will incorporate hysterxesis to prevent
chatter at the switching points. PANEL SWITCH_INTERP will convert the
panel switch settings to a form directly useable by the OFC module. In
particular, the module will provide the following:

Discretes Integers Scalars
High/low rxotation Manual rotation submode Attitude deadband
acceleration
High/low transilation Manual translation submode Manual rotation dis-
acceleration crete rate
Nominal/vernier RCS Manual rotation pulse
jets size

'Manual translation
pulse size

Off~axis rate thresh-
olds for compersation
Some of the scalars may be selected f£xom a pad-loaded pool using
DAP load A/B switches, and others may be selected by dedicated switches
such as pure/crdss—coupled, high/loﬁ‘deadband, etc. PANEL_SWiTCH_;NTERP
will also accept override inputs from the OFC module when certain RCS
parameters must be forced, as during RCS assistance of TVC, and will be
responsible for illuminating the switch annunciators to acknowledge a
selection or call attention to an override condition.

st PRI

s =t 1 At



TABLE 4,.71~1 INPUT PARANETERS FOR THE OFC HODUL®Z

!
JUPTATY TATY

t | | { t i I
| { 1 | 1 1 | SAMPLT 1
] HAHE i DESCRIPTION 1 SOURCE | TYPE | RANGE | URIT PRATE (HZ) [FEQ'D (HZ) |
{ H | ! 1 ] 1 l |
JEanel Switch — 1 I ] ] 1 ! ] |
{Derived Commands | | | | i | [ |
| 1 5 [ | 1 1 |
{DEADEAND jAttitude deadband {PAKEL_SWITCH_IHTERPIA(3)S | TBD | deqg 125 | TBD |
| i 1 1 { [ ! i |
{DISC_RATE |Derived bedy angular rate during[PANEL_SWITCH_INTERPJA(3)S | TBE {deg/s 125 1TBP |
1 jdeflection of rotational hand i | t i 1 i !
{ |controller in manual discrete | | | | | ! 1
| |rotation submgde I 1 l | | | l
i I 1 | | 1 J | -1
{HO¥_VERNIER_SW |RCS nominzl/vernier jet select |PANEL_SWITCH_ INTERP|B 10,1 Inone 125 | TBD i
1 | {1=Roxinal; O=vernier) § | | | | t |
1 1 1 | L 1 R _ H 1
|OFP_AXIS_COHP_THRE~|Threshold for off-axis |PAREL_SWNITCH_INTERPIA(B)S {TBD 1£/s,deq/s |25 |{TBh" |
{SROLD {compensation firings | : l | | | ! |
| 1 } | | 1 | 1 |
{ROT_HI_LO_SW |Botational acceleration level |PANEL_SHITCH_INTEREBJA(3) B 10,1 |none 125 {TBD |
[ |select (1=high; O0=1ow) | | | | i i !
| 1} 1 { ] | | ) 1
{ROT_OPTION jHanual rotation submode select |[PAREL_SWITCH_INTERPIA{3)I 11.2,3 jnone |25 | TEr |
t | {1=accel; Z=pulse; 3=discrete} | | I I | } |
] i 1 | 1 1 1 ]
JROT_PULSE _SIZE jDesired body angular rate change]PANEL_SHITCH_INTERP{A(3)S | TBD | éeg/s 125 jTar ]
i iper deflection of rotational l | ! I | 1 i
{ {hand controller in manual pulse | | l i i | t
| jrotation subnode i [ [ 1 } 1 |
| I | 1 i 1 | | !
ITRARS_HI_LO_3W jTranslational acceleration level{ PANEL_SWITCH_THTERP|A(3} B 10,1 | none 125 |TBD |
[ |select ({1=high; 0=1lou) i | | | } 1 !
1 i | J 1 | § 1 {
[TRANS_OPTIOH {Manual translation submode JPANEL_SHITCH_INTZRPIA(3)IX 11,2 |none 125 | TRT [
l {select {i=accel; 2=pulse) | | | | | | |
i ‘ i : ) I ! L I i |
JTRANS_EULSE_SIZE {besired velocity change per IPANEL_SWITCH_INTERP|A(3)5 | TBD {£/s 125 178D 1
] jdaflection of translational hand| i i | 1 1 |
§ jcontroller in mannal pulse | | | [ | l {
1 jtranslation subrode t [ | | I | I
| i 1 | 1 i i 1 1

jMode/Evart Flags
i

1
—

[P OR——P S SRR
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TABLE #.1~1 INPUT PARAMETERS FOR THE OFC MODULE

{
DATE RATE]

i 1 | | ] [ {
§ I { | | . ] SauPLE JUP
| HAME 1 DESCRIPTIOR { S0UACE { TYPE | RANGE | OHIT |RATE (HZ) |REQ'E (HZ) )
J I | § I | i i i
{BRCS_ROTATION |RCS rotatlon mode enable JHSC ] 10,1 |none 125 iTBD i
I | {1=enablej ] | | | | |
1 | | | 1 | Vo ]
|RCS_AUTO: MANUAL [BRCS autosmanual select (1=anto; [MSC 1B 10,1 [none 125 178 |
| . IO—nannal} i I | I | ! |
i : 1 I | ! | i) !
(ATT MNYR . {lnto RCs ratation rode select J¥SC [§:] 10,1 {none 125 [TBD ]
{ { (1=manenver; 0=hold} | i N { | | !
3. . ] | ] ! H 3 ] 1
{TE0_AXIS - {790 axis .-.nanatnrer enabje jHusc is 10,1 jnone §5/6 | TBD ]
' :(1-enah1e) | i i ! I i I
I b 1 { ; i 1 t
JTHREE_AIIS i'.'Ehree axis paneunver enahle jusc IB 10,1 {none 15/6 1TBD I.
i , (1—e-nah1e} P | i i | I |
A { I | H 1 1 I
JOMS_PEETHRUST |D!S pzsthrust: Maneuver ena’nle [¥sc {B 10,1 jnope [5/6 1TBD |
-1 o l {1=enable} i I t | I 1 |
dooae | ] [ A | ! 1
JLCL_VERI_3TT lLucal vertical saneuver enabie 1 %5C 1B 1a,1 [none 15/6 {TBD i
I~ - I (1"enab19) | 1 ! | i { |
= N { 1 ] | I i 1
~{PRYILD_SUP_CEIS ]Paylond suppl:l.ed coxgands {HsC [k:] 10,1 {none 15/6 |TBD t
| S ]naneuver enable {1=enable) ] i | ] i | |
Y . 1 I I | el | 1
. |TRACKING ['.Erack:.ng xaneuver enable j8sc 1B 19 1 inone 1576 |TBT l
i I (1=énahle} | [ 1 | i 1 |
1 o g : ] f | ! - ] I
18BQ IBa:haaue nanenvar enable | KsC iB 10,1 inone [5/6 }THD I
A : 1(1-21111:12) | | i | | i 1
| F : | f I i { | i
. JBC5_TRANSLATION . lﬂcs translati-an sode. enable |¥5C [:) 10,1 | none 125 TBD 1
i - i ‘(14'-9_'1131718) | i | l | : 1 {
i s ) I ! ] . I | | I i
JOHS_ARH_REG . |085 enginaes arming reguest jHsC 1A(2YB . |0,1 jnone 125 ITBD I
(. | {1=regiest) - I ! I [ ] ! I
I8 S : | | 1 1 1 1 |
JONS_OK_REQ - ‘10!5 engines turn~on request {H5C 1a(2)8 18,1 {none | 25 125 ]
I ) - t(1—regﬂe=f-) | I I ! I - |
| ] { i LRI | ! | 1 J
JIVC AUTO_KAWUAL: ‘:;wlI“IC autd/nanual sele:ﬁt {1-‘au1:o [ESC iB BEE | [none 125 |TBL |
i w;;0=uanualj e [ [ f ! 1 | i
- L i i I | [ I 1

T e e VR
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TABLE 4,1-1 IHPUT PARAMETERS FO# THE OFC HODULE

! 1
|TPPATT FATE

-
w1
1.
1

|initial 0Hs-thrust-direction in. |
{stable- nenher a¥es ' 7

;rpqulrenent
o !
1 . I

1 [ | I | §
1 - | i { § | SAMPLF
HAHE - H DESCRIPT ION | S00KCE | TYEE | RANGE |} ONIT |PATZ (HZY 1:ZQ'T (HZ) |
I i 1 i | _ 1 1 : i,
.-fOFC_RESTART |OFC module initialization flag |MSC |B 10,1 | none 125 | TBD |
I |(1-in1t) | | I I i | |
J : | l 1 1 I e L
' icI.OSBD_OPER_LDOP_T-IOHS g:uhal trim vaiue select 18s5C iB fC,1 | none | i/manenverino {
"JRIN | {1=closed odp: use value 1 | | | 1 | tequirement|
1 |remaining from previous OYS I ] § [ I | {
1 §burn; O=open loap: use value 1 { 1 ) | ] {
} « |comptited from expected cg H H 1 | | 1 I
l. - llocauau) | 1 i t i ] 1
i i | ] I [ I [} ]
.]HC COllands | | { t ] ] | |
- | ) . I } | | ) i 1
QRHC JRotational hand controllex [SOP 1A{3)5 | TBD {deg | 25 ]TRD I
. jﬂeflectlon : ] | | P H H |
. . { i ) ¢ 1 [ |
]EHCH Imnanslatzonal hand controller | SOP A {311 t-1, 0, 1|none 125 [TBE .
I . jcommand . | ; i 1 | | !
4 ‘ i i . : | § 1 ! J 1 {
[REC_STATE {Rotarional hand controller |RHC_READ 13{3) 1 [-1,0,1 {none 125 |TBD !
f , ‘»ﬁlcolmand . l | f i | 1 |
i | ) { $ 1 | i 1
“|SOET._STOP ~.]Flag indicating rotatlonal hand |RHC_READ jA{3)B 10,1 | none | 25 |'TBD |
‘ - {controller is deflected beyond | | ) 1 1 | [ |
 Isoft wtop I I H | i | !
1. i 1 | 2l | 1 1
[Gulﬂance colnands | | | H | | | l
4 . I [ ] [ | I -l
.'lGh GDHERNDED ' lCcnlandaﬁ terl.ma.l MU gimbal ;GUI‘D or DEC {a(3)s |-18C < x|deg | 1/manegverino ]
t . ~{angles. ‘ ) ] 1 i <= 18C | | frequirement)
1 R i { 1 | i ! . S |
IDHEGA:_-C._ :Conanﬂed vehiclea angula.r rate {GULD Iv(3)s 1TBD ldeg/s | 25 125 ]
.i .l:l.s stable neuher axes | | t | | - I l
| | - N S I N | : !
EGIHTI‘NG ’FEC'J:OB Cunll]nit vectm: spex::.fy:.ng counanded|GUIP or DEC IV(3)s. ]-1 to +1|none |5/6 .. ino |
‘tpointing direction, iancluding | | ] 1 : 1. l
| 1 i
| | I
1 |

'I
T

.

.
{

I S -1




TABLE 4,7~1 INPUT PARAMETERS FOR THY OFC MODULE

R S 1 \ i ] | | l [ |
RN NP N i - I { | i , |- SAMPLE [OPBATE FATR|
B ) 5131; I . DESGRIETIGH H SOURCE | TY¥PE 1| BANGE | UNET  |RATE (HZ) |REQ'D (HZ) |
'.1'. . . _l- : | I . I | | I 1o, 1
fBDD! EDII'I‘IIG ?EC'.L‘ ;Ilnrl‘. vectox:. in hody axes, to be{GUID or DEC 1¥(2)s =1 to +1]aoneé- |-5/6 {no I
. [DR TOTT - paligned with POINTING VECTOR_CHD{ 1 ] | i - {Tequirenent
F L {or with respect to local | H 1 { | . |
| L lveztical X l 1 | i | S o !
r_ .- 5 1 1 | . 1 1! 1
fOELTA_Y_CED ]conan:‘led translational veloc:.r.y]G!IID or DEC IV({3)s | TBD 1£/s 125 - {ro [
| |change [ 1 ] | [ . |reguirement|
Jk L 1 . : { 13 1L I 1 i i i
-'[Payloaﬁ-ﬁenaratad 1 | | ] { H 1 |
land Tracking | | | 1 | j I i
o -lcanands 1 I I 1 [ ' | 1. |
I : e i N | ol | - 1 L i -
jr8D | i | ; | i N 1
IS ] i 1 1 ) i ) 1
i © "|IMU-KTO Data: | } i | | 1 i 1
st “te : . : L | 1 1_ . 1 ] L. 1} X [
© |JGINBAL_ANGLES IIllU g:.lbal angles | SOP {A{3)5 1-180 < xjdeg |25 125 §
{ | | § 1<= 180 - { I { }
do o ) B . ! 1 1 =] 1 1 i
JODELTA-Y {IHl accelarometer data; vehicle |50P Iv(3)s | TBD £/ 125 {TBD {
i . Jvelocity change since previous | § | 1 i { {
[ . [sanpling | | | | l 1 |
A 1 . ie ] I ~J I 1 1
|_TIGOH- “{IRD data time tag | S0P 1S ['TBED |s 1575 {25 |
i : 1 . ] ] i 1 ! i - I
'[Tehicle state ] ] I ] ] [ 1 I
: I : I I | 1 ] 1 I
-‘|PDSI£EIOH ‘1V¥ehicle position in stable |HAY 1¥{3}5 | TBD 1f 15/6 JTBD 1
{ |®enber axes, referxred to ] } | | ] ; ]
1 : |geccenter - i i. | | | i 1
| PR ‘ 1. i | - 1.; | { 1 | I .
- {YBLOCITY. ] ¥ehicle velocity in stakle | HAV 1v(3YS |TED I£/s -~ 15/6 “{TBD |
1 ‘ Imexher axes, referred to 1 1 1 i i | |
1 |geccenter | ) | | [ | I
-1 -l i i 1 i | ! |
"|Yehicle Aass ] H I | | | 1 1
{Properties i : 1 | J | | f |
1. H : . I : | ) | L | J




TABLE. 4.1~1 .INPUT PARAMETERS FOR THE OFC HODULE

I 1 ! | l I I { I
| ] 1 i ] H | SAMPLE [UPDATE RATE|
1 ~ NRME | PESCRIPTION i S500RCE ] TYEFE | RANGE | UHIT \EFATE (HZ) |FTQr {HZ) |
i ] S H L I i | 1
IVEHICLE_CG |Vehicle center of gravity iSF (y(3)s |TRD £ | t/maneuver|no |
| A . { ] ] 1 | lrequirerent|
| S . _ i I 1 I_ { i 1
{VEHICLE. INVERSE_IN-jInverse of vehicle inertia ISF I¥{3,3)S |TBD 11/(tsluq)—l‘i/maneu\rcrlno 1
[ERTIA i l I | i {8) (£ | Jreguarement|
-4 : [ ] K] 1 I L ] i
“JEffector Fanlt | | ! -1 | ; 1 I
]El—ags ' | 1 | i | I i 1
1 i { i [ J ¢ 1

,|JP11‘L ',IHCS jer. :t:az.lure (1——ia:.1) | RN {588 10, 1 Inone 125 {25 i
: | 1 } [ | } !

.[uns E‘III. DE!DBCT 'IOHS failure detecteﬂ . 133} IB 10, 1 |neone [25 125 |
-| i (1-ﬁetecteﬁ) S e % e I | 1 ’l { I
. I ] 1 1 J
,]JFAIL“GHLNGE , ‘|1'.liag :.nﬂn.cat:.ng change an "JEAIL iRY . |B {0, 1 |none 125 125 ]
{ i _ -_j (1.—cnanged] l | i | || ; 1
1. . S ) ] . ! A : §
.|OMS_FAIL_DETECT . |uus rail.n:e detected | [B 10, 1 {none 125 125 I
I T L ,| (1-&etecteﬂ) . I i i |- \ ' |
] _ - t 1 i ] | S U SO 1
|OMST_FAIL 7[02!51 fa:.lnl:e identified. 9:3.1 I8 [0, 1 [nane 125 | |
1. _ |{1“1dentxf1eﬂ) ) I 1 | ] 1 | I
4 : : e b 1 ! i 1. . L !
" JOHS2_FAIL 10!!52 faJ.lure 1dent1f:r.e& | RYH 18 {0, 1 inone 125 125 I
[ ‘ ‘ o f1-1dent1fieﬂ) | [ I I 1. I |
| ' 8 | | I ] | 1 | |
}Effectc‘nr Fosition 1 ] ] I | 1 1 i
L { 1 1 | | 1 { !
[DHS1 “PITCH IAH : 101{51 eng:.ne ‘pitch and yaw © Is0P ]1\(2}5 {TBD jdeg 128 [25 i
: H 1 I i I 1
znusz PITCH nli ' |ou=2 engine pl’tch and yaw [S0P IA{Z)S  TRD [deg 125 125 ]
H 1 i [ { 1 J

(CFer Variapies | i I [ 1 : 1 |
: i . | | 1 } ! ] |
i ]H}.IDESIE BODIEA'IE- “"|Desired sagnitude cf body |DEC I's iC toa 5 |deg/s 15/6 ino i
't jangular rate in autcmatic | i 1 1 i Jrequitement |
| |]attitude maneuyers [ | ] ] i | t
i 1 . I 1 | | ! 1 1




TABLE 4.1-1 IKPOT PARASETERS FOR THE OFC HODULE o . ‘ IL

: ! !
SAUPLE |UPPATE RATE]

s e e pn.
S

pat s e i

WANE DESCRIRTIOCH SOURCE URIT RATE {HZ) [REQ'D (HEZ} |
. t -1 r
JRBARBECUE EATE |besired barbecuz-mcde angular |DEC is | TED ldetr/s [1/maneuver|no b 1_
s : jrate i | i I {requirenent]|
; N ‘ : i . 1 1 L ! 1 1 ;
F,‘_{ JLO_PITCH_TATL_NOSE [Tail oxr nuse jet select for low-|D&C {B §0,1 |ngne [25 |ne | T
= i {lewvel pitch rotation {i=tail; | | I [ 1 Izeguirenent| {
: . ‘ {0=ncse} | i | i | I }
1. . I i i ) i I 1 i ;
|LO_YAW_TALYL WOSE [Tail or nose jet select for low-]P&EC |B [0, {none 125 |no | "
[ |lavel yaw rotation (1=tail; | | I ] | |cequirenent| :
.. {0=nose) . I i ] ] I ] I i
i . i 1 I i L R 1 1 :
ioMs_SELECT {To burnsnot to burn status of |DEC tA(2)B 10,1 |none |1/naneaverino |
b . |0HS engines (1=to hurn; O=not to| | 1 I [ lreguirement!
e - ibhuzn) | l | I I | {
Lo J I I L 1 I i 1




TABLE 4.1-2 QUTPUT PARAMETERS FOR THYE OFC MDDULE

~ I{reil component) . |acceleration estimate
B S i : i -

b t | | i 1 ! I |
1 ! l | | 1 { UPDATE |SAMPLE RATE]
] HANE i DESCRIFTION | DPESTINATION | TYPE ] ERNGE | THIT |FATY ({HZ) IFEO'L (HZ) |
k| ; { ! i f f ! { I
{Effector Commands | I I t { { | I
L. . ] } ! 1 1 ] | 1
{IORLST IRC5 det an commands {i=on) | S0P BN TAa{ddyB 10,1 [none | 25 125 ]
In N | ) . } 1 I 1 1 1 1

. JOMS1_DN_CHD 10MS1 engine on.comxand (T1=on} | S0P, RN 1B 1c,1 {none 125 125 1
€ - ! ] 1 [ I ] 1 1
:|OM52_0N_CHND [OCHS2 engine on command {1=on) {SOP, RN 1B 1C.1 fnone 125 125 |
| ) i1 : . 1 i 1 1 | |} 1
1OMST_PITCH_YAW_CXD |OMS1 engine pitch and yaw | S0P, RH [A(2) S |TBD 1deg 125 125 [
1 g ' jcoxmands ’ | 1 | | ! 1 |
1 ) 1 i 1 i I 1 L
|ONS2_ PITCH_YAW_CHD |ONSZ engine pitch and yaw |50%, RH 1A {2}S |TBD {deg |25 125 1
i : |consands | [ 1 1 | 1 |
1 - S ] J i 1 | § 1
- |pedicated Display | | ] ] { | i |
[pata T ! _l ! i | [ 1
4 1 S 1 | 1 1 ] 1 |
- |AUTO-GA_DESIRED |Desired INU gimbal aangles |DEC IA{3}§ |~180 < x]deg 15/6 | TED 1
S R o {computed by automatic driver i } {<= 180 | | | |
1 - ] R . | 1 i 1 1 !
" |GA_DESIRED T {Desired IMU gimbal angles. “|DBC 1A{3)S |-18C < xjdeg 125 1TBD \
1 T . i ] [<= 18C | | 1 |
i | : | : J | i 1 1 i i
JGA_MANEUVER TEEMIN~|Desired terwinal INU gimbal | DEC {A{3)5 |-180 < x]deg {1/naneaver | TBD 1
1AL T " jangles’ ‘ [ i [<= 180 | 1 | |

B . 1 S : | | | J 1 1 !
© . |MANEDVER _COXPLETE = {Flag signifying cospletion of |DEC 1B 10,1 inune 15/6 {TBD 1
1 " fmaneuver i I | l i | |
1 i . i ) f 1 | 1 L
"IRAZE_EST "}Body angular rate estimate I1DEC | ¥ {338 | TBD {dea/s 125 1TBD |
| . 1 - : I 1 I 1 } 1 i
‘IRATE_ERROE |Body angular rate error [D&EC IV{3}s | TBD {deg/s {25 | TBD 1
1 : : 1 i ] 1 ] L 1
.|pata for Failure | { | ! [ | { {
. 1Detection | H i 1 | } 1 1
e R B | » . . i 1 | 1 | 1 1
.T|DISTURB ACCEL_EST. |Body amgular disturkance. IRE 1V(3)5 | TBD tdeg/ {is) (-125 12% [
| ! [ Is}) | I |

| ! | H | 1 1

R T AL ST




TABLE #,1-2 OUTPUT PARAHETERS FOR THE OFC MODULE

b
i ‘
l -~ NAME
i

S I

I
I

BANGE {  UNIT
|

o e e

I
UPMATE |SAMPLE BATE|

T

DESCRIPTION DESTTHATION TYBE RATE ({HZ) (EEOQ'D {HZ} |

—_ L

]Panel Suitch i i ! | | { 1 !
gorerl:a.das ) i 1 1 | | | | i
) ; } | L ) 1 ] i

;HOH VEH!‘IER =4 |ECS nominal/vernier jet select |PAHEL_SWITCH_INTERP|L 10 |none 125 {TBD l

i l {1=noninal; O=vernier) § | | | | | 8

: l i ] | | I i
'|R,D!I.‘__1!I__I.0_Sil‘-'- e ]Hotat:.nna.l accalex:at:.on level IPAHEL_SHITC&_INTERP]A {3)B 10,1 inone 125 | TBD i
S : ]salect {1=high; 0=law) | | i i l 1
3 1 1 1 1 =1
JTRANS_HI_LO_SW ITI:anslatJ.unal sccelaeratian 1eve.].1 PANEL_SHITCH_ IRTEBP]R(B) B 10,1 Inone 125 178D l
P B Iselect {f=high; 0=1low) | | | ! ! '
| " | S . 1 i i { | 1 )
. {ROT_OBTION jEanual rotation submode salect |[PANEL_SWITCH_INTERPIA(3)I §i1¢2,3 | none 125 |{TBD 1
. { (1=accel; 2=pilse; 3=discrete) | i H 1 | | 1

I ] o 1 1 1 ! i 1l 1
‘jnoﬁE/E!ent Flags I 1 I | | | 1 |
1 [ o I 1 1 1 [ ! |
|01='C :aBS:L'lBT “ J0FC module initialization flag {H5C IB 101 |none 125 |TBD 1
| 1 i | 1 | I

§ 1 i | ! 1

L

[ (1=init) "




o et

e e L T

Also assumed in this definition is the existence of a specialist
function (SF), which will enable the alteration of wvalues in memory.
The SF would operate through the displays and controls (D&C) software
but on a nondedicated basis, enabling access to any region of memory.

4.2 Detailed Functional Requirements

This section describes the functional requirements of the OFC
module in two subsections, reconfiguration module and control law
module.

4.2,1 Reconfiguration Module

4.2.1.1, Function

Figure 4.2.1.1-1 illustrates the major reconfigquration functions
of OFC_RECON and their general relationship to the configuration-
controlling inputs of the OFC module. The decision is first made as
to whether TVC or RCS operations are needed. The required TVC or RCS
driver modules are set up and executed, and the required component
modules of the TVC and/or RCS DAP are likewise set up and executed.
Setting up inclvdes initializing, and specifying configuration-dependent
parameters such as rates and gains, in response t0 a commanded mode or
configuration change. Rgually important to effecting such a change are
the cleanup activities, which include forcing DAP outputs to zero or to
nominal values when the particular DAP has been deactivated, and making
last calls to certain DAP modules for the same pu._.ose. Execution
includes selecting and sequencing the control law modules as dictated
by the moding inputs. Not shown in the diagram are the more routine
executive duties of OFC_RECON, such as clocking the "slow" (5/6 Hz)
driver modules, and calling the State Estimator modules every OFC
minor cycle.

For clarity in presentation, the remainder of this section, which
describes the OFC_RECON execution-sequencing function, distinguishes
among three types of variables. First, there are the controlling inputs,
generated both externally to OFC and within the control laws, in mean~
ingful logical combinations. Second, there are therfésﬁlting “oﬁtputs"
of OFC_RECON, consisting of sequenced calls to selected”contrdl law
function modules. Third, there are the OEq-ques,-ﬁhich are the.
definitions by which the OFCHFECON fﬁhcﬁidnS*and their.pufpbses‘afe'
made more easily understood. ' ' :
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.OMS ARM, ENGINE-ON CMDS

R IR sy w2 37 M mdon i Y S bk e . ke bl s v 12

"ROT. & TRANS. ENABLE, AUTO/MAN
SELECT, SUBMODE SELECT

OEF-AXIS COMP. THRESHOLD, NOM/VERN,

'ATT. DEADBAND, HIGH/LO ACCEL,
'PULSE SIZE, DISCRETE RATE

RHC COMMANDS (FOR MANUAL TAKEGVER)

RCS OPERATIONS

SET UP AND iNVOKE REQUIRED
RCS DRIVER MODULES

{

SET UP AND INVOKE REQUIRED
RCS DAP MODULES

L)

SELECT ONE:

RCS OR TVC;

RCS ASSIST

MODULES, INCLUDING

IF CHANGED, CLEAN UP OLD OPERATION
¥ _
»] TVC OPERATIONS )

o fan SET UP AND INVOKE REQUIRED

OMS ENGINE SELECT -~ TVC DRIVER MODULE

CLOSED/OPEN £.0OP TRIM SELECT - 1 OMS ENGINEY 2 OMS ENGINES

* AUTO/MAN SELECT _ 1 : A {

SER “ ] 1SET UP AND INVOKE

* FDIR DATA ‘ SET UP AND INVOKE
S = |REQUIRED TVG DAP REQUIRED TVG DAP

CONDITIONING MODULES

f

SET UP AND INVOKE
{REQWHRED RCS DAP MODULES

B Figure 4.2.1.1-1., OFC reconfiguration module major functions.

e e
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Table 4.2.1.1-1 relates the first two variable types, in conjunction .
with the control law module block diagram, Figure 4.2.2-~1. The "switches"
in this diagram control data flow among the function modules, and their
positions define which modules are needed and, to an extent, their
sequencing requirements. (If, with a given switch configuration,
module A's outputs are not received anywhere, then module A is not
needed. Also, if module B drives only module A, it too is not needed.
Generally, if B drives A and both are needed, B should precede A; '
however, exceptions to this can be found as "one cycle delays" in
Figure 4.2.2-1.) Logical combinations of controlling inputs required
for each switch position are given in the referenced table.

The first and third variable types are related in Table 4.2.1.1-2,
which defines an OFC mode-submode-condition combination for each
significant combination of inputs.

With the OFC modes defined, the OFC_RECON actions for these modes
are described in two ways. First, Table 4.2.1.1-3 relates the OFC modes
to the requisite function modules by specifying a set of switch positions
(referring again to Figure 4.2.2-1) for each modal subdivision. Second,
the diagrams of Figure 4.2.1.1-2 present an OFC mode~by-mode specification
of the required sequences in which the control law function modules must
be invoked. The requirements are read vertically from the top'of the
diagram. Requirements for sequential execution are indicated with
solid line arrows running down from "earlier" modules to "later" modules.
For those cases in which two or more modules are at a given level there
is no execution seguencing requirement among these modules.

For example, in diégram/mode I.A.l., module 1.4 (AUTO _TVC) must
be executed before module 4.4 in a given OFC minor cycle; similarly,
module 4.6 must be executed prior to module 4.4. There is no requirement
as to the execution sequence of 1.4 with respect to 4.6 (or 3.1). (Later
developments may indicate that transport delays might be alleviated by .
executing one or the other of these first, but this document does not
deal with such considerations at present.) Both modules 4.11 and 4.10
must be executed before 4.12 on a given FC cycle.
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~Table 4.2.1.1-1. Relationship between OFC RECON outputs

and moding inputs (page 1 of 2}. -

OFC_RECON OUTPUT-
(ReFer to
Fig. 4.2.2-1)

SWITCH

POSITION

MODING INPUT COMBINWATION (See Wote 1)

Sl
H{Nota 2)

A

RCS_TRANSIATION-NOM_VERNIER_SW-[RCS_AUTO_MANUAL +

'DETENT ] * TRANS OPTION = 1 {(ACCEL)

RCS_TRANSLATION-NOM V'ERNIER sw-[Rcs_AUTc_MANUAL‘ +
DETENT] ~PRANS_OPTION = 2 (PULSE) e
RCS_TRANSLATION-NOM VERNIER SW-RCS_AUTO_MANUAL- DETENT

RCS_TRANSLATION + NOM _VERNIER SW

52

H U QW Pp| g o,

RCS_ROTATION - TWO _AXIS
RCS_ROTATION.THRES_AXIS
RCS_ROTATION*OMS_PRETHRUST

RCS_ROTATION -BBQ

[TWO_AXIS + THREE AXIS + OMS_PRETHRUST + BBO]
+ RCS_ROTATION

83

Mo\ E o QW

THO AXTS+RCS_ROTATION

THREE_AXISRCS_ROTATION

OMS_PRETHRUST-RCS_ROTATION

BBQ-RCS_ROTATION

ICI. VERT ATT.RCS_ROTATION
PAYLD_SUP_CMDS.RCS_ROTATION

TRACKING -RCS_ROTATION '

RCS_ROTATION + [THO_AXLS + THREE AXIS + OHS “PRETHRUST

T BBQ + LCL_VERT ATT + PAYLD SUP_CHDS + TRACKING

54
(Wote 2}

W

RCS_ROTATION-RCS_AUTO_MANUATL-DETENT - ATT_MNVR
RCS_ROTATION+RCS_AUTO_MANUAL-DETENT - ATT_MNVR
RCS_ROTATION- [RCS_AUTO_MANUAL + DETENT]-ROT_OPTION
=3 (DLSC) -SOFT_STOP

RCS_ROTATION + [RC5_ AGTO, MANUAI. + DETENT]- [ROT
OPTION#3 (DISC) + SOET_STOPJ

85

RCS_ASSisT_P_¥
RCS_ASSIST P Y

56

w.E|w

RCS_ASSI5T ROTL
RCS_ASSIST ROLL
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Table 4.2.1.1-1. Relationship between OFC RECON outputs and

moding inputs (page 2 of 2)

OFC_RECON OQUTPUT
(Refer to
Pig. 4.2.2-1)

MODING INPUT COMBINATION {See Note 1)

SWITCH | POSITION
87 A RCS_ASSIST ROLL + [RCS_ROTATION-RCS_AUTO_MANUAL
(Note 2) -DETENT] + [RCS_ROTATION- [RCS_AUTO MANUAL + DETENT]
*SOFT5TOP - ROT_OPTION=3(DISC)]
B RCS_ASSIST ROLL-RCS_ROTATION- [RCS_AUTO_MANUAL
+ DETENT] - [SOFT_STOP + ROT_OPTION=1(ACCEL)]
c RCS_ASBIST ROLL-RCS_ROTATION- [RCS_JIUTO_MANUAL
+ DETENT] +SOFT_STOB+ROT OPTION=2 (FULSE)
D RCS_ROTATION-RCS_ASSIST ROLL
58 A RCS. ROTATION + [RCS_TRANSLATION-NOM VERNIER SW]
+ RCS_ASSIST ROLL
B RCS_ROTATION * [RCS_TRANSLATION + NOM VERNIER S5W |
*RES_ABSIST ROLL
S9 A RCS_ASSIST ROLL
B RCS_ASSIST ROLL
§10 A RCS_ASSIST_P_Y
B RCS_ASSIST P Y
S11 a TVC_AUTO_MANUAL
B TVC_AUTO_MANUAL*RCS_ASSIST P Y
c TVC_AUTO_MANUAL-RCS_ASSIST P Y
512 A [oMS_FATL DETECT*TVC] + [OMS_PRETHRUST.CLOSED OPEN_
(Note 3) (Note 2) | 7ors TRTW-ONE_ENGINE]
B [OMS_PRETHRUST:OMS_FAILL DETECT] + [OMS_PRETHRUST-
+CLOSED_OPEN_LOOP_TRIM]
C OMS_SELECT, +OMS_SELECT,, - OMS_PRETHRUST - CLOSED_OPEN_
TOOP_TRIM
513 a OMS_FALL, DETECT-TVC
(Note 2} g [OMS_FAIL DETECT-TVC] + [OMS_PRETHRUST.FIRST PASS
*RCS1
( %144)' A LATCH_ASSIST PLTCH_YAW-FAIL_ID-TVC
Note T - ———
T B LATCH ASSIST PITCH YAW + FAIL 1D + TVC
815 | A TVC + OMS PRETHRUST
I’ : B

TVC +OMS_PRETHRUST

17




Logical symbols used: + = or, ()= exclusive or, * = and,
X = not x. '

The following mode abbreviations are used:
V¢ = [OMS_ARM_REQ, -OMS_ON_REQ, -OMSL FATL] +

[OMS_ARM_REQ,-OM3_ON_REQ, -OMSZ_FAIL]

PAIL_ID = OMSL FAIL + OMS2_FAIL

ONE_ENGINE = OMS_SELECT, (f) OMS_SELECT,
RCS_ASSIST ROLL = TVC-[FAIL ID + ONE_ENGINE]
RCS_ASSIST P_Y = RCS_ASSIST ROLL-ASSIST_PITCH YAW (See Note 4)

8
DETENT = value of RHC STATE is 0.

The assogiated modules are executed only once during the
OMS_PRETHRUST initialization pass or during the first pass
after FAIL ID.

