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PREFACE

This student study guide has been prepared by AC Electronics in response to:

Contract NAS 9-497
for
System Assembly and Test, Inertial
Measurement Unit, Coupling Display Unit

Power and Servo Assembly - Project APOLLO

This study guide contains training material and should be used for INSTRUCTIONAL

PURPOSES ONLY.
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OBJECTIVES

The primary objective of this study guide is to provide a detailed description of the LM
Digital Autopilot logic structure, as assembled in the Apollo guidance program Sundance.
Other objectives of this study guide are to provide the student with:

Ao

A base for understanding the Autopilot's overall hardware}software and
operational mission compatibility.

A ready reference to the overall control capabilities of the LM DAP/
for use in and out of the classroom.

a logic description of some of the primary DAP software interfaces.

A guide for understanding and reading the coded Digital Autopilot in
the Sundance listing.
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SECTION I

LM DAP CONTROL INTRODUC TION
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DAP

ACTIVATED:

ASTRONAUT

DATA LOAD:

Q
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LM DAP CONTROL SUMMARY

Guidance Control Switch - PGNS
Mode Control Switch = AUTO or ATT. HOLD
IMU Operate Circuit Breaker - CLOSED

Key in V48E for Load Routine (R03)

Flashing V01N46
R1 = ABCDE
Description
CSM docked

CSM not docked

Two jet X-Axis translation (System A Jets)

Two jet X-Axis translation (System B Jets)

Four jet X-Axis translation (Both Systems)
Manual rate CMD. fine scaling (4°/sec max.)
Manual rate CMD. coarse scaling (20°/sec max.)
Attitude deadband of 0. 3 degrees

Attitude deadband of 5. 0 degrees

Kalcmanu rate of 0.2 degrees/second

Kalcmanu rate 0.5 degrees/second SELECTED FOR
Kalcmanu rate of 2 degrees/second AUTOMATIC
Kalcmanu rate of 10 degrees/second MANEUVERS

CONTROL MODES:
Automatic Modeg

1. Automatic Maneuver & An attitude change commanded in coasting flight

2. Automatic Steering

by an external program or by astronaut via DSKY.
An attitude change commanded in powered flight
by a thrusting program,

3. Attitude Hold = Holding the attitude, within a deadband to a

specified value (also holding the attitude rate to
within a deadband),

Manual Modes

1. Rate Command = acquires an attitude rate proportional to the
rotational hand control deflection,

2. Rate Damp - reduces the rate to a deadband as a result of zero
rate command (stick in detent). Reverts to ATT.
HOLD then,

3. X-axis Override = a rate command (for x-axis only) to override any
automatic mode control, except Auto Maneuver.

4, Min. Impulse - commands a minimum jet firing pulse per each

rotational hand control deflection. No attitude or
rate hold while in this mode.

con't next page
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MODE SELECTION:

LM DAP CONTROL SUMMARY (cont)

MODE MODE CONTROL FLIGHT ADDITIONAL
SWITCH STATUS | REQUIREMENTS/COMMENTS
AUTO MANEUVER Auto Coasting For Astronaut defined
maneuver - V49E
AUTO STEERING Auto or Powered External program controlled.
Att. Hold Employs DPS trim steering.
Auto or Coasting V77E and ACA in - detent
Att, Hold
ATTITUDE HOLD
Att. Hold Powered No steering commands being
produced.
Rate Command Att. Hold Coasting V77E, ACA out-of-detent,
or overrides auto steering
Powered commands
X-AXIS OVERRIDE Auto Coasting ACA out-of-detent
or Can be inhibited by external
Powered programs
RATE DAMP Att. Hold Coasting ACA in - detent
(or Auto if for or Damps rate and goes
X-Axis Powered to Att. Hold mode.
override)
MIN. IMP Att. Hold Coasting V76E,
(possible Disables all other modes except
in powered| auto steering
but not SO WATCH IT!
recom-
mended)

Manual~-translation control or automatic-ullage request are allowed during all of
the above operational modes. The DAP OFF mode, or IDLE mode, occurs when
any of the activation requirements are not present.

Fq\?e.
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' SYSTEM "B"

JET DESIGNATION
A 4 D

Lo b

RCS FUEL SYSTEM EXHAUST DIRECTION
QUAD

The P, Q & R axis designations are The astronaut can disable jets on

used with rotations and the X, Y & Z each QUAD only in pairs and according
designations are used with transla- to RCS fuel systems.

tions. U & V are used with both.

LM RCS JET CONTROL AXES
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R T INTERFACE
g a: a 1 |32
e 0.9 9 1 THRUSTER FAIL — ST TR
e e SIGNALS 2 321 [e]3 ATTITUDE ERROR
Q:a a (5 [32] [1a]ia /A DRIVE
= P = € 132] falis
@ 0.9 © 7 |32 cou
e e 8 |32
ANGLES v TOTAL
T [ AD ATTITUDE
MODE CONTROL EL, AZ LPD FEL ATTITUDE
AL B OR MINIMUM IMPULSE 515, e e
P T T COMMANDS == el
MININUM - o- o- - —
IMPULSE =i s |3
COMMANDS 7> Ll 14 [31 GIMBAL
ATT HOLD = w (1e) e
ACA
o . @ GASTA
S|2
513
OUT-OF-DETENT 3 O
1s]31], = CONTROL
I : - ‘ ELECTRONICS 2 AL
+ROLL, PITCH, YAW PROPORTIONAL - ssgnon r £
RATE COMMANDS 517 (CES) | 1
HE] s [e || JETSON/OFF | 1
¥ Z 1 G '
TRANSLATION = PGNCS CONTROL 10]30] [e]e r—"'{ 0
TRANSLATION 2m B0 1 !
(PGNS)\ COMMANDS (REDIC) JET DRIVERS i == |
o[ | [e]e Rl R |
TTCA 1|3 6|7
12|31 6|8
1 ) e
=15 ENABLE
e (GUID CONT
DSKY a6l ar to PGNS)
]
DESCENT-ENGINE
s 15 +PITCH AND $ROLL DRIVE
- - CONTROL ASSEMBLY  f———amd , TRV
= TRIM COMMANDS (DECA)

STAGE VERIFY
DISCRETE

;—-/ 9}“‘\j

E

LM DAP HARDWARE INTERFACES

DPS
ENGINE




LM DAP SOFTWARE INTERFACES

DOCKED STATE, ATT. DEADBAND SELECT,

V48
QUAD SELECT - XTRANSL.)AUTO MANEUVER RATES

V40 ASTRONAUT DEFINED AUTO ATT. MANEUVER >
V60 ATTITUDE ERROR DISPLAY SELECT -

.
V63 DAP FOLLOWING ERRORS/TOTAL ERRORS
V65 DISABLE/ENABLE U-V JETS WHEN DOCKED i
V15 : — -

THE

V76 MIN. IMPULSE/RATE CMD. MODE SELECT LM
Akl #1 DAP

(offset accelerations)
KALMANN \ AUTOMATIC ATTITUDE
ROUTINE ~/ MANEUVER COMMANDS

“ ROUTINE COMMANDS

™\ CONTROL EFFECTIVENESS INPUTS |
1/ACCS (mass dependent functions)
ROUTINE STATE ESTIMATION

, FIND CDU > POWERED FLIGHT STEERING -

N\ CONTROL INITIALIZATION

4

C FRESH/START

JET FAIL SWITCH STATES, STAGE MONITOR

T4 - RUPT GIMBAL PILOT MATRIX UPDATE

( POWERED FLIGHT ) DPS TRIM SELECT,DEADBAND SELECT
e >

PROGRAMS —r

peqe /-6




LOGIC SUMMARY - DAP IDLE

DAP OFF
MODE  |@g— — — = — = — |

e (DAP IDLE)

- —— ——

: 0
SCHEDULE 1/ACCS éy‘c’lz‘sec
CALCULATIONS |
page | I
7-2 |
|
|
il
|
|
|
|
DISPLAY ATT. ERRORS A
IF ISS IS ON (every other
time) |
|
|
I
|
o1, P R G AR

YES

INITILIZE DAP
ERASABLE MEMORY

Y

CALL DAP CYCLE
VIA TS5RUPT

Y

DAP CONTROL

LOGIC
ORGANIZ ATION

page 17




ENTER AS RESULT DAP CONTROL

[ ol e ] e e e LOGIC @ M —eemm s e e == -
| OF T5 RUPT ORGANIZATION
A
I P-AXIS
I AUTOPILOT
MONITOR OFF
| "TURN-ON" v
| page 3-2 REQ'TS
TURN OFF ALL RCS
I JETS & DPS TRIM
| 100 msec cycle page| ATT. ERROR DISPLAY COMMANDS
2-5 | (every other cycle)
|
' DAP OFF MODE
(KALLMANN) AUTO. ATT. MANEUVER (DAP IDLER)
| T CMD. INTERFACE page 2-1
| _
| page i
| VEHICLE STATE ESTIMATION e - ———
A CONTROL 1. angular rates (w) page
F e E—FTFE—C TTI-V.E:— 2. angular offset accelerations 3-8
' NESS
I INTERFACE
| ® (1/ACCS) RTN.
| page 7-2 TIMER
I ZERO v
| TERMINATE
| APPROPRIATE
l TRIM
' ]
' ®
l P-AXIS RCS ClONTROL bty
| 1. Y & Z TRANSLATIONS ! with
2. P-AXIS ROTATIONS (Attitude and 7 horizontal
A rate control) \ Jets
| Q, R-AXIS b
| AUTORILOT RCS - GIMBAL TRIM __ \__GTS
| RCS SYS (GTS) INTERFACE 7~
| page 5-4 page 6-2
| ® Q,R-AXIS RCS CONTROL o CONTROL ATTITUDE & RATES &
. { control OFFSET ACCELERATIONS ON Q &
I ; g g IR‘AIR'SIT“X,Eggg T R-AXES WITH DPS GIMBAL TRIM
l and rate controlled on U & V “, ;/:txétlcal SYSTEM
| axes with RCS) !
| | 3
I v
|