OFC_RECON logic permits cycling between execution of RCS_
ASSIST PITCH YAW and TVC LAW PITCH YAW and back to RCS_
ASSIST PITCH YAW once (both modules may not be executed
in the same pass); once this cycling has occurred, OFC_
RECON logic is "latched" to invoke RCS_ASSIST_PITCH YAW
for the duration of the OMS hurn. ‘

This is mechanized in OFC_RECON as follows: ASSIST PITCH YAW
is set to 1 if less than TBD time has elapSed since FAIL_ID,
and afterwards is controlled by the module PITCH YAW _ASSIST
COMPUTATION; howevaxr, if ASSIST PITCH_YAW makes the successive
transitions 1+0, 0+1, LATCH_ASSIST PITCH YAW is set to 1 and

holds ASSIST PITCH YAW = 1 for the remainder of the TVC mode.

18
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In genexal, the sequential execution reguirements are determined
by the data flow requirements between O0FC modules. Occasionally, how-
ever; an OFC module must provide OFC_PiCON with information to decide
which modules to invoke or to determine parameter settings for sub-
sequently invoked 0FC modules.. Also, in the case where an automatic
driver is reguired to generate display data, but an attitude hold ox
manual driver is actually to control the RCS DAP, then the "controlling"
driver must be called after the display-generating driver to overwrite
the relevant RCS DAP commands. Such exceptional relationships are
indicated in the diagrams with dashed lines rather than solid lines.

The diagrams are preceded by an outline listing the OFC modes

‘in the order of the diagrams. The module numbering corresponds to

that of the subsections of Section 4.2.2.
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Table 4,2.1.1-2. Relationships between moding inputs and OFC modes.

MODING INPUT COMBINATION (SEE NOTE 1) ” OFC MOD¥,SUBMODE & CONDITION {SEE NOTE 2 |

[OMS_ARM_REQ, * OMS_ON_REQ, +» GMSI_FAIL]+ !
TVE t
| toms_arm_nen, - oms_on_rea, - OMEZ_FAIL]

TVC_AUTO_MANUAL/ AUTO/

TVC_AUTO_ MANUAL MANLIAL :
OMS_ARN_REC, » OM5_ON_REQ, ¢
OMS_ARM_REQ, + OMS_ON_REQ, + {SEE NOMINAL 2-ENGINE BURN, NO FAILURE
UMS___FAI L__UEFECT

OMS_FAIL_DETECT « GWST_FAIL» 7:
B FAILURE DETECTION WITHOUT IDENTIFICATION s
OMS2_FAIL

[OMS1_FAIL + OMS2_F aIL + [OMS_SELECT, (D
RCS ASSIST ROLL ONLY

OMS_SELECT,}] + RCS_ASSIGT_P_V (SEE NOTE 41
ACS_ASSIST_P_Y (SEE NOTE 4) : HES ASSIST ROLL AND PITCH_YAW

——— — oo Rep——

ION ANVIE 30Va DNZaTNET

[<TBD TIME SINCE RCS_ASSIST_ROLL] +
‘UNCONDITIONAL

LATCH_ASSIST_PITCH_YAW (SEE NOTE 4)

——— i o e ok P P s o A oy e e ok

{>TBD TIME $™ZE RCS_ASSIST_ROLL] »

CONDITIONAL

LATCH_ASSIST_FITCH_YAW [SEE NOTE 4)

(OWS_ARM_REG, + GMS_ON_TEG, + OMS1_FAIL]«

[ONS_ARMW_REQ, + GMS_ON_AEQ, + OMS2_FAIL]

RCS_ROTATION ROTATION

RCS_AUTO_MANUAL » [RHC_STATE = 0] AUTO

ATTITUDE
HOLD

_ . ATTITUDE
ATT_MNVR MANEUVER

ETT_MRVR

TWO,_AKIS _  fwo axis

THREE_AXIS : : ' | THREE AXIS _ - J

B8O BARBEQUE

R T B B

LCL_VERT_ATT . LOCAL VERTICAL

PAYLD_SUP_CMDS PAYLOAD

| TRACKING _ _ : TRAGKING

2 e X sirais . - N e - S - % [P A ™ : | Lomad CoT i




1z

ATT_MNVA

TWO_AXIS

THRER_AXIS

Al iurs

MANEUVER

“TWQ AXIS

I BEO

LCL_VERT_ATT

PAYLD_SUP_CMDS

TRACKING

THREE AXIS

OMS_PRETHRUST

CILOSED_OPEN_LOQP_TRIM

CLOSED._OPEN._LOOP_1 M

(OMS_SELECT, @D OMS_SELEGT)

OMS_SELECT, (2} OMS_SELECT,

- ACS_AUTO_MANUAL + [RHC_STATE#0]

{ROT_OFTION Ay = 1] + SOFT_STOPp s

{ROT_ORTION x5 = 21 « SOFT_STOPaye

{ROT_OPTION, 41 = 31 * SOFT_ST0Ppyg

BARBEQUE

RSO TH (EO FE ﬂ_-_--_

LOCAL VERTICAL

ACCELERATION

PULSE

SEE NOTE &

DISCRETE

RCS_TRAMNSLATION « NOM_VERNIER_SW

ACS_AUTO_MANUAL « |RMC_STATE =0}

TAANSLA -
TION

AUTO

TGS _AUTO, MANDAL +{HHC_ STATE % 0]

‘MANUAL

TRANS_OPTION 5 = 1

TRANS_OPTION 35 = 2

ACCELERATION

PULSE

(SEE NOTE B)

NOTES: 1. LOGICAL SYMBOLS USED: + = OR, () = EXCLUSIVE OR, == AND, X = NOT X.

2, ALL MODES IN A GIVEN CONTHZUOUS VERTICAL STACK ARE MUTUALLY EXCLUSIVE
EXCEFT ACS ROTATION/TRANSLATION,

3. ALTHOUGH MUTUALLY EXCLUSIVE, AUTO/MANUAL TVC ARE TREATER TOGETHER

TO AVOID REPETITION.

4. THIS CONDITION IS EXPLAINED IN TABLE 4.2.1 1-1.
5, MANUAL RCS SUBMODES MAY RE MIXED AMONG THE 3 AXES.

PAYLOAD
i TRACKING
OMS PRETHRUST
MANEUVER AND
OMS ENGINE TRIM
| cLOSED.LOOP
TRIM
“| oPEn-LOOP
TRIM
2 ENG,
R IS S, | S e e - -
1 ENG,
MANUAL




Table 4.2.1.1-3. Relationship between OFC modes and OFC_RECON outputs.

g_g i
g ) OFC_MECOH OUTMUT [REFER TO FIG, 42.2-1) SWITCHES AND POSITIONS
E DFC MODE, SUBKDDE & DONDITICH [NUMBENS [N PARENTHESES REFER TO NOTES)
] st s |smalse]ss]ss|sr]ss]se|se]st}szisn ST sis|
. - 2 ENGINES, HO FAILURE pfwm|u|lo|alajole|s]|s)le|[a|la]n]a-
- FAIL DETECT, B0 1D Ala|o|s|a[bvls]|a|lolB
. 3] asra | ROS ABSIST ROLL ONLY Als|alalaje|[a]a]es]A
t= 7 MCS ASHST ROLL | COMDITIONAL R s {alajatale]|als]|a
v e ANC HTCH-YAW | _UNCONDITIONAL BiB|laAalAalalajela)s | B
N 2 EMGINES, NO FAMLURE A A D a 8 |8 A 2] A 1)
. FAIL DETECT, NO ID Aja|lo{s]|s|s|lalalufe
MANUAL| RCS ASSIST ROLL ONLY Alsalafalalalalalnl]a
- MCS ASSIST ROLY. CONEHTICNAL afe Alalaf{ajns]a i
z AND HTCH-YAW UNCOHDITIONAL R ERERERL Alajafals . '
ATT, HOLD Himlwm|BlAala i ] ] B
g TWO AXIS A A A
s THREE AXIS B | 8 :
E BARBEGUE D | o
: LOCAL. VERTICAL E}E
Auto | ATiTupe | PAYLOAD E|F
trorAsioH MANELIVER | TRACKING |6 | 5
- 2 ENGINES clec cla A
Acs oms IITALEZATION OFER-LOOP TR | excine cic B “
PRETHRUST CLOSEG-LOOR TRIM clc B |8 AT .
LATER PASSES mleclcla A i m 8 .
ACCELERATION @lw|w}o B . !
MANUAL | PULSE - [£] [ [ {
DISCRETE {2} c A 1
AUTO c {2 . A |
O o) L“::;; MANUAL | AcceLERATION . A w1 [
= 5 § PULSE . miwlmlala|lmjajm|m{m]mwjm)s|a .
bt g"S‘ NOTES: 1. ROT APMLICABLE
8 E; 2A0RE :
-QJ' ’ i 3. CORD ) .
‘D t‘l 4. ALL POSITIONS COMPATIBELE
~
fr

NV P e e s . « A NS ST I e
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OFC MODES AND SUBMODES

I. TVC | A. AUTO 1. Nominal 2-Engine, No Failure
' ) 2. Failure Detection, No Failure Id'n
" a. First Pass

b. Subsegquent Pass

3. RCS Assist - Roll Only

4. RCS Assist = Roll and B/Y
a. Not Latched and Time > TBD
h. Latchzd or Time < TBD

[

B. MANL 1.-4. (Same as above)

TI. RCS ROTATION | A. AUTO | 1. Two Axis Att Mnvr \
| | [ 2. Three Axis Att Mavr

3. Barbeque

4. Attitude Local Vertical
5. Payload Attitude

6. Misc Tracking

7. OMS Prethrust

a. First Pass
1) Open Loop Trim
a) 2-Engine
(1) Maneuver
{2) Attitude Hold
b) l-Engine
(1) Maneuver
{2) Attitude Hold
2} Closed Loop Trim
a) Maneuver '
b) Attitude Hold

b. Subsequent Pass
1) Maneuver
2) Attitude Hold

a. Maneuver
b. Attitude Heold

B. MANI, 1. Two Axis
a. No Att Hold (= Free Drift) !
1) Accel (all axes) '
2) Pulse (all axes)
3) Mixed Accel and Pulse

b. Att Hold (Dise, all axes)
c. Mixed Modes, axis by axis - Wf'
2.-7. (Same as ahove)

III. RCS TRANS~- | A. AUTO
LATION B. MANL | 1. Accel, Accel
2. Pulse, Pulse
3. Accel, Pulse . -
4, Pulse, Accel

Figqure 4;2¢l.1-2. OEC control law function module seguencing requirements §
- - (page 1L of 21}. '
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OMS TVC_AUTO NOMINAL 2-ENGINE
1.4 AUTO_TVC 6 OMS_ENG_CMD 3.1 PART1_FILTER

|
3

44 GUIDANCE_COMPENSATION

¥
e 411 TVC_LAW_ROLL 4.10 TVC_LAW 4.1 DELTA_OMEGA_
o PITCH_YAW OMS_ENG
4,12 TVC_MIXER 3.2 PARTZ_FILTER
1A.2 FAILURE DETECTION
4,6 OMS_ENG_CMD 3.1 PART1_FILTER
4.2 ENG_CG_CMD | ©
N i 4,1 DELTA_OMEGA _ '
, OMS_ENG
) 'L ¥
4,10 TVG_LAW_PITCH_YAW | € 3.2 PARTZ_FILTER
Bl
‘ @Executed first pass Fail Datection only
Figure 4.2.1.1-2. OFC control law function module sequencing requirements
{page 2 of 21).




5
o

|

TVC AUTO

RCS ASSIST_ROLL ONLY

4,6 OMS_ENG_CMD 1.4 AUTD_TVC 3.1 PARTI_FILTER
|
e —
[
E.4 GUIDANGE_COMPENSATION |

X Y \ [
4,10 TVC_LAW_PITCH_YAW J bs RCS_ASSIST_ROLL l

¥
2.2 PHASE_PLANE

4.1 DELTA_OMEGA_

\
OMS_ENGINE

2,1 JET_SELECT

\ ]
| PaRT2_FiLTER

Figure 4.2.1,1-2. OFC control law function module segquencing requirements
{(page 3 of 21}.
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L, Ad.a
TVC AUTO
RCS ASSIST (FAILURE ID'N}

© ROLL ASEIST & P/Y ASSIST {UNLATCHED, ASSIE‘;T_TIMEH > TBD)

14 AUTO_TYC " 3,1 PART!_FILTER 4.6 OMS_ENG_CMD
: . e
4.7 P_Y_ASSIST ]
COMPUTATION | 4.1 DELTA_OMEGA_
H OMS_ENG
¥ ¥

4.5 GUIDANCE_GAIN_RCS_ASSIST

l
{ {

4.8 RCS_ASSIST P_Y 4.8 RCS_ASSIST_ROLL.
) 1
2.2 PHASE,_PLANE

1

21 JET_SELECT

o '

2.2 PARTZ_FILTER

Figure 4.2.1.1-2. OFC control law function module sequencing raquirements
(page 4 of 21).
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o

TVC AUTO )
RCS ASSIST (FAILURE I1D'N)
& ROLL ASSIST & P/Y ASSIST-

® LATCHED OR ASSIST_TIMER < TBD

1.4 AUTO_TVC 31 PARTI_FILTER

4.6 OMS_ENG_CMD

é

4,5 GUIDANCE_GAIN_RCS_ABSIST

R { {

4,8 RCS_ASSIST_P_Y 4,9 HCS_ASSIST_ROLL

) {

2.2 PHASE_PLANE

3

2,1 JET_SELECT

|

41 DELTA_OMEGA_
OMS_ENG

{ l

3.2 PARTZ_FILTER

Figure 4.2.%.1-2. OFC control law function module sequencing requirements

(page 5 of 21).
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181

OMS TVC MANUAL NOMINAL 2-ENGINE
1.6 MANUAL_TVC - 4,6 OMS_ENG_CMD 3.1 PART1_FILTER
|
I
I
|
I
]
Y {
411 TVC_LAW_ROLL 4,10 TVC_LAW_ 4.1 DELTA_OMEGA_
PITCH_YAW OMS_ENG
y i ¥ Y
[ 412 TVC_MIXER 3.2 PARTZ_FILTER
LB.2

FAILURE DETECTION

4.6 OMS_ENG_CMD 3.1 PART1_FILTER

l

4.7 DELTA_OMEGA_
OMS_ENG

4.2 ENG_CG_CMD

Y

4,10 TVC_LAW_PITCH_YAW 3.2 PART2_FILTER

R

@Executed first pass Fail Detection only

Figure 4.2.1.1-2. OFC control law function module sequencing requirements
(page 6 of 21).
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0
L7 ]

[

TVC MANUAL.
RCS ASSIST ROLL ONLY

45 OMS_ENG_CMD

1.6 MANUAL_TVC

O et e e 2]

3.1 PART1_FILTER

‘

410 TVC_LAW_PITCH_YAW J

Y

4.1 DELTA_OMEGA_
OMS_ENGINE

Yy

| 49 RCS_ASSIST_ROLL

!

2.2 PHASE_PLANE

L

2.1 JET_SELECT

Figure 4.2.1.1-2. OFC coatrol law function module sequencing reguirements

{page 7 of 21).
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PART2_FILTER
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i i

H

A ;

: ;

T i

¥ I

; !

;4 E

o .

; . . ;

. .f R . . . |

A Lis. .3 !
i —_——

L TVC MANUAL .
' RCS ASSIST !FAILURE ID'N)
e ROLL ASSIST & P/Y ASSIET (UNLATCHED ASSIST_TIMER > TBD)

1.6 MANUAL_TVC o . 3.1 PARTI_FILTER 4,6 OMS_ENG_CMD -
. 47 P_Y_ASSIST_ ' 4.1 DELTA_OMEGA_
COMPUTATION OMS_ENG
]
1
y \

4.8 RCS_ASSIST_P_YJ 4.9 RCS_ASSIST_ROLL

t

2.2 PHASE_PLANE!

{ 21 JET_SELECT

1 4

3.2 PART2_FILTER

FigureA.'z.l._l-'z. OFC conta:ol law function module sequencing requlrements
T (page 8 of 21) s
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TVC MANUAL
RCS ASSIST {FAILURE ID’N}
® ROLL ASSIST & P/Y ASSIST

& LATCHED OR ASSIST_TIMER < TBD

1.6 MANUAL_TVC| 3.1 PART1_FILTER 4.6 OMS_ENG_CMD

Y

4.1 DELTA_OMEGA_
OM5_ENG

A | Y ¢

4.8 RCS_ASBSIST_P_Y 4.9 RCS_ASSIST_ROLL

] |
2.2 PHASE_PLANE

!

L 2.1 JET_SELECT

%

3,2 PART2_FILTER

Figure: 4.2.1.1-2, OFC control law function module sequencing reguirements
- (page 9 of 21}. -
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11.A.1 through I1.A.6, case a
RCS ROTATION AUTO NO ATTITUDE HOLD

ANY ONE OF THE FOLLOWING:

1.2 ATTITUDE_LCL_VERTICAL

1.5 BARBEQUE

1.7 MISC_TRACKING

1.9 PAYLOAD_ATTITUDE

1.13 THREE_AXIS_ATTITUDE_MANEUVER
1.16 TWO_AXIS_ATTITUDE_MANEUVER

3.3 PART1_FILTER

Y ¥

2.3 RCS_ERRORS

Y
2.2 PHASE_PLANE

. ]
21 JET_SELECT

¢

3.2 PART2_FILTER

Figure 4.2.1.1-2. OFC control law function modunle seguencing requirements
{page 10 of 21). .
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A iy s e e

11.A,1 through |5.A.6, case b

R

RCS ROTATION AUTO ATTITUDE HOLD (Auto driver for display only} N

ANY ONE OF THE FOLLOWING:

1.2 ATTITUDE_LCL_VERTICAL

1.5 BARBEQUE

1.7 MISC_TRACKING

1.9 PAYLOAD_ATTITUDE

1,13 THREE_AXIS_ATTITUDE_MANEUVER
1.16 TWO_AXIS_ATTITUDE_MANEUVER

3.1 PART1_FILTER

W SN R——

1.1 ATTITUDE_HOLD

1
i
i
i

2.3 RCS_ERRORS

¥
2.2 PHASE_PLANE

Y

21 JET_SELECT

\
2.2 PARTZ_FILTER

o Figure 4.2.1.1-2. OFC control law function module sequencing requirements
| (page 11 of 21).
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i

IL.A.7,a.1,3,1 OMS_P_T; FIRST_PASS; OPEN LOOP TRIM; NO ATT HOLD; TWO ENGINES

1.8 OMS_PRETHRUST_ I' 31 parTi_FiLTER |
MANEUVER

Y i v

43 ENGINE_PT_TRIM 23 RCS_ERRORS

:

2,2 PHASE_PLANE

¥ ¥

410 TVC_LAW_P_Y 2.1 JET_SELECT

Y
32 PART2_FILTER

Figure 4.2.1.1-2. OFC control law function module sequencing requirements
{(page 12 of 21).
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h.A7a1.a2 OMS_P_T; FIRST_PASS; OPEN LOOP TRIM; ATT HOLD; TWO ENGINES
(OMS_PRETHRUST_MANEUVER FOR DISPLAY AND OMS ENGINE TRIN ONLY)

1.8 OMS_PRETHRUST_ [ 31 PaRTI_FiLTER |
MANEUVER

roall] — e =

1.1 ATTITUDE_HOLD

F L KR

4,3 EMGINE_P_T_TRIM 23 RCS_ERRORS ¥

1

2.2 PHASE_PLANE

|
410 TVC_LAW_P_Y 2.1 JET_SELECT

)
32 PARTZ_FILTER

»

Figure 4.2.1.1-2., OFC control law function module sequencing requirements
‘ {page 13 of 21}. © ‘
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I.A.Z.a.1.b.1 OMS_P_T; FIRST_PASS; OPEN LOOP TRIM; NO ATT HOLD; ONE ENGINE

3
.
‘.
.

1.8 OMS_PRETHHUST | 3.1 PART1_FILTER !
MANEUVER

¥ L |

4.2 ENGINE_CG_CMD 2.3 RCS_ERRORS
2.2 PHASE PLANE

i !

410 TVC_LAW_P_Y 21 JET_SELECT

Y
3.2 PART2_FILTER

Figure 4.2.1.1-2. OFC control law function module seguencing reguirements
(page 14 of 21).
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ILA7.a,1,b.2 OMS_P_T; FIRST PASS; OPEN LOOP TRIM; ATT HOLD; ONE ENGINE

{OMS_PRETHRUST_MANEUVER FOR DISPLAY AND OMS ENGINE TRIM ONLY)

18 OMS_PRETHRUST_
MANEUVER

=

LS.‘i PARTI_FILTER |

1.1 ATTITUDE_HOLD |

4.2 ENGINE_CG_CMD

410 TVC_LAW_P_Y

Figure 4.2.1.1-2. OFC control law function module sequencing requirements

{page 15 of 21).
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2.3 RCS_ERRORS

|

2.2 PHASE_PLANE

3

2,1 JET_SELECT

\

3.2 PART2_FILTER

i
i
P
i
{
P
i
|




T e

[LA.7.a.2a OMS_P_T; FIRST_PASS; CLOSED LOOP TRIM; NO ATT HOLD

1.8 OMS_PRETHRUST
MANEUVER

| 31 PART1_FILTER ]

bl bt b e bt = b n ]

410 TVG_LAW_P_Y

. Figure 4.2.1.1-2. OFC control law furnction module sequencing requirements

{page 16 of 21).
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| |

23 RCS_ERRORS

J:

2,2 PHASE_PLANE

!

2.1 JET_SELECT

¥

3.2 PARTZ_FILTER




ILA7.2,2b OMS_P_T; FIRST_PASS; CLOSED LOOP TRIM; ATT HOLD
{OMS_PRETHRUST_MANEUVER FOR DISFLAY AND OMS ENGINE TRIM ONLY)

1.8 OMS_PRETHRUST_ [ 31 PARTI_FiLTER |
MANEUVER

I —

1.1 ATTITUDE_HOLD

| } ¥

23 RCS_ERRDRS

'

2.2 PHASE_PLANE

el s S et e et — - — — it s od

¥
410 TVC_LAW_P_Y 2.1 JET_SELECT

Y
32 PARTZ_FILTER

il

Figure 4.2,1.1-2. OFC control law function module seguencing requirements
(page 17 of 21).
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ILAZDb  OMS_P_T; > FIRST_PASS; NO ATT HOLD

f 1.8 OMs_PRETHRUST_ | 31 PARTI_FILTER
MANEUVER

A

2.3 RCS_ERRORS

_ |

2.2 PHASE_PLANE

&

2.1 " JET_SELECT

|
22 PART2_FILTER

Figure 4.2.1.1-2, OQFC control law function module sequencing requirements
{page 18 of 21).
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H.AZb,2 OMS_P_T; > FIRST_PASS; ATT HOLD {(OMS_PRETHRUST _MANEUVER
FOR DISPLAY ONLY)

1.8 OMS_PRETHRUST_ | 31 PARTI_FILTER |
MANEUVER

el e

1.1 ATTITUDE_HOLD

¥ i

2.2 RCS_ERRORS

'

2.2 PHASE_PLANE

#

2,1 JET_SELECT

Y
3.2 PART2_FILTER

Lo, 5

Figure 4.2.1.1-2. OFC control law funciion module Seguencing requirements
(page 19 of 21).
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e
RCS_RUTATION:MANUAL (OPTIONAL AUTO DRIVER FOR DISPLAY ONLY)

OPTIONALLY, ANY ONE OF THE FOLLOWING:

1.2 ATTITUDE_LCL_VERTICAL
1.5 BARBEQUE

P 1.7 MISC_TRACKING : 3.1 PART1_FILTER
- 1.8 OMS_PRETHRUST_MANEUVER .
' 1.5 PAYLOAD_ATTITUDE *

1.13 THREE_AXIS_ATTITUDE_MANEUVER
1L.16 TWO_AXIS_ATTITUDE_MANEUVER

¥ . . Y .

1.11 ROT_DIsC 110 ROT_ACCEL 1.12 ROT_PULSE

Jr 1

2.3 RCS_ERRORS

2.2 PHASE_PLANE

!

2,1 JET_SELECT

|

A * * ANY OR ALL OF THESE MAY BE
EXECUTED ON A GIVEN PASS, SINGE

3.2 PART2_FILTER THEY ARE CREW-SELECTABLE

5 AXISBY-AXIS; IF ROT_DISC IS

NOT SELECTED ON ANY AXIS,

1.1, 2.3 AND 2.2 NOT NEGCESSARY

TO EXECUTE.

..,,{:_.‘

Figure 4.2.1.1-2. OFC control law function module sequencing reguirements
(page 20 of 21).
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LA, RCS TRANSLATION_AUTQ

1.3 AUTO_RCS_TRANS L 31 PART1_FILTER

L8
21 JET_SELECT

Y \
32 PART2Z_FILTER

HLB. RCS TRANSLATION_MANUAL

1.14 TRANS_ACCEL * 115 TRANS_PULSE * 3.1 PARTI_FILTER

‘o

21 JET_SELECT

#

I 3,2 PARTZ_FILTER |

EITHER OR BOTH OF " HESE
MODULES MAY BE EXECUTED
s IN A GIVEN CYCLE, BECAUSE
: Jl THEY ARE SELECTABLE
o AXIS-BY-AXIS BY THE FLIGHT
CREW.

OFC control law function module sequencing requirements

Figure 4.2.1.1-2.
“ {page 21 of 21).
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4.2.1.2 Processing Rate

OFC_RECON is processed at 25 Hz.

4.,2.1.3 Interface Reguirements

The interface requirements of OFC RECON are given in
Table 4.2.1.3-1.

4.2.,1.4 Contrel Law Function Module Initialization

Table 4.2.1.4-1 lists the conditions for initializing the control
law modules. The modes, submodes and conditions are the same as those
of Table 4.2.1.1-2 with the following exceptions:

1) First pass/restart is any entry intc OFC_RECON with the
OFC_RESTART flag set.

2) TVC fail-detect is the presence of OMS_FAIL DETECT during
V0 mode, regardless of whether an identification (OMS1 FAIL
or OMsz_FAIL) is present.

The behavior of the individual control law function modules upon
initialization is described in subsections 4.2.2.1 through 4.2.2.4.
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TABLE #4,2,1.,3-1 OFC_RECON INTERPACE REQUIREMENTS

| {I=regquest)
I

| 1 1 | | | |
| . 1 ] SOURCE OR 1 I 1 SAMPLE t
| HAHE ] DESCRIBTIION i DESTINATION | TYPE | BANGE | UNIT | EATE {87) i
{ | | { ¢ ] 1 1
{Inputs | | { H | i 1
! 1 ! ! 1 1 1 t
jRCS_ROTATION {RCS rotaticn mode enablse {8s5C 1B 10,1 {none 125 |
1 | {(1=enable) { | { ! | l
£ i | H 1 ! 1 §
{BCS_AUTC_MANUAL {BCS auto/manual select (1=auto; |HSC 1B 0,1 | none 125 ]
i {0=manual) | i | | | |
1 1 ! i i 1 i |
LATT_MNVR | Auto BCS5 rotation mode select [ 85C |B 10,1 {none 125 1
i { {1=xaneuver: two axis, three i i 1 | | A
| |axis, OM5 prethrust, lacal | I | | | {
1 tvertical, payload, tracking or i 1 } | 1 1
| fbarbegue; 0=hold} i ) | { | {
{ f | i [ I 1 L,
{TRO_AXIS {Tso axis maneuver enable {8sc [§:] 10,1 |none t5/6 -
| §{ {(1=enable) | ; I i { i
] 1 et | f 1 I I ]
|THREE_AXIS |Three axis maneuver enable | HsC I1B 10,1 |none 15/6 {
i 1 (*=enable) i i I | i 1
l i ! ! 1 | ] l
jOHS_PRETHRUST |OHS prethrust maneuver enahle § HSC [3:] 10,1 | none {5/6 ]
| | (1=enabie) t | | I | i
§ i ! [ ! | [ |
ILEE_YERI_ATT |Local maneuver enable (1=enable) |[HSC iB 10,1 {none [5/6 ]
1 1 ] 1 I | i H
{PAYLD_SUP_CHDS [Payload supplied commands | 85C IB 16,1 | none 1576 |
| {uaneuvers enable (1=enable) | | ] | I |
i 1 1 1 1 { 1 i
ITRACKING ['?racking maneuver enable {isC {B 10,1 |none 15/6 1
i { (1=enabie), [ i l | 1 |
i { 1 1 i | ) ]
{BBQ {Barbeciee maneuver enable | ¥5C {B 0,1 tnone 1575 [
1 i {1=enable) f 1 | 1 | 1
| | 1 ) | 1 1 1
|{RCS_TRANSLATION |BRC5 translaticn mede enable t 4sC 1B 10,1 | none 125 |
| I'{1=enahle) ( I { f { 1
H | { 1 1 1 | ]
{0BS_ARH_REQ [OM5 engines arming request j4sC [A(2)B 10,1 {none 125 ]
¢ | {1=request) § i | | 1 I
1 1 [ 11 1 ! - {
{cks_OH_EEQ fON5 engines turn-cn reguest { HSC Ia{2)B 101 |none 125 i
l H | ] { 1
1 1 I 1 H 1




TABLE 4.2.1.3-1 OFC_RECON INTERFACE REQUIRZKEXNTS

| | | i | l |
1 1 | SOURCE OF | | | { SaupLr
[N ] 1 HAHE ] DESCRIEIION i DESTINATION | TYPE | ERANGE | UHIT I BATF (HZ7)
= 1 1 I ! i 1 1
[ et 1

8 02 ITYC_AUTO_MARUAL JTVC autosmanual select (l=auto; |KSC iB 10,1 | none 125 H
S | I ! :
& ? |CLOSED_CPEN_LOCE_TE~}ONS givbal trim value select [ HSC iB 10,1 jnone |1/maneuver 1
L ] JIY { (1=closed loop: use value ] I { | 1 |
. b } |zemaining from previous OMS bucrnj| | } i i |
[on | j 0=open loor: use value computed | | ! | 1 |
. = i |from expected cg locatior) { i | } [ I
| ] | ! 1 i | 1
Ea |CFC_RESTART {0EC wecdule initialization flag | 45C, OFC_RECON IB 10,1 |none 125 |
. | | {1=init) 1 l | | - |
1 1 i { { i | |
{OMS_SELECT }To hurn/not to burn status of OMS[DEC jR{2)B 10,1 | none 11 /maneuver |
] {engines {1=toc burn ; O=not to i | | 4 1 f
i |burn) I I | i | I
| i ! [ 1 ) 1 I
JO4S_FALL_DETECT joBs failure derected (T=detected) | RH IB 16,1 | none 125 t
. | 1 f l 1 ] 1 ;
~ jOHST_FAIL JCcHs1 failure identified |RY |B 16,1 tnone 125 |
1 | {1=identified) 1 1 1 | [ |
| i I ! I ] ] 1
{CHS2_FAIL |CY¥S2 failure jidentified ) BY :) 10,1 {none 125 }
H { {1=identified) | i 1 ( [ |
| i | | | | [ !
{ROT_OPIION |Hanual ratation submode select | PANEL,_SWITCH_INTERP, {A(3)I f1.2,3 | none 125 |
| { (1=accel; 2=pulse; 3=discrete) {CFC_BECON i | t | |
! 1 ] | I 1 I !
{TRANS_OPTION {danual translation submode select|PANEL_SWITCH_INTERP |JA(3)I 11,2 |hone 125 i
{ [ (1=accel; 2=pulse) I l | | | i
| : ] : P i i | | [ {
{NOM_VEBNIZR_SW } RCS nominaly/vernier jet select {PABEL_SWITCH_INTERP, [A(3)B 10,1 | none 125 |
I | (t=norinal; O=vernier} [OFC_AECON | | f | f
1 } i { i f 1 1
iRHC_STATE |Rctational hand centroller { RHC_READ 1AR3)YI 1-1,9,1 |none 125 |
I | comnand | 1 { | | i
1 i . | 1 { ) 1 1
|SOFT_STOB |Flag indicatipog rctational haand JRHC_KTAD |A{3)B 18,1 Inone 125 I
| Jcentreller is deflected beyond 1 { i | | [
I |satt stop {l1=beyond softstop) } t | | ( }
1 | 1 ] | ] | 1
{OUSt_OR_CHD |0#81 engine or cormand (1~on) 1OMS_ENG_CHND 1B 19,1 inene 125 I
! I 1 [ 1 L 1 !
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TABLE 4,2, T.3~1 OFC_RECON INTEEFACE REQUIREMEHNTS

} i i i l i 1 |
| i i SOURCE OR | | - £ 1 SAMELE |
] HANE i DESCRYIETION ] DESTINATION | TYIPE | BRANGE | [INIT { BATE (HZ) |
1 | 1 1 ] 1 1 1
{CH52_ON_CHD {ONS2 engine on coamand {1=on) {OMS_ENG_CHD |B 10,1 |none 125

4 . { i i i I 1
|ASSIST_PITCH_YAW {Plag Tequesting RCS assistance of | PLITCH_YA¥_ASSIST, B i0,1 [ none 125

t |TVC for. pitch and yaw contenl |COMPUTATION, | } | {

i ] {1=reguest) §OFC_RECON ] ] | H

| I i 3 1 J |

JAXIS jBody axis for this execntioa | OFC_RECOH I i1,2,3 | none {25/axis

1 1 : 1 | 1 | |

IBYEASS | Hon-execution comxand, by axis | OFC_RECON {A(HB 10,1 {hone 125

| { (1=do not execute} { ] | | |

i I i | 1 L I
ITNIT_ON5_PRETHRUST_~|Hodule initialization flag | OFC_RECON 'B 10,1 | none 125

{HANEUVER . | (1=init) 1 1 [ { |

d J i ] ] ] 1

lOutputs | i f ] 1 i i
1 i H ] J ] | 1
IINIT_AUTO_RCS_TRANS (|Module inijitialization £flag | AUTO_RCS_TRANS |B 10,1 | none 125 |
| . { {t=initializatian) { ] 1 I i |
| | 1 1 L l 1
|ITHITP_TRO_AXIS_ATTIT~-|Hodule il_:litia.lization flag |TWO_AXIS_ATTITUDE_HA-|B 16,1 | none 1526 i
{UDE_MANEUVER | {1=initialization) | KEUYEER 1 i 1 1 |
| ] { | 1 | | 1
|INIT_THREE_AXIS ATT~]|Hodule initialization flag | PHREE_AXIS_ATTITUDE_-{B 10,1 {none 15/6 |
{ITUDE_MHVR { (1=initialization) | BANEUVER { t i | !
L 1 . 1 1 | ! | 1
{INIT_O¥S_PRETHRUST_~|Module initialization flag |O85_PRETHEUST_HANEUV-|B (0,1 | none i5/6 |
JUANEUVER 1 (1=initialization) {BE, OFC_RECON | | | \ [
i i i 1 | | . I
JINIT_ROT_PULSE | Hodule initrialization f£lag JBROT_PULSE 1a{3)B 10,1 | none 125 1
1 | (==inirialization) i [ | i 1 i
1__- 1 ! 1 | | | !
[INIT_TRANS_PULSE {Hodule initialization flag | TRANS_PULSE |A{3}B 10,1 |none 125 |
| : | {1=inirialization}) § 1 ] ) |
H i ! I L 1 | 1
{INIT_ROCT_DISC | $odule initialization fiag JROT_PISC IB 10,1 {none 125 1
i | {1=initializaticn) { | | l | t
f 1 i | [ ! I 1
{ITHIT_ATTITUDE_LCL_V-|Hodule initialization flag §ATTITUDE_LCL VERTICAL|B 10,1 | none 1576 1
|EBTICAL [ {1=initializacion} | ’ 1 i | | |
{ | ] I 1 1 [ 1

TSRS SUGIPIIN S S



TABLE Ua2¢1.3=1 OFC_RFCON INTERFACF REQUIREMINTS !
t 1 i ! i I 1 i
{ l { SOURCE OR i { | f ShYFLT |
i NAME 1 DESCRIEIIOR H DESTINATION | TYPE || BRNGE | ULIT ] RATE (HZ) | j
i i 1 } ] 1 1 | :
|INIT_BARBEQUE Jdedule initialization flag | BARBEQUE 1B 13,1 |none i5/6 { L
| j (1=initialization) 1 | } | 1 |
i ! 1 i i I | {
JINIT_ATTITUDE_ACLD |[Heodule initialization flag JATTITUDE_HOLD IB 0,1 {none 125 H
i | {1=initialization) { | | } | |
i 1 1 1 i 1 L i
({THIT_HMANUAL _TVC {Module initialization flag | HANUAL_TYC iB 16,1 | none 125 1
§ | {1=initializatcion) | | i | { |
| ! | | ! I | |
{INIT_RCS_ERRORS |Module initialization flag {EC5_ERRORS |8 10,1 |none 125 1 1
{ . 1 (1=initializacion) ] | { | | |
1 I ! | ! l ] ]
|INIT_PHASE_FLANE JHodule initialization flag { PHASE_PLANFE |E {92,1 | none 125 1
| | (1=initialization) i [ ] { i {
1 | ' 1 1 i | | 1
. JINIT_JET_SELECT |#odule initialization flag | JET_SELECT 1B 1G.1 i none 125 1
= | | {1=initialization) ! | i | I {
I A | ! I 1 [ {
JEHIT_PART1_FILTER idcdule initialization flag JBART1_FILTER 1B 10,1 {nona 125 | :
I { {(1=tnitialization) l ! 4 i { {
{ I ) | | J i {
{INIT_GUIDANCE COHPE-]Hodule initialization flag IGUIDANCE_COMPENSATION (B (0,1 Inone 125 1
|PSATION f{1=initialization) | ! | I I 1
| { ! | I 1i | i g
{IHIT_OMS5_ENG_CHD ilodule imitialization {lag i CHS_ENG_CMD |B j8,1 | none 125 | ;
| : { {(1=initialization} ! | 1 ! i | £
i { ! i 1. | | 1
(INIT_PITCH_YAW_ASS5I-|Hodule initialization flag |PITCH_YAW_ASSISI_CON-{T 13,1 lnane 125 1
{ST_COHPUTATH t (1=initialization) | EUTATION i | | | 1
} | | i | 1 ) !
|INIT_KCS_ASSIST_ROLL{Module initialization flag jRCS_ASSIST_ROLL |8 10,1 jnone 125 1
| |(1~1n1t1allzatlun) | | | 1 | |
| [ 1 l ! i |
lIHIT RCS_ASSIST PIT-IHadule initialization flag FRCS_ASSIST_PITCH_YAW (B 10,1 | nohe 25 {
|CH_YAY | {1=initialization) 1 | i t | |
{ ] 1 1 1l e [ -1
{IRXIT_TVYC_LAW_ROLL fcdule initialization flag | TYC_LAW_EFOLL | B [ {nme 125 !
| j (i=initializacion} [ 1 | ] 1 i
| J { ) | 1 | —_ 1
|
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THBLE #4.2.1.3~1 OPC_RECOH INTERFACE REQUIREMENTS

i 1 { | | | I |
] ] i SQURCE OR I ] | | SAMELZ 1
H HAME § DESCRIFTION i DESTINATION | TYPE | FANGE | ANET | ERATE (HZ} |
1. 1 | [} | | ¢ |
{IHIT_TVC_LANM_PITCH_~)Hodule initialization flag (0=no {|TVC_LAW_PITCH_YAW [+ 10,1,2 | none 125 i
J¥LN : jipit; 1 =closed lcop init using | i H | I {
] | trim value remaining f£rom i | 1 I { 1
| lprevions OMS burn; 2=gpen loop § ] | i 1 1
| tinit using trim value computed 1 | I | [ |
| ifrom expected cg location) { 1 i [ | I
i i 1 1 1 i i §
|CEC_RESTART |0FC madule ipnitialization flag | ¥SC, OFC_RECOXN 18 j0,1 | hone 125 1
i 1 {1=init) t | H | [ i
{ | : | i ! 1 | 1
{ROT_OPTION | Hanuzal rotation subnode select tPANEL_SWITCH_INTERP, jA(3I 11,2,3 | none 125 {
H | (1=acgel; 2=pulse; 3=discrete) | OFC_RECOH | | | ; i
i f. 1 { 1 1 { 1
{ROZ_II_LO_SH |Botational acceleration level |PAREL_SW¥ITCH_INTERP, |13{3)B 10,1 |none |1/xaneuver f
| | select {1=high; 0=low) {JET_SELECT [ | § | |
1 | : - ] I 1 i 1 1
ITRANS_HI_LO_S¥® iTranslational acceleration level |PANEL_SWITCH_INTERP, |A(3)B 10,1 |none { 1/maneuver I
| |select (i=shigh; 0=1low) JJET_SELECT | { [ { 1
i 1 1 i 1 ] | I
{RON_YERRIER_SW {BCS nominal/vernier jet select {PANEL_SWITCH_IRTERP, |B 10,1 I none 125 i
H { (1=noainal; O=v<_anier | JET_SELECT, OFC_RECON]| 1 I | }
| i : 1 1 | | ] 1
|OESI_PITCH YAW_CHD |OXST engime pitch and yaw |1 soP, RBRY |4(2}5 {1BD [deg | 1/maneuver |
| {coknands | | | | i l
1 1 . 1 1 | [ ] 1
[OXS2_PITCH YAW_CHD |OM52 engine pitch and yaw {50P, RM {A(2)8 1TBD tdeg | 1/maneuver |
| |coamands i i | | | |
| 1 i } | ! ] i
JAXZS |Body axis for this execution § ROT_ACCEL, ROT_PULSE, |T 11,2,3 {none |125/axis i
h i . { TRANS_ACCEL, i i [ ! |
i I | TRARS_PULSE, i { i | |
1 | | OFC_RECON i i 1 ! ]
1 - ! | ! i { L 1
{BYEASS |¥on-execution command, by axis |KOT_DISC, 13{3)B 10,1 |none 125 ]
] 1 {1=do not execute) | PHASE_PLAHE, | I 1 | |
[ i | OFC_RECON { 1 ( | 1
] ] 1 1 ] ] | !
[ROT_JET_CHD {Rotation command | 3ET_SELECT, JA{HX 1-1,.3,7 |none 125 |
| I { PRASE_PLANE | I i | |
1 | 1 " i | 1 i 13
ITEANS_JET_CHD {Translacion coamand tJET_SELECT 1a{3) I |-1,0,7 jnone 125 |
i 1 | 1 | | |

[




TABLE 4,2,1.3-1 OFC_RECON INTERFACE REQUIREMENTS

1 [ | { { { | 1 i
] i i SQURCE OR | | 1 | SAMPLE i ;
i NAHE H DESCRIETION | DESTINATION [ TYPY [ FANGE | | EATE ({HZ) ] i
1 H 1 { | ] i !
JATTITYUDE_GAIR1 {Filter 1 gain for attvitude term |PARTT_PILTER IS } TRD | none [1/maneuver |
] ! I I 1 ! I |
[ATTIITUDE_GALN2 |Filter 2 gain for attitude term {PAETI_FILTEK 15 | TED [none | 1/nanevver |
1 1 1 [ l { i !
{RATE_GAIN? {Pilter 1 gain for rate term { BART1_FILTER {5 |TED | none {1/maneuver |
i | | ] | | | 1
jRATE_GAINZ |{Filter 2 gain for rate term } BART1_FILTZER IS {TBD | none | 1/maneuver | 1
| 1 1 { 1 | l 1
{ACCEL_GAIN [Pilter 2 gain for acceleration jPART1_FILTER 15 | TPD {none | 1/maneuver i
t ltern | | 1 | | | ]
i 1 I} i 1 i ! 1 ]
{TVC_LAN_P_ Y _GAIN FlL~|Flag indicating number of OMS |TVC_LAW_PITCH_YAW i 1,2 |none 125 |
|AG jengines tao burn I i { 1 1 | |
1 J(1= 1 engine; 2 .= 2 engines) { 1 i 1 1 | |
} ] | { | J i | ‘
{GUID_CONP_GAIN | TVC compensation gains {GUIDANCE_COHNPENSATION |A(3)5 | TBD | none 125 [
1 i 1 1 | | 1 i
$ASSIST_PITCH_YAW {Flag requesting KCS assistance of |OFC_RECON IB 10,1 [none 125 |
! {TvC for pitch and yaw control i l | i | |

| i 1 |

i i { |

i
1

| {1=requast)
1

|
1 f
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Table 4.2.1.4-1.

Control law function module initialization conditions.

INITIALIZATION FLAG

SET FLAG ON ENTRY INTO SPECIFIED MODE,
SUBMUDE, CONDITION

INIT AUTO_RCS_TRANS

INIT TWO_AXIS ATTITUDE MANEUVER
INIT_THREE AXIS ATTITUDE MNVR
INIT OMS_PRETHRUST MANEUVER
INIT_ROT PULSE

INIT TRANS_PULSE

INIT_ROT DISC

INIT_ATTITUDE LCI, VERTICAL
INIT BARBEQUE

INIT ATTITUDE HOLD

INIT MANUAL_TVC

INIT RCS_ERRORS

INIT PHASE PLANE
INIT_JET_SELECT

INIT PARTL_FILTER

INIT GUIDANCE COMPENSATION
INIT OMS_ENG_CMD

INIT PITCH_YAW ASSIST COMPUTATHN
INIT_RCS_ASSIST_ROLL

INIT RCS ASSIST PITCH YAW
INIT_TVC_LAW_ROLL

INIT TVC_LAW PITCH_YAW

RCS translation auto

RCS two-axis¥*

RC5 three-axis*

RCS OMS—-prethrust¥®

RCS rotation manual pulse {by axis)

RS translation manual pulse (by
axis)

RCS rotation manual discrete (each
axis)

RCS local-vertical?®

RCS barbeque®

RCS rotation auto attitude-hold
TVC manual

First pass/restart

RCS or TVC

RCS or TVC

First pass/restart

TVC auto

First pass/restart

T™ve

TVC

TVC RCS-~assist-roll-pitch-yaw
Tve

RCS OMS-prethrust* closed-loop-trim
(flag=1}

RCS OMS-prethrust* open-loop-trim or
TVC fail-detect (flag=2)

*These drivers may be called for display purposes without the necessity

of performing the maneuver by enabling the rotation, automatic and
attitude-maneuver submodes. Calling OMS_PRETHRUST MANEUVER will cause
OMS engine trimming in addition to generating display outputs.
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4.,2.2 Control Law Module

Figure 4.2.2-1 is the major block diagram of the On-Orbit FC
control law module. This module contains 33 function modules which

execute the control laws. On any given pass, the configuration of tho

control law module, i.e., the effective interconnection of the function

modules,

is determined by inputs from the supervisory module OFC RECON

and from external sources including RM, MSC, D&C, RHC_READ and PANEL_
SWITCH_INTERP.

Configuration control is implemented in four ways:

1)

2)

3)

4)

By executing the particular function modules necessary to
perform a given task in the sequence required. This function
is performed by OFC_RECON and indicated in Figure 4.2.2-1

by switches S1 through 515, whose logic is described in
Section 4.2.1.1.

By passing initialization flags to the function modules which
in turn initialize pass-to-pass storage elements such as
filters, counters and integrators. All initialization flags
are generated by OFC_RECON.

By passing parameters defining guantitative behavior of
certain function modules. These parameters include gains,
magnitudes, thresholds and deadbands, and are supplied by
OFC_RECON and external sources.

By directly "forcing" certain variables. OFC RECON does
this when making major mode changes.

The control 1aw.function modules are grouped into four categories:

Drivers,

RCS DAP, TVC DAP, and State Estimator. The general sequence of

processing is:

1)
2)
3)
4}

State Estimator, part 1
Driver (s)

DAP (s)

State Estimator, part 2

The State Estimator combines IMU attitude measurement data with

extrapolations based on effector commands, to form a filtered estimate

of the vehicle angular state. To reduce transport lag, the process is
divided into two parts. Part 1 performs only those portions of the

estimation function which are necessary to develop the effector commands.
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These include incorporation of IMU data and development of vehicle
angular rate and undesired angular acceleration data. Part 2 of the
State Estimator performs the remainder of the estimation function,
chiefly the extrapolations, after the DAP({s) have issued the effector
commands .

The Drivers convert a variety of input commands and data to forms
acceptable by the respective DAPs. Reading from top to bottom in
Figure 4.2.2-1, the 16 drivers are divided into the following types:

1) 2 manual RCS translation

2) 1 automatic RCS translation

3} 7 automatic RCS rotation: attitude maneuver
4) 1 automatic RCS rotation: attitude hold

5} 3 manual RCS rotation

6) 1 manual TVC

7) 1 automatiec TVC

The RCS translation drivers generate commands for the jet selection
module in the RCS DAP. The two manual RCS translation drivers process
a single vehicle axis at a time, while the automatic RCS translation
driver is a three-axis routine.

Of the RCS rotation drivers, all but two generate commands for
the RCS DAP error determination module; the remaining two (ROT_ACCEL_
and ROT_PULSE) drive the jet selection routine directly. The seven
attitude maneuver drivers additionally supply display data expressing
desired vehicle attitude as IMU gimbal angles, and five of these provide
a flag for display indicating completion of a maneuver. It is possible
to display the outputs of any of the attitude maneuver drivers while
actually controlling RCS rotation with attitude hold or manual RCS
rotation drivers. All the automatic RCS rotation drivers operate on
three vehicle axes. The manual RCS rotation drivers may be selected
axis by axis. Two of these, ROT_ACCEL and ROT_PULSE, are in fact single-
axis processors. ROT_DISC is somewhat hybrid, combining single-axis
and three-axis attributes. It is basically a three-axis routine, since
it must supply a complete set of desired IMU gimbal angle increments
to the RCS DAP; however, it is operated such that any one, two or three
axes can be processed while components about nonparticipating axes are
zeroed. Although this causes spurious error components to be generated
(assuming that ROT ACCEL and/or ROT_PULSE are producing rotations about
axes not using ROT DISC), these components are never acted upon since
the phase plane switching logic reads the same variable, BYPASS, that
ROT _DISC does in determining which axes to process.
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Each of the TVC drivers provides a three-axis body rate command to
the TVC DAP.

The RCS DAP consists of jet selection logic preceded by a "front
end” for rotation only, which obtains attitude and angular rate errors,
and processes these through a phase plane switching logic that drives
the vehicle into a limit cycle about the desired attitude and angular
rate. Yo preprocessing is used for the translation commands, which
came directly £rom the drivers to the jet selection logic; twe rotaticon
drivers alsoc feed commands directly to the jet selection logic. 1In
addition to producing the primary RCS DAP output-—commands to the RCS
jets—the jet selection logic also provides translational and rotational
velocity change predictions for use respectively by TRANS PULSE and
part 2 of the State Estimator. During TVC operation, the RCS DAP may
be called upon to assist the TVC DAP in controlling vehicle attitude.
When this happens, error signals from the TVC DAP drive the phase plane
switching logic, and thus the selected TVC driver is in control of
both DAPs.

The TVC DAP contains all the functions required for on-off and
thrust vector control of the OMS engines, and provides extrapolation
data to the State Estimator. When only one OMS engine is operating,
+he TVC DAP needs RCS DAP assistance for roll control, and may need
it for pitch and yaw control; the TVC DAP must then additionally supply
error data to the RCS DAP and calculate whether or not RCS assistance
is needed in pitch and yaw. Because pitch and yaw may be controlled
differently from roll, the TVC law function and the RCS assist error-
determination function are each split into two modules to prevent
execution of unnecessary code.

The starting or trim orientations of the OMS engines are calculated
and commanded both before an OMS burn and at the time of an enging
failure during a two-engine burn. The one-~engine trim value has each
engine pointed to thrust through the vehicle cg, and the two-engine
value has both engines parallel, with the total thrust through the cg.

A third choice of trim exists after an OMS burn has taken place: the
trim value stored in the TVC law function, which has had the benefit
of thrust misalignment correction, can be used as the starting trim
for the next burn.
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The control law function modules are described in Sections
4.2.2.1 through 4.2.2,.5. Within these sections, the modules are ordered
alphanumerically by name. The groupings are as follows:

Section

4.2.2.1
4.2.2.2
4.,2.2.3
4.2.2.4
4.2.2.5

Subject
Driver modules

RCS DAP modules

State Bstimator modules

TVC DAP modules

Service modules (referred to in Sections 4,2.2.1
through 4.2.2.4)
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4,2.2.1.

Drivers

4.2,2.1.1 ATTITUDE_HOLD

A,

B.

C.

D.

E.

F.

Function: This module provides inputs to the RCS DAP to
effect a three-axis attitude hold. The vehicle is held to
the attitude it had at the time of selection of the attitude
hold submode, and will return to that attitude if it has

a nonzero angular rate when the selection is made.

Block Diagram: Figure 4.2.2.1.1-1

Processing Rate: TBD

Interface Requirements: Table 4.2.2.1.1-1

Constants: none

Initialization Requirements: Table 4.2.2.1.1-2 :

PRECEDING PAGE BLANK NOT FILMED
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DESIRED_BODY_

RATE
. INITIALIZATION el
INIT_ATTITUDE_HOLD| _ _(TABLE422.1.1-2) __ _ [DELTA_GA]
|
! —
& {
e |
OFF
[GIMBAL_ANGLES] o"\l\c [GA_DESIRED]  _

N ]
! oNC  Cholp ANGLES]

ATTITUDE_HOLD

Figure 4.2.2.1.1-1. ATTITUDE_HOLD.




o
- ‘:J l‘;% TABLE 4.2.2.2.1.1-1 ATTITUDE_HOLD INTERFACE EREQUIREHENTS
i =
) i i | i i i i [
e E 1 1 | SOURCE OR i | 1 |  SAMEFLE i
?' &y ? | KAHE { DESCRIFTION [ DESTINATION | TIPEZ | EANGE | UNIT 1 RATE (HZ) |
. | i | i 1 i | 1
- I
Sh {Tnputs i i I [ | | |
. 1 | 1 i | 1 I |
gg} ‘o {GINBAL_ANGIES | IHY ginbal angles ] soP 1a(315 [=180 < x|deg }1/manenver ]
% ! I i I [<= 18¢ | i 1
Eix 1 ] I ] | ] L ]
S o JINIT_ATTITUDE_HOLD |[Module inirializartion flag § CFC_RECON iB 19,1 { none 178D |
. nT 1 ) | 1 1. | | i
I
; loutputs ! [ ] 1 ! i |
4 i ) | 1 t 1 L
IDELTA_GA |Desired IBU gimbal angle | BCS_ERROKS 18 (3)s {TED |deq 178D |
1 |increzents { i 1 | | l
i ] - 1 i i 1 1 1
- |DESIREL_BODY_ RATE |Desired beody angular rate J BCS_ERRORS ¥ (3}s jTRD ldegss | TBD {
=4 1 | 1 | I 1 | {
|GA_BESIRED |Desired INU gimbal angles |D&C, ACS_ERROERS 1A(3)s |-180 < xjdeg | TBD |
1 i I | 1<= 186 | | {
1 I [l | i i I 1
TABLE 4.2,2.1.1-2 ATTITUDE_HOLD INITIALIZATIOR REQUIRENFHTS
| i | | ; . 1
| INITIALIZE ON TRANSITION | INITIALIZE OR TIRANSITION | VARIABLE 1 THITIAL VALU® |
i FRQN i TO | | f
1 | 1 1 [ |
ILRIT_ATTITUDE_HOLD- = OFF JINIT_ATTITUDE_HOLD = OW |HOLD_ANGLES® |GIMEAI _ANGLFS -ll
1 | | i - ———
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A.
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4.2.2.1.2 ATTITUDE LCL VERTICAL

Function: This module provides inputs to the RCS DAP to
maintain a specified body-axis vector aligned to the local
vertical, with zero rotational rate ahout the specified
vector.

Block Diagram: Figure 4.2.2.1.2-1

Processing Rate: 5/6 Hez

Interface Requirements: Table 4.2.2.1.2-1:

Constants: Table 4.2.2.1.2-2

Initialization Requirements: Table 4.2.2.1.2-3
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AUTO_GA_ o o e e e e DESIRE
»{ (o] IpEUl ol | L.
! GA_INCREMENT IQ:TEECK
2 lmp(sermou 42253 guaal (o0

ATTITUDE _LCL_VERTICAL

JELIP_ __LOCK_ | isee
T

NOTEY
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TABLE 4.Z24Z,1.2-1 ATTITUDE_LCL_VERTICAL INTERFACE REQUIEEHENTS

! 1 i | | ! 1 i
i i i S0URCE OB i 1 | | SAMPLT {
] HAHE I DESCBIETIOY | DESTINATION | TYPE | BAUGE { UNIT 1 RATF (17} {
! 1 | | { ] | 11
|Inputs | { ] { { 1

A [ | 1 i 1 ]

{BODY .POIHTING_VECTOR|Unit wector, in bedy axes, to be |GUID or DE&EC j¥{(3)s {~% to +1{none 1576

| jaligned with respect to local i ] 1 | {

i | vertical | { | | |

] H 1 | [ ] }
IGINBAL_ANGLES JIHU gimbal angles i SOP 1R (3}5 |-180 < x|deg 15/6

i i | | 1<= 180 | i

4 ! 1 ! ! f !

JPOSITION t{Vehicle pasition in stable meamber|NHAY {V{3}s [TBD 1£ 1576

1 jaxes, referred to geocenter | | 1 t 1

1 1 1 [} I !

|YELOCITY {¥ehicle velecity in stabhle menmber|HAV Iv(3)s |TEBD |£/8 15/6

] jaxes, referred ta geocenter § | ] 1 {

H i 1 l 1 ! ]
IIHIT_ATTITODE_LCL_V~|HNodule initializatrion flag } CFC_RECON [E:] 10,1 t none 15/6

IERTICAL | . | [ I | i

i | 1 1 f { 1

{GA_DESIRED |Desired I¥U gimbal angles {EC5_ERRORS 1A {3)}S (=180 < xjdegq 15/6

I i { i i<= i80 | I

1 { i 1 1 1 i
{ADTO_GA_DESIREL | Desired IHU gimbal angles JATTITUDE_LCL_VERTICAL|A({3)5 [~182 < x|deg 15/6

i | i 1 1<= 180 | 1

i | i 1 | |

{MAXDESIE _BODYRATE | Cesired maximum bcdy angular rate|DEC 15 16 to 5 |deg/s [5/6

1 ] { 1 { § {

1Qutputs i i I I ! I |
1 | i 1 i [ 1 ;
IDELTA_GX |Desized IHU gimbal angle i RCS_ERRORS ja{3)s {TBD | deg 15/6 ]
| {increxents’ | | | H i |
d i i | i | f |
IDESIREC_BODY_RATE i{Desired body angular rate { BCS_ERRORS Iv{3d) s | ThD |deg/s §5/6 {
i [ 1 J I I { i
|GA_DESIRED |Desired INY gimbal angles | DEC, ECS_ERRORS {2{3}s |-183 < x{deg [1/naneuver 1
i | | | <= 180 | i |
i | 1 | | | i 1
|AUTC_GA_DESIRED {Desired INU gimbal angles |D&C, 13(3)5  §-180 < x|deg 1576 ]
| i | ATPITUDE_LCL_VEKTICAL| <= 180 | | {
1 1 1 | | | I 1
|GA_NANEUVER_TEBMINAL|Desired terminal gimbal angles jDeC 1A {3 S {-180 < x|deg | i/papeuver |
I ! I [ {<= 180 | | {
1 i | | 1 1 1 1
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TABLE 442,24 1422 ATTITUDE_LCL_VERTICAL CCNSTANTS

l

|
{ VALUF

|
) [FHIT

i NAME | DESCRIT 4 TYPE

i - ] ] | 1 - !
{TDAP {Period of BECS DAP cycle 1s 10.C8 s i
:pnnxon_ATT_LCL_vznz_crcLE :Period of ATTITUDE_LCL_VERTICAL cycle :s ;1.2 :s :
;L‘J_GAIH :Attitude error gain |'5 %TBD :(ﬁeg/s] /deq :
:RAD_TO_DEG %Radians to degrees conversion factor I:s im(}/pi ideg :
[ !

o
n

TABLE #.2. 2.7.2~3 ATTITUDE_LCL_VERTICAL INITIALIZATION FEQUIFFHINTS

] i -

| INITIALIZE OW TRANSITION | INITIALIZE ON TRARSITION
i FRON i ~ mp

1 1

it et e e

VARIABLE

TRITTIAL VALUYF

JINIT_ATTITURE_ICL_VERTICAL =]INIT_ATTIITUPE_LCL_VERTICAL =|GA_DESIRED
jox 1

{OFF
1

i
1
!
i

T —

i
JGA_HANEUVER_TERHINAL
I

|AUTO_GA_DESIRED
l

|GISBAL _ANGLES

1
}GIMBAL_ANGLFS

1
|GIMBAL_ANGLTS

1

JOFF
i

4INIT_ATTITUDE_ICL_VERTICAL =|IRIT_ATTIYTUDE_LCL _VERTICAL =|FLIP

10X !

| TBD

|
i

s m e —
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4.,2.2.1.3

A.

B.
C.
D.
E.

F.

e I e I e U I PR E PPV [ J I PR SR

AUTO_RCS_TRANS

Function: This module provides an input to the RCS DAP to
achieve commanded translational velocity changes in three
axes, The input command is assumed to differ from its

value on the previous pass if and only if it is a new incre-
ment; any number of such increments can be commanded in a
given maneuver. A velocity error deadband is incorpeorated
to prevent severe cycling.

Block Diagram: Figqure 4.2.2.1.3-1

Processing Rate: 25 Hz

Interface Requirements: Table 4.2.2.1.3-1

Constants: Table 4.2.2.1.3-2

Initialization Requirements: Table £4.2.2.1.3-3
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L9

INIT_AUTO
RCS_TRANS

o INITIALIZATION

DELTA_V

(TABLE 4.2,2.1,3-3}

DELTA_V,

DELTA_V_CMD

VEL_EST,

OLD_DELTA_V_CMD,, -DBVEL, T 1 SEVEL, TRANS_JET_cmMD, | {TRANS_JET_CMD]
+ i -
1ol TG
z ON IF +
| S
. V_DESIRED,,

DELTA_V_CMD,| ON

OFF

AUTO_RCS_TRANS

NOTE: Array or vector subscript n should be taken as indicating that the processing

shown is for one element, and all three elements are processed.
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TABLE 4.2.2.1.3-1 AUTO_RCS_TRANS INTERFACE REQUIRENENTS

| [ | | | | | |
| : i i SOURCE OR § I l i SAMEL® [
[l HAME i DESCRIETION f DESTINATION { TYPE | FANGE | UNIT | EATE {HZ) |
d i 1 L I 1 i 1
{inputs | | | | I | |
| i i R 1 1 l 1
{DELTA_V_CHD {Coxmanded tramslaticnal valocity ;{GUID or DEC |v(3)s {TPD | £/ 125 1
lchange 1 | 1 | i !
i i I E | | | 1
{DELTA_Y jIdl accelerometer data; vehicle (S0P ¥ {3)s | TBD 1£/s 125 I
i ’ |veloc@ty change since previous | { | [ | ] |
l : fsampling i | l [ | I |
1 1 1 1 1 l i [ f
|IRIT_AUTO_RCS_TRANS |Hodule initialization flag | CEC_BECOR B 10,1 | none 125 I |
A i | I 1 | 1 1 :
{0utput 1 | i i i | 1
i 1 | | | | i |
JTRANS_JET_CHD " |Translatior ccezmand { JET_SELECT 1a{3) I {-1,0,1 |none 129 ]
] ! ! | [ I | i
TABLE 4.2,2,1.3-2 AUTO_ACS_TEANS CORSTANTS {
i ) . { . | I | i i
1 HAME I DESCRIPTION | TYPE 1 VALUF | UNIT | }
| 1 | 11 | { i
Ers |

|DBEYEL . |Velocity error deadband, by axis [A(3)S { TRD
1 1 I




TABLE 4.2.2.1,3~3 AGTO_RCS_TRANS INITIALIZATION REQUIREMENTS

69

| ( | i |
{ INITIALIZE ON TRANSITIOR |} IHITIALIZE ON TRAHSITION | VARIABLE l IHETIAL YALUF i
{ PROH r T0 1 | |
{ ) i i 1
IZEIT_AUTO_RCS_TRANS = OFF ) IHIT_AUTO_BCS_TRANS = ON {VEL_EST 16 1

i 1 | |
i P |V_DESIRED 10 i
1 | I | |
i i 10LD_BELTA_V_CMD 190 {
1 { 1

| |
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4,2.2.1.4 AUTO TVC

A, Function: This module provides an input to the TVC DAP {o
achieve a three-axis vehicle angular rate corresponding to
a commanded angular rate in inertial coordinates, during a

TVC burn.
B. Block Diagram: Figure 4.2.2.1.4-1
C. Processing Rate: 2 Hz (tentative)
D. Interface Reguirements: Table 4.2.2.1.4-1
E. Consgtants: none
F. Initialization Requirements: none
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(GIMBAL ANGLES_TO_DCM _-}
ANGLES] (SECTION 4.2,2,5.1)
®= [GA_DEG} B_TO_SM,
| i .
_ OMEGA_C_
OMEGA_C - AUTO
=1  OMEGA_C_AUTO =
RODY TO_SMT
OMEGA_C
AUTO_TVC
Figure 4:. 2- 2- lt 4"'1- AUTO-TVC'
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TABLE 4.2.2,1.4~1 ADTO_TVC INTERFACE REQUIREHENTS

{ ] i | ; i [ |
[} | ] SOURCE OR | 1 ] 1 SAMPLE i
i N2HBE . 1 DESCRIPIION i DESTIY¥ATION { TYPE | FANGE | UNET | FATE -(HZ) §
i ] 1 1 1 I ) 1 !
{Inputs | i | | | | i
! 1 L { 1 1 |1 1 i
{O¥EGA_C {Conmanded vehicle angular rate injGUID [¥{3)s {TBD |deq/s |12 |
| istable mesber axes ( - ] i | I [
! | " i i 1 1 | i
{GIEBAL_ANGLES tIBU ginbal aangles 1 S0P {A(3}s 1-180 < xideg 12 |
| [ | | i< 180 | | |
i ! 1 | 1 { { !
{0utput | |

1 i |

JONMEGA_C_AUTO Ccaranded vehicle angunlar rate in{GUIDANCE_COMPENSATIO-{V{3)S THD deq/s 2

hedy axes

b e B o -

. !
{GOIDANCE_GAIN_RCS_AS~-|

| SIST

1

N S
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4.2.2.1.5 BARBEQUE

A. Function: This‘module provides drive signals to the RCS DAP
+to align a specified body vector to a commanded inertial
vector and then rotate the vehicle about the body wvector at
a predetermined rate. Upon initialization, TWO_AXIS ATTITUDE
MAWEUVER is called to perform the vector alignment maneuver.
When the maneuver has proceeded to within a predetermined
angular deadband of the terminal attitude, it is abandoned

i
i
z
i
!
%
i

and the rate drive algorithms executed instead. Any maneuver
rate components usable by the rate drive are thus preserved.

A second initialization is used to implement the changeover.