@ Expanded summaries on
following pages

—————— <4 — —( ENDDAPCYCLE )

NOTE:

page numbers locate the-
detailed logic descriptions




PoAXIS KOS CONTROL WITH
CONTROL HORIZONTAL JETS
NOTE: page numbers SUMMARY

locate the detailed
logic description

i Sl SKIP P-AXIS CONTROL
LOGIC THIS TIME, BUT
INSURE NO-SKIP NEXT
CYCLE

CMD. A SHORT
AW FIRIN

page 3-19 TEST FOR Y & Z TRANSLATIONS
SELECT JET POLICY, IF ANY

|
(NOW TEST FOR P-AXIS ROTATIONS)

"AUTO" MODES MANUAL MODES Y

SRLEC JION MIN. IMP. - | page 3-23
AUTO MANEUVER RATE CMD. - | page W
ATTITUDE HOLD X-AXIS - | page
3-22 OVERRIDE
SETUP FOR A CALC. OF A FIRING RATE DAMP - | page 3-25

TIME (TJET) BASED ON A "PHASE-
PLANE" CONTROL LAW (controlling
both ATT. ERROR and RATE ERROR) CALC. A FIRING TIME (TJET) BASED
ON THE MANUAL CMD.

1, MIN. IMP = MIN, TJET ALLOWABLE,

2. RATE CMD _TJET TO
¢ X-AXIS OVRD “REACH CMD'ED
sl 108 v RATE,
3. RATE DAMP = TJET TO ZERO
RATE (resulting from
USE "UNDOCKED"' USE ""DOCKED"" A.A0ED TatEenid,)
CONTROL LAW CONTROL LAW FOR
FOR TJET. (TJETLAW) TJET (DOCKED RCS)
: l page 4-31
page s
4-5 = Y
<6 TIET o
=07
K T i {  peds
SELECT A JET POLICY FOR | 228¢ NO ROTATION REQ'D
DESIRED P-AXIS ROTATION SO FIRE Y - Z TRANSL. ,
AND FIRE JETS IF ANY

TJET
> 150 msec.

YES DON'T TIME FIRING -

RECALC. TJET
NEXT TIME

(A short firing)

SETUP TO TIME THIS BURN WITH
Q, R-AXIS RCS -
TIME6 CNTR FOR JET TURNOFF ’CGTS INTERFACE page 5-2

(JETLIST) page 4-2

page 19



Q, R-AXIS RCS
NOTE: page numbers CONTROL
locate detail
SUMMARY
logic descriptions

TEST FOR X-TRANSLATIONS Page 5-5
AND SELECT JET POLICY, IF ANY

v

SETUP TO PROCESS Q & R
ROTATIONS AS COMPONENTS
ON U & V - AXES. DO (V) FIRST

LOOP TO PROCESS U-AXIS

COMPONENT NOW NO
SKIP COMPONENT oT
LAST CYCLE CONTROL LOGIC fhps
CMD A SHORT NOW, INSURE NO DONE
SKIP NEXT CYCLE
YES
AUTO MODES MANUAL MODES Y
MIN. IMP — page 5-9
My RATE G, = | age -
RATE DAMP~— ¢, page 5-1i
SETUP FOR A CALC. OF A FIRING CALC. A FIRING TIME (TJET)
TIME (TJET) BASED ON A ""PHASE - BASED ON MANUAL CMD:
PLANE" CONTROL LAW (controlling 1. MIN. IMP - min TJET
ATT. ERRORS and RATE ERRORS) 2. RATE CMD - TJET to reach
commanded rate
3. RATE DAMP - TJET to zero rate
(resulting from a zero rate cmd.)
NO DO YES
USE "UNDOCKED" USE "DOCKED" page
CONTROL LAW FOR CONTROL LAW FOR| 4-3
TJET (TJETLAW) TJET (DOCKED RCS)
page
4-5 L I v
NO YES
page 5-19
SELECT A JET POLICY FOR NO ROTATION REQ"D FOR
Pa8° | THIS COMPONENT (U OR V THIS COMPONENT SO FIRE
AXIS ROTATION) AND FIRE JETS X-TRANSL, IF ANY
TJET YES

>150 msec

END DAP
CYCLE

SETUP TO TIME THIS BURN WITH TIME6
CONTR,FOR JET TURNOFF (JETLIST ) page|4-2

Loop back to process U-Axis component

Pagc /- 10
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+V)

B4U
B4U
A2D

=V)

B2U
B2U
A4D

+YAW

LM DAP JET SELECTION - ROTATION
(ORDER OF SELECTION - FROM TOP)

A4R - B2L - Al1F - B3A

AlF - BSA
A4R - B2L
A4R - BSA
B2L - B3A
B2L - Al1F
A4R - AlF

- A2D

+PITCH

- A4D

+()

B1D - ASU
B1D
A3U

«U)

B1D - ASU
B1D
A3U

S 080 =

-V

B2U
B2U
A4D

+V)

B4U
B4U
A2D

-YAW

B1L - ASR - A2A - B4F

B1L - A3R
A2A - B4F
A3R - A2A
B1L - A2A
B1L - B4F
ASR - B4F

- A4D

- A2D

-PITCH
(-U)

AlU - B3D

B3D
AlU

*For Roll & Pitch, a combination of the U-V lists will be selected.

Po‘ﬁel—”



*These are alternate translation policies that result in a tacking maneuver,

LM DAP JET SELECTION - TRANSLATION
(X-POLICY SELECTED IN DAP LOAD)

X
BID - B3D - A4D
B1D - BSD
A4D - A2D

b 4

B1L - B2L
B2L - B4F/A2A*
B1L - AIF/BSA*

2z

B3A - A2A
B3A - A3R/B1L*
A2A - B21/A4R*

- A2D 1,

1,

jets alternate (/)en-off, the third remains on,

=X
A1U - ASU - B2U - B4U
B2U - B4U
AlU - ASU

ax
A4R - ASR

ASR - BSA/ALF*
A4R - B4F/A2A*

wZ.
Al1F - B4F
B4F - A4R/B2L*
AlF - B1L/A3R*

Two

paye =1



ety

IN
YES DESCENT

OR LODESCENT LIMITS (APPROX.
15300KG & 6350KG) SET LEMMASS
= LIMIT IF OUTSIDE

I.

y FLIGHT [
TEST LEMMASS FOR HIDESCENT TEST LEMMASS FOR HIASCENT

T3

NO (IN ASCENT OR ON SURFACE)

OR LOW ASCENT LIMITS (APPROX.
4600KG & 2200KG). SET LEMMASS
= LIMIT, IF OUTSIDE

|

v

FIX THE TOTAL VEHICLE MASS ACCORD-
ING TO THE CONFIGURATION.,
MASS = LEMMASS (+CSMMASS IF DOCKED)

YES /CSWN NO

i s ]

COMPUTE P-AXIS JET ACCELERATION AS
A CONSTANT (1.4 DEG/SEC?). Q, R-AXES
JET ACCEL. TERMS ARE COMPUTED

AS o = T/I WHERE T = 1 JET TORQUE
AND I IS A FUNCTION OF MASS:

2

f_ =Ax? + By’ +CXy+Dx+ Ey + F

(m)
AND x = CSMMASS & y = LEMMASS
ALSO COMPUTE CG-TO-HINGE PT.
DISTANCE WITH SAME FUNCTION
ONLY DIFFERENT COEFFICIENTS

COMPUTE: JET ACCELERATION TERMS
FOR ALL 3-AXES (P,Q&R) AND, THE
CG. -TO-DPS HINGE POINT DISTANCE
(ONLY IF DESC.) AS A FUNCTION OF
MASS, WHERE

A

iy © MAGEC. P AND

A,B & C ARE INERTIA CONSTANTS
WHICH DIFFER ACCORDING TO AXIS
AND VEHICLE CONFIG.

ASC ENT

DESCENT ASCENT

DESCEN

mal
I

o=

IF NO TRIM, SET = 0

COMPUTE MAGNITUDES OF RATE-OF-CHANGE OF OFFSET
ACCELERATION (JERK) TERMS FOR BOTH Q & R AXES AS:
% WHERE m = MASS, a = ACCEL DUE TO THRUST
L = HINGE PT. DISTANCE, 1= MOMENT OF INERTIA AND

¥ = RATE OF ENGINE DRIVE (0. 2°/SEC)

OBTAIN SIGN OF JERK TERMS ACCORDING TO PRESENT
TRIM DIRECTION. STORE TERMS AS QACCDOT & RACCDOT.