B. Block Diagram: Figure 4.2.2.1.5-1

c. Processing Rate: 5/6 Hz

D. Interface Requirements: Table 4.2.2.1.5-1 |

BE. Constants: Table 4.2.2.1.5-2

F. Initialization Reguirements: Table 4.2.2.1.5-3 !
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SELECT
LARGEST

INITIALIZATIOH
{FABLE 422..5-1

ampnd  ELEMENT

BBA_GAIN AAD_YO_OEG

ey
MAGHITUTE

LIMITER

4

[TABLE 4221511

rd
INIT_TWO_AXIS | o |
INIT_BARAEDUE | ] | atriTune_waneuven | 165_DESIREDI
THow { m. t 16A_MANEUVEN_TERMINAL}
MAXDESIR _BODYRATE ATTiTuDe_ ] a
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1 ! I
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ANGLES_TO_bext 3 ILeATA_GAE .
| weemonizen :;-—-:-—c
I
||m_uaa| a_r&_su_! 1 |AUTO_GA_DESIRED]
— L - i
» —te—_) |
nopY_TO_SM | .
| WAaIT_FOR_
CORRECTION_RATE » 'mn.‘uls
BODY_POINTING VECTOR X
1Ban¥_T0_suT
POINTING _VECTOR_COMMAND} HITIALIZATICH

+
.
AuTo_GA_Lock
SPITRATE » e [SEE NOTE}
BODY _POINTING VECTOA
BANBEOUE_RATE 8
“oov_To_Oikasts 1 . . Te) T ERSALC SR
1GA_DESIREQ! | GECTIONIzSS [ BODY 7O na IDELIA_GA] = BODY T0_GA PERIOD,_ BARDECUE.| boew 26 |
\ I DESIREC_TODY_RATE ~ TOA? DELTA_GAl GYELETOAP I GA_ IRCREWENT 1
ILGA_DEGI o_v il SECTION 42343
JAUTO_GA_DESIRED] - IIBi o
gamat e
4DTE FROCESSING OF AYTD_ G LOZK 1S 18D
Figure 4.2.2.1.5-1. BARBEQUE.
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TABLE 4.2.2,71.5-1

BARBEQUE INTERFACE REQUIREMERTS

linitial maneuver

i i ! | i ! { i
I i | SOURCE oR 1 1 | | SAMELS 1
| NAHE i DESCRIEILION i DESTINATION | TYPE | FANGE | UNIT | FEFATF (HZ} 1
] § 1 _ § 1 \ ) |
{Inputs | i | l | i I
| i i i 1 ! I I
|BODY_POINTING_VECTOR|WUnit vecror, in bedy axes, to be jGUID or DEC {Vv{3) s I-1 to +1|none 15/6 I
| {aligned with POXNTING_VECTOR_CHD | I I { i i
A 1 1 1 L 1 1 1]
[GIYBAL_ANRGLES {INU gdsbal angles { SOP |A{3)s |~180 < xjdeg |5/76 |
¢ i | { {<= 180 | H i
1 1 ] ] I I 1 1
JFOINTIRG_VECTO# _CHL |Unit vector specifying commanded |GUID or D&C 1¥{3)8 -1 to +1lnone 1576 i
| |pcinting direction in stable ] | | | | i
! |meaber axes § i | | | [
1 1 i 1 1 1 1 L]
{BARBEQUE_RATE |tesired barbegue-mode angular | BEC 15 j TBD |deg/s | T/naneuver I
H : |cate | 1 1 1 | I
1 ! [ } 1 | | |
tGA_DESIRED ]Desired IBU gimbal angles { RC5_ERBORS 12{3)S =180 < x|deg 1576 |
| i ! | <= 180 | 1 i
! 1 { I | 1 [ 1
{2910_GA_DESIRED jbesired IMU gimbal angles | PARBEQUE lA{3)S |-=180 < xldeg [5/6 [
| | - i : i |<= 180 | | |
i i | { [ [ | [
[UAXDESIR_BODYRATE {Desired maximum becdy angular rate|D&C is |10 to 5 [deg/s |15/6 {
i 1 1 1 1 1 1 1
|THOW jcurrent time | S0P 1S |'TBD 1S 15/6 1
i i . i I i [ i |
IDEADBAND jAtritude deadband | PANEL_SRITCH_IHTERP {A({3)S | TBD 1 dey §15/6 1
| i 1 1 i 1 1 1
{INIT_BARBREQUE jYodule initialization flag {OFC_RECON i8 10,1 | none 1576 {
] i { 1 | | 1 i
I0utputs 1 ] i ] 1 { 1
{ | I | | ] ] i
|IDELTA_GA jDesired IMU gimbal angle |RCS_ERRORS 123} 5 ITED ] deg 15/6 [}
I {increments { | | | [ ]
i 1 I | | [ i 1
{DESIBREC_BODY_RATE {Desired body argutlar rate | BCS__ERRORS (Y {3) s {TED jdeg/s 1576 |
| i | | [ | 1 {
|1GA_DESIRED |Desired INU gimbhal angles | L&C, RCS_ERRORS }a(3)s {~180 < x|deq 15/8 {
i | i | 1<= 18¢ | | 1
i | i i i | 1 i
(AUTO_G2A_EESIRED |Desired INO ginbal angles jBEC, BARBEQUE 1R (3} S [-180 < x{deg 13/6 [
| 1 | I {<= 180 | | §
1 1 1 I 1 i3 ! |
{GR_MANEUVER_TEREINAL|Desired terminal INMU gimbal [DEC 1L(3)S 1-18) < x{dey | 1/maneuver |
1 langles 1 l 1<= 183 | I i
I i 1 1 1 I i L
{YANEUVER_COMPLETE |Flag sigaifying cckpletion of | DEC |B 10,1 | none 15/6 ]

1 1 1 I I

| | 1 1 1
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TABLE 4.2.2.1.5~2 BARBEQUE CONSTANTS

[

|
VALY | uUsIT

i HAME f DESCRIPTION : TYFE I
i i — 1 l 1
ITBAP |Period of BECS DAP cycle 15 |s }
}EEEIOD_BAEBEQHE_CYCLE =Eeriod of BARBEQUE cycle ;s :s :
iHAD_TD_DEG inaﬂians to degrees conversion factor is 4£none :
i !

TABLE H#.2.2,1.5-3 BARBEQUE INITIALIZATION REQUIRZHENTS

IKITIALIZE O¥ TRANSITION
FROM

INITIALIZE ON TRANSITION
TO

VARIABLE

IRITIAL VALUY®

f e

fm e — —

IINIT_BARBEQUE = OFF
|

i
1

INIT_BARBEQUE = OR

| HAET _FOR_TWO_AXIS

|
{FLIP
1

jON

|
| TBD

INAIT_FOR_TWO_AXIS = ON
]

|
1

WAIT_YOR_T¥O_AXIS = OFF

|MUTO_GA_DESIRED

}
{GA_DESIREZD
1

{
1GA_MANEUVE:; TroHIRAL
{
| GA_MANPUVIF_TT=PTEAL
1
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4.2,2.1.6 MANUAL_TVC

A.

Function: This module provides inputs to the TVC DAP to
generate a three-axis vehicle angular rate corresponding in
sense and, up to a limit and subject to the deadband de-
scribed below, proportional in magnitude to the RHC deflec-
tion, during a TVC burn. A movable deadband is incorporated
to suppress manual jitter.

Block Diagram: Figqure 4.2.2.1l.6-1

Processing Rate: 25 Hz

Interface Requirements: Table 4.2.2.1.6-1

Constants: Table 4.2.2.1.6-2

Initialization Requirements: Table 4.2.2.1.6-3
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LAST_ACCEPTED_VALUE,,
2'1
= — ON  —
-DBST:ICKH DBST:'iCKn —— ———
+ ————8 OFF !
OFF Ol
|
- OONI
Ay SLOPE = OFF OMEGA_C_BODY
[RHC] MF;OPGRADI' O‘L‘-‘— S Cod
o ®]
RHC,, _4//<1 ON
_Rl-n
INIT_ OMEGA_C_BODY
MANUAL_
ve | INITIALIZATION
(TABLE 4,2.2,i,6-3)
MANUAL_TVC

NOTES: 1. ARRAY OR VECTOR SUBSCRIPT n SHOULD BE TAKEN AS INDICATING
THAT THE PROCESSING SHOWN 15 FOR ONE ELEMENT, AND ALL
THREE ELEMENTS ARE PROCESSED.

2. THE EFFECT OF THE PROCESSING SHOWN IS TO PLLACE A DEADBAND
ABOUT RHC,, CENTERED ON THE VALUE OF RHC,, LAST RESPONDED TO.

Figure 4.2,2,1.6-1, MANUAL TVC.
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TABLE #4.2.24746~1

MANUAL_TVC INTERPACE HEQUIREMENTS

¢ | i i i | | {
] | i S0URCE OR | 1 | i SAMFLE |
| HAME 1 DESCRIETION ] LoSTIHNATION | TYPE | FaNGE | UNIT | EATE (HZ) {
1 1 ) ! i [ J |
IInputs | | | I | I |
| 1 1 } 1 1 { 1
{RHC {Eatational hand ccatroller 1 S0P {1A{3)5 [ TED {deqg 125 1
1 {deflection ) 1 [ 1 i 1
1 1 1 1 ] 1 i 1
JIHIT_#LHUAL_TYC {Hodule initialization flag | CGFC_RECOH 1B 16,1 | none 125 i
! i 1 J § I ! 1
|Cutput i l | f I |
1 i 1 1 [ ) 1
JOBEGA_C_BOBY |Cornanded vehicle anqular rate in|Roll component: fV{3)s §TED 1deq/s 125
| |bedy axes {RCS_ASSIST_ROLL, | | | !
1 1 tIVC_LAY¥_ROLL { I { |
| { I I | [ i
1 i |Piteh and yaw i I i 1
] i jcomponents: 1 I | i
' 1 {RCS_ASSIST_PITCH_YAW,| 1 1 i
{ i {TYC_LAN_PITCH_YAW 1 | | [
1 1 ! 1 1 | I

/ TABLE He2¢241.6~2 HANUAL_TVC CONSTAKTS
i i i | H |
{ HAHB § BESCRIPTION i TYPE | VALUE | UNTT |
1 i - | | ! |
JPREOPGRAD {Gain; coemranded body rate divided by RHC 13{3) s jTBD | {deg/s)sdeg |
i {deflection | | I i
1 1 i | { 1
jDBSTICK |Deadband; required hand controller deflection 12(3) 5 { TED |deg {
i Ifrom last accepted value I 1 1 |
] ] | | 1 I
IRL |Rate conrand limit 13(3)s | TBD ideg/s ]
1 i | i [ L

SR U PV — T

P
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TABLE §.2.2.%.6-3 MANUAL _TVC IHITIALIZATION REQUIREMENTS

[ 1 i 1 1
{ INITIALIZE ON TRANSITION |. INITIALIZE OR TRAHNSITION | VARIABLE ] INITIAL VALUF ]
] FRCH 1 TO 1 ] ] -
i i i 3 1
{LBIT_MANDAI_TY¥C = OFF | INIT NMANDAL TVC = OR ILAST_ACCEPTED_VALUE 10 1
1 1 1 | 1 :

ot P e

AP
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4.,2.2.1.7 MISC_TRACKING

A. Function: This module provides inputs to the RCS DAP to
effect attitude control. The command inputs and the
internal functions of the module are TRED.

B. Block Diagrams: TBD

C. Processing Rate: TBD

D. Interface Requirements: Table 4,2.2.1.7-1

E. Constants: TBD

F. Initialization Requirements: TBD
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TABLE 4.2.2.%.7-1 HISC_TRACKING INTERFACE REQUIREMENTS

1 | I i | | [ 1
] : | SOURCE OR 1 i i 1 SAMELE i
] HAHE i DESCRIFTION i DESTINATION { TYPE { RANGE | UNIT t BATE (HZ} |
i J ] ! § 1 1 |
{Inputs { i { | | [ |
1 | ! I § | 1 1
|T8D §TED | So2 |1 TBR |TED 1TBD 1TRD t
| [ ] i ! | ! |
JGIHBAL_AHGLES 1IKU gimbal angles | SOP J4(3)8 |1-180 < x{deg {TBD |
| i | [ I<= 180 | | l
H i i ! 1 I 1 |
{AUTO_GA_DESIRED |Desired IMU ginbal angles { BISC_TRACKING {a{3)s (=180 < %|deq | TBD 1
| i . i . 1 1<= 180 | ! 1
1 (| ! ] i 1 | {
joutpots [ ! { 1 1 !

| i L 1 1 L 1

{DELTA_GA |Desired INMU gimbal angle | BCS ERRORS J2{3}s | TBD {deg ITBD

{ |incresents 1 i | i ]

{ | | | | 1
|{DESIHED_BODY_RATE {besired bady argular rate |BCS_BRRORS |V(3)s |{TED |deg/s |TBD

| 1 { i i | |

}JGA DESIRED jDesired IHU gimbal angles | B&C, RCS_ERRORS {R{3)5 {-180 < x|deg fTBD

i i i 1 I<= 186 | |

1 1 | 1 i i 1
{AUTO_GA_DESIRED jDesired IHU gimbal angles {DEC, MISC_TRACKIRG 1a(3}1S =180 < xjdeg [TBD

| | . 1 i 1<= 18CG | |

1 1 i 1 ] | ]

|GA_MANEUYER _TEEHINAL|Deésired terminal INU gimbal | PEC tA(3)s =180 < x{deg | TBD

! i | I<= 180 | 1

| 1 1

jangles
] .

s o e |y e e e e fe — b

ey

gromm e
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4.2.2,1.8 OMS_PRETHRUST MANEUVER

A.

B.
C.
D.

E.

Function: This module provides the RCS DAP with inputs to
align the expected OMS thrust direction with a desired direc-
tion expressed as a unit vector in IMU stable member coordi-
nates. It also supplies the TVC DAP with the position of the
orbiter center of gravity (cg) relative to each OMS engine.
Upon initialization, the module calculates the engine-~to-cg
vectors and the expected thrust vector for a one- or two-
engine burn. The expected thrust vector is supplied as the
vehicle~-fixed pointing vectoxr to TWO_AXIS ATTITUDE_ MANEUVER.

Block Diagram: Figure 4.2.2.1.8-1

Processing Rate: 5/6 Hz

Interface Requirements: Table 4.2.2.1.8-1

Constants: Table 4.2.2.1.8-2

Initialization Requirements: Table 4.2.2.1.8-3
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[oms_SELECTI
VEHICLE_CG OMST_CG,
= - w3 INITIALIZATION Omsz_CG L
|N1T_0MS_PRETHRUST_ (TABLE 4-2.2.'.8-3] -
MANEUVER .
Y INIT_TWO_AXIS_
1 ATTITUDE_MANEUVER
BODY_POINTING_VECTOR
MAXDESIR_BODYRATE ot [GA_DESIRED]
POINTING_VECTOR_ >
cMD - (DELTA_GA]
TWO_AXIS_ATTITUDE : i
[GIMBAL_ANGLES] 1 enEovES - DESIRED_BODY_RATE -
"1 (SECTION 4.2.2,1.16) IGA_MANEUVER_TERMINAL]
TNOW L S—
- [AUTO_GA_DESIRED]
-
IAUTO_GA_DESIRED! ,,,_L P MANEUVER® COMPLETE
[Ra— i) Jhp.
OMS_PRETHRUST,_MANEUVER

Figure 4.2.2.1.8-1. OMS_PRETHRUST_ MANEUVER.
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TABLE 4.2.2,1.8~1 OMS_PRETHEUST_HMAREUVER INTERFACE PEQUIRENENTS

T

8

| i i | ! I | |
{ § { SOURCE O | f { i SANPLE |
1 HAME | DESCRIETIION | DESTINATION | TYPE | RANGE | URIT | FPATE (HZ) | :
| I | L | i H L 1
IInputs i [ i | | i i §
i ! : 1 I 1 L { 1 :
JOMS_SELECT }To burn/nct to burn status of 08S4DEC 12{2)8 10,1 | fone | 1/maneuveE ] i
| |engines {1=to bnrm; O=not to i 1 { 1 [ { i
i Iburn) I | 1 1 { | -
1 L [ ] i 1 i 1 |
YEOINTING_VECTOE_CMD |Unit yector specifying conmanded {GUID or DEC 1vi{3)s {-1 to +1|none {1/maneuver | !
i jinirial O8S thrust direction in | 1 i | 1 { §
! {stable mezber axes i | 1 | | i 1
1 ] i i I 1 | ] l
{MAXDESIR_BODYRATE i Desired magnitude cf body angular|[DEC {s 18 to S |deg/s | 1/manecuver ] !
I |rate in automatic attitude | 1 { | 3 1 §
4 | maneuvers ! l | | ¢ | b
1 1 ] ] i i l 1 i
|THOR |Curcent tize | sop K] { THD Is 15/6 | {
| | 1 | [} i 1 1 H
|YEHICLE_CG {Vehicle center of gravity, in {SP 1V{3)5s [TED 1£ | 1/naneuver |
I {hody axis I | l { i |
1 L i i I L 1 1 i
{GIMEAL_ANGLES | I86 gimbal angles { SOP ta¢{3)s |=180 < x{degq {1/naneuwver 1 H
| 1 { | <= 180 | I { ]
] I I ) 1 i 1 1 |
{IHIT_OM5_PRETHRUST_-|Hdodula initialization flag . |CPC_RECOR iB 10,1 | none 15/6 | i
|MAREUYER | } | I i | i !
§ I ] 1 1 i 1 ] %
[AUTO_GA_DESIRED Joesired INU gimbal angles tONS_PRETHRUST_HANEUY-{A(3)5 1-180 < x!degq |15/6 1 '
1 I | ER i 1<= 180 | 1 { ;
i 1 1 1 1 { i
k
Joutputs i § l I i I t ;
! } | | ] i H 1 i
{DELTA_GA j1Desired IMU gimbal angle {BCS_ERRORS {A2(3)S | TED {deg {5/6 | '
| ) Jincrexents | i | | | 1 {
d ) ! 1 ] I L I ;
{DESIREL_BODY_RATE |Desired body amgular rate } RC5__ERRORS I1V{3) s |‘'BD |degq/s {1/maneuver | )
| 1 . i i i I | ¢
1GA_DESIRED |pesired IKU gikbal angles I DEC, BCS_ERRORS 1a(3)s 1=180 < x| deq 15/6 1 -
| 1 ! | 1<= 180 | {
i 1 i | l i | i
|AUTO_GA_DESIRED |Desired IHU gimbal angles {LBC, 1A(3)S =180 ¢ ®x{duqg 1526 [
| } {OMS_PRETHRUST_MKAHEUV-| i<= 19y | | I
! l {ER | t f i {
1 i 1 L 1 | | U 3

A i e 1 g it P 3 RS o o s R e e - . . e BT R T P Ty
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TABLE 4.2.2.71.8~1 OHS_PRETHRUST_MANEUVER IXTERFPACE REQUIREMENTS

{maneuvar

I | 1 1 1 | [ i
4 i I S50GRCE OR 1 i 1 1 SAMPLE i
| NAHE | DESCAIFTIION I DESTINATION | TYPE | BANGE |} UHIT | FATE (HZ) 1
i | | | | 1 . ] 1]
joNs1_CG |Fector from ON51 hinge point to |ENGINE_CG_CHD, [V{3)s {TED I £ | 1/maneyver [}
1 jvehicle cgq, in body azes } EHGINE_PRETHRUST 1 i 1 1 |
| I 1 TRIH, 1 H i | [
! 1 §DELTA_OMEGA_OHS_ENGI-| i l y i
i 1 |HE, PVC_LAV_PITCH_YA&H| | | { {
1 1 i I 1 1 i i
{0HS2_CG |¥Yectar fxrom 0852 hinge point to |ENGINE CG_CH¥D, 1 V{3}s |TED i f | 1/maneuver 1
i {vehicle cq, in body axes | ERGLRE_PRETHRUST_TRI- | | | i i
i ! iy, 1 i I | {
1 I | DELTA_OMEGA_ONS_ENGI-| i { [ !
[ § 1¥E, TVC_LAW_PITCH_YMW| 1 l 1 1
1 i } § 1 1 | {
|GA_MANEUYER TERNINAL{Desired terminal IMU gimbal | DEC {A{3)S |-180 < x|deg | 1/maneaver 1
1 jangles { | |<= 180 | 1 |
| ! i L. 1 | ]
{MAXEUYEE_CONPLETE {Plag sigaifying completion of i DEC B 0.1 { none 1576 |
i I [
] | 1

1

|
1 |
i I

e
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TABLE 4.2.2,1,8-2 OHS_PRETHRUST_MANEUVER COMNSTANTS

! { :

i
| NANE | DESCRIPTION | " TYPE | VALUE | TNIT {
i } I 1 ] I
[OKS1 {Vector in body coordinate Systeam Erom origin to |A(3)S [TBD |1£¢ {
{ |ONS engine 1 hinge point | | i |
i 1 1 | | L
10882 {Yector in bodv cgordinate system from origin te [A({3)S ITBD |ft 1
t |
) ]

l jOMS engine 2 hinge point { {
I 1 !

TABLE 4,2,2,7%,8~3 OMS_PHRETHRUST_HMANEUVER INITIALIZATION REQUIREMEN .5

VAEIABLE
FROX TO

i |
{ INITYALYZE ON TRANSITION | -INITIALIZE ON TRAHSETION
| i
! 1

INITIAL VALTUF

ooy e - —

IINIT_O#S_PBETHROST MANEUVER | IE1Z CHS_EBETHRUST HANEUVER |OHS7_CG
= OFF i= o¥ |

|
(0ES2_CG

i
j BODY_POINTING_VELIOR
}

frt o e -
f o e e 2

YEHICLE_CG ~ CH51

|
!
] VEHICLE_CG =~ CMS2
|
| See Yote 1

|

bt e v —

Note 1: -unit {OMS1_CG scalar (OMS_SELECT,) + OMS2_CG scalar (OMS_SELECT,})
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4.2.2.1.9 PAYLOAD ATTITUDZ

A.

B.

C.

D.

B.
F.

Function: This module provides the RCS DAP with inputs
to effect attitude control. The command inputs and the
internal functions of the module are TBD.

Block Diagram: TBD

Processing Rate: TBD

Interface Reguirements: ‘Table 4.2.2.1.9-1

Constants: TBD

Initialization Requirements: TED

a8 n
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TABLE 4.2,2,1.59~1 PAYLOAD_MTTYTUDE INTERFACE REQUIREHENTS

I | | | I | i |

i ! { SOURCE OR i I ] | SRMELE i

] HAME { DESCREIBEIION | DESTINATION ] TIPE | FANGE 1| UNIT [ BATE (HZ) |

4 I 1 I 1 | | ]
{Inputs l i I { ! | |

1 H I { 1 i ! [
|TBD {TED | S0P }TBD {TED 1TBD |TBD i

g { 1 ] H 1 [ 1
JGIMBAL_ANGLES jJIHY gimbal angles {502 13{3)S {=180 < xfdeg |TBD |

{ i i | I<= 180 | { |

1 1 1 ] ] { !
JAUTO_GA_DESIRED fDesired IHU gimbal angles | PAYLOAD_SUPPLIED_CHDSIA(3)S |=180 < x|deq {TBD 1

| i . | . i |<= 180 | I ;

1 3 i i 1 | [ {
|outpets | l [ | | | I

1 | i 1 1 ] ! |

IPELTA_GA jDesired IH0 gimbal angle { BCS_ERRORS {2 {3)s5 | TBD | deq 1TBD 1

1 |increments 1 | i | I |

1 1 ] I 1 | 1 !

{DESIRED_BODY_RATE {besired bedy angular rate |RCS_ERRORS tv{3)s 1TED {deg/s 128D 1

1 | 1 | ) { ] 1
JGA_DESIRED iDesired IHU gimbal angles | BEC, RCS_ERRORS LA{3)}S j=180 < xideg |TBD ]

i 4 | { I<= 180 | | [
§ i i | ] | ! {
JAUTO_GA_PESIRED |Desired IMU gixbal angles {DE&C, - |A(3)S8 |-180 < x[deg |TBD |

] i . - | PAYLOAD_SUPPLIED_CMDS| |1<= 180 [ | |
| | { } { 1 i )

|GA_MANEUVER_TERMINAL[Desired termipal IMC gimbal {DEC jA(3)S |~180 < x[deq [TBD |

1 langles - ) | <= 180 | | {

; . i 1

A

J

1

Tt e o e e -

i
4
3
H
1




4,2.2.1.10

A.

B.
c.
D.
E.

F.

ROT_ACCEL

Function: For each vehicle axis that is in the manual
acceleration rotation submode, this module provides an

input to the RCS DAP to generate a vehicle angnlar aceceler—
ation about that axis while the RHC is out of detent in that
axis. The sense of the angular acceleration corresponds to
the sense of the RHC deflection. When the RHC is in detent,
vehicle rotation about the affected axis is free.

Block biagram: Figure 4.2,2.1.10-1

Processing Rate: 25 Hz

Interface Requirements: Table 4,2.2.1.10-1

Constants: none

Initialization Requirements: none

a0



AXiS

- (SEE NOTE)

ROT_JET_

[RHC_STATE] RHC_STATE 4y o CMB x5 [ROT_JET_CMD]

Jann] 1

ROT_ACCEL

NOTE: Aray cr vector subseript AXIS should be taken as indicating that the
processing shown is for that element specified by the present value of AXIS,

Figure 4.2.2.1.10-1. ROT_ACCEL.
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TABLE G 2. 2 1. 10-1

ROT_ACCEL IHTERTACE EEQUIRKEMENTS

i i | { i | | |
I | . 1 SOUECE 0F I 1 i | SAMELT 1
I HAHE ] DESCRIPTION | DESTIHATRION | TYPE | BRANGE | URIT [  RATF (EZ) |
i ¢ { : 1 | L ! 1
{Inputs i | 1 | | | |
| I 1 I b 1 1 i |
{RHC_STLTE |Rotational hand cchntroller { REC_READ a3z [-1,2.1 (none |257axis ]
| jcoaxand-with sense of deflection | - I | ] | |
i 1 - H I | . 1 I 1
JAXIS |Body axis for this execution JOFC_RECOE |1 11.2,3 jnone | 25/axis ]
] } I 1 | | 1 1
{Outputs | | | | i | l
§ 1 i 1 I 1 1 |
{R0T_JET_CED |Botation conmand | JET_SELECT, 1A (NI |1-1,%,1 |none | 25/7axris |
1 I | PHASE_PLAHE | i 1 ] |
i 4 } } 1 | 1 1
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3.2.2.1.11

A.

ROT_DISC

Function: For each vehicle axis that is in the manual
discrete rate rotation submode, this module provides inputs
to the RCS DAP to generate a predetermined vehicle angular
rate about that axis while the RHC is ount of detent in that
axis. The sense of the angular rate corresponds to the
sense of the RHC deflection. When the RHC is in detent,

an attitude hold is performed in the affected axis; the
vehicle returns to the attitude it had at the instant the
RHC went into detent.

Block Diagram: Figure 4.2.2,1.11-1

Processing Rate: 25 Hz

Interface Requirements: Table 4.2.2.1.11-1

Constants: Table 4.2.2.1.11-2

Initialization Requirements: Table 4.2,2.1.11-3
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INIT_ROT_DISC

[GIMBAL_ANGLES]

U NITIALIZATION

[GA_DESIRED]

il TABLE 4.2,2,1.11-3})

[DELTA_GA]

;J‘h‘-,u.

DESIRED_BODY _RATE

{— BODY_TO_GIMBALS l
[GA_DESIRED] s [GA- (SECTION 4.2255)
’7‘ DEG] . I
e BTOG
o LJ #*
[BYPAss] |BYPAss, . BODY_TO _GA
o T T DELTA_GA] =
[RHC_STATE] RHC_STATE, oF ::,onv ™ (]3A DESIRED
ol BODY_RATE TDAP
[DISC_RATE) DISC_RATE,, DESIRED_BODY_RATE,
ROT_DISC
NOTE:

ARRAY OR YVECTOR SUBSCRIPT s SHOULD BE TAKEN AS

INDICATING THAT THE PROCESSING SHOWN 158 FOR ONE ELEMENT,

AND ALL THREE ELEMENTS ARE PROCESSED.

Figure 4.2.2.1.11-1. ROT _DISC.
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nd |Wood 0

PLELY

NIDIEO

B EDVd TV

TABLE #.2.2.1.17~1 ROT_DISC INTEEFACE REQUIREMFNTS

l | | i | I 1 |
1 | 1 SOURCE OF 1 1 [ 1 SAMELE !
[} HAME ] DESCRIETION | DESTINATION 1 JEYPE | PANGE | UHiT I  BATE (HZ) |
1 { 1 § ! ! 1 1
[Inputs | | | | | | !
| i | [ 1 l 1 1
IBYPAS } Zero output command, by axis | OFC_RECOR JR(3)}B (0,1 | none 125 |
1 ] | {(1=zero output; 0=RHC-commanded | 1 | I [ |
f oo l 1 I .' ‘ |

l 1
|RHC_STATE .|Rotational hand ccntroller | BBC_READ 1A¢3)I 1-1,4,1 1{none 125 |
{ |Jcommand with sense of deflection ) ] 1 | i i
] 5 | f | } [ 1 i
{GINBRL_ANGLES |IND gimbal angles | S0P [14{3)5 |=-180 < x]deq 125 1
| | | | <= 180 | I ]
1 i ! . } ] { 1 1
{GA_DESIRED |Desired INU gimbal angles |RCS_ERKRORS (A{3)s j-180 < x|deg 125 {
I 1 : I I I<= 182 | | t
| i | 1 i 1 | I J
|DISC_EATE |Desired hody angular rate during |PAKEL_SWITCH_INTERP [A(3)S | TBD |deg/s 125 |
§ |deflection of rotational hand | ] | [ i |
[l jeaptraller I H } i | |
L 1 sy | | ! 1 ! t
JINIT_ROT_DISC |Hodule initialization flag I10FC_RECON 1B 10,1 [none |25 i
J_. I i | 1 | 1 |
{Outputs A . | i 1 | | ]
H 3 | H | H | {
JDELYI_GA | Desiced INU gimbal angle {RCS_2RRORS 1A(3)s | TBD {deg 125 !
1 [increnaents i I 1 [ 1 1
1 ! { 1 i | ) ‘ 1
{DESIRED_BODY_RATR |Desired body angular rcate JBCS_ERRORS 1¥{(3)s | TBD jdeg/s 125 |
i ! | 1 1 1 ! |
|GA_DESIRED | desired IHU gimbal angles 1 DEC, RCS_ERRORS J1A{3)S |-180 < x|deg 125 t
i ! | I I1<= 180 | 1 :

]

i
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TABLE 4+24241.11~2 ROT_DISC CONSTANTS

-

l 1 |
NAHE i DESCRIPTION TYEF | VALUZ 1 TRTT |
{

T

ITDAP o |Périod of RCS DAP cycle 1S 10,04 18 1
| : : ]

TABLE 4.2.2.1.11-3 RDT_ﬁISC INITIALIZATION REQUIFENENTS

| 1 | | i
| XKITIALIZE ON TRANSITIOH | INITIALIZE ON TRARSITION | VARIABLE ! INITIAL VALUF I
| ERCHM i TO i i |
[ , A ok | i 1
JINIT_ROT_DISC = QFF T {I¥IT_ROL_DISC = OX |GA_DESIRED JGINBAL_AHGLES i
1. . 1 i 7 ] A

e m o b kst e A i |~ sim. e i et
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4,2,2.1.12

A.

D.

E.

ROT_PULSE

Function: For each vehicle axis that is in the manual pulse
rotation submode, this module provides an input to the RCS
DAP to generate a predetermined vehicle angular rate incre-
ment about that axis for each time the RHC is moved out of
detent in that axis. The sense of the angular rate incre-
ment corresponds to the sense of the RHC deflection. When
+he RHC is in detent, the achieved rate 1s maintained about
the affected axis. A rate error deadband is incorporated
to prevent severe cyeling.

Block Diagram: Figure 4.2.2.1.12-1

Processing Rate: 25 Hz/axis

Interface Requirements: Table 4.2.2.1.12-1

Constants: none

Initialization Requirements: Table 4.2.2.1,12-2

¥



RATE_EST RATE_ESTayg
OLD_RHC
STATEAxiS |  oNiF
a¥p |
- a { RBT_JH_CMDAX’S
ra [ b :
{RHC_STATE] RHO_STATE s oN | DESIRED.. -1
> 44lﬁi‘_'_ RATEAxis . [ROT_JET_CMDI
OFF 1 -a a e
L 7 2 s
[HOT_PULSE_SIZE]" ROT_PULSE_SIZEp g 1 )
g . a
[{+]
m - ‘
. 0.1 1 e
)
¥
SELECT THE
LARGER DB—OMEGAAKIS
AXIS yo- (EEE NOTE)}
- -]
{INIT_ROT_PULSE] INIT_ROT_PULSEsxis [ INITIALIZATION
{TABLE 4,2,2,1,12-2)
ROT_PULSE

NOTE:

-ARRAY OR VECTOR SUBSCRIFT AXIS SHOULD BE TAKEN TO INDICATE THAT
THE PROGESSING SHOWN 1S FOR THAT ELEMENT SPECIFIED BY THE PRESENT
VALUE OF AXIS

Figure 4.2.2.1.12-1l. ROT PULSE.
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TABLE 4.2.2.7.12-1 BOT_PULSE INTERFACE REQUIBEHENTS

! ! { i I § | |
] I i S0URCE OR ¢ i | | SAHELD {
H HAME i DESCRIETIION ] DESTINATION | TYPE | RAHNGE | UNIT | TRATE (HZ) 1
H | I 1 : ) I | |
linputs { | I | f ! |
i : I 1 i J | ] |
{RHC_STATE jRotational hand centroller | RHC_BEAD IA(3)I |-1.0,1 {none 125/axis i
] jcomman” with sense of deflection | ] 1 ] 1 1
d_. ] | ] I | I !
{RATE_EST {Body angular rate estimate |PART1_FILTER 1v{3)s 178D |deg/s |25/axis ]
1 i ] 1 i | l
JEMIT_ROF _PULSE | Kodule initialization £iag, by | CFC_RECON Ja{3)18 10,1 | rone |25/axls ]
i {axis i | | | | I
1 i | ] I ] | ]
JROT_PULSE_STIZE |Pesized body angular rate change {PANEL_SWITCH_INTBRP |A({3)3 |TBD |deg/s |25/axis H
1 lper deflection of rotational hand| § | ] 1 {
] {caontroller | | | ] | I
i il | N | 1 1 I I {
JAXIs |Body axis for this execution {OFC_RECON {1z 11.2,3 | none [257axis I
! i | J il f | 1l
[OQutputs | : i i ] | 1 1
! i I { | | i {
{ROT_JET_CHKD {Rotation command {JET_SELECT, 1A(3) X {-,0,1 |none 125/axis |
1 i jPHASE_PLAMNE i i l ; I
i A 1 1 il 1 1 1

-

" TABLE 4.2.2.1.12~2 ROT_PULSE INITIALIZRTION LEQUIREHEZNTS

FROH

v ey e st

INITIALIZE ON TREHSITION

INITIALIZE ON TRASSITION
T0 :

VAPIABLE

IRITIAL VALUT

|INIT_ROT PULSEE (AXIS)

|
!
1

= QFF |IHIT_ROT_FULSES(AXIS} = OU |DESIAKED_RATES (AXIS)

|
l [GLD_EHC_STATZS (2XT5)

1E7FT_T5-S{AXIS)

I
ITHC_ST

N oy e e et £ b e s 4 <= wyeh e im % e e AR e P s £t ot 8 b o S AR AR s A
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4.2.2.,1.13

A,

B.
c.
D.
E.

F'

THREE_AXIS_ATTITUDE_MANEUVER

Function: This module provides the RCS DAP with inputs to
achieve a desired vehicle attitude, expressed as commanded
IMU gimbal angles, through a single equivalent rotation.
Calculations to determine the maneuver path, rate and
duration are made once, upon initialization. Successive
executions during the maneuver interval continue to define
the maneuver path by updating the desired IMU gimbal
angles and the desired angle increments per RCS DAP cycle.
At the end of the maneuver interval, the module effects

an attitude hold at the commanded IMU gimbal angles.

Block Diagram: Figure 4.2.2.1.13-1

Processing Rate: 5/6 Hz

Interface Reguirements: Table 4.2.2,1.13-1

Constants: Table 4.2.2.1.13-2

Initialization Requirements: Figure 4.2.2.1.13-2

ioo
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INIT_THREE_AXIS_ATTITUDE_MNVR

[AUTO_GA_DESIRED]

|GA_DESIRED)

IDELTA_GA)

DESIRED_B0DY_RATE

i}

MANEUVER: COMPLETE

(GA_COMMANDED]

MAXDESIR_BODYRATE

[GIMBAL_ANGLES]

TNOW

Y

IAUTO_GA_DESIRED]

ORIGINAL PAGE 18
OF POOR QUALJTY

“#OLDOUT FRAMY |

L A_M
1 e e e e e e —
s=-| DEG_TO_RAD w110l _
m —_ [
] INITIALIZATION | DESIRED_BODY_RATE L.
“@——b W (FIGURE 4.2.21.13-2} [GA_DESIRED] -
(SEE NDOTE1) = === meemrme e — oo s o m o mmmmmmm—m s %1
"% DEG_TG_RAD I——» )] [AUTO_GA_DESIRED] 1
________ Al ot
F—pr ] i
_____ 9 : ,
! T L g i
. N
DELTAR! C—BSM‘i P
] | "
' z-1 po A
| Pt :
[ :
1
Y Y Lo I R
: v : P COMPUTE Iéyy Eyl .| MODULAR
C_BSM = C_B5M DELTAR e == = 1 secTioN A
césm | ! {SEE NOTE 2) L N
Pl .
' .
i : :
)4 A
1 i 1
Lo . t.
{ | {
Y oNf— [
- } T_GO B
1 !
! ~—=% OFF
1
|
[}
ETETETTE ¥ ]
+=] DEG_TO_RAD |
THREE_AXIS_ATTITUDE_MANEUVER
NOTE 1: INITIALIZATION is executed only when INIT_THREE_AXIS_ATTITUDE_MNVR is ON. NOTE
NOTE2: ¢y 3=sin'7(C._8SM, 4y
¥N2° sin“(c_BSM3‘1Icosl¢N.3|)
Ony,1 =sin’ T C_BSMy gleostiy N
it C_BSMy 1< ggi¥n,2 =7 sian [Py ol - Gy 2 ]
y
if G_BEM. i¥n 1 =T 5N (B 4} -4, . ) !
22001 N R Figure 4.2.2.1.13-1l. THREE AXIS |

i bt e e o A



D] T
——————
ATE b
R ——— e e —am
ILETE
Fd
(GA_MANEUVER_TERMINAL]
————————————————————————————————————————————————————— ===l RAD_TO_DEG f-j— = ————=———=——
___________________________ -
]
1
---------------------- = i ON «—
1
———————————————————— 1 | R——— o e e e e e -
1
| : 0.25 |
]
} | OFF |
] -1 | ! i
i
r Mg ) |
-1 {GA_DESIRED) - //‘ [GA. DESIRED]
{DELTA_GA]
- p=———te—— oA OFF & OFF / DESIRED_BODY_RATE
! . N P
E Suly { NI_J MODULAR_ADD (DELTA_GA] g £ HAD 10 DEG {AUTO_GA_DESIRED] -
e 2 "1 (SECTION 4.22.5.2) Fa—-{ “FERIOD_ATTITUDE ON : pn it
E A e MANEUVER_CYGLE
| MANEUVER_COMPLETE - /
= |AUTO_GA_DESIRED| /
ON b—n -
7
T_GO R .
OFF .
€R_COMP
MANEUVER_COMPLETE
[DEL] (Bl .
(s} GA_INCREMENT AUTO_GA_LOCK
{SECTION 4,2 2.6.3) " (SEENOTE3)
ELIP ELIP
A
Ll S

NOYE 3: Processing of AUTO_GA_LOCK is TED,

2.1.13-1, THREE AXIS ATTITUDE MANEUVER
. 1ol
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TABLE 4.2.2.1.13-1 THREE_AXIS_ATTITUDE_MANEUYER INTERFACE REQUIREBHENTS

i | i | | { | I
| ] [} SOURCE OR | | | i SANPLE |
| HAME ] DESCRIETIIOR I DESTIHATION | TYPE | BANGE | UNIT | PFRATE {HZ) 1
] ! ! 1 ! ] | |
|Inputs { l { 1 } i {
i 1 i i § { ] |
[NAXDESIR_BODIRATE |De51reﬂ rRagnitude of body angularlnsc Is 10 to 5 |deg/s | 1/naneuver |
frate in agtomatic attitude H | | 1 1
1 | Raneuvers | i { { | 1
i i [ 1 ! 1 .l 3
|GA_COMMAUDER |Cammanded terminal INU ginmbal |GUID or DEC A (3)s {—-180 < xpdeqg 11/naneuver 1
l 13119195 | | 1<= 180 | { |
i L ] [ } _.1
|IHIT THREE_AXIS ATT-[Hodula initialization flag |OFC_RECON IB (0,1 {aane 15/6 ]
|ETUDE_. HNYR i | f | ! I i
] i | i 1 ] 1 I
|GIMBAL_ANGLES | INU gimbal angles | S 1A{3)5 |-180 < xjdeg i 1/maneuver 1
l ] ! | I<= 180 | I 1
i 1 § (] I | 1 1
jAUTO_GA_DESIRED {Pesired-IHD gimbal angle ITHREE_AXIS_ATTITUDE -JA{3)S j~180 < x]deg |15/6 |
] -4 1 BAHEDVER | <= 180 | { l
| 1 1 t 1 ] ] 1
|TEOH |Current time | soP 15 |'TBD s 15/6 [
i | | 1 { ] ) ’
foutputs l. b | I i 1 |
i 1 i 1 t ] I {
|EA_DESIRED {Desired INU gisbal angles {BEC, RCS_ERROES 1A{3)s 1-180 < x{deg i5/6 I
! 1 I | {<= 180 | I ;
1 | ! 1 ] | i §
|DEETA_GA |pesired INU gimbal anrgle IRCS_ERRORS 12A(3)5 | TEBD jdeg i5/6 1
i |increnrents 1 | 1 1 | 1
1 i o | 1 1 1 1
|DESIRED_EODY_RATE | Desired body angular rate {BCS_ERRBGRS V(NS [ TBD {deg/s | 1/maneuver |
1 i i 1 i L ! i
IAOTO_GA_DESIRED |Desired INU gimbal angles jp&c, 1A{3)s |-180 < xideg |5/6 i
[ i JTHREE_AXIS_ATTITUDE_-—| <= 180 | i 1
i I | HAREUYER | | | i |
i _ | i ) 1 1 21 ]
|GA_MANEUVER_TERMINAL|Desired tersinal INU gimbal {D&C [A({3)S 1~183 < x|deqg |1/Daneuver |
| jangles | | <= 186 | | |
| | ! i I | 1 1
|MANEUVER_CONPLETE |Plag signifying completion of | BeC 13 10,1 Inone 15/6 i
i |mansuver t 1 i l | 1
i J| ] 1 1 U } !
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TABLE H4e20241.13-2 THREE_AXIS_ATTITUDE_MANEUVER COWSTANTS

0T

1 1 - DESCRIPY ION | TIPE | VALUE { UNIT | '
1 1 . { 1 . | 1
{TERLOD_ATFITDDE_ HANEDVEIE_ CI-|Brocessing period of 1S 1722 Is i |
{CLE {THREE_AXIS_ATTITUDE_MANEUVER § i ] (. i
| . i 4 I | | ‘
ITDAP {Period of ¥C cycle is 1.C4 |s ] 1;
1 1 . . i i | i "
|z | Ident ity matrix I1A(3) S 100 inane ] |
| | | { | 1 E
i i i 161¢ | | i
i ( l | I |
1 I | 1001 I |
i e ) , . | L. ! L
IRAD_T0._DEG |Radians to degrees conversion factor is 1180 /pi. |deg/rad |
[ . ‘ . i 1 1 1
{DEG_TO_RAD iDegrees to radians conversion factor 15 1pi/ 180 |rad/deg |

L | | I |

"1

-
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IN IT _THREE_AXIS_
ATTITUDE_ MNVR

—

= NIT - 1
LB UNIT R a5
~R_A; 2
COMPUTE
COMPUTE . . L
1) MPUT! ©_fsm A_A (SEE NOTE 2)
-] C_BSM N .3 x +
o] R_CE = C_BSM' ¢ M ]
(SEE NOTE 1) R . . T R_CB
R_A = %R_cB~-R_C8T) . . T a's
= AS = %IR_CB+rn_CBT} S
COpPUTE . At = cost [um;a-cm - 1] A_M ) U_PRIME |
el - C_CsM C.com - 2 U_RT; = HR_Sqq — COStA_MIV {1 — COSIA_MIN " g
S boe] COMPUTE ~
SEE NOTE U_RT. u_R o
¢ 2 —"'2= UR_Szg _ costa_mp/ {1 - costa_mm* = B
G=AT (SEE NOTE 4)
- U_RTy = HR_S33 - COSIA_MIM(1 — COSIA_t ¥ d
U_FAIME =  UNIT (UTRT) R
w T.M 2t
Lo COMPUTE
u_R
{SEE NOTE §)
TNOW

. |ssect A BORC

“| SEE NOTE 61

THREE_AXIS_ATTITUDE_MANEUVER INITIALIZATION

Figure 4.2.2.1.13-2. THREE AXIS ATTITUDE MANEUVI

{page 1 of 3}.
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|GA_DESIRED]

o

lAUTO_GA_DESIRED]

COMPUTE
1 U R
{SEE NOTE 3) DELTAA M = W PERIOD_ATTITJDE a BELTAR
MANEUVER _CYCLE o«——‘-—c
RS, DESIRED_BODY_RATE = W §R } _
U_PAIME OFF . . - ‘° o DESIRED_BODY _RATE
d ba o g DELTAR = | COSIDELTAA_N) + i
o] COMPUITE Q]
- OoN UTR UZAT) (1 - COSIDELTAA_M) +
';5 u_r —?\ﬁ—o ; [u_ " :lat U_R t B il Al
- o o
gt {SEE NOTE 4} ol ] _Ry U_R, A
cf | 1 U.Ry g .y p| SINDELTAA M |
| | - — o T8
i 1 “U_Ra y_ g, 0 i = =
| 3w] COMPUTE | [} .
= U_R | { o~ | N C_fsm —
(SEE NDTE 5) } ONo—— o |
H 170 I
. |sElecta BoRc] _ § - OFF oee |
{SEE NOTE 6) o [ IGA_MANEUVER_TERMINALI
1 O+ o -—
. on
iREE_AXIS_ATTITUDE MANEUVER initialization

;_iage_l of 3}).
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NOTE1 cos ¢y €05 P ~Cos Py 5 thg €08 By
+ 5in @5 sin ¢4
C,_ESM = sin gy cos 5 cos thy
~5in ¢g cos ¢ sin ¢g sin ¢5 cOS $q
L + 05 thy sin Py
NOTE 2
cos ¢C2 cos ¢'CS -Cos qﬁcz sin ¢C3 cos ¢C.1
+sin ¢02 sin ¢c1
L]
C_CS8M = sinding £os g €05 P
—sin ¢ 025 803 sin g §in gz €OS 901
+easfng sin' Baq
NOTE 3
U_Rq = U_PRIME, SIGNI-R_Aj o)
U_R, = U_PRIME, SIGN(R_SLZ}
U_R3z = U_PRIME3 SIGN{R_S4 _3}

Figure 4.2.2.1.13-2. THREE_AXIS_ ATTITUDE_MANEUVER initialization

(page 2 of 3).
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cas ¢2 sin 4:3 sin ¢4
+sin ¢2 cos ¢4

~cos Qg Sin ?q

-5in ¢2 sin g sin ¢4
+ €05 COS ¢
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+sin ¢f.‘.2 Tos ¢C1
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NOTE 4

U_R, = U_PRIME, SIGN(R_S; 5}

U_Rq

U_PRIMEg SIGN(R_Sz'gi

NOTE 5
U_R; = U_PRIME, SIGN{~R_A; o)
U_Ry = U_PRIME, SIGN{R_S; 5)
U_Rg = U_PRIME SIGN(R_S, g}
NOTE 6

A = {U_RT; > U_RT,) * {U_RT; > U_RT}
B = (U_RT, > U_RT;}* (U_RTy > U_RTy)

C=A+B

|
t
I

ol Figure 4.2.2.1.13-2, THREE AXIS ATTITUDE MANEUVER initialization
i (page 3 of 3).
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4.2.2.1.14 TRANS ACCEL

a. Function: For each vehicle axis that is in the manual
acceleration translation mode, this module provides inputs
+o the RCS DAP to generate a vehicle translational acceler-
ation along that axis while the THC is out of detent in that
axis. The sense of the translational acceleration corre-
sponds to the sense of the THC deflection. When the THC
is in detent, vehicle translation along the affected axis

i is free.

B. Block Diagram: Figure 4.2.2.1.14-1

C. Processing Rate: 25 Hz/axis

D. Interface Requirements: Table 4.2.2.1.14-1
- E. Constants: none

. Initialization Requirements: none

h

3
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e

AXIS

w (SEE NOTE)

[THC] THCpx s | TRANS_JET_CMDpxis | [TRANS_JET_CMD]

TRANS_ACCEL

NOTE: Array or vector subscript AXIS should be taken to indicate that the processing shown is
for that element specified by the present value of AXIS, -

]
i
i
i

Figure 4.2.2.1.14~1l. TRANS_ACCEL.
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b

TABLE 44 2.2,1,14~1 TRAHS_ACCEL IHTERFPACE REQUIREHENTS

| § i | t i i I
] i ] S0URCE OR } 1 1 | SANEBLZE |
[} NAME i DESCRIETIION i DESTIKATION I TYPE | RAWGE | URIT | RATE (HZ) 1
i | i } | i | |
{Isputs ! i | | [ | A
1 i i t ! H 1 1
ITHC {Translational hand controller ts0p JA(I 1-1,0,7 |pone 125/axis ]
o | Icosmand } : 1 i H . ]
(e 1 1 ! | I
{AXIS {Body axis for this exacution [OFC_RECOR [ 11.2,3 |none |25/axis i
1 | | t ! l { 1
{Dutputis i | | [ I I |
I | L__ . { f | ! ]
{TRENS_JET_CHD |7ranglation command 1 JBT_SELECT FA(I I 1-1.0,1 [unone [25/axis |
1 1 [ : i | | 1 1

b it 8 R TSRS R 2 T i
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4.2,2.1.15

A.

D.
.

F.

TRANS_PULSE

Function: For each vehicle axis that is in the manual pulse
translation mode, this module provides inputs to the RCS DAP
to generate a predeterﬁined vehicle translational velocity
increment along that axis for each time the THC is moved

out of detent in that axis. The sense of the translational
velocity increment corresponds to the sense of the THC
deflection. When the THC is in ﬁetent, the achieved veloc-
ity along the affected axis is maintained. &2 velocity

error deadband is incorporated to pfévent severe cycling.

Block Diagram: Figure 4.2.2.1.15-1

Procexsing Rate: 25 Hz/axis

Interface Requirements: Table 4.2.2.1.15-1

Constants: Table 4.2.2.1.15-2

Initialization Requirements: Table 4.2.2.1.15-3
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oLo_
frHel THCaxis 1 | THCaxis oNIE 4
’ z . a af b ;
(
b3 on_
i . V UESIRED a5
—0
L oFF ] * ]
1 TRANS_JET
TRANS_PULSE_SIZE e 4 _JET_,
[TRANS_PULSE_SIZE] AXIS -] * VEL s CHOns | TRANS_JET_CHOI
'|: 0B_
v — T VEtaxis
DELTA_V_RCS DELTA_V_RCSpx|5 - Y NOWaxis
rl
i g NOTE 1)
L] -
[INIT_TRANS_PULSE] INIT_TRANS_PULSE sy INITIALIZATION
{TABLE 4,2.2,1.153)
TRANS_PULSE

NOTE: Ay or vector subseript AXIS shaukd be tzken to Indicate that the processing
shown is Tor that alement specifisd by the prasent valie of AXIS.

Figure 4.2.2.1.15-1. TRANS PULSE.
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&
o
3
=
& Ea TABLE 442241+ 15~1 TRANS PULSE INTERFACE REQUEREHMENTS
| ] i ] i 1 | |
{ 1 i S0URCE Ok l i i 1 SAMPLE 1
] HAME ] DESCRIETION ] DESTINATION { TYPE | BANGE | UHLIT { BATE (HZ) H
1 1 ] | | | 1 1
{Inpats | I 1 | | § |
] ] ] | 1 1 J .
|THC |Translational hand controller | S0P AT t=1,0,71 |[none |25/axis 1
{ |command | | | i | |
1 | } | | ! 1 |
|DELTA_V_RCS jdadelled vehicle veloacity | JET_SELECT [V (3)5 | THD 1£/s |25/axis |
i |inccement due to EC5S jet f£irings i H i ' | !
| {in the previous cycle { ] 1 ] | I
i i 1 1 ! 1 | 1
B JINIT_TRANS_PULSE {¥cdule initialization flag, by {OFC_RECOR {A{3)8 10,1 |none 125/axis |
. | |axis | | | | | |
j i : i ! L | [ ) 1
|THANS_PULSE_SIZE |Pesicred velocity change per [PANEL_SWITCH_INTER? |A(3)s yTBD | £/s 125/axis I
1 tdeflection of translational hand | i § | 1 1
i jcontraller i i | ] | i
I 1 1 | i i ] 1
[AXIS f{Body axis for this execetion {OFC_RECON [l 11,2,3 |none {25/axis i
i i ] 1 I | 1 [
|Cutputs ! i i 1 | | 1
| 1 1 1 i i I !
|-1,0,1 [none {25/axis i
I 1 -1 !

|TRANS_JET_CND |Translational command |JET,_SELECT IR {3)X
1 1 | I
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TABLE 4424241,15-2 TRANS_PULSE COHSTANTS

t ! ) i { | i
i NAME [ DESCRIPTION | TYPEE ] VALUE I URIT |
i i i 1 1 1
jDB_YEL |Velocity error deadband, by axis I1A(3}Y 5 | TBD 1€/ {
i ] | | ! i

TABLE H4.2.2.1.15-3 TRANS_PULSE INITIALIZATION REQUIREHENTS

o e s e oy

i | - I 1
| INITIALIZE ON TRANSITION | JINITIALIZE OH TRANSITION | YARIADLE { INITIAL VALUE
{ FROH I TO | |
I 1 1 l
|IHIT_TRANS _PULSES (AX15) =  |IHIT TRANS_PULSES (AXIS) - ON|VHOWS (AXIS) 10
|OFF I | - I
H i |
i | YDESIREDS (AXIS) 18
| | |
1 {OLD_THCY (AXIS) 10
{ i : 1




4.2.2.1.16

A.

B.

D.
B.

F.

——— 8 e - - = el

TWO_AXIS ATTITUDE_MANEUVER

Function: This module provides the RCS DAP with inputs to
achieve a desired vehicle pointing direction through a
single rotation. The desired direction is expressed as a
unit vector in IMU stable member coordinates to which a
vehicle~-fixed vector is to be aligned. No rotation is made
about the vehicle-~-fixed vector. Upon initialization, the
module computes the IMU gimbal angles resulting from the
vector alignment, and supplies these as commanded IMU gimbal
angles to THREE AXIS_ATTITUDE_MANEUVER.

Block Diagram: Figure 4.2.2,1.16-1

Processing Rate: 5/6 Hz

Interface Reguirements: Table 4.2.2,.1.16~1

Constants: Table 4.2.2.1.16-2

Initialization Reguirements: Figure 4.2.2,1.16-2
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INIT_TWD_AXIS_ INIT_THREE_AXIS_ATTITUDE_

ATTITUDE_MANEUVER - ) MNVR
| S
(GA_ ——l [AUTO_GA_DESIRED]
T COMMANDED]
POINTING_VECTOR_ CMD - COMMANDEDL | . {GA_DESIRED]
. ’
— tl -
BODY_PDINTING_VECTOR INITIALIZATION R S THREE_AXIS_ATTITUDE_ [DELTA_GA] -
? {FIGURE 4.2.2.116-2) MANEUVER ;DESIRED_BODY_RATE
{SEE NOTE) A {SECTION 4.2,2.1.13) Lant
- (GA_MANEUVER_TERMINAL]
- MANEUVER. COMPLETE
-
[GIMBAL_ANGLES) | #
. TNOW

MAXDESIR_ BODYRATE

[AUTO_GA_DESIRED]

TWO_AXIS_ATTITUDE_MANEUVER

NOTE: Initialization Is axecuted only when !NIT_'IWO_AXIS_A’?’I’ITUDE_MANEUVEB is on,

Figure 4.2.2.1.16~1. TWO_AXIS_ATTITUDE_MANEUVER.
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TABLE 4#,2.2,1,16~17 TWO_AXIS_ATTITOGDE_MANEUVER INTERFACE REOQUIREHNERTS

| | i ! | | | t
i i | SOORCE OR | i i | SAMPLE t
H HAME ] DESCRIPTION | DESTINATIOR I TYPE | HANGE | UNIT | ITATE {HZ) |
d J i 1 i 1 - 1 |
lInputs | I ) | | | !

i ! i 1 ] i
lBGD‘l POILNTING_VECTORjUnit vector, in body axes, to be 1GUID or DEC |¥(3)5 |- to +1inone | i/nanenver i
i lahgned with POIBTING_VECTOR_CHD | \ { | | |
{ i ]. 1 1 |
|BAXDESIR_BODYRATE wes.tred wagnitude of body angularlnsc is {0 to 5 |deg/s j1/maneuver ]
i jrate in automatic attitude ] ] ; 1 1 1
I | Raneuvers | ; l | | 1
| } | (| | ] | |
' THOR |Cucrent tine. 1SGP |5 {TBD Is 15/6 |
d | t f | | - J |
$EOINTING_VECTOR_CHD (Unit vector specifying coumanded jGUIDP or DEC 1¥v(3}s ]-1 to +1|none | 1/manenver ]
i |pointing direction in stable | i 1 | 1 !
| {member axes | | | | 1 |
i 2 1 | | 1 } I
|GINBAL_ANGLES {IH0 gimhal angles | sop (A3 s 1=188 < x{deg |1/naneuver |
| i t { 1<= 180 | | |
1__ 1 ] 1 ] 1 1 |
|IZNIT_TRO_AXIS_ATEIT-|Hodule initialization flag | OPC_RECOR |B j0,1 | none |15/6 ]
|UDE_MANBOVEE ) | ( l i | 1
{ | i l | L | i
{AUTO_GA_DESIRED {Desired INU gimbal angles | TRO_AXIS_ATTITUDE_KA-}A(3)5 1~180 < x|deg 15/86 1
i i | NEUVER ] [<= 180 | i i
1 1 } 1 1 | ! i
Ioutputs I | i i i i |
[} —1 H | | 1 ] 1
|GA_MANEUYRBE TERKINAL}jDesired termipnal IMU gimbal 1DEC 1A(3)s 1-180 < xjdeg | 1/panevyer i
] |angles 1 | |<= 180 l 1 |
i ] ] | | I I
|{GA_DESIRED |Desired I1MU giabal angles |D&C, RCS_ERROBS Ja{3)5 =80 < xldeq 15/6 |
| l 1 | 1<= 180 | { |
| . ! ! 1 | -l ]
|AUTO_GA_DESIBED iDes:Lted I8U gimbal angles 1D&C, 1A(3)S |-180 € x|deg 15/6 |
{ { |THO_AXIS_ATTITUDE_MA-| €<= 18C i |
| | ‘HEUVEKL I | | | |
1 1 i, i | t | 1
|PELTA_GA |Desired IHU gimbal angle | RCS_ERRORS tA(3)5 | TBD {deq 1576 1
1 jincrerents | 1 1 | ! i
1 1 | 1 | . 1 ] |
|DESIRED_BODY_RATE {Desired bedy angular rate | RC5_ER#ORS 1v¥{3)s |THD ldeg/s | 1/naneuver i
1 L4 i 1 { 1 ] I
|HANEGVER_COBPLETE {Flag signifying completion of 1DEC 1B 1941 | none |5/6 I
| |maneuver 4 | 4 | I |
1 1 i ; 1 1 1 |
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TABLE Ue24241.16~2 THO_AXIS_ATTITUDE_MANEUVER CONSTANTS

S R Y Ty Sy S —

i i { | i (
i NANE | DESCRIPTION | TYPE | YALUE I UNIT 1
| 1 { 13 1 |
{BORY_TO_HNB {¥ehicle to THU navigation base transformation 1A¢3,3)5 |See Rote 1 fnone
i | natrix 1 | I
| | i 1 |
{u_syy {0nit vector in y direction in stable member iv{3) s 1 {0,1,0) {none
i {coordinates | | i
d 1 | | 1
10_XL [Unit vector in x direction im mavigation base REETE 1¢1,0,0) fnone
| |coordinates i | |
1 | H | L
{BI [ 1s {pi {none
i | I ] 1
iEAD_TO_DEG jRadians te degrees canversion factor 18 {180/pi {deg/rad
i 1 I | i
|IDEG_TO_READ |Degrees tg radians conrersion factor I8 tpi/180 | rad/deg
1 ) | H {
Note 1: cos (11°) 0 in(11°)
BODY_TO_NB = 0 1 0
=-sin(11°) 0 cos (11°)
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INIT_YWD_ARIS,,
ATTITUDE_MANEUVER
e e e e e e ot e e e e o e it e e e e e S e e s e i e )
OFF { ]
[GIMBAL_ANGLES] iy OFF _ on o | [GA_COMMANDED]
il o | *
DEG_TO_RAD oN OFF [
. - - an, |
:°§::‘"E c_tsm uZoL « c_tsuT wooL 1est 77 _|' 1
= POINTING_VECTOR_GMD I~ 1
{SEE NOTE 13 - - i‘_ OFF H 1
POINTING_WECTOR_CM % T M-ouxsad 1 1
=VECTOR_CHD TEST 2 = UTOL uTAL ™ | 1
1 | __; | ‘
80DY_POINTING,_VECTOP UTAL = BODY TO_NB U.AL TEST2] ok { . .
BODY_POINTING_VECTOR § |
_ N, |
TESTA = [ukit u_FsMmLx{TEST3 ' M ! ‘
UZXLIXUZAL | : _I_ | @_DEG )
U_FEML OFF I ;
c_isuT T | :
[ = 1 ] =
by U_Fsm _ — 1 i ‘
o U_R = UKIT JIL_YSML X an | ‘
UZXLIXMIALY aee | , :
A= Pl .
aeF
- - on
U_R=u_xL
A= Pl .
o] UZH = -UNTTIUZBL X UZALY
A = et UZAL - UZOL)
uZA, A
COMPUTE . . .
N A_ML | c_Mma s c_Msa | compute Iégh 19g :
ot o -
{SEENDTE2) C_LSM A_ML {SEENOYESI L
i
TWO_AXIS_ATTITUDE _MANEUVER INITIALIZATION

Figure 4.2.2.1.16-2. TWO_AXIS_ATTITUDE MANEUVER initialization (page 1 of Z2).
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NOTE 1
rcos ¢, cos ¢q -cos ¢ty sin g €Os ¢4 cos ¢, 5in thg sin qbﬂ
*5in @5 sin & +5in ¢ COS $q
1 C__Lgnﬂ = sing cos g cos ¢4 -cos g sindy
-sin ¢2 cos ¢3 sin ¢2 sin ¢r3 cos q51 ~sin qﬁz sin r;b3 sin q‘.v.l
L + oS ¢2 sin ¢4 *+ ¢0s (5 COS ¢1
NOTE2
o -U_Ry U_Ry
*
R_ML = T cas A+ (U_R U_RTH1 -cos A} + U_Rg 1] -U_R4 sin A
“U_Rq U_R; 0
NOTE 3

dgg = s (C_MSM, 4)

1

b2 = sin" (C_MSMg q/cos Bc, g)

9,7 = sin (-C_MSMy a/cos (dc 3))

if C_MSM-]'] < 0.0; ¢c'2 = g sin l¢c‘3) - ¢G'2

if C_MSMy » < 0.0; g 1 = 7sin ldg 50 - 9¢,q

)

Figure 4.2.2.1.16-2. THO AXIS_ATTITUDE_MANEUVER initialization (page 2 of 2).
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4.2.2,2 RCS DAP

4.2.2.2.1 JET SELECT

A.

B.
c.

D.

Function: This module generates jet firing commands required
to implement commanded translations and rotations. It also
predicts the resulting velogity and angular rate increments.
The modnle contains separate logic for external selection of
either the nominal {main)} or vernier jets, and takes into
account any jet failures. The nominal-jet logic enables
external selection of high or low acceleration levels in
translation and rotation (except roll) independently,
includes algorithms that fire jets to compensate for off-
axis and translation/rotation coupling, and allows external
selection of forward orxr aft jets to effect low-level rota-
tions in pitch and vaw independently. This last option is
to permit forward/aft RCS fuel use balancing.

Block Diagram: TBD

Processing Rate: 25 Hz

Interface Requirements: Table 4.2.2.2.1-1

Constants: TBD

Initialization Requirements: TBD
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TABLE #.2.2.2.1-1 JEI_SELECT INTERFACE REQUIREMENTS

i t I | | | |
i :‘ | SOURCE OR § } { | SAMFLE 1
i NAME 1 DESCRIETLOR | DBESTINATION | TYPE | RANGE | © UNIT | PRATE {HZ) |
i ] 1. 1 | | l 1
jInputs i I | ! | | I
{ i : | 1 | | ! ]
{ROT_JET_CMD {Rotation corxand {PHASE_PLANE, [EXEIES |~1,0,1 |none 125° 1
1 1 |RQT_ACCEL, ROT_PULSE | A | | i
i ] jor OFC_RECOR T | l | |
| | 1 ] I 1 1 ]
ITRAMS_JET_CKD |franslation comaand | AUTO_BCS_TRANS, a(3H1X 1~1,0,1 {none |25 |
i { | TRANS_ACCEL, | l I { i
1 i | TRANS_PULSE or | t A i I
| H JOFC_RECON | I I l |
1 i i . 1 i ! | L
|JFRIL JRCS jet failure {BH {A(uB)B 10,1 fnone 125 1
! 1 . } 1 1 i | 1
{¥OM_VYERHIER _SW |BCS nozipal/vernier Zet select | PANEL_SWITCH_LKTERP |B 10,1 {none [25 H
d | I H i f_. | !
IROT_HI_LO_SH lRotation acceleration level JPANEL_SWITCH_INTERP |A(3)B 10,1 | none 125 {
i [select | | ] | | I,
i i 1 | § 1 ! -
|JEAIL_CHANGE |Flag signifying change in JFAIL [BM 1B 10,1 {none 125 |
1. 1 I I [ | I 1
JERANS_HI_LOC_SW {Translation acceleration level | RM, IA{3)B 10,1 . Inone [25 |
| |select {BANEL_SWITCH_INTEEP | 1 | ] ]
J__ ] ! 1 I 1 i |
JLO_PITCH TAIL_NOSE |Tail or nose jet select for low- [NEC 1B 16,1 |none [25 ]
] Jlervel pitch rotation | | i § | |
1 | § 1 { | ] !
|LO_YAW_TAXXL_NQOSE |Tail or nose jet select for low- |DEC 1B 16,1 |non=a 125 ]
{ jlevel yaw rotation o | 1 { N [
§ | i I | | 1 1
{OFP¥_AXIS_CONP_THRES-|Threshold for off-axis | PAHEL_SWITCH YNTERP |A{6)S | TBD 1£/s,deg/s 125 i
[HOLD |compensation firings 1 | | | ] |
1 1 I f ! | 1 1
{IEIT_JET_SELECT jHadule initialization flag [OFC_RECON 1B 10,1 inone 125 ]
| | } 1 1 } 1 !
[YEHICLE_INVERSB_IXB-{Inverse of vehicle inertia ISF {¥{3,3)5 |TBD L1/ {{=1lug) (£} -{ 25 I
|BTIA i | I I ] (£1} 1 |
4d § : 1 1 | H ] 1
Jousputs i i | | i | 1
1 1 1 L 1 L ] |
{JO¥LST | k€S jet on cosmand |50P, RM jaemys 101 |none 125 1
1 i | i 1 { 1 1
{DELTA_OMEGA_RCS jHodelled hody angular rate |BART2_FILTER I¥{3)s {'T8D {deg /s 125 ]
[ |increxent dve to BRCS Jjet firings | 1 | } | |
| - | ] | { 1 1 1
{DELTA_V_BCS |Kodelled vehicle yelocity | TRANS_PULSE IV ({3)S {'I'BD 1£/s 125 |
i |increment due to RC5 jet firings | 1 | | { |
|| i L { | 1 1 1

TR Sw e A 2E D e bl e b e e - -




4.2.2.2.2 PHASE PLANE

a.

C.

D.

E.

FI

function: For each body axis requiring BCS rotation control
and not in the manual rotation acceleration or manual rota-
tion pulse submode, this module determines whether an angu-
lar rate change is needed and the sign of the desired rate
change. The vehicle is driven into and held in a limit cycle
ahout the desired attitude and attitude rate. The parameters
of the limit cycle are selected to mirnimize a weighted com-
bination of response time and RCS fuel use. The attitude
deadband is selected externally, and the module takes into
account the undesired vehicle angular acceleration—the sum
of the disturbance and modelled undesired accelerations.

Block Diagram: Figures 4.2.2.2.2-1 through 4.2.2.2.2-8;
Tables 4.2.2.2.2-1 and 4.2.2.,2.2-2.

Processing Rate: 25 Hz

Interface Requirements: Table 4.2.2.2.2-3

Constants: Table 4.2.2.2.2-4

Initialization Requirements: Table 4.2.2.2.2-5

Note: PHASE PLANE is in the process of redesign as of the publication
date of this document.
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[BYPASS BYPASS, B_P_P
e ——
ATTITUDE- ATTITUDE _ DELTA_ | | VARGE_ERROR_CONTROL_LOGIC
ERHOR ERROR, POSITION [ | posimion_error |
! aatE_ERROR 1
I i i
E | |0FF : :
_ DELTA_ { I
RATE_ERROR | RATE_ERAOR, RATE ; oNl— |
on —_——dt e et e — l ~PLL
—oFF 1
|
\ u_o | PLR, PLL
MAG_U_C ! LARGE _ERROR_ | LARGE ERROR FHA
) LIMITS PLANE (Fig, 4.2.2.2]
P —— [ | (Fa 42222-n .
_ r T
UNDESIRED— | UNDESIRED i i -
ACCEL ACCEL, u_p I 1 I
I P! *
I | e e e e e e e e
MAG_U_C
= Lol caLcuate | DR_PRIME?, DL_PRIME1,
I | rosiTion error| |} MAG_U_D
| | INTERRUPTS i
[DEADBAND] DEADBAND, X_DB | {Fig, 4.2.2.2.2.2) i [ e .i
I~ [ ]
| | 1
-
= -
|oR,oL, {SEE
L N X___BAFI' SMALL_ERROR_ | nppg g
X et i 1 0 I { sounpastes
MAG_U_C [ 1 (Fig. a.2.22.2-3)
u_p =
RATE_ERROR e
-
{ROT_JET_cMbD]f ROT_JET_CMD,, X_D_OLD X_D_OLD :
pp POSITION_ERROR | s SMALL ERROR Y
= ; \Fig, 4.2.2.2.2-G}
INIT_PHASE_PLANE INITIALIZATIO SMALL_ERROA_CONTROL_LOGIC o
. A N Sy :
{TABLE 4.2.2.2.2-5) o e e e s Y e et i e
PYASE_PLANE i

. FOLDOUT FRAME

CRIGINAT, PAGH
OF POOR QUA%IT?