D422 DOCKED? o]

ALL DONE SINCE rSET N

DOCKED PHASE {ACCSOKAY FOR DAP
PLANE LOGIC IS L~~~ ___BIT } TO CONTINUE
COMPUTED RETURN

WITHIN DAP TO CALLER

COMPUTE ACCELERATION
TERMS AND DEADBANDS
FOR LM ALONE P,Q & R
AXES PHASE PLANE

; LOGIC TO BE USED

Sl IN TJETLAW SUBRTN

PART I OF 1/ACCJOB OVERVIEW

pade /-13
( =,




DO LOGIC TO NULL OFFSET ACCELERATIONS(TIMGMBL RTN)
IF: GTS CONTROL IS OK BUT NOT IN USE AND DAP IS
RUNNING. OTHERWISE, SKIP IT =

ROTATE Q & R OFFSET ACCEL'S INTO
U & V AXES: AOSU & AOSV R

|

SET PHASE PLANE FLAT =0, IF POWERED FLIGHT AND NO GTS CONTROL, OTHER-
WISE = 0.8 DEG, SET ZONLIMB = 17.5 MSEC, IF DRIFTING FLIGHT ONLY, OTHERWISE

=0

DO THE P-AXIS ACCEL. TERM COMPUTATIONS FOR THE PHASE PLANE LOGIC IN
TJETLAW AS FOLLOWS:

2. THE RECIPROCAL OF COAST ACCEL. (ANY ANGULAR ACCEL. WHEN JETS
OFF - USUALLY = OFFSET ACCEL. IF ANY) (1/ACOASTP) ACOASTP
ACTUALLY =0 BUT IS SET = AMIN (1.4 DEG/SEC? ) SO RECIPROCAL WON'T

OVERFLOW.
3. THE ACCEL. FUNCTION USED FOR ZONES 1 & 5 LOGIC: (ACCFUN) =

-1/ANET + ANET?2
ACOAST

1. THE RECIPROCAL OF JET ACCEL (1/ANETP) WHERE ANETP = 2 PJET ACCEL.

SET UP A LOGIC LOOP TO COMPUTE THE TERMS (1/ANET), (1/ACOAST) AND
(ACCFUN) FOR THE U & V AXES (DO U-AXIS FIRST). DO COMPUTATIONS FOR THE
FOLLOWING CASES, WHEN:

1. ANET (U,V) = 2 JET (U,V) ACCEL. + ABS. VALUE OF AOS (U, V)

2. ANET (U,V) = 1 JET (U, V) ACCEL. + ABSAOS (U, V)

3. ANET (U,V) = 2 JET (U, V) ACCEL. - ABSAOS (U, V)

4, ANET (U,V) = 1 JET (U, V) ACCEL. - ABSAOS (U, V)
STORE TERMS ACCORDING TO SIGN OF AOS (U, V).

B

: ‘ NG
WO i DRIFTING YES
. FLIGHT __—"" (OR POWERED WITH
Bl GTS CONTROL)
ABSAOS YES
> AMIN/2 v
L% SET PHASE PLANE SWITCHING
NOSY SET PHASE PLANE SWITCHING CURVE DB'S AS:
1
Ly AT LD gtgl@gg (1)3}13 iozsécconnmc; TO SIZE gg}E mla)'s'; DB :
i{%MEgBRICAL' SEE PAGE OF LOGIC Rl DRIS DB i hal
% R R el WHERE DB = SELECTED ATT. D
( e ONLY RESET BY
DO V-AXIS NO ALl Tl TVHS FRESH/RESTART
COMPUTATIONS NOW ,DONE A
\.v-"" S todsy 1

SE

: el T
ALL DONE NOW WITH 1/ACCS [/ACCSOKAY ]

COMPUTATIONS. RETURN TO
CALLER

PART II OF 1/ACCS OVERVIEW

BIT

page |=/4



HOW TO READ THE LOGIC DESCRIPTIONS

An attempt has been made to organize the logic descriptions for ease in reading and
understanding. Standard logic symbols are not necessarily employed, however, those
used should be readily understood. The primary symbols used are:

Used to connect the logic flow from subroutine to
subroutine and from page to page. The logic entry
and exit points on each page.

Used to branch the logic flow based on a computer
processing decision.

COMPUTER
DECISION

Usually encloses a description of an actual computer
COMPUTER process; such as storage of some value in a memory
PROCESSING register or a mathematical manipulation. May be
DESCRIPTION various sizes.

where description of the actual processing is not

( ABBREVIATED
significant

Abbreviated description of some computer operations
OPERATION )

NEUMONICS $

Connector Neumonics - the neumonics in the connector symbols generally reflect
the subroutine neumonics used in the program listing. In some cases, however,

the author uses his own neumonics to better describe the logic operation that follows
In these cases, the listing neumonics are placed to the near upper right of the

bubble as such: SPSRCS

Page numbers near the bubble locate DOCKED \—listing neumonics
that logic description if it is not the RCS defining the sub-
following page. routine entry

Memory Neumonics - in all cases, the neumonics used as tags for specific memory
registers (fixed or erasable) are the same as in the listing.

con't next page
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DESCRIPTIONS:

Computer Processing - almost all the computer processing descriptions are setting
the contents of some erasable memory register to equal some numerical term or,
reading the contents of some memory location. Parenthesis are used to describe
""the contents of'' a memory register. Thus, the descriptions:

Set: (NEUMONICS) = 0 would read '"'set the contents of this register equal to zero'.

(NEUMONICS) = 0? would read ""does the contents of this register equal zero?"
this would be a branching description.

Form: (NEUMONICS1) (NEUMONICS2) 5 - this i8 a typical mathematical manipulation
which would read ''the contents of register 1 times the contents of register 2 times
decimal 5'". The 5 would be a fixed memory constant whose decimal equivalent = 5

Many times the words in the decision blocks will be the authors description of the
decision in operational terms. In these cases, the computer operation as coded in
the listing will be stated just outside the decision block. Other times the opposite
will be true but this will be apparent.

Broken Line Flow - where logic line flow is broken, such as ——>; z——, ;
een

the author places his own description of the logic operation which has just
processed or is about to be processed. These descriptions are generally provided
as an aid to understand the logic - operational mission - hardware compatability.

FO«% L] /~/ &



SECTION IT

DAP ON-OFF MODE INTERFACE
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M DAP OFF MODE

WHEN THE LM DAP CycLE /S IDLE,OR OFF, THE RTN."DAPIDLER |5 RUN
TEN TIMES A SECOND 70 CHECK FOR THE CoMNDITIONS WHICH W)LL ALLoW
THE DAP. D RUN. WHEN THESE cONDIT/ONS DO EXIST, "DAPIDLER” wiLL
INITIALIZE SomE ERRASABLES USED By THE DAP A»D THEN SETUP FoR
THE START oF THE DAP cycLe. “DAPIDLER” w/LL ALSO CALL THE
SOBRTN. THAT DISPLAyS ATTITUDE ERRORS, SOWEVER | THE IMU
MUST BE USEABLE AND THE MODE CONT, 8OITer [Bwst_ 3) MUST por
BE OFF, "'DAPIDLER |S CALLED By !FRESHSTART | RESTART AnD BY
THE DAP LoGic )F DAPON" ConDiTioNS ARE VST MET,

ACUSET IS A FLAG SET =0O By
FRESHSTART AND PESIART To
FORLE RECOMPUTATION OF
THE /AC.LS RTN, OLTPUTS
BEFORE THE DAP CcAN Con'T,
PNZ /NDICATES YALS HAS.

BEEN PERFORME D) OR SCLHEDL L.&D

L

SET (AWSET) =PNZ

/¢
SCHEDULE ™ VAKSET |wiLL Do
WITH PRIORITY &7 VAces PTA.

YES

L :
ATT, MODE ComT, S -FPL3
YES TEST oF BI3 L B-cH3) =17
! T EITHER /N
TES T oF ! ATT. Hot D ok AUTD

ANO CAN'T USE FoR ATT. REFERENCE

v

SET(B3-RCSFLAGS)= 1

ISS Is on 6ur
MoOT N TURN M,
COARSE AlLiea) © R

5 P6 Do THE “ALTDSPLY” RTN, ¥
q-¢ | VTERFACE To ERROR DISPLAY B3= 1 HERE wiLL
RETURL NERE INITIALIZE THE
/4 ATT. ERROR. DISPLAY
MO ) : SEQUENCE WHEN
AGS cowT. | ; sl X
~BI0-cH30=07 %
Yes GLID.ConaT, SW-PLL :
\4 DoNT CALC,
B3- DAPBoOOLS AT ERRORS
Q-S MORE T’A/og B }; WHILE 10
L=DLE WA | Fo \T SET e b
iz e
SETUP Foe

MORE IDLING RESET oNLy BY

pa.ge 2= |



ST ART
DAP

IMITIALI 2ZE SOME DAP ERASABLES AS FoLLowWsS &

/.

ZERO ANy ATT ELFOR, SET .
CEDLXD) = (S DX
(cowyp) = (cDuy)
(Ern X = e b7

DESIRED ANGLES = PRESENT

2 !

ZERD THE FoLiowmwe AUTO MAWEUVER

(/ KA Lcmmvu> / DOP /VTERFALE REGS. S

o) 7vE DESRED RATES 7 (OMEGAPD),
(omeena a?D) ,z" (omEEARD) = +0

b) 75 commAanDED ANGLE REMENTS!