/

Figure 4.2.2.2.2-1.

.

PHASE_PLANE



NOTES:
1. DUTPUTS OF
e T T T T T _i SMALL _ERROR_BOUNDARIES:
______________________________ 7 | BOUNDARY _I_TO_1l
B T T T T —"} i : BOUNDARY_tl_TO_COAST
AL b e I ] I BOUNDARY _I_TO_COAST |
- i | | BOUNDARY _IV_TO_COAST
} } } BOUNDARY _il1_TO_COASY
I i [ BOUNDARY_Iv_TO_IIt
T4
o,.‘i | I I T..RGET_DISTURE :
FLL T e — | i
1 ] | 2. SWITCH CONDITION A:
] } | ABS{RATE_ERROR) » AL OR
PLR, AL | — : I ] POSITION ERROR > PLR OR
IROR_ LARGE ERROR PHASE|-AL | | I POSITION_ERROR < —PLL
™| PLANE (Fig. 4.2,2.2.2-8} I i |
,2-7) ] | 3. ARRAY OR VECTOR SUBSCRIPT n
’ I | | SHOULD BE FAKEN AS INDICATING
| | THAT THE PROCESSING SHOWN IS
| } FOR ONE ELEMENT, AND ALL THREE
— l / | ELEMENTS ARE PROCESSED.
e e e e e e e e 200 S e e e e e e o / ] ROT_
X_D JET_CMD,, | {ROT_JET_CMD!
E1, »
PRIM {SEE NOTE 2) OFF oo
0A
e e et e e ]
— : ]
) \lu.'c I
: I
; (SEE §
ROR_ | noTE 1) I
ES ce-
12-3) : :
g | 3
I 1
—_ [ 1
- 1 |
———————— —»~iSMALL ERROR PHASE PLANE 1
{Fig. 4222280 N\ l
{_CONTROL_LOGIC 4

2.2.2-1. PHASE_PLANE

FOLDOUT FRAMY 2.
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qEyeTLd TON FNVIE govd DNIQHONES

DR o
— OR + DR_PRIME!
1 '*'i\
X_DB :
_ =] g JRELTA
L
MAG_U_C R afk .| X.BAR X_BAR
s 4 - ] K_13 -
A +
a Y
1.0
: K._13
+ -+
+ DL + BL_PRIME1
iR "=
BL o
D MAG_U_D
= ABS{U_D) MAG_U_D -
POSITION ERROR INTERCEPTS CALCULATION

Figure 4.2.2.2,2-2. Position error intercepts calculation.
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RATE_ERACR

HMAG_U_D

AATE

RSN ounoany

MAG_U_C

up (Fry. 4.2.2.2.2-4)

DRA_PRIMET

uc

LR

+1.0

co

L DR_PRIME DR_PRIMEZ

i %_BAR DR_PRIMEZ_
MAG_U_D coMP

X_BAR

G UG {Fuy. 4.2.2.2.2-5)

RATE_ERAOR

|—w-1 DR

POS1-
TION

ROUNDARY | TO_H

MAG _U_D

MAG_U_C

BOUNDARY

DR

+1.0

RATE_ERROR

BOUNDARY Il TO COAST

MAG_U_D

+1.0

MAG_U_C

BOUNDARY

<o

DR_PRIMEY

RATE_ERROR

BOUNDARY_)_TO_COAST

MAG_U_O

-10

MAG_U_C

- BOUNDARY

co

~DL_PMIMET

RATE_ERROR

BOUNDARY _IV_TO_COAST _

MAG_U_D

MAG_U_C

BOUNDARY

-DL

+1,0

RATE_ERAOR

BOUNDARY _11_TQ_COAST

MAG_U_D

MAG_U_C

BEOUNDARY

~DL_PRIMEt

+1.0

RATE_E£RROR

BOURDARY _{v_70_IN

MAG_U_D

+10

-X_BAR

BOUNDPARY

+1.0

SMALL_ERAROR_BOUNDARIES

TARGET_DISTUIB

Figure 4.2.2.2.2-3.

SMALIL, ERROR_EOUNDARIES.
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RATE

B_SIGN

up

uc

8

DR

afb

BOUNDARY

Figure 4.2.2.2.2-4, BOUNDARY.
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DR_PRIMET

+ |

X_BAR 4.
) |
MAG_U_D ' |
+ -w :
= 1
(1] .

o
+Y Y Y 1 ,
MAG_U_C + b T alb. DR_PRIMEZ . /
cp - ] e / : Y- Il ]
DR_PRIMEZ_COMP
Figure 4.2.2.2.2-5. DR _PRIME 2 COMP.

S o o e 0 e s e




TET

e
'S

BOUNDARY_!_TO_COAST—(X+DR)

b +RL

BOUNDARY_I_TO_!I

COAST_IV_BOUNDARY

BOUNDARY_1I_TO_COAST

7

|/FIEGION H5 11,/A REGION il \REGION I

BOUNDARY_ (/CS_

IV_TO_COAST+ N/ '/ /
DL X DR’ s
—prh DR, DR" /)
\
REGION_ ||t A
REGION 1V \Y, 0B
\ BOUNDARY_!_TO_COAST

TARGET_DISTURB?
LSS,
REGION HS_!

4
EGION CS_11
REGION G811 /] COAST_|_BOUNDARY

BOUNDARY_Ili_TO_COAST + (DL — X}
P AP A SR Ny . Ay 2 . )

NOTE: DRAWN FOR DISTURBANCE
ACCELERATION, Up, POSITIVE.

Figure 4.2.2.2.2-6. Small error phase plane.
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MAG_U._D ] UD BOUNDARY oLA
MAG_U_C slyc  (FIGURE (4.2.22.2-4) POSITION
€D B p
DR_PRIMET
DR

COAST_IV_BOUNDARY

S
-1,0 ~
MAG_U_D
MAG_U_C BOUNDARY ~PLL
cD
—DL_PRIMET

LARGE_ERROR_LIMITS

Figure 4.2.2.2.2-7. LARCE_ERROR LIMITS.
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EET

REGION 11 e
4
+ RL REGION |
o REGION ML
REGION CL_I (TARGET_ARL)~* T
COAST_IV_BOUNDARY
SMALL ERROR ;
—PLL CONTROL REGION + PLA e
REGION 111 COAST_|_BOUNDARY
________________ _ —TAREET_AR L‘i REGION HL_N
: REGION CL_It
- RL
REGION 1V
NOTE: DRAWN FOR DISTURBANCE

ACCELERATION, Up, POSITIVE,

Figure 4.2.2.2.2-8. Large error phase plane.




Table 4.2.2.2.2-1.

Control actions in small error control regions.

REGION CONTROL ACTION, X D VALUE
I Drive state to BOUNDARY 1 TO COAST, -1
11 Drive state to TARGET DISTURB, -1
IIT brive state to zero rate, +1
v Drive state to BOUNDARY_ IV TO COAST, +1
HS I [(If X D OLD = +1 (i.e., if coming from LARGE ERROR_
CONTROL,_LOGIC or REGION III) then Command +1 until
zexo rate is achieved, else Command 0.
HS II | If X D OLD = -1 (i.e., if coming from LARGE ERROR

CS_I

cs_IT

CONTROL: LLOGIC or REGION_II) then Command -1 until
TARGET DISTURB is rveached, else Command 0.

Coast,

Coast:,

0

¢

Table 4.2.2.2.2-2.

Control actions in large error coatrol regions.

REGION CONTROL ACTION, Xup VALUE
I Drive state to -(TARGET_ARL), -1
iz Drive state to TARGET ARL, -1
I1I Drive state to COAST_IV BOUNDARY, +1
Iv Drive state to -RL, +1
HL I | If X D QLD = -1 (i.e., if coming from Region II)
then Command -1 until TARGET_ARL is reached, else
Command 0.
HL II | IF X D OLD = -1 (i.e., if coming from Region I)
then Command -1 until -(TARGET_ARL) is reached,
else Command 0.
CL T Coast, 0
CL _II | Coast, O
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TABLE 4.2,2.2.2-3 PHASE_PLANE INTERFPACE REQUIRBHENTS

1 | i ! i i | i
] i { SOURCE OR } i { |  SANPLE 1
§ NANE i DESCRIFIION i DESTIHATION ] TYPE | BANGE | UNIT | RAZE (HZ)
} | ) il | ! 1 ]
|Inputs | ] 1 1 i I |
| i i ] f | { I
(BYPASS | ¥on-execution comsand, by axis | CFC_RECON 1A{3)B 10,1 | none 125 ]
i | {¥=do not execute; O=execute) i [ | ] ; |
2 1 | § ] | ! I
|AETITUDE_EEROR jBody angle error jRoll Conponent: IRAEVE {TBD | deg 125 i
| | {BCS_ERRORS or | | i { |
| } {BCS_ASSIST_ROLL I 1 | { |
{ i tPitch and yaw i i { | 1
[ i |components: 1 | 1 | 1
i | |RCS_LRRORS or i | I | |
1 | | BCS_ASSIST_BITCH_YAW | { ! | i
1 | i [ 1 ! J [ 1
|RATE_ERBOR 1Body angular rate errcrw {Roll component: 1¥{3)5 [TBD [deg/s [25 |
i i { RC5_EBROBS or | | l 1 |
{ N 1 IBCS_ASSIST_KOLL i i | 1 1
i 1 |Pitch apd yaw 1 | i 1 1
| | | cosponentss: | { ] | |
1 { |BCS_ERROES or i § i i ]
1 | [BCS_ASSIST_PITCH_YAW | | 1 | A
] ! 1 | l J | ]
|ORDESIEED_ACCEL |Total undesired bedy anrgular | BEART1_FILTER I¥(3)S | TRD {deg/{(s) (s)) 125 1
1 |acceleration 1 | 1 | | 1
i | 1 1 1 i L !
{DEADBAND |Attitude deadband JPANEL_SHITCH_IHTERP (A(3)S ITED | deg 125 ]
i ] | | 1 { L §
{ROT_JET CHD |Botation command from previous | BHASE_PLANE, IR(DI I-1,0,17 {none §25 1
1 tcycle {ROT_ACCEL, BOT_PULSE | 1 { | ]
{ l {or OFC_RECON 1 1 i | i
[ i ] [ J } i |
JINIT_BHASE_PLANE jModule initialization.flag | OFC_HECOR |B 16,1 | none 125 i
i | | | 1 | § |
|Cutpats | | | | I | |
| } | i 1 J 1 |
|ROT_JET_CHD |Rotation comeand }JET_SELECT jA(3) T {-1,0,1 |none 125 ]
| 1l 1 J ] ! 1 ]

e e e bt . i 8 17
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TABLE %4.2,2.2.2~4 PHASE_PLANE CONSTANTS

I [ { i l |
1 NAME 1 DESCRIPTION 1 TYPE i YALOZ i QRIT |
| 1 i i 1 |
{CD {SWITCH CURVE DESIGN PARAMETER HE] 1G.8 | NONZE !
1 1 [ ! |
JCOAST_I_BOUNDAERY ]Rate error boundary of lover coasting regiom of (S 1-3.0 {deq/s 1
| |large error phase plane i { 1 1
1 i ! i 1 1
{COAST_IV_BCUNDAERY | kate error boundary of upper coasting region of |5 jCOAST_T_BOUHDARY |deg/s |
} jlarge errcr phase plane | | 1 |
i | 1 1 i 1
{K_DB |Praction c¢f deadband to he used for tledges" 1S 1042 |none i
i | {delta$ (DB) in small error phase plane) i i i 1
1 1 | ! | 1
jk_13 {Linit cycle design parameter 1S [1.0/3.0 jnone ]
| i ] i | 1
|RL |Rate errotr boundary between large and swall 1S |4.0 |dea/s |
i lerror phase planes i | | |
1 1 1 ] 1 1
§{TARGET_ARL |Target average rate limit inside large and small|s | (CORST_I_BOUNDAPY|dea/s {
| jerror phase plahe coast region | |+ EL) / 2.7 § 1
i i { { 1 _—
JCONTROL_ACCELERATION_HKAGNIT-ijMagnitude cof available control acceleration for (A (3)S |TRD ldeg/((s) {s)} |
JUDE ]each axis { l ! i
] | i | : i 1
TABLE #.2,2.2.2~5 PHASE_PLANE IHNITIALIZATION REQUIREHENTS
1 I | 1 |
| INITIALIZE ON TRANSITION | INITIALIZE OM TRANSITIOH | YARIABLE I INI™TAL VALUT i
| FRCH | TO i | |
1 [} 1 1 - 1
|INIT_PHASE_PLARE = OFF {INIT_PHASE_PLANE = ON {ROTI_JET_CHD 1¢ }
i ; 1 { i

e — e
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4.2.2.2.3 RCS_ERRORS

A.

B.
C.
D.
E.

F.

Function: This module obtains the vehicle attitude and
angular rate errors, based upon commands from the attitude
drivers and measurement data from the IMU and the State
stimator. It also performs the incrementation required to
interface position commands from the attitude drivers, some
of which operate at 5/6 Hz, to the RCS DAP rate of 25 Hz.
The desired gimbal angles are updated by the smoothing
increment and the result subtracted from the actual gimbal
angles. The remainder is the gimbal angle error, which
is converted to body coordinates to yield body angle or
attitude error. The angular rate error is obtained as the
difference between the estimated and desired body rates.

Block Diagram: Figure 4.2.2.2.3-1

Processing Rate: 25 Hz

Interface Requirements: Table £.2.2.2.3-1

Constants: none

Initialization Requirements: Table 4.2.2.2.3-2
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. _—— ity day
INIT_RCS_ERRORS INITIALIZATION 1 GIMBALS_TO_BODY E
{TABLE 4.2.22.3-2) « (GA_TO_BODY
[GIMBAL_ANGLES] . GA_ 6_To_ 8
~oes  egpon |
SV | Y
2 o onULAR ADD . = _ ATTITUBE
| MODULAR_ADD | GA_ERRORATTITUBE_ERAOR-| [grROR |
1 |—»|{SECTION 1 GA_T0_BODY -
4.2.25.2) GA_ERROR
I, IO, [GA_
(GA_DESIRED] __E;l‘ '[_B]"[ DESIRED]
"i GA_INCREMENT |' -
{SECTION 4.2.2.5.3) | -
DELTA_GAI Gimsal LOCKED -
L = =-—; [QEL] LocE]-‘—OCK—""(sEE NOTE}
: |
[FLIP . _ FLIPI '
OLD_GA_
FLIP_SIGN - GA_FLIP_SIGN
RATE “EET + RATE_ERROR
DESIRED_ -
BODY_RATE
RCS_£/RORS NOTE: PROCESSING OF LOCKED IS TBD.

Figure 4.2.2.2.3~1. RCS_ERRORS.
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TABLE #.2,2.2,3-1 RCS_ERRORS IHTERFACE REQUIREMENTS

SOURCE OR
DESTIHATION

SAHWPLE

DESCREIPTIOHN TYPE FAUGE UNIT BATE (HZ)

1
1
]
|

s o g
R p—
v o e
fo e —

]
I
i HANME
|

2

Desired INU giwrbal angles |ATTITURE_HOLD,

| ATTITUDE_LCL_YERTICA-
{1, BARBEQUE,

| KISC_TRACKING,
jons_PHETHRUST_MAHRUV-{
1ER, PAYLOAD_SUPPLIED_|
|CHDS, ROT_DISC, i

|

1
A(3)s =180 < x

1<= 180

|inputs

k4
|GA_DESIRED deg

|

|

i

}

| THEEF_AXIS_ATTITUDE_-| |
| YANBOVER, or I ]
{ THO_AXIS_ i l
| ATTITUDE_HANEUVER or | i
{ RC5_ERRORBS l i
1 1 t

Desired IRU gimhal angle |ATTITODE_AQLD, 1A(3)58 !
increments {ATTITUDE_LCL_VERTICA-~| |
|L, BAEBEQUE, i i
§ MISC_TRACKIXG, | 1
| ONS_PRETHRUST_HUANEUV-] |
|ER, PAILOAD_SUPPLIED j {
{CEDS, ROT_DISC, |
{ THREE_AXIS_ATTITOGDE_=-§ l
{ MANEUVER, ov | |
|

|

1

DELTA_GA THD

|'CHO_AXIS_ATTITUDE_HA-|
| NEUVER i
i |
Desired body angular rate | ATPITUDE HOLD, 1v{3) s |
|ATTITUDE_I1CL_VERTICA~| |
| L, BARBEQUE, | I
|MISC_TRACKING, l i
| OKS_PRETHRUST_HANEUY-| |
|1ER, PAYLOAD_SUPPLIRD_| i
|CHDS, ROT_DISC, {
§THREE_AXIS ATTITURE_=-| |
| MAMEUYER, ox | |
|
|
|
|
|
)

DESIRED_BODY_RATE TBD deq/s

(TRO_AXIS_ATTITUDE_HA~ |
| HEUVER |
i

e = s = i e e ot o — o A e o o o fom At i e P o et o s o ot ot

I
GIMBAL_AXGLES INU gimbal angles ! | 50 1A(3}S
| i

] L

180 < x[deg
<= 180 |
L

b e e [ e — e W e T W i P o ok S e S o, e B g S gt forr . v e M g i Joma, o
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TABLE 4,2.2.2.3-1 RCS_ERRORS INTERFACE REQUIREMENTS

{ i { | 1 1 1 |

{ 1 i SOUBRCE OR i | { 1 SAMPLE |

] MAME H DESCRIPTION 1 DESTI¥ATION I TYPE | EANGE | UyIT | FATE (HZ} |

i i ] 1 1 1 1 ]

|RATE EST | Body angular rate estismite | PART1_FILTER [V(3)S }TBD |deg/s 125 1

5 i ; H 1 i i 1 1

. |T¥IT_BCS_EEKRORS |Bodule initialization flag {OFC_HRECON e 10,1 | none 125 1

4 1 1 ] 1 ! i |

I0utputs | i 1 | | i i

1 i : i J 1 1 1 1
[ATTETUDE_ERROR *  §Body angle erco I PHASE_PLANE 1V(3)s I TBD | deg 125 1

1 1. 1 j i L 1 1

— {RATE_EERROK {Body angular rate error |DEC, PHASE_PLANE iv(3)s 1TEh ]Jdeg/s 125 t
o d | 1 | } | 3 L
= {GA_DESIRED |Desired IHU gimbal angles | DEC, RCS_ERRORS, 12(3)5 1-180 < x|deg [25 [
1 [} {ATTITYUDE_LCL_VERTICA-| <= 180 | | 1

I | 1L, BARBEQUE, EOT_PISC| I | | 1

d 1 i 1 1 ! | 1

TABLE 4.2.2.2.3-2 BCS_ERRORS IMNITIALIZATION REQUIREMENTS

i | { 1 [

{ INITIALIZE OK TRANSITION § INITIALIZE OH TRANSITIOK | VARIABLE i IRITIAL VALUF 1

i FRCH I TO I i |

g ] I 1 J
§INIT_RCS_EREORS = OFF | INIT_RCS_EBRORS = ON JOLD_Ga_FLIP_SIGH { TBD i

1 1 i | |

 EA W AR e e s by e e o e
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Lo,

INIT_PARTI_FILTER

[GIMBAL _ANGLES)

INITIALIZATION
{TABLE 4.2.2.3.1-3)

e e
™ GmBALs_To _uunq
ISECTION 42254 |

IGIMBAL _ANGLES_OLB)

PionuLAn,_ L GA.

EXTRAP_RATE _EST 1

JIGA_

{oEG) .

L G_To_B
GA_TO_SODY

~1\siEnement |ATTITUDE_INGREMENT » ATTITUDEINCREMENT,

Fibuian]

RATE_GAINY

ADD ) ADD ATTITUDE
{lsEcTion GA_TO_BODY | isEcTion ‘L'_j
GA_ INERE 422520
(42252 4 A INCREMENT L"—‘-{'
- 271
I ATRAP l .
NATE_EST

renitAR_] S
ADD MODULAR_
{SECTION lAﬂETU.DE'_' ADD
[:}}"‘ 42252 HESIDUE 1 | (secrion
EXTRAP_ ATTITUDBE_E5T1 ——— Y} azz52)

ATTITUDE_GAIM

ATTITUBE_GAIN2

EXTRAP_ATTITUDE_EST2

e

{__ ATTITUDE_ESTY
|

1
— IAna L ATTITUDE_ESTZ
woouLan VATTUDE. ISECTION Malllllio= -
“gg“ _ [ HESIDUE2 Eg 142252 |
Visection | ——
42252 f
. + RATE_E5T2
+
RATE_GAIN2
EXTRAP_RATE_E5T2
DISTURB_ACCEL_EST
+ - -
% r‘—|x2
+
ACCEL_GAIN
DISTURE _

ACTEL_EST_OLD

MODELLED_ACCEL

AVERAGE OF 30 PASSES

-9
L S DISTURB_RCCEL ESTiG}
5} '

LILSE )
WHERE 1, = PRESENT PASS,
1y = PREVIOUS PASS, eic.

UNDESIRED _ACCEL

PARTI_FILTER

ORIGINAL PAGE I8
OF POOR QUALITY,

Figure 4.2.2.2.3-1.

PART1_FI
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TABLE 4, 2.2.3,1-1 PART1_FILTER INTERFACE REQUIRRHENTS

jangular rate estixate from

|prarious cycle

| i | i | |- ! |
] i | SOURCE OR | 1 1 | SAMPLZ 1
] HAHE 1 DESCRIPTION ] DESTIKATION I TYPE | RANGE | DNET I RATF (W7Z) |
11 | A : 1 i L | §
iInpnts | 1 | i | 1
1 ) i 1 I ! |
IGINBAL_AHNGLES |INY gizbal angles |sop |A(3} S 1-180 < x|deg 125
i i ’ ] 1 1<= 186 | |
1 i | £ | 1 _ud
IGINBAL_ANGLES_OLD {IHD gimbal angles from previons |PART2_FILTER 1A (3)8 1~180 < x|deg 125
| fcycle ¢ -1 I<= 18¢ | |
1 1 1 ) 1 f L 1
(EXTRAP_ATTITUDE_RST1|Extrapolated filter 1 bedy angle |PART2_FILTER 1Y (3)S 1-180 < x]deg 125
i |estizate f£rom previous cycle i t 1<= 18C { |
1 L 1 | ] L
|EXTEAP_RATE_EST1 | Extrapolated filter 1 body | PART2_FILTER IV(3)S | TBD ldeq/s 125
| |angular rate estimate from [ | { | |
] I previons cvrle, 1 | l | . |
1 1 I | | | 1
|IDISTURB_XCCEL_EST_O-|Body angular disturhanca | PABT2 _FILTER {Ve3) s { TBD jdeg/ ({s} (s)) 125
ILp {acceleration estimate from { | { | [
t iprevious cycle ¢ 1 } M |
1 1 I 1 1 1 i
[HODELLED_ACCEL | Modelled undesived body angular |PART2_FILTER IV{3)5 | TBD Jdeg/ {({s) (5)) 125
i lacceleration f£rom previous cycle | 1 1 i |
{ H 1 ! 1 § i
{ATTITUDE_GAIR1 ]FPilter 1 gain for attitude term |OFC_RECON 18 {TBD | none 125
1 ) | ] L 1 1
|ATTITUBB_GAIXZ |Filter 2 gain for attitude tere |OFC_RECON 15 [TBD | none 125
H | i { ) | !
{BEATE_GAZINt |Pilter 1 gaih for rate term | OFC_RECOK 15 | TBD {none 125
1 —1 1 1 1 t 1
|RATE_GAIR2Z |Filter 2 gain for rate term | OFC_RECON 1S {TBD | none 125
] I ] | 1 [ 1
|ACCEL_GAIH |Filter 2 gain for acceleration | OFC_RECOH 18 |T8P ] none 125
i . |tecs | | 1 | i
! ! - 1 ) 1 i 1
|IHIT_PART1_FILTER jHedule initialization flag | OFC_RECOH 1B 10,1 [none 125
i 1 |2 1 i | i
|EXTRAY ATTITUDE_EST2|Extrapolated filter 2 body angle |PART2_FILTER ¥ {3}s =183 < xldcg 125
1 |estirate from previous cycle | i <= 180 | |
i 1 i 1 I )
|EXTEAT_RATE_EST2 {Bxtrapolated filter 2 body |PART2_F ILTER 1V{3)s  |TED |deg/s 25
i | !

i I

1 1

)
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TABLE 4,2,2,3,1-1 PART1_FILTER INTERFACE LEQBISEMEWTS

i I | | i i 1

| i | SOURCE OR | [ 1 I SANILY |
| HAHE | DESCRIETIONR l DESTINATION { TYPE | FAHNGE | UNTT i BAJY (F2 [
H i | I | | - ] ]
|outputs i i | | ! | ) |
1 i : i | 1 1 - —
JATTITUDE_EST1 |Filter 1 body angle estigate | PART2-FILTER IV({3)s |-182 < xjdeg {25 ]
| I I | 1€= 183 | | 1
i § ) ! | _ | N 1
{RATE_EST jFiltexr 1 body angular rate {B&C, PARTZ2_FILTZE, 1V({s |TBD |dea’s 128 |
{ jestimnate . | RCS_ERRORS, ROT_PULSE] } i | !
i ] |Roll component: | ] ] | ]
i i {RCS_ASSIST_ROLL 1 1 | 1 |
] ! ]Pitch and yaw | | | | |
1 | jconponents: | | 1 § |
{ i { BCS_ASSIST_PITCH_YAW, [ 1 | ] |
| | |PITCH_YAW_ASSIST_COMN-| s ] . l H
i | |PUTATION I I I ! ]
1 | ] i 1 : 1 — - |
JUNDESIRED_ACCEL | Total undesired body angularx | PHASE_PLANE, 1¥(3)s | PRD lde3/{[(s) (s}) 125 |
§ Jacceleration | PART2_FILTYE | | 1 | i
1 1 ) l 1 1____ [ U |
|DISTURB_ACCEL_EST }Bady angular distarbance |PRRT2_PILTER Roll |V {3)s {TBr ldeas ({s) (=)} |2% 1
1 |acceleration ‘estinate jcocponent: BH H | | 1. |
1 i I I J | ———— i . i
|ATTITUDE_EST2 |Filrer 2 hody angle estimates |PART2_FILTEF 1¥{3)s {=13) < xidey 125 ]
| | I 1 [<= 185 ! 1
i J } 1 ] 1 [N Y |
JRATE_BST2 t T ]Filter 2 hody angular rate | PARTZ2_FILTER [v{3)s tTED |dearss REE i
] |estinate | | I 1 v 1 |
1 I 1 I | 3 VP |
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TABLE 4.2,3.1-2 PARTI_PILTEE CONSTANTS

oy s

HANE

|
] DESCRIPTION
I

| I i
| TYPE I VALUE \ UWIT

ITDAP
g

|Period of state estimator cycle
1 -

is 10.04 s

TABLE #4.2.2.3.71-3 PART1_FILTER IHITIALIZATION REQUIEEMENTS

bate st war e

INITIALIZE OW TRANSITION

FROK

o =

JINIT _PRRT1_FILTER = OFF

e e Sy s Sy —— . Ty . W —

Y i ———

} INITIALIZE ON THANSITION : YARIABLE { ISITIAL VALUE

i TO i |

| ] 1

INWIT_PART I_FILTER = OX |GIMBAL_ANGLES_OLD |GIMBAL_ANGLES
:LTTITUDE :0
EEXTEAP_ATTITUDE_EST1 :D

' :EXTBAP_ATTITUDE_ESTZ }0

{EITEAP_RATE_EST1 1D
:meaap_namE_Esrz :0
:DISTURBmACCEL_EST_OLD 10
:DISTUBB_ACCEL_EST for previous 9 passes :0

1

| (stored in “average of 10 passes" function)|

1

s e = dm ot o o — o ——

T R PN

b A £ e e e A e S ST A 3 e S e S

i
i
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4.2.2.3.,2 PART2_FILTER

A,

B.
C.
D.
E.

F.

Function: This module extrapolates the vehicle state for
the next FC cycle as a function of the estimated present
state and the expected angular rate changes due to control
effector use; it also models angular acceleration. It first
computes the extrapolated angular rate increment as the sum
of the control-effector and undesired-acceleration rate
increments. This rate increment is then E£iltered with
attitude and angular rate estimates in two parallel f£ilters
{(a "rate" filter and an "acceleration" filter) to obtain
attitude and angular rate extrapolations. Angular acceler-
ation modelling is TBD.

Block Diagram: Figure 4.2.2.3.2-1

Processing Rate: 25 Hz

Interface Requirements: Table 4.2.2.3.2-1

Constants: Table 4.2.2.3.2-2

Initielization Requirements: none
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1GIMBAL_ANGLES]

[GIMBAL_ANGLES_OLD]

DELTA_OMEGA_OMS

DELTA_OMEGA_HCS

!"IATE_IHGHE;!ENT_ODNTHDI,

UNDESIRED_ + -
'NDESIRED_ACCEL RATE_INCREMENT EXTHAP_RATE_
TOAP , INCREMENT
RATE_EST EXTRAP_RATE_EST3
RATE_EST2 EXTHAP_RATE_EST2
ATTITURE_£5TY
EXTRAP_ EXTRAP
AVERAGE_ ATTITUDE_ — ot s s e -
RATE1 one JINCREMENT! " opuLaR_ App | |EXTRAP_ATTITUDE ESTI
L ISECTION 422521 ,
EXTRAP_ EXTRAP_
AVERAGE_ ATTITGDE_ R T — -
RATER ol 7opr LINGREMENT2 1 mMoouLaR_app | |EXTRAP_ATTITUDE ESTZ
L SECTION 42262
ATTITUDE_EST2
DISTUAB_ DISTURB_
ACCEL_EST = ACCEL_EST_OLD
MODELLED_ACCEL
TBD o D
PART2_FILTER

Figure 4.2.2.3.2—1.

PART2_FILTER.
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TABLE 4.2.,2.,3.2~1 PART2_FILTER INTERFACE FEQUIREMENTS

B¥T

| | 1 ! 1 | |
§ . | | SQURCE OR 1 1 1 SAMPLE 1
| HAKE 1 DESCRIETION 1 DESTINATIGH | TANGE | UNT?Y | ATT |
1 i ] 1l 1 - I 1
IInputs | | § 1 ] 1 !
| 1 i 1 1 | 1 1
{ATTITUDE_EST1 {Filter 1 body angle estimate {PART1_FILISE | [~18) < xldeq 125 1
| i l { 1<= 180 | 1 !
1 i | 1 L i L 1
|RATE_EST jFilter 1 body angular rate | BART1_FILYER | ) TBD |dead /s 125 1
| iestimate | 1 ! | ! |
1 i i | 1 D 15 1
(ATTITUDE_EST2 |Pilter 2 body angle estimate { PART1_FILTER i |-182 € x|ded 125 i
i l | | 1<= 180 | | i
| i | | L | T | 21
|BATE_EST2 [Filter 2 body angular rate {PAKT1_FILTTE | j7Re |dea/s 125 1
1 jestimate | 1 | ! i |
i [ . 1] | ] 1 | |
[UNDESIRED_ACCEL {Total sndesired bady angular | PART1_FILTER 1 I TBD ldeqg/ [ (s) [S)) 125 |
| jacceleration | 1 | i | |
i i i | 3 _ 1 —— 1 1
{DISTURB_ACCEL_EST jBody anguiar disturbance { PART1_FILTER 1V {3)s | TBD ldegs ((s) (s)) 125 ]
1 jacceleration estimate | | ! l I |
L i | | ] 1. o i
{PDELTA_OMEGA_ONKS | Madelled bady angular rate |DELTA_GMEGA_OHKS_ENGI~|V{J)s FTBC jdearss 125 |
) jincrement due to OMS TVYC {NE or PARTZ_FLLTER 1 1 I 1 |
1 1 1 1 1 ] -1 1
{DELTA_OHBEGA_RCS | Sodelled “ody angular rate JJET_SELECT or IR €V | TBD |dedss 125 i
| {increment due to RCS jet firings |PAKTZ2_FILTE: | | | | |
| L i i | [ I | S 1
|GINBAL_ANGLES 1IN0 gimbal angles | SOP 1A(3)S 1-18. < x|deg 125 |
| i | | 1€= 180 | 1 |
1 i 1 1 ] O | 1
{0utputs . | | 1 { i | i
| I | ] ] 1 PR | —— 1
1EXTRAP_ATTITUDE_EST1|Extrapolated filter 1 body angle |PAKTT_FILTTF V(s =18 < xided [ i
1 jestinate 1 { 1<= 181 | | |
4 | 1 b | ) )
JEXTRAP_RATE_EST1 jExtrapolated £ilter 1 body | BART1_FILTEF 1¥Y(3)s | TPD jdea /s 125 |
| jangular rate estimate | | | | 1 |
i | 1 | 1 B i 1
IDISTURB_ACCEL_EST_O-|Body angular disturbance |PART1_FILTT: 1v{3)3 [Irdalb 1de1/s {((s) (s)) 12% |
ILD |acceleration estinate i I ! ! 1 1
1 i 1 L SN RPN NSO SIS |
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TABLE 4,2,2.3.2-1 PART2_FILTER INTERPACE REQUIREMENTS

i i | | | I ! |
i i i SQURCE OR i i | ; SAKELE 1
] HANE { DESCRIFTION 1 DESTINATION 1 TYPE | FANGE | UNIT | FAT® (A7) I
1 1 ] 1 i I ] 1
{HODELLED_ACCEL jModelled undesired body angular |PART1_FILTER 1v(3Hs |'TBD |deg/ {{s) {s)) (25 1
1 {acceleration ] | 1 i | {
1 1 | 1 [ ] ol 11
|EXTEAP_ATTITUDE_ESTZ2|Extrapolated filter 2 body angle |(PART1_FILTER |Vi3s  1-180 < x|deg 125 |
i jestimate ! { <= 180 | | |
1 | } I ] 1 i 1
|EXTRAF_RATE_EST2 |Extrapolated filter 2 body |PART1_FILTER 1¥{3)s  |T8D {deg/s 125 |
I jangular rate estinate | i { | | t
R i 1 § 1 1 ! [
[GIMBAL_AKRCLES_OLD | I8U gixbal angles | PART1_FILTER 1A {3)5 |~180 < x|deg 125 |
| i | | 1<= 180 | l l
1 i | 1 i | i 1
TABLE Gu2+2.3.2~2 PARTZ_FILTER COHSTANIS
i i | I
] NRHE { DESCRIPTION | TYPE | VALUE § URIT |
1 i 1 { 1 1
{TDAP fPeriod of PC cycle {5 10.C0 1s 1

i
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4.2.2.4 TVC DAP

4.2,2.4.1 DELTA_OMEGA_OMS_ENGINE

A.

D.

B.

F.

Function:
rate increment due to torgue from the OMS engines during

a TVC burn.

Block Biagram:

Processing Rate: 25 Hz

Interface Requirements:

Constants: Table 4.2.2.4.1-2

Initial

*ation Requirements:

i50

Figure 4.2.2.4.1-1

Table 4.2.2.4.1-1

none

This module computes the modelled body angular
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DELTA_OMEGA_

VEHICLE_
*
INVERSE_
INERTIA
_ o1 [GMST_GIMBALS, | cos (DM51_GIMAALS,)
OMS1_C8 - - .
OHS1_TOROUE » THRR OMSI_CG X { ACT1_TO_VEH 1n (OMS1_GIMBALS,]
in (OMS1_GIMBALS,) cos {DMS1_GIMBALS,| OM51_TOROUE
) OoN
[OM51_GIMBALS| OFF
JoMs1_
PITCH_YAWI =
QEG_TO_NAD -
-~
- / -~ -
= oM O M _ DELTA_OMEGA_OMS
E OMS_TOROUE . -
. = VEHIGLE_ENVERSE_INEATIA OMS_TOROUE
OMs7_ON_CMD
e e e et e e et i e s ———— . ———— — TOAP RAD_TO_DEG
omsz_ ~o
~
PITCH_YAW] DEG_TO_RAD
|OM52_GIMBALS] N
L
oms2_TOROUE
cos [OMS2_GIMBALS } cos {OMS2_GIMBALS,) -
0MS2C5 = - ]
OMS2_TORQUE = THR OMSZ_CG X { ACTZ_TQ_VEH - 1in(OMS2,_GIMDALS,)
-4in {OMS2_GIMBALS, | cos (OM52_GIMHALS,}

RITTVOD WOO0d O
S§( HOVd TYNIDIEC

DELTA_OMEGA_OMS_ENGINE

Figure 4.2.2.4.1-1. DELTA OMEGA_OMS_ENGINE,
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TABLE 4.2.,2,4,1~1 DELTA_OMEGA_OMS_ENGINE INTZFFACE LREQUIREMINTS

| | { I I | |
| I 1 S50UAacCE 04 i | | SAMELT |
I NAHUE ] DESCRIEIION H DESTIRATION I TYPE | EANGE | UNIT | EATT (HZ) |
1 ! 1 1 | | | 1
|Inputs | i | | | | |
1 I i l | | 1 —_— 1 ——— |
{OHS1_CG }Vector from ONS1 hinge point to |OM5_PRETHRUST_HANEUV-|V{3)S 1 TBD i £ 125 J
| jvehicle cg, in body axes |B& | | | { {
4 [} ] 1 1 } ——_— | I |
{OMS2_CG {Vector fror OBS2 hinge point to |OHS_PRETHRUST_HANEUV-|V {35 TR it 12% 1
{ |¥vehicle ¢g, in- body axes {ER 1 1 § 1 1
1 i { | i | 1 -1
JOUST1_PITCH_ZAW |0¥51 engine pitch and yaw | SOP 1R {2)S |TBT | deg 125 1
1l 1 | ] 1 | 1 _ -1
|O¥S2_PITCH_YAW 10852 engine pitch and yaw [ SOP FA(2)S 1TBD ldeq 125 i
| ] 1 | 1 1 . R |
|O¥S1_ON_ChD JOBST cn cosnunand | O¥S_EHG_CUD IB 19,1 { none 125 |
1 i ] 1 ] 1 H -1
10MS2_0N_CBD |0K¥S2 on compand i CHS_ENG_CHD |a 13,1 | none 125 |
1 i 1 i 1 1 i - o |
|VEHICLE_INVEFSE_IXE-|Inverse of vehicle inertia | 5F 11{3,3)5 |70 11/ ({slug) (£} -125 |
{RTIA | | l | H{ENY | |
Jd } 1 ] l | i 1
{Outputs | | | | i | i
! J 1 | | | i 1
{DELTA_OMEGA_ONS jdodelled body angular rate jEART2_FILTER {Vv({3)s |78 |deg/s 125 I
| |increxent due to CMS TVC § 1 1 i 1 |
| 1 | ! 1 S P RO | -1

g AT B P | 3 e i 1 b et e %01 S e
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TABLE H42.2.4.1=2 DELTA_QOMEGRE_OHNS_ENGINE CONSTANTS

| { I | | I
| HAME 1 DESCRIPTION [ TYPE | VALUT [ uNgT 1
| } i 1 1 |
[ACTT_TO_VEH |08S1 actuator axes to vehicle axes {1{3,3)s | See Note 1 [none |
I {transforration matrix | 1 { 1
i 1 ) ! ] i
{ACTZ_TO_VEH | OBS2 actuator axes to vehicle axes |83, 3)8 [See Note 2 fnone 1
| jtransforration matrix | { 1 I
t 1 . [ 1 1 !
ITHR fioninal thrust of a single OHS engine Is 16000 1bf I
1 ] i 1 | i
{TDAP | Rutopilot minor cycle tine 1S 1.08 1s i
| 1 { i t i
IDEG_TO_RAD {Degrees teg radians cohversion factor 18 |pi/180 | rad/deq |
§ - | : [ ] | t
|BRAD_TO_DEG |Radians tc degrees conversion factor 1S |1180/pi tdeg/rad {
] i | i ! {
Note 1:

~cos (x)cos {y) | —-gos(x})sin(y) sin{x) where x = 15.8167 deyg
ACT1 TO VEH = ~sin(y) cos{y) 0 y = 6.5 deg

-sin (x) cos (y) =sin(x) sin{y) ~cos (x)
Note 2: ~cos (x)cos {y) cos (%) sin{y) sin(x) | where x = 15.8167 deg
Z\CTZ_TO__VEH = sin (Y) cos (y) o Yy = 6.5 deg

=sin(x)cos{y) sin{x}sin(y) "’ ~gas (%)
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4.2.2.4.2 ENGINE_CG_CMD

A.

B.

C.

Function: This module computes the OMSL and OMSZ2 engine
pitch and yaw servo trim commands necessary to peint both
engines through the vehicle center of gravity.

Black Diagram: Figure 4.2.2.4.2-1

Processing Rate: 1/maneuver

Interface Requirements: Table 4.2.2.4.2-1

Constants: Table 4.2.2.4.2-2

Initialization Requirements: none
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OMS1_CG - . - OMS1_THADSTOIR | |OMSILTRIMI = RAD_TO_DEG [OMST_TRIN]
= OMS1_THRUSTDIR « VEH_TO_ACT! UNST(OMS1_CG) e o —
(OMS1_THRUSTDIR/SORT{1 - OMS1_THRUSTDIR,?), -OMS1_THRUSTOIR|
'—‘
W
5,3
OMS2_CG _ " OMS2_THRUSTDIR | [OMS2_TRIM| = RAD_TO_DEG (OMS2_TRIM]
= OMS2_THRUSTDIA = VEH_TO_ACT2 UNITIOMSZ CG) -
[OMS2_THRUSTDIR/SART{1 - OMS2_THAUSTDIA,?), -0MS2_THRUSTDIR,]
:
P )
: ENGINE_CG_CMD
)
ijj m
> E
3 E Figure 4.2.2.4.2-1. ENGINE_CG_CMD.
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TABLE 4.2.2.,4,2-1 ENGIHE_CG_CMD INTERFACE REQUIREUENWTS

| | | | | | | I
| i - i SOURCE OR 1 | 1 1 SANTLE 1
| NAME i DESCRIETION | DESTINATION | TYEZ | FANGE | It | TATT (HZYy |
{ i 1 i i ) ) 1
IInputs ] l | | 1 1 I
1 1 1 L 1 - 1 - Y SN —— |
{ONS1_CG f{Vector fron ONS1 hinge peoint to |OMS_PREETHRUST_HANEUV-1V(3)S | TR | £ }1/naneuver 1
1 j{vehicle cg, it body axes | ER i | I i |
1 1 | 1 1 ] T 1
|OHS2_CG |Yector from OS2 hinge peint to | OKS_PRETHRUST_HANEUV- |V (3)5 | TRD 12 11/pansuver |
| {vehicle cg, in body axes IER | { 1 1 H
4 1 ] 1 1 B U S |
|Joutputs | H | 1 4 | 1
i ! | 1 1 L 1 1
[OX51_TRIN }08S1 engine pitch and yaw trin [ TVYC_LAW_PITCH-YAW 1A(2}s [TFD |deg f1/mancuver i
1 {values i | i l ! !
1 1 1 i 1 L I - —l
{08S2_TRINM | 0852 engine pitch and yaw trim | TVC _LAW_PITCH_YAW 1A(2)S | TED [deg | 1/nan=nuver I
| | values { l | ! | I
1 1 | | L)

PSSO

fi
|
E
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TABLE 4.2,2.0,2-2 ENGINE_CG_CHD CONSTANTS

i I { 1 i 1
] RAKE | DESCRIPTION 1 TYPE i VALUE ] UHIT i
1 1 1 i i i
IYEH_TO_ACT1 | Vehicle axes to CHNS1 actuator axes 14{3,3)S | See Note 1 |none 1
I jtransformarion matrix I 1 t 1
1 1 . L { ! 1
{YEHR_TO_ACT2 t¥snicle axes to OHSZ2 actuator axes [H{3, s | See Note 2 {none I
I ttransforpation matrix I { | |
i | i i3 ] §
{RAD_TO_DEG {Radians tc degrees conversion factor is 1180/pi {deg/rad ]
1 I 1 | 1 1
Note 1l:
o .
~ -cos({x}cos(y) ~gsin(y) ~sin(x)cos{y) where x = 15,8167 deg
VEH_TO_ACTL = | -cos(x)sin(y) cos (y) ~sin{x)sin(y} Yy = 6.5 deg
sin(x) 0 ~cos (x)
Note 2:
~cos (x)cos (¥) sin(y) -5in{x)cos{y) where x = 15.8167 deg
VEH_TO_ACT2 = cos (x)sin(y) cag {y) sin(x)sin(y) : y= 6.5 deg
sin {(x) 0 -cos {x)
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4.2.2.4.3 ENGINE_PRETHRUST TRIM

A,

B.

C.

D.

E.

F.

Function: This module computes the OMSLl and OMS2 engine
yaw and pitch servo trim commands such that the engine
thrust vectors are parallel and there is no net torque oﬁ
the vehicle.

Block Diagram: Figure 4.2.2.4.3-1

Processing Rate: 1/maneuver

Interface Requirements: Table 4.2.2.4.3-1

Constants: Table 4.2.2.4.3-2

Initialization ReguirementsS: none
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ansi_ [OMS1_TRIM! = RAD_70_DEG
- - - THRUSTEIR 2 |OMS‘I_TR|M|
yoed OMS1_THRUSTDIR = VEH_TO_ACT1 UNIT {CG_SUM} [0M51_THﬂU5TDlR3/SQRTl1 -DMS‘I_THBUSTDIR: 1. P
- OMS1_THAUSTDIR)
oMs1_C6 .
+
CG_5UM :
= ;
2 i
© iy
} |
oMs2_€G
omMs2_ {oMS2_TRIMI = RAD_TO_DEG
- . - THFIGSTDIH 2 [OMSZ_TRIM]
OMS2_THRUSTDIR = VEH_TOQ_ACT2 UNIT {CG_SUM} 'T IDMSZ_THHUS'FﬂIHSISQﬂT" —OMSZ_THHUSTOIﬂz 1. T—
- OMS2_THRUSTOIR,]
ENGINE_PRETHRUST _THIM
o 1
5 |
=
g G2
Q B
o
w ? Figure 4.2.2.4.3-1. ENGINE_PRETHRUST TRIM. |
8w |
i
1




091

TABLE %4.2.2.4.3~1 ENGINE_PRETHRUST_TR1M INTERFACE REQUIREMENTS

1

| | | i | i |

| 1 . { SOURCE OR | | i | SAMPLE 1
| HAHE 1 DESCRIFTION 1 DISTINATION [ TYE® | FANGE UNIT | LATT (H?7) i
| I { I 1 1 U FI R |
|Inputs | l | | I | 1
| . 1 —_— | i 3 _ 1 _— 1
[ONS1_CG |Vector frcm OMST hinge point to [OMS_PRTTHRUST_HANEUV-|V(3)}S |TBD R {1/maneuver |
] | vehicle cg, in body axes ] ER | t 1 | 1
I | | | 1 1 i 1
{0¥s52_CG |vector from OHS2 hinge point to |ONS_PRETHRUST_MANEUY-(V(3}S | TBD B3 | 1/maneuver |
| | vehicle cg, in body axes 1 . | i i | |
1 1 i 1 1 1 - 1 1
10utputs { I 7 1 i 1 1 |
1 ] { L | 1 _ | 1
[OMS1_TRIN : |OMS1 engine pitch and yaw trim | TYC_LAM_PITCH_YAW 1h{2}S ]TBL | deg |1/maneuver 1
l [values 1 i i | | |
I | 1 | | 1 1 ki
JONS2_TRIN 0452 engine pitech and yaw trin | TVC_LAW_PITCH_YAW fa{2)s | TED | deg |1/maneuver |
| |values H 1 l I !
J 1 | i 1 1. | |

.
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TABLE 4.2,2.4.3-2 ENGIHE_PEETHRUST_TRINK COHRSTANTS

|
1 TYPE

|
| VALUE

|
HAME DESCRIPTION i UNIT !
i i [} L {
{YEH_TO_ACT1 {Vehicle axes to OMS1 actuator axes 16(3.3)5 | See Note 1 |none }
1 jtransformation matrix H i ! {
{ _ i 1 1 1 1
JYEH_TO_ACT2 t Vehicle axes to CHS2 actuator axes I14(3,3)5 |See Note 2 {nonhe B
i jtransforpation matriz } | | ]
{ | 1 ! ] 1
§{BRAD_TO_DEG {RBadians te deqgrees conversi factor IS | 180/pi {deg/rad l
] 1 1 i 1 !
Hote 1l:
~eos {x)cas (¥) ~sinly) ~sin(x)cos(y) ~ vwhere x = 15.8167 deg
VEH_TO_ACTY = | —cos(x)ein(y} cos (y) -sin(x)sin{y) y= 6.5 deg
8in (x) 0 ~cos (x) J
Note 2: ;,:1‘
LJ
~cos(x)cos(y) sin(y) ~-sin (%) cos(y) where x = 15.8167 deg
VEE_TO_ACT2 = “cos (x) sin(y) cos (y) sin(x)sin(y) Yy = 6.5 deg
sinfx) 0 -cos (%)
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4.2.2.4.4

Al

B.
c.
D.
E.

F.

GUIDANCE COMPENSATION

Function: This module provides gain and compensation filter-
ing for the guidance loop in pitch and yaw during normal
burns in the auto TVC submode.

Block Diagram: Figure 4.2.2.4.4-1

Processing Rate: 25 Hz

Interface Reguirements: Table 4.2.2.4.4-1

Constants: none

Initialization Requirements: Table 4.2,.2.4.4-2
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INIT_GUIDANCE_
COMPENSATION

- rrn e e |t STV W T S RTE

OMEGA_C_AUTO

INITIALIZATION
(TABLE 4.2.2.4.4-2)

EIRST ORDER FILTER

(pitch, vaw)

[GUID_COMP_GAIN]

i miecarire———e

GU!D_COMP_GAIN, —
GUID_COMP_GAIN, z!

OMEGA—C_BODY

o

e

1-GUID_COMP_GAIN, Z™!

{roll}

GUIDANCE_COMPENSATION

Figure 4.2.2.4.4-1.

GUICANCE COMPENSATION.
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TABLE 4.2.2,4,4-7 GUIDANCE_COMPEHSATION INTERFACE FEQUIREHENTS

| [ | | 1 | [ |
| 1 ] S50URCT DR 1 i | | SA*MELT 1
] HABE 1 DESCEIBTION i DSSTINATION | TYPF 1 JANGT HYIT i YATT (HZ} |
1 1 | i 1 | . f
jInputs b } | | | 1 |
1 1 ) 1 i | L |
{OHEGA_C_AUTO |Commapded body angqular rate |AGTOD_TVC {v({3)s | T 8D |deq/s (25 |
I 1 I [ 1 I - R 1
IGUID_COHP_GAIN {TVC conmpensation gains | CPC_RECOW |2 {3)5 {2-engine| none 125 |
1 | i ] |burn ; | ] 1
] | i | 1 (G230, | 1 1
1 I | 1 11,203332, | |
| | | | 10.9932) 51 [ |
i { ! i 11-engine| | |
i | | i {bucn: i | I
| { I ] {TBD | 1 |
1 } I | 1 1 S | 1
{IHIT_GUIDANCE_COHPE-|¥ecdule initialization £flag JOFC_RECOH 1B 19,1 { none 125 |
|HSATIOH | I | { | | |
1 i | i 1 | | I
|output | i | l I 1 |
1 | . t L I | | {
JOMEGA_C_BODY |Cormanded bhody angular rate {Roll component: 1¥{3)s | TBD {deg/s 125 j
| ] |RCS_ASSIST_ROLL, | | | 1 i
i i {TYC_LAW_ROLL | | | l I
| i |Pitch and yaw | i | | |
] t jconponents: | i | | i
| | 1 TVC_LAW_PITCH_YAW I | ! | |
i [ i J | ! L 1

R ——————
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TABLE U.2e 2.4, 4~2 GUIDAKCE_COMPERSATION INITIALIZATION REQUIREHENTS

! ' I | 1
} JIMITIALISE OH TRAMSITION [ INITIALIZE O¥ TRANSITION ; VAEIABLE 1 INITIAL VALUT 1
I FROH | 70 i | 1
1 ! 1 1 1
{IRIT_GUIDANCE_COMPEMSATION =|INIT_GUIDANCE_COMPENSATION ={FIRST ORDEE PILTER NODE 10 i
IOFF 108 i 1 )
i ] ! | 1

.
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4,2,2.4.5 GUIDANCE_GAIN RCS_ASSIST ‘

A, Function: This module provides gain reduction for the
guidance loop in pitch and yaw when the RCS DAP is helping
to control the vehicle attitude in the auto TVC submode.

B. Block Diagram: Figure 4.2.2.4.5-1

C. Processing Rates 25 Hz i
D. Interface Requirements: Table 4.2.2.4.5-1 §
BE. Constants: Table 4.2.2.4.5-2 §
F. Initialization Requirements: none i
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OMEGA_C_AUTO

{pitch, yaw} P_Y_GAIN OMEGA_C_BODY

Hwre

{roll) 1

GUIDANCE_GAIN_RCS_ASSIST

Figure 4.2.2.4.5-1. GUIDANCE_GAIN_RCS_ASSIST.
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TABLE 4,2, 2.4.5-1 GUIDANCE_GAIN_RCS_ASSIST INTERFACE REQUIPIHZNTS
i 1 1 | 1 I § !
1 1 1 SOUHRCE -0F [ H i 1 S1XFLE t
| HAKE ! DESCRIFIION I DESTINATION | TYPE I FANGE | UpIl 1 EATE (HZ) {
| ] ! | ! | l I
(Input I I 1 I P [ 1
1 1 1 | i I 1 1
JOMEGA_C_ADTO |Comranded body angular rate L AOTO_TVC IV{3)s 1 TBD |deg /s 12% |
§ | ] | ] | 1 J
|output [ | | I | | f
1 i ! | i ] i 1
JOMEGA_C_BODY jCommanded body angular rate | BCS_ASSIST_ROLL, INEE R | TBD jdeg/s 125 i
i l {RCS_ASSTST PITCH_YAW | i ] 1 i
| i I 1 I | N 1 !
TABLE 4,2,2.4,5-2 GUIDANCE_GAIN_RCS_ASSIST CONSTLHTIS
| | 1 1 | i
H HAME i DESCRIPTION i TYPE 1 YALUE 1 UNIT i
1 | 1 1 | |
|E_Y_GAIH JPitch and yaw command gain 18 10, 16 |none |

T e aat

PN

R



ol

et

4.2.2.4.6 OMS_ENG_CMD

A.

B.
C.
D.
E.

F.

Function: This module computes the OMS1 and OMSZ engine

on commands.

Block Diagram: PFigure 4.2.2,4.6-1

Processing Rate: 25 Hz

Interface Reguirements: Table 4.2.2.4.6-1

Constants: none

Initialization Requirements:

169
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oLt

INIT_OMS_ENG_CMD INITIALIZATION
= {TABLE 4,2.2.4.6-2)
-
[OMS_ARM_REQ] " OMSt_ON_CMD
[ [ . . S
OMS1_ON_CMD = OMS_ARM_REQ, # OMS_ON_REQ, ®OMS1_FAIL
[OMS_ON_REQ] -
OMS1__FAIL
s sl
OMS2_ON_CMD = OMS_ARM_REQ, e OMS_ON_REQ, ® OMS2_FAIL
oms2” FAIL - OMS2_ON_CMD
.OMS_ENG_CMD

Figure 4.2.2.4.6-1. OMS_ENG_CMD.
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TABLE 8.2.2.4%.6-1 OMS_EBG_CHD IRTEREFACE REQDIREHENTS

i 1 I v 1 ( 1 [ 1
{ i 1 SOQURCE OR | I i } SAMELE {
I MABE | DESCRIPTION i DESTINWATION j TYPE | FAUGE | ONIT | FATE (HEZ)} |
| 1 1 | 1 ] | —1
|Inputs | l t | ! ( 1
} ! 1 | 1 1 1 i
JO8S_ARH_RE(Q [OHS arming reguest { B5C 13{2)B 10,1 | none 125 i
i I { } 1 ! § |
JOHS_OX_REQ | O¥S turn=-or request ] H5C 12(2)B 10,1 | none [25 1
{ i i i i I i |
{ONS1_FAIL {0851 failare identified | R¥ IB 10,1 | none 125 |
| - i | { 1 ] 1 !
|O¥SZ2_PAIL jous2 failure identified |RH IB 10,1 | none 125 |
1 § 1 } 1 | | I
|IXRIT_ONS_ENG_CHD |Hodule initialization flag jOFC_EECON |B 10,1 |none 125 §
! ] i | } ) | i
[Outputs I | i i { | I
} 1 | | ]l ! 1 t
{OKS1_ON_CHD 10851 an command {502, HH, IB 10,1 {none 125 Y
] | | DELTA_OMEGA _OMS_ENGI-) { i I i
i i | HE I i | | !
i 1 | { 1 ] i 1
jOMS2_ON_CHD 1ON52 on command [S0P, RH, |B 10,1 [none 125 i
£ ] |DELTA_OMEGA_OHS_BHGI-| | { [ 1
} | | HE { | | | |
| i 1 I | 1 | 1
TABLE 4.2.2,4.6-2 OHS_BHG_CHD ;HITIALIZATIDH EEQUIREMENTS
| | l | 1
§ INITIALIZE ON TRANSITIOW | IHITIALIZE ON THANSITIOH | VARIABLE § INITIRL VALUT 1
i FROH i T | i i
| i 1 L -—d
JIMIT_OMS_ENG_CHP = OFF | IHIT_DES_ENG_CKD = {0851 _FAIL 1CFF :
t } | |
i I {O¥S2_FAIL |OFF |
i 1 !

B

g
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4.2.2.4.7

A.

PITCH_YAW ASSIST COMPUTATION

Function: This module determines whether the TVC DAP
requires assistance from the RCS DAP for yaw and pitch
control, on the basis >f the body rate estimate from the
State Estimator. Hysteresis is incorporated to prevent
noise from causing unnecessary cycling.

Block Diagram: Figure 4.2.2.4.7-1

Processing Rate: 25 Hz

Interface Requirements: Table 4.2.2.4.7-1

Constants: Table 4.2.2.4.7-2

Initialization Requirements: Table 4.2.2,4.7-3
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INIT_PITCH
YAW_ASSIST_
COMPUTATN

INITIALIZATION

RATE_EST

(TABLE 4.2.2.4.7-3)

ON_
THRESHOLD

o 1

pitch ON
- S|

LT

i i Bt

¥

GFF————OFF
THRESHOLD

L)
PITCH

L]
YAW

OR
(SEE NOTE)

ASSIST_PITCH_YAW

GFF_ OFF
THRESHOLD

ON_
\I/ THRESHOLD
ON
Lk l P, 4 A

PITCH_YAW_ASSIST_COMPUTATION

NOTE: LOGICAL OPERATION.

Figure 4.2.2.4.7-1. PITCH_YAW_ASSIST COMPUTATION.
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TABLE 4.2,2.4.7~1 PITCH_YAW_ASSIST_COMPUTATION INTERFACE REQUWIREMENTS

| i 1 { 1 1
: } i SOORCE OR | | 1 1 SAKPLE I
1 BAHE | DESCRIPTIION | DESTINATION i TYPE | FANGE | UNIT i TATE (®BZ) |
1 1 1 ! ! 1 1 1
iInputs | | | | | l l
1 J 1 I ! 1 - .l I
[RATE_EST yBCDY ANGULAM RATE ESTIMATE {PART1_FILTEE PV (3)s | TBD [deq/s 125 !
t(pitch and yaw 1 | i | | | |
Iconponents) | 1 ! ] 1 ! |
X 1 i 1 X 1 l H
|IIRIT_PITCH_YAW_ASSI-{Hdodule initialization flag |OFC_RECON iB It +1 {tnone 125 I
IST_CONMPOTATION 1 | i | 1 | i
| I | 1 ] 1 i ]
{Output { | | | i | |
| [ 1 ) I ! t i
|ASSIST_PITCH_YAW |Flag requesting RCS assistance of | SFC_RECOH IB 10,1 {none 125 |
1 [TV¥C for pitch and yav control | | ! | } |
| | (1=request) i | | | 1 1
I i . I 1 [ | 1 1
TABLE 4,2.2,4,7-2 PITCH_YAR_ASSIST_COHMPUTATIOH CONSTANTS
| [ . i I |
i HAHNE ] DESCRIPTION ; TYPE i VYALOGE | GNIT I
d ) i I 1 i
JON_TBRESHOLD |Body angular rate threshold for initiation or I8 (0.3 |deass |
| |resurption of RCS DAP assist of TVC DAP for i 1 ] |
1 jpitch and yav control I | I ]
4 | 1 t i 1
{OPP_THRESHCLD |Baody angular rate threshold for termination of |(S 10.25 1deg/s |
| [RCS DAP assistance of TVC DAP for pitch and yaw | | H |
] ' |control 1 | | |
1 1 1 L I H
THRELE §.2.2,4,7-3 PITCH_YAW_ASSIST_COHPUTATION IRITIALIZATION REQUIPEMENTS
1 | I | 1
| TIHITIALIZE OR TRANSITION | INITIALIZE ON TRANSITIOR | YARIABLE | INITIAL VALUE I
| FROH | TQ | - 1 |
A [ | 1 1
JINIT_PITCH_YAW_ASSIST_COHPU-(L1HIT_PITCH _YAM ASSIST COHPU-|PITCH B 108 1
JTATN = OFF {TATH = OH [ | 1
| | | | 1
i l | TAR | ON 1
i i I | 1

h
i
|
|
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4.2,2.4.8

A.

SR IO SRTISUSIS SUSSIN NSRS

RCS_ASSIST PITCH_YAW

Function: During the RCS assist mode of TVC operation, this
module forms the pitch ard yaw components of vehicle atti-
tude and angular rate errors. Desired attitude is the
integral of the commanded body rates; measured attitude

is the integral of the body attitude increments derived

froﬁ gimbal angle increments. Both integrals are zeroed at
initialization. Attitude error is the difference between
the desired and measured quantities. Rate error is the
difference between the commanded and estimated body rates.

Block Diagram: Figure 4.2.2.4.8-1

Processing Rate: 25 Hz

Interface Requirements: Table 4.2.2.4.8-1

Constants: Table 4.2.2.4.8-2

Initialization Requirements: Table 4.2.2.4.8-3




9T

INIT_RCS_ASSIST_
PITCH_YAW

INITIALIZATION

|GIMBAL_ANGLES]

— | TABLE 4.2.2.4.83)

GIMBALS_

OMEGA_C_BODY

i T0_BODY
={[GA_DEG] orerion
| 42.254)

Al — . ——

§—m-d [SECTION
192252 _ 3

] 2 '[GA__OI.D]

RATE_EST

| MODULAR_ADD | (nESIRED_ATTITUDE_P_Y]
foltch, vawd__ -,—_@———l (SECTION = ==

o e e

. VGa_To_pobv

G_TO_B sy
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IMODULAR_ADD §ca NCREMENT
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ATTITUDE_INCREMENT =

GA_TO_BODY
GA_INCREMENT

1 42262

L.__.r...

ATTITUDE_
INCREMENT
{pitch,yaw}

r————

MODULAR_ADD |
] - [ATT
—_

{SECTION
| 42252

A— — mﬂﬂJ

I -

|

,

!
1

ITUDE_P_Y]
I ‘

t

MODULAR_ADD
{SECTION —
4.2.2.6.2)

'——ﬂ_--!

ATTITUDE_
ERROR

{pitch, yaw)
—n.---—-—’

RATE_ERROR
(pltch, yaw)

{pitch, yaw)
e

RCS_ASSIST_PITCH_YAW

Figure 4.2.2.4.8-1.

RCS_ASSIST PITCH_YAW.
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TABLE 4.2.2,4.,8-1 RCS_ASSIST_PITCH_YAW INTERFACE REQUIREHENTS

S50URCE OR

i
i SAMELE
BAHE DESCRIEBTION DESTIHATION | .TYPE RANGE ONIT FATE (HZ)
i

i
|
i
J

e . ey S
frr — - —

|Inputs i i

--

LLT

o
e

: i
coemanded body angular rate |GOIDARCE_GAIN_RCS_AS-|V(3)S
| SIST or MANUAL_TVC |
|

i -
{OHEGA_C_EBODY

j {pitch and yaw
jcopponants)

]

3
=]
(=]

deg/s

3
oF
[

|RATE_EST
{ {pitch and yav
jconpouents)

Body anguolar rate estimate PARTT_PILTER vi{3)s deq/s

-

i
(IEIT_BCS5_ASSIST_BLIi-
{CH_YAW

o

Hodunle initizlization flag OFC_RECON

=]
-
—y

L
1

| -
IGEHBAL_AHGLES =180 < xldeg
i

{

Ing gimbal angles SDP

-
-~
w
—

SN TRy I ap— S -,
A
n
-
[es]
<

IR VRN SRR S —"

|
1
|
|
|
i
1
|
|
1
|
|
1
1
|
1

s e e fom o s o

|
|
|
|
}
|
|
L
!
l
4

|0ntputs

8 ]
w

i
PHASE_PLANZ 1V(3)5

-
m
=

§
|ATTITUDE_ERROR
| {pitch and yaw
jcorponents)

Hody angle érTtor deg

s eaa s R oy Satenn

ng,
o

BIrIvad 900 o0
£ @OV TVNIDT

3%
[*)

!

{RATE_ERBOR
{{pitck apd yaw
jcoxponen ts}

|

=3
[+:]
[}

Body angular rate error D&C, PHASE_PLANE Vi3 deg/s

o o e o it o . o frn i
— mm so o o = o o e
iy Ry

|
I
1
|
|
1
[
1
|
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TABLE H.2.2.04,B~2 BCS5_ASSIST_PITCH_YAR CONSTANTS

L |
HAME i DESCRIPTION

§
TYPF i VALUE I URIT

T

{TDAP jPeriod of FVC DAP cycle 18 [0.04 |s
4 1

fan
frme

TABLE 4.2,2.4.8-3 RCS_ASSIST_PITCH_YAW IHITIALIZATION REQUIREMENTS

= o ———

IGA_OLD
i

{ I !
| INITIALIZE ON TRa8SITION | INITIALIZE OW TRANSITION | VARIABLE 1 INITIAL VALUE
| FRCH l T i i
1 ! 1 I
(IHIT_BCS_ASSIST PITCH_YAW = [IRIT_RCS_ASSIST_PITCH_YAW = |DESIRED ATLITUDE P_Y 10
|0FF jo¥ ! |
: | 1
{ATTITUDE_P_Y 10
| 1
|
1

P e W — e
ot wovn et o e

GINBAL_ANGLES




R

4.2.2.4.9 RCS_ASSIST ROLL

o Pea i St

e e

S

Function: During the RCS assist mode of TVC operation,
this module forms the roll component of vehicle attitude
and angular rate errors. Desired attitude is the integral
of the commanded hody rates; measured attitude is the
integrai of the attitude increments derived from gimbal
angle increments; both integrations are zeroed at initiali-
zation. Attitude error is the difference betwaen the
desired and measured quantities. Rate error is the differ-
ence hetween the commanded and estimated body rates.