: (pELCcHU x), (pELCDUY) £ (DELCDUZ) =40

gTHE ATTITUDE LAG ANGLES FOoR

Ermrs ;  (DeLPEROR)  (DELGEROR)

% (DELREROR) = +0

3
ZERD THE FOLLOWING TERMS USED
By THE STATE ES7/mATOR o

a) THE TET FI/IRNG TJTIMES =

(TR )5 (.r.er): +0
b) 77 EsrwmATED BoDy EATES y
@mEGA P) (omEGAR) 3 (OMEGAR) =10
¢\ THE Acct)mniile ATED pswqr/ou;
VALY S t (TRAPEDP) | (TRAPEDG)
£ (TrAPEDR) = +O
d) e oFFser Acceteesrion Es7 I‘}
Jp(A0S®) F dp(AcSR)=+0
€) DowNL/mvk COPIES oF A0S}
(ALPia®) £ (ALPHAR) = +0O
€) 7we RATES DUE To THE AOGS S
(AosQ@Term) % (AOSRTERM)=+0
9) THE DPS TERK TERMS
(@AccvoT) ¢ (RACDOT) = +0

L

Y. v

INITIALIZE FLAGS FoR RLS —
TRIM GIMBAL CornTRoL JITERFACE :
ALLowGTS)=+0  disallow 675
(coTroLER)ZH1O  braweh Ho
7(7-/ C7S usE Ary WAy
(wers)=+o

5 N

Z2ERO DPS ENGIVE TR/Mm - T7IMEES:
(QeimTIMR) ?(RGWT‘/MR)?}O
THIS wrel STer Any TRIMm)R6-

2ER0 THE 57,6;1'/ RETURA DETECTOES

FOR /AW H7LIA7? /AIPLULSE NODE

(o010 Pasw) 5 (00D G RMIN) =40
e v
INITIAL ) ZE THE OLD DU SAAPSHOT]
REGS, USED By SIATE E57ImATOR:
loox ForP) = (CDUxX)
(oLtpyForP) = (cpuy)
(oLpzFore) = (cDUZ)

Nwsuyre CBR-AXES PROCESSING

=R

SroRE ADDRESs OF CHXV|SFZ
ri) (PTumPADOR), 74/s wiiL
INSURE  PATH FoR P-Axi1S
PROCESS/nG .Op FIRST DAP Cycls

; 2

opn Firsr DAp cyeLE, SET S
(siipn) = (skiPy) = PNZ

OTAR
Do Mere DA P

INITIALIZ I G-\ T

Po.je.';l-.?a



STARTPAP
START\ coun'r:
DAP
-'-—

/0., :
INITIALIZE THE 3 76 WAITLIST MEMBERS : b FOR T7mIvs
JET FlR)nGs Z.

TImMES IS THE )
& (ime ¢) ,(TeNEXT) £ (TeFurT#A)= 37777, |I/somsec.

ceock, POSMAX.
WiLL DISABLE |/INIT/ALIZE THE ASSOCIATED AXIS IDEVTIFIERSS JpevriFIES THE
WAITLIS T (WrTeADR) | (TerEXT?1) ;'(7zfum/4+.1) =+0 |AxiS FOR THE
: m JET TIMIrg
ZERO JTHE REGS WAH/CEH AHOoL D
THE TRALSLATION POLICIES @
(NEXTP) | (NexTU) f'(NExTV): 40

IMITIALIZE THE TASK” ConTRoL |
mvpieaTor ¢ (DAPZRUPT) = NNZ
A

AFTER THE STATE ESTIMATION 1§ CLOMPLETED |» THE DAFP
CyceE, THE REMAINDER OF THE DAP PROCESSING IS RUN
W A "TASK” conTROL MODE OR, INTERRUPT NOT -/0HIBITED
MODE, NNZ /INDICATES THE TASK 15 NOT /N PROCESSES
. T :
INITIAL )26 THE 3 CowNTERS . For
NO, OF NOWDEED ACLOMULATED |
DEVIATIONS /1w THE KATE ESTINATE!
(WPTRAPS) (NQTRAPS) 3 (WRTRAPS) =4

WHEN THE TS srome ADDRESS oF P-Ax1Y
CoumTER RUPTS, : /”(B'ADR) FOR T& -RUPT
PROCESSING WiLL GO

To THE ADDRESS SET THE TIMES COUNTER
0 (T5ADR) FOR A RUPT IN JOO MSEC,

THE DAP CycLE wiLL
START NOW, (0 |00 MSEC
AT P-AXIS , pAcE 3-3

3
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e

CALLED BY:
“P-Ang” or
“ DAPIDLER”

THESE ARe (9eRROR) = [( ;ouy)~(couyp)jma) +[(cwz)-(cpuzp)]r'\aa +(DELQEROR)

HIED FoR

ATT. ERROR. (RERRoR) *[(cpuy)*(CbQYD)]MBI +[(cm;;.) {@znﬂM3R'(DELEER°&\ )
DisPLAy ® (psmoa—;[(cpuy)-(cpuymm, *[(cmx)-(couxoﬂf + (erPers)

CALC., THE £, O § R-AXIS Foreow Ne ATIITUDE ERRORS, SET:

SHUT
DowaJ

® ﬂ;i;?/lM;l;Z,M3i/M32
EMI11 ARE ComPINENTS
FRom THE GINEBAL-TD -
FPror MATRI Y WHICH IS
LPPATED By TY-RuPT
1_-‘:/;/@/ YO MSEC.

,i/

SET ADDRESS FoR
\
"‘DAPIDLER” INTo

(75ADR)

v

SET: (NEXTP),
(NEXT ) £ (NEXTV) =40

v

COMM A ND ALL
RCS JTETS oFF,

SET: CHS 5 cH6
EiTs = O

CommAND DPS
ENGINE TRIM OFF,
SET: B9,B10,B/I §
BlA-CHI1A = O

I

SET THE TimES
COUNTER FOR A
RuPT 1w /00 msec,,

(TSADRY conTROLS 7wi
PATH WHEN T5 RVUPTS

TRANSLATION Pouc; s
ARE KILLED

RETURAD TO :
DAPIDLER /N
(ORSICEIE:
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The routine "ALTDSPLY" is the control interface between the DAP processing cycle and

the attitude error display sequence which is controlled by the subrtn, "NEEDLER'". Entry
into "ALTDSPLY" is every 0.1 sec when the DAP is on (or in DAP Idle). However,
"ALTDSPLY" allows update of the error displays every 0.2 sec by alternating the entry to
"NEEDLER' on each pass. Also, a test is made for which of two types of attitude errors
should be displayed on the FDAI error needles. The desired type is selected by the astronaut
via a DSKY request. They are defined as:

TYPE I (V60E) - These are called AUTOPILOT FOLLOWING ERRORS. They are
computed by the DAP and reflect:

(a) The DAPS own ability to control the vehicle attitude, within the selected
deadband, when only the att. hold mode prevails (either in auto or att.
hold positionton mode control switch). If the DAP response is proper
the error display will not greatly exceed the deadband value. or:

(b) The DAPS ability to command the vehicle to follow an attitude change
command originating from sources external to the DAP (like the auto att.
maneuver rtn. 1 sec. cmd, increment or the powered flight auto steering
2 second command increment). For the auto att. maneuver, the display
should be negligible except for starting and stopping. Type I errors will be
zeroed if the DAP is in a manual mode (rate CMC or min. 1M pulse).

Type II (V63E) - These are called TOTAL ATTITUDE ERRORS. They are
computed by "TALTDSPLY'" when V63E requests and simply reflect the total
difference between the present vehicle attitude and a predetermined final
attitude computed external tothe DAP. The source for the final attitude value
could be from:

(a) The auto. att. maneuver rtn as requested either by a controlling program
or by the astronaut (V49E) who must define the final att. by DSKY entry; or

(b) The powered flight auto steering cmd. which is a 2 sec. increment. In this
case, Type I & Type II displays would give the same information. Type II
errors are displayed in the rate cmd manual mode, also, to provide the
attitude-to-be-gained indication for a manually initiated or manual takeover
att. maneuver,

NEXT PAGE
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B4- RCSFLAGS |INNERT DSPLYALT 81T

USED AS A SLITCH TO
ByFPASs ATT: EREoR
DIsPLAy EVERy oTHER
Pass THeW. (oo mstEe VES
ALTERNATION )

&GO UPDATE

sSK\P THE D)SPMYS
Dis PLAY THIS PASS
TH'S PASS:

YES
GET GET
Ty PEIL BY - FLAGWRD O TYPE T
ERPRG RS ERRoRS

i

SET by V6OE
CLEARED b/ VE3 E

CALC, THE TYPEIL ATT. ERRORS
ForR DisPLAY oN NEXT PASS, SET!
(AK) = P-Axis SRRoR
(AKH)': R -Axls ERROR
(AK+2)= R- AX1S ERRORL

AS SHowa) BELoW H

A "
STORE THE COMPLIMENT OF

THE JTYPE L AT ERRORS

FOR DISPLAY NEXT PASS:

<eT: (AK) = —(PERROR)
(Ak +1) = -(QERBOR)
(Ak+R) =—(RERROR)

I

|

THE TyPE IL zRRoRS ~XE

THE TYyPE L ERRORS
ARE CAILL., AND STORED

CAlL, HERE BUT LsSE THE RETLR

FINAL ARGLE UVAWES(CPHI, S By THE DAP o) IDLE
i LE o . -

CPSL % CTHETA) AS To DAP IDLER SEE PY 1.5 3

DETERMIVED EXYTERNAL TO DAP

® TYPE TT EFRORS ARE CALC, AS |

oR DAP (p-ax1s)

P-AXlS = [(CTHETA) -—(CDUYHM” +[(<PHI)"(CD”"5\_{ |

@-AX\S = }?(CTHET}\\— (couﬂjma) +):(CPHI)—(<DU@3M;Q
R=AXrS :[CCTHETA\‘(CDL))'{{MBJ. *E(C_Ps:[\ —(C.DUZSXM?Q

WHICH ARE MU GIMBAL ANGLE ERRORS TRANSFORMED To BoDy ERRORS

Page -7



Qo s

—

"NEEDLER" is the subrtn. that actually performs the attitude error display sequence. It
uses the computed errors (Type I or Type II) to calculate updated error commands and

then enables the CDU error counters to accept them. The CDU's, in turn, convert the

digital commands to analog drive signals which then drive the FDAI error needles. The
drive commands are scaled such that the maximum capability of the error counters (384 bits)
represent an error of 42 3/16 deg. However, the error needles are scaled down to a max.
deflection = 5 1/16 deg. (only in the PGNS mode). Thus, if the wide att. deadband (+5 deg)

is selected for att. hold, the needles will saturate while the DAP operation is normal.

Whenever the DAP is turned off (due to disallowing use of the I88) the display sequence
within "NEEDLER" is initialized. This means that when the IS8 is useable for the DAP
again, at least 3({istries to "NEEDLER" are required (600 msec. worth) before any
errors can be displayed on the needles. After that, the error displays will be updated
every 200 msec,

Go DISPLAY
BIT3 /s THE sSEQuence
SNITIALIZATION 817, 345355
BITO IS THE SwiTer T
For PAsSsS # &
1_37' PUsSsS NO ES Vol =1 se ;”J
THEN ' PASS
SET: BL-CHIQ =O i
! L SET =4 WHEN
TH)S DISABLES § ZEROS 188 LsE IS PIs- SET Bo-CHia = L
THE 1SS COY ERROR €TRS, A LLOWED THIS EMNABLES THE
2ERO THE rmrPuTs oM 157 pAsS : %
SET; (AK), (Ak+4) £ (Ak42) = =O SET BITS 25 3
THEY WILL HAVE THE CALC. ERRORS (RCSFLA G =
ON WEXT E~TRY To "ALTDSPLy ” A e

Jp IS |SETUYR

ZERO THE L/SPLAY REGs.)SET %
(EDRIVEX) (E DRWE y) £ (EDRIVE Z) ==0

THESE ARE 7THE LGC's NPESI0RY OF
WHATS W THE CDL ERROE CNTARS,

=
ZERO THE C70D. coey?‘sfesd SET:
(CDLXCMD), (CDLyeMD) £ (CDUZCM D)= =0 RETURM | ro THE
JHESEEMPTY /0To THE EKfoR cvTes, , CALLER |oF “ALTDSPL)’ Y
\
TN 5
SET Ba-(RCSFLAGS) = £ 279 pass ﬂo Pof\x»s
B3 -(RcSFLAGS) = O |/s SETUP LLER/ pLE
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NO ERROR CNTRS.

THEY coLD HA VE BEEA

ENABLED
z PrsAEL&D 5}’ A COARs &
INITIALIZE THE DISPLA)’ Alsér oOR caAGeE S/iiceE
SEQPUENCE AGA/M, SET THE CASTr 7/mi& THRU.

B3- RLS FLAGS = 1

Now CALL. THE NEW CDL) ERROR croTR, cMDS,
BASED ON THE [fOLloiinGg ! '
New CMD. = old CMD. + A CEMD. | WHERE
ACmD. = wew EREOR — old ErrOR and the .
wew exror (AK rv.gs) IS L/MITED TO £ ERROR
COUNTR MAK, (BB« 8/75). ScALING IS FoR

Y2 /e DEG. mAX, oF wwiw .onty &Y, cAm. BE

OysPLAyED.
R 1 vyl Ay I EREoRS '

(couxemp) = o!d (cDuxemp) =), (A K) -(eprivex) | YAW:
(couyemp) = old (couyemp) = Yo(Akt) ~(EDREY) | PiTEH

(cbuzemp) =old (LDuZCuD)"'/,O (Ak+2) -(EDEWGZ) RoLL

e -\'--‘-.) \\___-‘.V,-__/ C NEW old
OUVTPNT MD )) cpdd (EXCOR L£RZOR
COUNTER TO g O ) Gt et
.DU ERROR CARTP A CraD,

/,;::; .;/ ser: (epeiv EX&) : '.}//o(A K-)-u 43

FOR NEXT ACmD CALC,

e ENABLES CDU DRIVE,
SET BITS '3.»"" & LS Ok, EMPT)ES THE CMD,
of CHIY =1 CNTRS, /nTo THE D

; ERROR CATRS € 3200 ppPs

i rade bot /imited Ao
THE “ALTDS PLy 389 polres max,
CALLER
P-AxIS o
ITDoLE
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SECTION III

P-AXIS AUTOPILOT LOGIC DESCRIPT ION
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a-Y

ENTRy TO “P-AXIS IS FRom A TS -RUPT AND ESTABLISHES THE
BEGInMING-oF THE DAP joomMsEC cyel €, " P-AX\Ss “ITSELF, Is
THE START OF THE [-AXIS AUTDPILOT LoRTIoN o F THE 7o7A L
L) LAP CORTROL FURCTI/0A), BASICA LLy THE P-AXIS AUTO PILoT
JNCLUDE S JTHE CONIRIL LOGIC FOorR *

/. MowiTorR OF DAP‘on’ condrriors

oA THE VEHICLE STATE ESTIMATO R

3. JHE TN TIPERS FOR TRIM &1MEBAL CorMTRoL

Y fowsrof oF Y £ Z-AxS FRANSLATION CMDS. AND THE

SELECI700 OF THE ASsocrA7ED TJET FIR/NG FPolLICIES
5 YAW KCS comwTROL OF THE UEMHICLE (/\MNuALé‘, AJTO Maoss).

THE ADDRESS oF “P-Ax\s”

/=0R A' RUPT IN 0O MSEC.| SET By IDLE, 50 PRocES-
SING STARTS HWERE AGAIN
IN 100 MSEC.

(DAPz RUPT)=NNZZ

AO IN EACH DAP CyclE , ConTRo L
L . IS SETUP As A JASK. DAP2RUPT
< SETUP ALARM 1S SET PNZ TOo INDICATE THIS .
Co DE %ooo AT THE END OF THE CyclLE IT S
SET = Zh
RESTART g

swl
CoONTROL JES

MoDE CcoNT. Sw.,.— FPL3
TEST BI32B)y-CcH3) = 47

[MP CYCLE HAS CAVSHYT
JTSELF\= VO 00D

NO

Tesr oF
Be - TMODES3I3 = OF

4-5| PO THE “ALTDSPLY “ RTN,
INTERFACE To ERRoOR DISPLAY
- RETURN HERE

TEST oF ,N
e PeNS GUID Ao
- : >
CHSO_O‘? CONTROL
iy GULID, CONT,
sw, PL~-1 REVERT ToO MoRE

REVERT To OFF MODE OFF movE | rp &
3 SHUT DOWN THE ERROR |

CALCULATIONS *=4
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M.
UPDATE

UPDATE THE REFEREMCE ANGLE WI/TH Y KALL MANY #/
l,7,2,'1-: AUTD. ATT. MANEUVER O, 4. SECOND | |\ \reprace
SMOOTH /NG CommAND /NCREMENT, SET: '

(couxp) = CcpuxD) - (pELCDLX)
(cobyDp) = (covyD) ~ (DELCDUY)
(couzp) = (cpuzD) - (DeELCIUD)
Al
TO THE LAP | THE REGISTERS CDUXD, C.DU,VD { COUZD ALWAYS REerLECT
THE /r’/_-’FEeEAJcE ,OR DES/IRED //vu GIMBALANGLES. THE DAP wiL TRy
70 AHoLD ATT/TULE oA’ CHANGE ATTITUDE TO WHAT EVER VALUE THESE REGS,
LONTAIN, THERE FORE | 7O COMmAnD THE AP 7O CHANGE THE
AT TUDE OF THE UEHIC.LE' THE AVLTD . ATT. MIANEUVER RTA. (KAL(.MAMU)
LILL PERFORM THE FoLlow NG (EVERY L SEC.) WHEN RUNNING 3

L COMPLUTE THE ANGLE(S) /7~ ODESIRES THE VEHICLE TO BE AT L S&C.
(N Tote Fo rume (NCDU'S). THESE ARE DETERMINED FROM KNOWIN G
THE FINAL ANGLES 7O BE ACQUIRED AND 7THE RATE DESIRED 70 ACPLIKE
THEM (w ssLscrsD 8y rlsgsr»eo AAVT JA DEG—/.SEC}
3. CompuTE THE "SmoorHme" command wckEmENTS(DEL c.ous\
AS Yo THE DIFFEPENCE BETWEEN THE AVEW [/ucou) AND THE
oLD (Ncou) THEY ARE Sﬂﬂ AS NE&ATWE VALUES AND Z2&R0ED
" AT EMD 0F mMANEUVER WHEN THE FInAL ATT, 1S AQPIRED,
3 SET (CDLJD s> = oub (AJC.DU\ VALUE S .
THE oLD(ALDY) VALUES ARE ACTUALLY ‘THE ANGLES KALCMANLY ASSUMES”
THE JVEH\CLE WHAS ACPLIRED AT THE PRESENT, S/ACE KALMANU DOES
ANoT USE A MEASUREMENT o F THE ACTUAL ANGLES (CDLJ'SB) EXC&PT FOR THE
FIRST CycLE | THESE OLD(MLDU) VALUES ARE AOT NECESSARILy EQUAL
To THE AcruaL (CDU) AKGLES, /N FART, THEYy WiLL NOT BE EQLAL,
I THE commansld UVPPATE MBOVE, THEREFORE ) THE (CDUD's) ARE S&T
FoR A VALUE To RE ACQUIRED O, 1 s8C o THE FOTURE ( Assumen
By KALCMAA)(J) 8y ADDIA G- (DELcDu‘s). THE DAP wiLL DeTECT 7748
CoMMAL LD /pc.Rem.svuT/ ArD ANy ERROELS |N KA LCMANU‘ASSOMPTIODS/
/A LOGIC FOUOWING- WHEMN ATT ERRORS ARE compuTeDd ) om THE
BAS's OF ! (CDLJ o= CDLl):E' OR THE ATT. CoMMARND,
START " STATE EST/MATOR"
COMPUTATIONS NOwW
MNEXT PAGE
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ACTUAL LOGIC STARTS
THE STATE ESTIMATOR ON Pasq 3-8

The following dissertation is only a simplified explanation of the equations and terms used
in the following state estimator logic. It is not an attempt to explain all the design criteria,
methods, conStraints and assumptions used to develope the LM's state estimator. The only
purpose is to provide an aid for the user to better understand the state estimator coding
portion of the DAP logic flow.