Block Diagram: Figure 4.2.2.4.9-1

Processing Rate: 25 Hz

Interface Reguirements: Table 4.2.2.4.9-1

Constants: Table 4.2.2.4.9-2

Initialization Requirements: Table 4.2.2.4.9-3
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INIT_RCS_
ASSIST_ROLL

{GIMBAL_ANGLES]

INITIALIZATION
-1 {TABLE 4.2.2.48-3|

GIMBALS_TO_80DY

(GA_DEG]  (oreriON 4.22.5.41

-e———— _ ATTITUDEINCREMENT = | ATTITUDE_ e o e
- MDDULAR_ADD .1]GA.INCHEMENT &t 5 ac;uv INCHEMENT ;-MDDULAR_ADD —IATI’ITUDE_H
[SECTION 4,22.5.2) - = tralit (SECTION 4.2,2.5.2) -
PRI | GA_INCREMENT ISR |
IGA_OLD]
Li— -1 A " g
OMEGAZC_BODY | ront MODULAS_ADD DESIRED_ATTITUDE_R ARLAD ATTITUDE_ER
& _.,_| _ [ . = . .1 MOBULAR_ADD TTITUGE_ERROR
TDA® {SECTION 3.2252) 1 s T | isecrion 22252
| - — trall}
-f——- o
RATE_EST tratl) RATECERROR
{roft)

[ m

. GA_TC
g O-BI _TO_BODY

ISV S g

*

RCS_ASSIST_ROLL

Figure 4.2.2.4.9-1. RCS_ASSIST_ROLL.
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XABLE 4,2.2,4,9-1 RBCS_ASSIST_ROLL INTERFACE KEQUIBEMERTS

1 | i 1 1 | i |

1 | 1 SOURCE OR [ | | ! SLHPLE i :
| YA NE | DESCRIPTION i DESTINATIOH | TYFE | TANGY | TNIT | FAT= (H7} | !
1 i 1 1 { 1 1 i

fInputs | i H | i | 1 .
1 1 i | 1 | | 1 :
JOBEGA_C_BODY |Comnanded bhody angular rate |GUIDAHCE_GAIN_BCS_AS-(V(3) |TED {deg /s 125 | :
I{roll coxponent) 1 |S1sT, 1 | | | l 1
i l JGUIDARCE_COMPENSATION| | | 1 | '
! i lor HANOAL_TYVC | i | I i :
I 1 ! i 1 ] L i :
JINIT_RCS_ASSIST_ROLL{Module initialization flag | OPC_RECON |B 16,1 | none 125 | l
1 1 § 1 i 1 1 i :
|BATE_EST | Body angular rate estimate | PART1_FILTB: IV(3)s {TED | deq/s 125 } l
j(roll component} | [ | | | 1 | ;
{ | § 1 | 1 1 | I_
|{GINBAL_AKGLES 17+7 gimbal angles |50P 1A{3)S 1-180 < x|deg [25 |

1 | | | |<= 180 | 1 !
| 1 1 | P | | - L 4 :
foutputs { § i | 1 | | i
1 i } { ! | L 1 :
fATIITUDE_ERROK {Baidy angle error |PHASE_PLANE IV (3)5 {TRD jdeq 125 | i
| {rol)l companent) I | I 1 | { § :
[} I ] ] | 1 | — 1 :
|RATE_ERROR {Body angular rate error jDEC, PHASE_PLANE V{35 | TBD 1deg/s 125 ! :
| {roll component) 1 1 { | I i | :
1 1 1 1 1 - 1 - R | 1 !

i
:
i
]
3
}
!

PR .

. e g
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TABLE 4.2,2.4.9~2 RCS_ASSIST_ROLL CONSTANRTS

H i ! i 1 1
] HAHR ] DESCRIPTION | TYPE ] VYRLUE | UNiT i
! i - [ 1 ! [
JTDAR jiPeriod of IVC DAP cycle 1s 10. Gt Is i
1 L i i | |

TADLE 4.2.2.4,9~3 RCS_AS55IST ROLL INITIALIZATION REQUIREHENTS

PE——

VARIABLE

i
IHITIALIZE ON TRANSITION | IHITIALIZE ON TRANSITION
FROH I 0
!

o

INITIAL VALHE

JIRIT_BCS_ASSIST_ROLL = OFF

N L

INIT HCS_B55L5T_ROLL = O |DESIBED_ATZ ITUDE_R
{ATTITUDE_R

{
IGA_OLD

|
|
|
i
i
§ L

10
{
10

i
|GTMBAL_ANGLES

f

o 4 ettt o 2 s

i
:
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4.2.2.4.10
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TVC_LAW_PITCH_YAW

Function: This module closes the inner loop of the TVC DAP
when RCS DAP assistance in pitch and yaw is not required.
Vehicle pitch and yaw ratec are derived by back-differencing
the IMU angles, dividing by the time step and transforming
from IMU rates to body rates. The body rates are subtracted
from the commanded rates to form rate errors, which are proc-
essed by compensation filters and passed through
proportional-plus-integral paths. The outputs are limited
and passed on as position commands to the OMS engine actua-
tor servos. The pitch channel compensation filter contains
a sign reversal to account for a second reversal that takes
place in the engine-vehicle relationship {in which positive
engine pitch induces negative vehicle pitech). The yaw
channel does not require such a reversal because the vehicle
and actuator coordinate frames have approximately opposed

7 axes, and thus positive engine yaw about the actuator

Z axis induces positive vehicle yaw about the vehicle 2 axis.

The initialization of this module includes two significant
actions. The TVC DAP gains are set as an inverse function
of the number of OMS engines operating; re-initialization
is thus required if this number changes. Secondly, depend-
ing on the value of the initialization flag (which for this
module is an integer), the intedgrators in the proportional-
plus-integral processing may either be allowed to remain
containing the final values from the previous TVC burn, or
initialized to a value computed outside the module. In
either case the integrator contents are immediately passed
on as initial engine trim commands.

Block biagram: Figure 4.2.2.4.10-1

Processing Rate: 25 Hz

Interface Requirements: Table 4.2.2.4.10-1

Constants: Table 4.2.2.4.10-2

Initialization Regquirements: Table 4.2.2.4.10-3
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INIT_TVG_LAW_PITCH_YAW

TVC_LAW_P_Y_GAIN_FLAG

VERICLE_INVERSE_INERTIA
foMSt_cal \HITIALIZATION
IOMS1_TRIM] (TAILE 42.2.4.10.)
1OMS2_TRIM]

IGIMBAL_ANGLES)

G

1 .
GIMBALS_TO_BODY —~ {§ GA_TO_BODY

l‘?‘
§OA-UEC) oeemion 42354 To_8y

OMEGA—C_S0DY

I SR )

T MODULAR_ADD  JGA_INCREMENT lianT pate = ga_Th_sopy,
LISECTIoN 322521 1 _INCREMENT/TDAP

[GA_oLn]
BODY_RATE lpiteh, yim}

{yaw}

{OMS1_PITCH_YAW_CMO]

RY

lyaw)

-z .03z + Dz

fraw)

[oms2

PITCH_YAW_CMD]

byzwi
Digitat

Filpers

V Ipitchy

PITCH_TVC_CMD,

[PITCH_TVC_CHD]

[pitct)

b |

- -k
,,,m,.,éa 1 oz oz » g

PLIN

toich)

)

PITCH_TVE_CHD,

—/l—" LI

TVE_LAW_PITCH_YAW

Figure 4,2.2.4.10-1.

TVC_LAW_PLTCH_YAW.



TABLE 4.2,2.4,10-1 TVC_LAR_PITCH_YRW INTERPACE REQUIREMENTS

i l i i | | | 1

| ; | SOURCF OR } | | | SAHMPLF 1

I HAMNE [ DESCRIPEION 1 DESTINATION 1 TYPE | FANGE UNIT { BAT® {H7) |

i | I ] | i - 1 1

|Inputs i | | { | | ]

I | i i | 1____ | - 1
{OBEGA_C_BODY jConmanded body angular rate IGUIDANCE_COHPFHSATION|V(3)S | THD ldeg/s 25 1

| {pitch apd yaw 1 jor BANUAL_TVC | | | i |

|componen ts) | | - | { | {

L i 1 | | | S R 1
|GINBAL_AHGLES [IH0 gimbal angles } S0P 12{3)5 1-183 < x1degq 125 [

) | | I 1<= 18C 1| 1 1

1 i | 1 { i -1 |

10HST_Co |Vector from OHS1 hinge point to |OHS_PRETHROST_BAWEUV- |V (3)S | TBD 1£ {1/maneuver [

I {vehicle cg, in body axes | ER | | | | |

1 i i { | I 1 1
IVERICLE_IRYERSE_INE-}ZInverse of vehicle inertia | SF [# (3,315 [TRD 11/{{sluqg) () ~| T/maneuver 1

|1RTIA | . | t 1 | t£)} I 1

{{pitch and yaw ] i 1 l | | |

{ronents) | 3 3 { I I |

[ 1L f i I | 1 1
e 1TVC_LAY _P_Y_GAIN_FI-|Flag indicating number of 0#S iOFC_RECON X 11,2 Inane | 1/maneuver [
[AG {engines to burn I | I | | i

i | i | | | | |

i 17 = 1 eagine | ! | { | I

| [ | { | i | |

| 12 = 2 engines | | ( [ { {

£ i L [ 1 1l __ | - 1
JINIT_TVC_LAW_PITCH_-fHodule initialization flag | CPFC_RECON 1T to,1,2 | none 125 |

|IAW I l i { | | I

I I | | | | 1 |

C, . { }0 = no init i | | | | |
s I i ! | | I [ [
vd &3 § 11 = init using trim value derived| [ [ i | |
(] 2 | 1 froz previous OMS kurn | | | 1 | |
=) i i i | l | | 1
[=e F i 12 = init using OBS1_TRIN and | | | | 1 I
I {0852 _THIH i | i [ | |

% g 1 A ! 1 { L 1 - L
g |0KS1_TRIN |OM51 engipe pitch and yaw trir | ERGIRE_CG_CHD or 14¢2)5 |TRD 1dea | 1/naneuver |

'F G i |values | ENGINE_PRETHRUST _TRIN{ I | 1 |
E:j‘ | 1 ] 1 | B I — 1
aﬁ |OHSZ2_TEIN |0#S2 engine pitch and yavw trim [ENGIND_CG_CHD or {A(2)S ITBT {deq | 1/Daneuver i
= ] {values JERGINE_PRETHRUST_Ti IN{ i [ | |
4 1 { ——e i t ] - -l —1

R

-

P
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TABLE 4.2.2.4,10-1 TVC_LAN_PITCH_YAW IVWTERPACE REQUIREMENTS

HANE

DESCRIPTION

o —— —

e

SOURCE OR
DESTINATION

TYEE

EANG

rmy

o

[
|
|
|

ONIT

— — ——

SAMELE

RATE

2y

b ———

(Qutputs

|
|

|
1

I
{BITICE_TVC_CHD

|Pitch component of pitch servo
jcommand, for 0HS1 and OHS2
lergines .

TVC_BIXER

A(2)S

|pitchs
i-6 <= x
<= &
\yaw: -7
i(: x €=
|7

I

[=]]
]
0

OHS1_PITCH_YAW_GHD

0¥S1 engine pitch and yaw servo
conrands

w
[=]
=)

A (2)s

| pitch:
1-6 <=
[<= 6
jvaw: -7
€= x &=
¥

]

{
i
l
1
i
{
1
i
|
I
|
[
1
{OMS2_PITCH_YAH_CHD

i
i
i
l
i
1

OMS2 engine pitch and yaw servo
coamands '

TS NS N —

o e et i —— o s o ——— s o

7]
=]
w

A(2)s

|pitchs
|-6 <= x
j<= 6
fyaw: -7
j<= x <=
17

|

e i e ot ot e o o i 2 o om ke m e
cu 2
1] ]
r-1 \a

fom s e s e ity e o o e -

e i e e o e e ot e e o o o
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TABLE 4.2.2.4,10~2 TVC_LRVW_PTITCH_YAW CONSTANTS

|
| VALUE

I 1
NAME 1 DESCRIPTION TYPE 1 UHIT l
i 1 J 1 1
K | Piteh/yaw antopilot-vehicle gain product Is J&. 0109 |none |
i 1 1 1 ] |
{PLIH {OHS1 and OMS2 pitch cownand limit K] 16 |deg |
X 1 . 1 I ] [
1YLIN {O¥S1 and O#52 yaw command limit 15 17 fdeg |
d | A 1 1 ]
JKINT |Inteqgrator gain [§:] 10. 186 Inoae |
i | i K| i { ).
p2 |Filter coefficient Is 10.7857 | sone - |
1 | 1 i |- i
1D3 |Filter coefficient is 11,7376 |none ]
J 3 1 I | |
{D4 |Filter coefficient 15 |0, 78845 |tone |
1 | l 1. I 1
1T {Two=-engine thrust value IS 112063 11bf 1
1} 1 : | 1 I ]
JTDAP tPeriod of 'YVC DAP cycle is 1 G. 04 |s {
I l

e e

e e e i 5

|
i
{
i
i
{
i

R S,

oo i
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TABLE H,2.2.4.10-3 TYC_LAW_PITCE_Y¥AW EINITIALIZATION FEQUIREMERTS

i ] 1 l |
] INITIALIZE ON THANSITION | INITIALIZE OR TRANSITION | YARIABLE | IWITIAL VALUF ]
l FPRON i T i | 1
J i | I i
|THIT_TVC_LAW BITCH_YAW = 0 |IHIT _TVC LAW_PITCH_YAW = 1 |KY {Note 1 -1
i tor 2 | ! |
| | ’ { | 1
| | [KP [Hote 2 I
| | i | |
| | {dodes (3 each) 15 |
1 | ! | |
I | IGA_OLD |GTHRAL_ANGLES i
1 | 1 | - 1
{INIT_TVC_LAW_PITCH YAW = O |INIT_TVC_LAW_PITCH_YAW = 2 |INTI_PITCH | OHS1_TEINS (1} i
I I | | |
1 | (INT1_YAW | OWST_TI %5 {Z) \
I | 1 | i
] \ {IHT2_PITCH JOHS2_TRINS (1) !
1 | i ! |
b | JINT2_YAW | ONS2_TRIM$(2) 1
§ 1 1 | |
Note 1l:
2K

T ‘J‘x:'.‘H:I'.CL]E:__II\WERSE_IFIIE!R']’.‘IZ—\3 3 OMSl_CGl TVC_LAW P Y GAIN_FLAG
R - -

Note 2:

2K
T VEHICLE INVERGE_INERTIA, . OMSL_CG, TVC_LAW_P_Y_GAIN FLAG
, _Y_GRIN !




4.2.2.4.11 TVC_LAW_ROLL

=

e B e o SR SRS

C-%

e - ey

RN T S T 0

Function: This module provides control of the vehicle in

roll during two-engine TVC burns.

Block Diagram: Figure 4.2.2.4.11-1

Processing Rate: 25 Hz

Interface Requirements: Table 4.2.2.4.11-1

Constants: Table 4.2.2.4.11~2

Initialization Reguirements: Table 4.2,.2.4.131-3
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VEMICLE_INVERSE_INERTIA
INVT_TVE ® LAW_ROLL

oI EDV4 TVNIDO

INITIALIZATION
[TABLE 4.2.2.4.11-3)

~ AIITVOD €004 40

14y

r.—l.—t—"_-—-c_--d-_--t_‘

-
[GIMBAL_ANGLES) -\ GIMBALS_TO_BODY s . GA_TO_BODY
~eaoee R onas  S-To-8]

\

MODULAR_ADD B GA_INGREMENT | oan¥ mave = gA_To_poby
ISECTION 42252 GA_INGREMENT/TDAR

g
- 1GA_OLD]
2
- BODY_RATE roh)
INT_ROLL _
- Digita) Filter KINT  TDAP RLMT A
OMEGATG_BODY tro) .RR_D5 FLTEROUT _  HNGY— sl A | fROLLTVC.CMD,
* 1+ b5z ' | -ALIM
TVG_LAW_ROLL

Figure 4.2.2.4.11-1, TVC_LAW_ROLL
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TABLE 4. 2,2, 4, 11-1 TVC_LAH_ROLL INTERFACE REQUIPEMENTS

| | | | | l 1 |
| | I SOURCE DR I | | 1 SAMPLE !
H HAME 1 DESCRI ETION i DESTINATION | TYPE { BANGE | UNIT | PRATE (HZ) ;
| i | f 1 \ 1 1
{Inputs |- i | | | § 1
A L . ! I | | ! 1
{OBEGA_GC_BODY {Coemanded body.angular rate | GOIDANCE._COHPESSATION|V{3)5  |TBD {deg/s 125 1
| {zoll coxponent) 1 |or HARBAL_TVC | i 1 | 1
A i . 1 | | 1 | j
[INIT_r¥e _LAW_ROLL  |HKodule initialization flag | OFC_RECON ] 10,1 {none 125 |
i 1 ] 1 | 1 _b i
{GIHBAL_ANGLES | THU gimbal angles {S0B : [&(3) s |~180 < wideg {25 [
| | | | <= i8¢ | 1 |
1z i . } J | | | 1
|YERICLE_INVYERSE_IME-{Inverte of vehicle inertia | 5F I¥{3,3)5 |THD 11/ {{slug) {£) -[25 1
IRTTA i 1 [ | 1)) | |
| (roll soment) i i 1 | 1 | !
J } ) ! ! | § 1
{cutputes i ! | | | i |
1 | } ] l ] i
|BOLL _TYC_CHD {Roll component of pitch sertvo |TVYC_KIXER 15 ['RBD {deq 125

i i | | |

i i 1 [ 1

|comsiand for OMS5 engines
1

= ———— —

1




TABLE 44242e8s11-2 TVC_LAW_EOLL CORSTANTS

i . ) | { i |
i NAHE ° § DESCRIPTIOH | TYPE ( VALUE { UHIT |
4 } 1 ] : } L
k3 |En11 avtaopilot~vehicle gain product 15 {TBD | hone {
I i 1 |
{RLIN ;L:.niting valte for roll counponent of p:l.tch sewois [TBD tdeg 1
1] { corwapnd For OMS engines ] 1 | 1
. 1 ! 1 ) |
1XINT {Intagratok gaia 15 |TBD |ngne |
[ - 1 . i | ) 1
{Db5 |21lter coefficient 18 | TBD | none ]
d | i i L |
iT jTuo-engine thrust value IS | 12660 [ 1bE }
1 i : | | | |
ILY j0BS engines Y-axis separation is 114,77 1 £ 1
j | | { I {
{IDAP jPeariocd of TYC DAP cycle {s 10.04 {s |
| 1 | f I {

TABLE 4.2.2.4,11~3 TVC_LAW_ROLL INITIALIZATION REQUIRENENTS

.
i [Y>]

™ i 1 ] i i

| INITIALIZE O TRANSITION | INLTIALIZE OF TRAKSITIOR | YARIABLE | INITIAL VALUE |

1 FROA |- 0 | | I

[ i | | 1

| TWIT_TVC_ROLL = OFF [TNTF_TVC_ROLL = Of TER “"Tfote i i

1 I i i ;

i 1 . {FILTER_OUT 10 t

§ | || 1 |

{ 1 {GA_OLD JGIMBAL_ARGLES |

{ { I [ |

] ) | INT_ROLL 10 "

i { 1 t |

Note 1:

.
- T Y VEHICLE_INVERSE TNERTIZ,
r
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4.2.2.4.12

A,

B.

c.

TVC_MIXER

Function: This module derives the OMS1 and OMSZ pitch
actuator servo commands as the difference and sum respec-
tively of the pitch and roll TVC commands.

Block Diagram: Figure 4.2.2.4.12-1

Processing Rate: 25 Hz

Interface Requirements: Table 4.2.2.4.1.2-1

Constants: none

Initialization Reguirements: none
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e i e I SN -
ROLL_TVC_CMD
[PITCH_TVC_CMD} PITCH_TVC_CMD, -} OMS1_PITCH_YAW_CMD,
\ Jua S £ _oad
- -+
PITCH_TVC_CMD, -+ OMS2_PITCH_YAW_CMB,
o
TVC_MIXER
Figure 4.2.2.4.12~1. TVC _MIXER
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TABLE H4.2.2.4.12-1 TVC_MIXER INTERFACE REQUIREMENTS
i I | I ! 1 | |
| i ° i SOUECE OR | ] | 1 SAMELE !
I XAME [ DESCRI FTION 1 DESTINATION | TYPE | BANGE | UNIT | FATE [HZ) |
1 { i ] 1 | | 1
JInputs ! | | ! | 1 ! L
1 L 1 il 1 1 1 i
{ROLL_TVC_CHD “|Rell cokporent of pitch servo |TVC_LAW_ROLL is {TRED |deg §25% I
i |command for OHS engines § - ] | | | 1
1 1 1 i 1 I i 1
{PTTICH_TYC_CHED jPitch coaronent of pitch servo | TVC_LAW_PITCH_TA4W 12{2)5 |TBD |deg 125 |
[ { ’ jcomsand, for 0ONS51 and OHS2 | | ] | { I
a l |engines 1 * | | l 1 1
{ { L i { i ! —
|Ouputs | i I | | i |
§ i I § ! | -1 1
[OXST_PITCH_YAW_CHD |OMS1 engine pitch and yaw secvo |SOP, RH 12{2)5 {TED |deg 125 |
| (pitchk element) jcoxmands | i i { | |
| | i ] | | i i
jOH52_PITCH_YAK_CHD |OMS2 engine pitch and yaw servo |SO0P, RH |1A{2)5 {'BD {deq 125 |
{(pitch elexent) {commands | | { ! I 1 I
i i 1 I | | AL |
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4,2.2.5 Service
4.2.2,5.1 RANGLES_TO_DCM

A, Function: This module generates a direction cosine matrix
that transforms a vector in body coordinates to one in IMU
stable member coordinates. The matrix is rectangular and
thus its transpose may be used for the inverse transforma-

tion.
B. Block Diagram: Figure 4.2.2.5.1-1
c. Processing Rate: As called
‘D. Interface Requirements: Table 4.2.2.5.1-1
B. Constants: Table 4.2.2.5.1-2
¥, Initialization Requirements: none
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Lol

(GA_DEG]
» DEG_TO_RAD
v [GAl
- l |
w03 {GA) cos {GA4H } cas {GAy) sin [GAL) sln {GAg) = 3in {GA4} cos (GAZ) I| cot {GAq) sin [GA5) cas (GA) +sin [GA4) sin (GAZ)
. | i
C = | sin{GAqhcos (GAZ) | in (GAq) sin (GAy) sin {GAZ) +cos [GAy) cos (GA) | sl [GAy) sin {GAy) cas (GAZ) - cos GA} sin [GAZ}
’ | |
| Ay | ] o0 {GAg) sin (GAZ) : cos (GAg) cos {GAZ)
|
c . . . B_TO_SM
#=] B_TO_SM=C BODY_TO_NB P
3
- ANGLES_TO.DCM

2
o G2
g%
=R
O v
=X
B2
A

Figure 4.2.2.5.1-1. ANGLES_TO_DCM.
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TABLE 6,2.2.5.1-1 AHGLES_TO_DCH INTERFACE REQUIREHNENTS

T

SOYECE OR

| 1 | } § | | 1
] 1 1 | i | | sapenv :
i HANE i DESCRIETION 1 DESTINATION | TYPE | BANGE | UHlz | RBATT (H?) i
| 1 i | i l 1 !
|Input 1 t | | | | 1
1 | i | 1 1 1 1
IGA_PEG {Xote 1) {INMD gimbal angles |Calling routine 14{3)s 1=183 < x|deg |1/call 1
| i i i |<= 180 | | i
{ ! 1 | M | ! 1 i
|Output I . [ | i t i |
1 { | 1 { ! 1 1
|8._T0_SH {Hote 2) | Body to stable member [Calling routine {H{3,3)8 |-1 <= x |none tt/call |
| |transfornation matrix | i 1¢= 1 1 | |
1 ) i 1 1 | 1 1
I |Hote 1. Ingut paraseter nane. I | | | - | T
i |Calling routine may use any legal] | | | I |
l jnane, | i | 1 ] 1
| | I ( ! 1 1 1
| jRote 2, Assign parameter name. | | | 1 1 |
i jcalling routine may use any legal] l 1 | | !
| | name., | | { | | 1
1 1 i ] A I | 1
TABLE #,2.2.5.1-Z ARGLES_TO_DCH COKSTANTS

1 i | ! { |
i HANE | DESCEIPTION | TYPE i VALUE 1 GHIT |
[ 1 1 i I |
|IDEG_TO_RAD |bearees to radians conversion factor |5 pi/180 jrad/deg i
1 l | | ! |
{BODY_TO_KB |Vehicle to INU navigation kase tramsf ormation I8{3, 35S | See Hote |none ]
{ |matrix 1 i [ 1
{ i i 1 1 !
Note 1: cos (11°) 0 sin(11°) )
BODY_TO NB = 0 1 0

-5in{11®) 0 cos{11%)}
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4.2.2.5.2 MODULAR_ADD

gt o

A, Function: This module adds two angles such that the sum
is in the range ~-180 to 1B0 degrees.

B. Block Diagram: Figure 4.2.2.5.2-1

C. Processing Rate: As callied

D. Interface Requirements: Table 4.2.2.5.2-1 %
B. Constants: none

F. Initial’zation Requirements: none !
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B + =350

-180

T8
&
()

Y

-=-180

MODULAR_ADD

NOTE: This is a scalar operation, For vector or array inputs, it is performed

Figure 4,2.2.5.2-1.
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once for each element,
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BIFTVOD 9004 10
SI EDVJ TVNID

T0Z

TABLE 4.2.2.5.2-1 HODULAR_ADD INTERFACE KEQUIREHENTS

s T

1 1 | l I 1 | i
1 | - 1 SOURCE On | I | i SAMTILY i
i HANE ] DESCRIETION | DESTINATION | TYPE | RANGE | URIT I PATE (HZ) |
1 i H I il ] { ]
|Inputs 1 l { 1 I | 1
i | } 1 1 | } 1 !
jA,B (Hote 1} "iingles to be added [Invoking routine ] {TBD tdeq I1/invocation |
1 i I : 1 1 i) ] ]
|Ontput ] { I i | 1 |
| i ! | ] i ! i 1
{C (Hote 2) jHodnlar sum of A4 and B | Invoking routine |5 |=-180 < x|deg 11/invocatian |
i ! | | 1<= 180 | | |
i | 1 ) | 1 _ 1 |
1 {Hote 1. Input parameter name. i l [ | | H
| |Calling routine zay unse any legall i 1 | | '
l |name. I | | L | i
i 1 ! 1 | i | |
f |Hate 2. Return paraweter name, § 1 | { | |
I |Calling reoutine may use any legal] | 1 1 | |
i trane. | ! i I | |
! i f 1. t | -l i

———rei

i
i
!
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.



4.2.2.5.3

A,

B.
C.
D.
E.

F.

— e I =SSR SR amA m— e Am s Aami 0 SSmaaaffEE s AR T @ ¢ SEREEES S S T S8 . . e . . . .

GA_TNCREMENT

Function: This module increments a set of desired IMU
gimbal angles, and predicts and accommodates an IMU gimbal
flip. It also warns of a gimbal lock condition. The
desired increments are multiplied by a sign variable

(+1 or -1) and added to the desired gimbal angles, and
the sum is tested to see 1f attainment of the new desired
angles will result in lock (outer-middle gimbal angle
within 1/2 degree of +90 or -3%0 degrees) or in £1ip (de~
sired outer-middle gimbal angle greater than 490 degrees
or less than -90 degrees). If lock is detected, a flag is
set. If an impending flip is detected the module does the
following: '

{1) Increments the desired inner and outer gimbal
angles by 180 degrees such that the result is
in the ranges ~180 to +180 degrees.

(2) Reflects the desired outer-middle gimbal angie

about the value (+90 or -920 degrees) just passed

through; e.9., 91 degrees becomes 89 degrees.

{3) Reverses the sign of the sign variable for
future incrementations.

Block Diagram: Figure 4.2.2.5.3-1

Processing Rate: As called

Interface Requirements: Table 4.2.2.5.3-1

Constants: none

Initialization Requirements: none
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FLIP o | e
!
P
. o Bl |
{DEL] - ‘
|
I
|
< FF I
0 B
(Bl + . | (8]
ON {
MUDULARZ] |
' | ADD |
B {SECTION ;
2 | i_.zzam |
180 = 1
Y |
!
~o0P ) I
i A I 3
*——f— OFF
oN
-80,5° | go,6° GIMBAL_LOCK
ardis aiais * -
1 B0
Holek
. OFF
NOTE: GIMBAL_LOCK = ON IF 88:5° <] B,| <90,5°
GA_INGREMENT

Figure 4.2.2.5.3-1l. GA_INCREMENT.
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TABLE H,2,2,5,3-1 GA_INCREMENT INTHRFACE REQUIREMENTS

i ) ] | i | i |
} b | SOURCE OR i | 1 | SAMPLE |
] HANE | DESCRIPTION | DESTINATION | TYPE | FANGE | ONIT | TATT (HZ) |
{ 1 ; | | i t 1 ]
{Inputs i | i | ! 1

I 1 J | 1 I .

{FLIP (Note 1) }Indicator of £lipped state of INU{Calling routine i1 l=1,1 {none 11/call

1 |giubal systen § | | 1 |

1 i 1 1 1 3 | )

|DEL {Hote 2) | IHU gimbal angle increments jcalling routine 1A {35 |-18% < x}deg {1/call

| | | i |1<= 1BC | |

| i : | | 1 1 3

iB {Hote 1) | IMU gimbal angles [Calling routine [A(3) S 1-180 < x)ded |11/¢all

| | | : ! j<= 180 | |

| 1 1 | 1 | i

{Outputs | | l | ! | 1
i 1 | : 1 ] I3 1 {
IFLIP (Hote 1) {Indicaror of flipged state of IHU{Calling routine I 1-1,1 |none {1/call !
1. 1ginbal system | { § | | |
i ] | [ 1 1 1 | |
1B {Note 1) |Increxented IND gimbal angles {cailing routine a3} s =180 < x|deg | 1/call

H i 1 § 1<= 180 | | l
I H - 1 § | 1 1
|GIKBAL_LOCK (Hote 1) {Flag indicating B¥{2} is in iock |Calling routine 18 1C,1 fnone 11/call i
| Izegion | i i | | |
| . i 1 1 1 1 | L

s e o - oy Sy

| Hote 1. Assign paranateﬁ name.
{Calling routine may use any legal

| nane,

|
|#ote 2. Input parameter name.
|Calling routine may use any legal

|nane,
|

e e
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4.2.2.5.4 @IMBALS TO BODY

A,

Function: This modunle generates a matrix that transforms
IMU gimbal angle races to vehicle body rates.

Block Diagram: Figure 4.2.2.5.4-1

Processing Rate: As called

Interface Requirements: Table 4.2.2.5.4-1

Constants: Table 4.2.2.5.4-2

Tnitialization Requirements: none
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j=1414

IGA_DEG]

¥-1  DEG_TO_RAD

l[em
-SIN (GA5) '; 0

GA_TO_NB = | COS [GA,) SIN{GAZ) : COS {GAg)
COS (GA,) CDS[GA3I}-51N {GA,)

1

0
0

*
GA_TO_NB

* »* T *
G_TO_B = BODY_TO_NBT GA_TO _NB

GIMBALS_TO_BODY

Figure 4.2.2.5.4~1. GIMBALS_TO_BODY,
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TABLE H.Z. 2:5.04=1

GINBALS_TO_BODY INTERFACE BREQUIREHENTS

I

I ] 1 I | I } 1
1 i 1 SOURCE Ok | ] H | SAMPLE 1
1 HAME ] DESCRIETION 1 DESTIHNATION | TYIPF | FRWNGI | UNTT | EAT® (HZ) |
] f { i i | I 13
fInput | | | | | | 1
1 1 | ! | l__. ] 1
IGA_DEG {Note 1) |IKD gisbal angles ({Calling routine |4 (315 }1=-18& < xjdeg |1/call |
| ! | | 1<= 18C | | |
] 1 I ] | } L |
foutput i I I f i i 1
| 1 . 1 | I 1 1 1
IG_'0_B (Hote 2) |1MU gimbal rotation to body |Calling xoutine 14(3,3)5 |-1 €= x (none {1/call 1
i frotation transforration matrix 1 | 1<= 1 I | |
i ] L L 1 i 1 1
| |Hote 7. Input parameter name. | | | | [ |
{ {Calling routine may use any legalj | I | [ |
{ | name., | | | | | {
1 | | I 1 { | |
i |Hote 2. Assign parameter nanme, 1 | | | | 1
i {Calling routine may use any legalj | | 1 I [
l fnamxe, 1 | | | | |
I 1 i { I J § |
TABLE 4.2,2.5.4-2 GIMBALS_TO_BODY CONSTANTS

i | 1 H | i

H HAME [ DESCRIPTION | TYPE i VALUE ; OHIT |l

1 I ] ] |

|DBG_TO_EAD {begrees to radiens conversion factor {5 jpi/180 {rad/deg i

H 1 ] ; 1 !

[BoDY_TCG_KB fvehicle TO IKU navigation base transformation |1¥{3,3}5 | 5ee YNote |none |I

1
|

1]

| jmatrix

i 1

Note 1: cos (11°) 0 sinf11°)

BODY_TO_NB = 1 0
~s5in (11} 0 cog(ll®)

S —




R e TSI S e —— d S r e e ammd e r—————— - o . e i e S, e BN
b
4.2.2.5.5 BODY TO_GIMBALS |
A, Function: This module generates a matrix that transfoxms 3
vehicle body rates to IMU gimbal angle rates.
B. Block Diagram: Figure 4.2.2.5.5-1
i
C. Processing Rate: As called :
D. Interface Requiremeats: Table 4.2,2,.5.5-1
B. Constants: Table 4.2.2.5.5-2
F. Initialization Requirements: none 1
) £
f
i
E
§
P
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[GA_DEG]

p DEG_TO_RAD

[GAl
0} sin (GAy) /cos(GAS) E cos{GAg)fcosiGA,)
. I
NB_TO_GA = |0 cos(GAZ) | ~sin{GAg)
1 l -
1 %sin[GAal‘.an{GAz) i cos{GAg)tan{BAL)

&
NB_TO_GA
1

B_TO_G = NB_TO_GA BODY TO_NB

BODY_TO_GIMBALS

Figure 4.2.2.5.5-1. BODY_TO_GIMBALS.
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TABLE #4.2.2.5.5-1 BODPY_TO_UIMBALS INTERFACE REQUIPEMENTS

I | I | | | | |
{ ¢ | SQURCE OR | i | i SANBLE 1
i HANE | DESCR IBRTIOY I DESTINATION | TYPE | EANGE | ONET | FATE (HZ) 1
} 1 i ] |} | | 1
|Input I | | | § i |
| ! y I 1 | ; ]
|GA_PEG {Wote 1} JIND gimbal angles |Calling routine 1A {3)5 {-180 < x{deg |1/call i
| I t l |<= 180 | | 1
1 1 I 1 1 i 1 |
|Output ] H i | | l l
1 1 j 1 ] 1 1 ]
|B_T0_6 ({(Note 2) {Body rotation to IMO gimbal {calling routine {83,315 1=-1 &= x | 11/¢call |
| |rotation transformation matrix | | j<= 1 i | |
L i | 1 1 1 | !
] jHote 1. Input parameter name, J I I | | t
{ |Calling routine may nse any legal] i 1 1 ! 1
| | naze. i i | | | f
| | 1 | | I | t
§ |Note 2. Assign parameter name. b | t | | |
] jCcalling routine may use any legal| | | { 1 |
i |name. I | i | | 1
IR 1 1 i | A . 1
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TABLE 4.2.2.5.5-2 BODY_TO_GIHBALS CONSTANTS
i | i | i {
i NAME [ DESCRIPTION | TYPE H VALUE | UNIT ]
1 A l | | ]
{DEG_TO_RAD |” egrees to radians conversion factor is [pi/ 180 jrad/deqg |
1 i 1 1 { i
N jBODI_TO_MB jvehicle to IKU navigation base transformation 18{3,3}5 | 5ee Hote 1 |none i
- 1 Imatrix 1 i | !
d i 1 1 1 1
tMote 1: cos (11°) 0 £in(11°)
BODY_TQ_NB = 0 1 0
-8in{1l®) 0 cos(1il?)
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