The basic outputs of this state estimator are the best estimates of:
a. the angular rate of the vehicle about all three axes (OMEGA).

b. the angular offset acceleration bias (AOS) about the pitch and roll axes;
due primarily to a main engine thrust vector being misaligned with the
vehicleés center-of-gravity during powered flight.

The estimations are obtained from the basic expression:
ESTIMATION = PREDICTION + DEVIATION where;

the DEVIATION term is a correction value that is proportional to the difference between the
PREDICTED value and a MEASURED value. Since there are no angular rate or acceleration
measuring devices available for the DAP, the MEASURED value must be derived from
IMU-CDU angle, or attitude, measurements. The PREDICTED value is obtained by previous
knowledge (ot Y, - ,) of the state estimate and the time history of the DAP control outputs
between control sample times =

‘t T and T e . The Control Sample Period is, of course, equivalent to the DAP
cycle or: 7= f, — {,_, =0.1sec thus, the new estimate of the vehicle state can be
expressed as:

ESTIMATE = PREDICTION + K(MEASUREMENT - PREDIC TION)
where K is a proportionality factor.

In deriving the state estimates, it is assumed the vehicle state is represented by the
following differential equations:

0 NOTE: the DOT means the time derivative.

ol b
d):oc+aT
OQ:L{G_

where; & = the vehicle attitude
(W) = the angular rate of the vehicle
= = the angular offset acceleration bias due to thrust vector - CG misalignment
&3- = the angular acceleration due to jets firing - (assumed constant while jets
are on which may be equal to or less than the sample period).
UG_ = the rate-of-change of =C , or AOS, due to gimbaling the descent engine
(assumed constant during sample period T)

NEXT - PAGE
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“Thus, the vehicle's state can be extrapolated, or PREDICTED, over the sample period by
integrating the above equations and substituting the resulting terms. The PREDICTED terms
are:

/ -

P OC/V—/ Al T SUBSTITUTING-!
Ao e . i
— + .
L &, , + 5, U %Z. * Al awo;
SR T e s i
= + / 7 =
N N CL/_/ M1 2 BT aJ‘7J_" <T _lj:)
where; the ( e values are the old state estimates,
Ty is the total jet firing time since 'f v-l
and the last term of (9/ or aJ_B’_(T— _7;[) is obtained by integrating &3—75_
=)
. i d the other f
over two intervals, one from tuﬁ/t’ 73_ and the other from T_ o3 T
During the first interval Oy [y is a variable (JETRATE) where during the

second it is a constant (JETSOFF)
Of course, if 7" 7~ then the last term becomes /';2 T T

Now then, if an attitude (angle) measurement is taken every sample period, the predicted
attitude (57 can be compared directly to the measured (9,,  and the attitude
deviation term formed. This provides for a correction, or new estimate, of the attitude as:

— /
/
® = o) el )
Successive differentiations of the attitude DEVIATION term / Son - (9,U )can therefore be

made to form the new estimates of /) and oC , which are the basic state estimator
outputs:

|

/

&\):V L5 (’d,«/ "LK(,U (@m-e;;>
b

C:C\J R 7LK°<; (Qm—@,l;>

N A

NEXT PAGE
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Since the DEVIATION term uses a CDU measurement which, for practical purposes, contains
undesitable noise, the state estimator attempts to trap or reject this noise by use of non =
linear filter logic. This logic forces the magnitude of the RATE DEVIATION term (&m, — @,)
to exceed a certain threshold value before it is incorporated in the new rate estimate 7~

or differentiated for the acceleration estimate. This term is calculated each sample period
and is allowed to accumulate over each sample period (T) until the total value exceeds the
threshold. Thus, the filter gains or proportionality factors } are chosen as
functions of the number of sample periods (NTRAPS) since thebfast incorporation whenever
the accumulation exceeds the threshold. Then the estimate of the state will be corrected

with the ""gained'' deviation term.

Since the filter, or trap, rejects the measurement noise for the rate estimate, and subsequent

: acceleration estimate, the attitude estimate need not be corrected. This esseentially allows
- i ak o of unity to be selected for the attitude filter gain, which gives:
e / /
1 S T PG G
: . { ; ¥
= &) re, -8, = &,

~thus, the new attitude Stimate is always equal to the new measured value in this estimator.

? One more item of explanation. It was mentioned above that the RATE DEV IATION term is
j the value upon which the filter operates. Expanding this term by substituting for @-A,
we have:

z e, 6,,= Ea s T e s -U, I aT(T_l)j

N'I A=

E With the knowledge that § @,m from above, it can be seen that the first two terms
represent the A & from t/v -/ 1o t,) + Now dividing thru by T, we have:

| A2 W -, TS UTr—a T (/- T

=
“the estimator term for this RATE DEVIATION is called (TRAPED) and the equation used

z illiminates the / U 7 2  term and approximates the last term as follows:

TRAPED = é_,-_Q _%-; _/QOCU-IT G ’/_-20& T

{ The value (NTRAPS) is the counter for the number of sample periods TRAPED has been
accumulated and is always set equal to one period ahead, or (NTRAPS +1). In DAP IDLE

f it is initialized at (NTRAPS = 2). To obtain the desired dynamic characteristics in the state

‘ estimate, NTRAPS is combined with a pad loaded value (N, , Mc ) and different for

; docked and undocked config.). The combination then is used for the gain terms K l< o
where
[ , 1
W = wreaps +N, J Hee = = K

NTRAPS + M, * Mec

| NEXT PAGE
: ; PASQ 3-6
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The first term calculated in the STATE ESTIMATOR is the QL T value or (JETRATE).
This is computed for each control axis (P, Q & R) and represents ﬁhe predicted addition..
to the vehicle rate, during the last control sample period, due to the jets firing. The
JETRATE value for each axis is determined as:

JETRATE = [the acceleration (JACC) expected from one jet ﬁring-] times
[the total number of jets firing (NO. JETS) for that axig_] times

[the length of time fired (TJET) during the 0.1 sec perioﬁ]

Since the DAP operates with control axes rotated 45 deg. in the plane of the Q & R axes,
the TJET values are for these axes (TJU & TJV). Thus, the JETRATE for Q & R must be
obtained by resolving these TJET's into Q & R components. TJET values are computed
within the DAP control logic anytime the DAP establishes the vehicle must be torqued to
acquire a desired state. They may be greater than 100 msec, however, the JETRATE

logic will use 100 msec max. The JACC terms are computed external to the DAP as part of
the control effectiveness calculations in the 1}/ACCS rin.

Now to the STATE ESTIMATOR LOGIC !

RATE
LOOP

SETUP A LOG/IC LOOP FOR CONPONEMNTS
oF THE JETRATE VALUES, STALPT (W/TH
THE LOOLR JMNDEYER <ET FOR \J-Axi<
CALLULATIONS, NOTE ¢ USE oF THE
/NDEXER |5 REFLECTED By THE SUR -

- /
ST 9 WHERE ) IS S&7T 70 LocATE
7THE PROPER SIDE-By-5IDE E-MEM,
LOCATION CORRETSFomDING 70 THE
PROFPER AXIS, THE NUEMonICS WSED In
THE toGic REFLECTS THE P-AXIS LOCATIONS,
X, (NOPIETS), wHEM L 1§ sed Cor
H-A¥is S Hoved ¢ READ CNO JTET € oFr,
(TJETXZ SHoul D READ (TJ'L/>) @‘é&

NEXT PAGE
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KATE
LOOP

E-MEM, LOCLATIONS FOR ;
V-AXI1S ; 2=2
U-Axs ; [z
P-axs ; 2 =0

SET” rWE RATE LooP /NDEXER, 7
(DAPTEMPE) =  for v-Ax's

DO_NEXT AX1S

ERO

TETS WeRe
OFF

SET! (DAPTEMPL); =
(T1eT). (NO.PTETS),
: !
¢ =2ERO

TJETS FiRI M6
LESS THAN JOOMS.

v

N

JETS WERE

FIRING ForR (DD MSEC

SET: (DAPTEMP1), =

(TTET)(No.PTES), ¢ ,
Reouce |TTeT;| |For wexr 'No | RATE DUE
(T‘J‘Eg) =+ 0 by 100 Msec. ~ [Time To | TeTs THis
Time ,
(—- +) the Sigw
/AJJICA‘#CS

rotation sense

SET: (DAPTEMPL), =
(-100 mS) % (W0. PTETS);

N

SET: (DAPTEMPY); =
(+100ms) #(V0.PTETS);

&

5_‘: 2 ¢ DAPTEMP3 :(TJ‘v)(k)O.Vf E’VQ

DECREMENT 7
CorPrEmMPE) -4

LooP INDEXER
=07

;= 1 DAPTEMPR=(TTU)(ub.UTETY

’

7 =0 DAPTEMPL =(rTp)(No. PTETY)

VES
NbWaALc.u LATE THE To7AL JETRATE FOR THE THREE . '
AXES, ROTATE THE L £V TermMs /7o @ § R AXES) SET
(TETRATE R) = (4 TACCR) [(DAPTEMPR) + (DAPTEMPS) | |
(TeTRATEQ) =(2 TALQ) [(DAPTEMPR)=(DAPTEMPS) |
(TeTRATE) = (4TA) (DAPTEMPLY  FoR P-Axis

TRAPED\  have the oy T3 terms .
(-'A‘ft;' NOW, GET moRE FoR

DEVIATION VALUE s
page 3-8



\

Bearvinvg o/=' s#E DEVIATION TERM CALCULATIONS (.TRAPED) FoRrR:
THE FF, @ ;,4? AXES. 7'#5 OLD Cht) ANGLE MEASUREMENTS ARE
IN OLDXFoRP OLDy FORP & £ OLDZFOEQ THE AEW MEACUREMENTS
ARE ) oF CoARSE ) CDUX, cpuy £ CDUZ, THE A MEASUREMENT oR

DANGLES ARE REsowso JMT0 BHICLE Ay &S

D ATTITUOE , 0R. DO TERM, FoR EACH AXIS . i
Awso, Accat.etAT/ou 8/AS FoR THE P-AXIS IS ALWAYS ASSUMED
=0, THaREFOPE, THERE wiLL. 8 NO oC I TERM 180 THE
P-AXI& EsT/mATIor, &

BACKP +;

TRAPE D
CALC.

70 OBTA IV TH E

STORE CHANGE I OUTER G/mBAL ANGLE
SeT: (PAPTEMP 1) = (cDUX) - (oLDX FoR P)

(oLbxrForP) = (Coux) -
(ITEMPJ) = e@viv, 5;'0./5544,.(7-

caLt HCDH X

UPDATE oOLD
MEASVLRE MENT

!

SET:

OBTAIN PART OF THE .DEVIATION. TERMS ) <
(r*nreoP) = old (rRaPEoP) - ) (TETRATE)

(TRAPED @) = W (TRAPEDR) -/ [(mmr:@ +{Aosq>r£m__l
. (TX’APED R) = old(T; '@!PEDR)-}:.‘ [(.Termrfg) (A0S :r;zm)]

STORE CHANGE IN ZHNNER GrmBAL ANGLE

SET! (0aPrempd) = (Couy) —-[OLDyFoRf’) cace  ACOUY
(O‘DYFORP) (C Dl-l)' LPDAT&E o©LD

)L MEASVREMENT

M11 15 Grom
G, P, MATRIX
WHICH Is LUPOATED
.E-VERY RAY0 msEC.

ComVERT CDU ANGLE CHANGES /T O
VewicL e (Boby) P-Ax1S ROTATION | SET

(omesaL) = (mi)acpuy + ACDuX e AP

by T 4 -RUPr RTWN,

or

TRAPED

AG Lor P-Axs

page 3-19



BACKP +

TRAPED
I

THus 48 or 4.8

74 o/
WovLD ovueRFLOW. SO 741
FIX&s A® a7l MAX.

NO

&7 -
Ad [ L AP - (omesar)] 'Aaa[-w%—(ousw)] Add s gz (meenp)]

(TRAPEDP) to (TRAPEDP) €0 (TRAPED P)

THE A BUVE LOG'G WAS| FOR QUYEEFLOW PROTECTIoN]

ForR A Divisson.
T

(TRAPED P) wow EQuALS

L

o/d (T%A PEDP) _L_AP A (TETRATE) —(0OMEGAP)

- l
\_____-- ey o -\---_-.

...... a‘ 4! s M
v =t -pasTy =
ACCOMVLATED " MEASURED
=~ DEVIATI0A) P-RATE L6 Pnso»cTeo PART oF
o P-DEVIATION

where (TRA PEDP)\S ALSe OVER FLOW CORRELTED
BEFoRE PROLEEDINV G,

s

STORE CHANGE )N MIDOLE GIMBAL ANG LE]
SET: (PAPTEMP3) = (COLZ)-(oLDZFOR Q) catt ACDUZ
(oLozForQ) = (cpuz) UPDATE oOLD
i MEASUREMENT
ma émaa .. {rom CONVERT CDU ANGLE CHANGES INTO
G.P. MATR) % G@-Ax1S ROTATION , SET ¢
(omEsau) = (Ma1)AeDYy + (Maa)acpuz A AQ
oRr
AG {or @-AXIS
TRAPED
Q

page 3-/0



DIVIDE [ 47-?) Wikt

OVER FLow P -AT g
TO MAX,

r Y

| Add &JTAQ ~(omeen @) Add ~ Y452 - (omeeng) Add 4. 522 (omeenq)
| to (TRAPEPR) to (TRAPEL®) 1o (%A PED @)
| \‘ QVERFLow Egg'rgg__zﬁ u AGAN For THE B2

(TRAPEDQ) Mow £ @UALS -
I old (rrAPEDR) f_LAQ )’ (zeTrRATEQ) = ) (AOSQ TERM) — {omamq\

I

( ‘\_,._-.v, _____ / '\-\ ,--’ WETNE, e ey . o
v AL
AcbomeeanTED /»HSM'ED =ty Ty —Y3C,,_ /T i w,,_,
| - -
: ' e Q e —A'g PREDICTED PART OF Q-DEVIATION

[ WHERE (TEA?EDQB 1S OVERFLow CORRELTED AMD THE AOSQTERM
)5 SET-= o./(Aosa?\ AFTER EALH AOS EsTIMATS (see

{  LATER), S D SR .

; CONVERT CDU ANGLE CHANGES INTD

M3 g' MBS Arone R-AX\S ROTATION, SET :
LGP mATe X

(OME&-AI,.I) fo (M3I) ACDUY f(MB:)ACDUl catt AR

|
: : A® rFor R-Ax1S

| 6.R M TRAPED
TP Ml o 1 | |&owy R
Ql= Mai Maa O % \&cpuz
R m31 m3a o Py X

VPPATED By TY-RUPT RTW
EVERy QY0 mSEC.

page 3/



BAKP +

NO

DwibE (_QT—?) Wit

YES OVER FLOW SO FiIx

LimiT TO MAX.

R ,
Add L8R - (omeanr) Add —49.52= _ (map0) Al w52 — (omE6AR)
to (TRAPEDR 4o (rrarepR) to (TRAPE DR)

A

| ouErFLow PROTECTION| AcaiN For THE Dwioe A%/7|

(TRAPEDR) NOwW EQUALS :

old (TrAPED R +4OR - 4 (TETRATER) - ), (405 RTERM) — (OMEGAR)

/
" Joay

N e oo - - - T e - - — - — - ’~

ACCOMULATED measuRep /2 Qg-Ty
R=-veviarion R- RATE L&
T

- - — -----_——.—

PREDICTED PART OF R-— DEVIAT 0N .

; NowW FICKUP THE PAD LOADED ' THRESHOLD VALUES (TrAPS) AND
FreTER RATE GAIN. TERMS(N, 3 N).OME EACH FoR DOCKED - Lor8eomE

C.ONF/GUﬁAT/oU

FOR LMmALONE
CASE L MNO

TE/HP S7oRE VALUES , SET
(TTeEmP 1) = (MOME GAN),

DocKE D
¢

(rremP ) = (LMKAOSN) |
(TTEMP 3) = (LMTRAP) | these are
'Lolnckc. 3 j ﬂe VAI-U:-;
Lmomeean = O [Ny =  [€or wew/
LmrAO SN ='60/‘ N

e |
Lon TRAP =14 Yec m’:ww '

813-DAPBoots = 1.7

FOR DOCKED
CADE

TEMF S7oRE 7H& VALUES | SET!
(xremp 1) = (DKOMEGAN> ;

(rTempa) = (DxKAGSN)
(£TEMP3) = (DKTRAP)
whevre ¢

DkomeeAN = /Qg R
LDKKAOSN =60, Mec
DETRAR . et a b,

page 3-la



NOW THE ESTIMATED /?A‘ras ARE cALc., FoR ALL 3 Axss(PqJ { 2}
PO IR TR W NS~ L ARt =

7-

/

w//s/éf THE [FREDICTED RATE a),,’ e g ,«.o’d N S
\ - A)- ) J J—

P-RATE —

YES

|7 RAPED P)=0

_>(ITEM933?

IS
|TRAPEDS| >
THREgrjo_t. :

SAve NO
AcCLumOLATI ON

YES | INcoRPORATE THE

ACCOMULATED DEV/ATION
FORM THE WEIGHTED DEYIATION TERM awnd odd

Yo o/d RATE EST/mATE  SET!
(omeeA P) = old (omecaP) » (rRAPEDP)
(NPTRAPS)

(TRAPEDP) = +0
(NPTRAPS) = (TTEMPL)

whera (ETEMPRL) = © or 10, €or N, term

40»- e ther Case

threshold now = 1Y Yae

e,

1

e xccvDE Any correcrion
THIS TImeE ; K

Add (TETRATE) 4o (oMEEAP)

A

Add 1 to (NPTRAPS) Y NPTRAPS *N,HL

P
The P-AX|S EST/mATE |5 commLare, (OmEGAP) or (J, wvow

£EQuaLs 4 old (ome c6AP) + (reTrATS) ok
o/d (omeenr) r( J‘Frg,\r‘r) + (TRAPE DP)

SR O e (NPTRAPS),

Gy syl e T PR S /
( P-rate -&
PREDICTED P-RATE s o Kw(@r;_ u)_



P-RATE +

YES

< <AVE N

>(1TEMP3)

(OIS e /'yo/sEc_
FOR &/ THEL CAsSE

ACCLUMULA T 0N

YES f JNCORPORATE THE
ACCUMUILATED LEVIA T/0/1

THE WEIGHTED Q-RATE DEVWATION TERM /S AVOW £
; OVERFLOW PROTECTED
FORMED APL Addes 70 THE OLD ESTIMATE

P R
S 3F77 (omEGA®) = old (OMEGAS) » (TRAPEDS) | Uy *@C@—‘;—_Q"‘l
: (MNOTRAPS)

ACLOMO LATED DEV.
prso (UMRATE®) = old(SUMRATER) # (TRAPEDR) FoR DowhLIn K 3
(NQTRP.‘PS) covld ovep Frow

avp save  (TRAPED @) R
(NQTRAPS) for LY
JALT AL ZE

NOW SET ! (TRAPEDQ) =O  rHe TRAP

A

CINCE )T /S CONVVEMIENT AT THIS TiM E/ A E

4P ~ A0S &£%7,
WEIGHTED DEVIATION TERM FOR THE G- AXIS Aosg fség i ATE &S i
ESTIMATE /S FORMED & Cdded 7> oL D ESTIMATE,

S 2.1 ko)
I CNGTRAPSY  (WRTRAPS) +(17EM PQ) R

o (AGSER where ITEMP2 = 60, W\*“f Ke¢ 15 gormed ;

L and i1s Nee {ore Her cass
se7: (NQTRAPS) = (TTEML) | N =0 o 10,

K
~QTRAPs+N 4+ Ny “’

EXCLUDE ANy
CORRECTION

Add L. te (WeTRAPS)

GET REST OF (-RATE EST.

Add; (TETRATEQ)+(AOSOTERM) ¥ (OMEGAR)

THE Q@ —-FATE ESTIMATE IS ComPLETE AOW, (OME&AQX NOW EQUALS
old(omesn®) + (TeTrATE®) + (AoS®OTERM) hs Pot s

Rk ¢ ' + ( TeTk i i X

oF |¢)/cl(0hm_‘fswj4>} TETRATE Q) (Aos@T&an)/ \(NQTaAPs);

A e A R e e | S o

eeataly e rO S D

—~— \\ e IR e —~ — =
CJ—)M__ i \ Yo e ey Oij_, T- Q -XATE K (6,1.,'9":)
: : o
PREDICTED CORRECTIONL i
C;? - RATE

page b L g



Q-RATE +

YES

>(ITEMP3) ?

SAVE NO )Y Ype Lov @ther case

ACCOMILATION

/WCORPORATE THE
YES ALLOMOLATED DEVIATION

The weichfed R-RaTE peviaTion TERM (s Cormed.

and added 45 the old rate g.'a dowwm vk rec‘,\'i £en OMEGAR =

A4 (TPPEDR) 4 (emEaar) A (SUMRATER) @:_,"'f,(a‘"’éw
(NRTRAPS) D.L. reg 7

SET ! (TZAFEDR) = +0 SUMRATER IS
LIkE SUMRATEQ ;

Covt b OVERFLOW

The wa\aHei deviation fterm €or the R-Axis oFFseT
ACCELERATION ESTIMATE (s wow ormel avd added

PARTr oF A0S EST

éo {Lg o/rl G‘.Sél'tv‘“’t.- USED (LATER.
. |r_L\(TRAPEDR) o ST e K, (B8
Add; (0' )(NRTRAPS) (NRTRAPs)-r(ITsmPQ) b <A0 R) T} ) g

I«fx IS Same,

SET ! (NRTRAPS) = (Z7EMPL) } Ny, =0 or 10,

EXCLLDE pEM B sl

An / CORRECT 104

Add 4 4o (NRTRAPS)

W
Add [(TeTraTeR) + (A0S :TERM\] {o (OMEGAR)

X

THE R-AX\S RATE EST/MATE IS COMPLETE, (OMEH\K\ NOW EQUALS |
old (omeGAR) +(TETRATE R) + (Aos RTERM)

R
6R | old (omecar) + (TeTRATER) * (A0S RTERM) + (TrAPS

ekt Ll DS L S S BRI Lt L R RS
w”-' ; .a"TT‘r 2 O(AJ-;T- sk “."—— m )
ALL ADDITIONS To(OMEGA P,Q 3 R) w(9 =
ARE OVERFLOW PROTELTED,/A wMIicH 4

CASE , OMEGA WitL 8€& ST ToO
2 mAX. THis maANS A RATE Liw)T

L Ys S .
oF 1 45 Ysec page 3~-15



/VOW 7‘346 OFFSE] ACCELERATION ES7IMATES Au/‘//b& C/J/cu/a'%ecj.
OF covrse, Hhow odllieet aravleva s s the G./UJUAA- acc.:/,j

abou! the @ £ K axes, which /s cavsed 5/ Fhy DR
thros? amd ceanter -o(—er;z’/ M4 A7,um¢u?(. The ectiva '/c.,

: ) T ¢ ;
aj‘“u) /3 eﬁu“/ fo : oL, = OC': * M (9»”7_;@“[ j or JosT :oCA'}

WHERE THe PREDITED ADS IS ; oC;J = 0?_;_/ * (,(67‘

rét FREDICcT&ED ACEL. Is OA{AI'NC.J {’rom '\q\( O'c‘l c_s-{/'ma‘(g
P/US ?%c //v‘/cgyfa/ o‘r fﬁc rd{c-oF-chaujg o‘F aCCe,/&ra.'{nlou JU(
e 5/)»64//“) the DFs eg/ne. This rate-o -c'wan‘r((u&)» IS CALLED
ACCDOT s caleulated :xfcrua‘ <o the DAP v the 1/ACCS Kf,u,‘

rAQ DEVIATION TERM 'IS ac‘ua)‘y 'fl‘!! JCVIU&"l‘d( o(: 'H\e. f‘a“': c‘cw'uln'u.

‘(‘Cvm \{u‘v:.s an aJJi-‘uud we\;)l\'*:bz '€ac,'('oy-’

A0S ot LIKELy

WORKTIME —

B8- DAPBooLS = 07

B
THIS
DRIFTING FLGHT

YES

2ERO ALL OFFSET
ACCEL. TERMSJ SET:

(ALPHAQ) = ©
(ALPHAR) = o
(AosQTERM) = 0
(A0S RTERM) =0
(Aos@) =0

(A6sR) =0

(ADS®) = old(AEQ) #0./(§AL DOT) [

iz

on offset aceel is ‘\'ltc‘y

Al 0.1(QAccpoT) fo (ADSQ)| the LT Herm
>L for wew Aos @

THE Q-AX\S OFFSET ACCEL, ESTIMATE )S CaAMFPLETE Ao ;

or; = ald(a0s) # 0.)(pccoor) #

N wman = S P o o 4

4 (TRAPEDQ) i
7 (WQTRAPS) (NQTRAPS) +(ZTEMP)

2 N7
By, eldgT
PREPICTED S e e R ey N0 M o 8
ACCELERATION OF FSET Q—ACCE\_ERAT‘\OU

CORRETION TERM

where. A0SQ 1= double precision. &((@M -B)
T e

ST (ALPHAQ) = (A03Q) aw <, copy for PowmLInK,

(AOSQTER M\ = O.| (AOSQ\ the o’f‘ﬂ_/r term tor
wvext Q@-rate zs‘f)m,@ﬂ‘f

PAfsg, 3-lb :



JASK

WORKTIME +

{/‘ 4 Ué,r {CI‘M

Add 0.1(RAccDOT) fo (AOSR) e

)

THE R-AXIS OFFSET ACCELERATION ESTIMATE 1S COMPLETE .
(AOSR) = ol/d (AOSR) + 0./ (RAccDOT)
or; = ald (AOSR) + 0. /(RA(LDOT)+ ,J__ (TRAPEDR) _ ik 09
; o |97 (NRTRAPS) ) (VRTRAPSY+(mEmPa)

~~~_-.-—.-—— po- o s e e -

O<:"‘/ ‘ = UGT “~ “““““““““

o’
- - - | -

where A8 L @ g FREDICTED (&) -ActeL THE 47 TALLEL CorrECTION
'S dovble precisier, OFFs&erT Koe (Cum-3, )

SET! (ALPHA R) = (AOSR\) aw &: copy {ov Slou)d,mk
(AOSRTERM) = O. | (AOSR) &:,-,T term | & T

Lor vedr R-RAT, EX Ty,
i i e
|END OF STATE. E‘gnMAraZ] el

SETUP JTHE RE/MIINDER oF THIS LA R
CrecE As A JASK And con't,

L&C FPROCEZS/206 0OF THE DAP HAS BEEN /N AN
INTERRVPT /NHIBITED STATE (TS'RUPI') UATIL Now,
JASK CouTROL ESSENT/IALY ALLOWS FROG R A 1A
JNTERRUPT S BUT DISALLOWS THE PROCESSING OF
ARY SCHEDULED TOB LNTIL THE JASK 15 ENDED,
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MAINT. SVPER Tob

TIMERS

A

THIS IS THE Pavw? sa THE DAP LOGIC WHERE THE TRIM TIMERS ARE
CAINWTAINED FoR DPS TRINM GIMBAL COrTROL., TRINM JIMES ARE ENTERED
IO THE TimERS By THE TRIM GimBAL CoNTROL Lo&/c(é‘rs oe TIMEGMBL Mns)
7O Avor D RUN-AWAyYy OF THE GMEBALS /F~ GAMEAL USE /S DISALLOWED B)/
OTHER CowrRol LoGic, /F BeE/wvG WSED, THE T/mERS witl BE DECREMENTED
HERE (O /SEC s VALUE) O EACH DAP CyclE  wHEN Z2£ERD, THE APPEOPRIATE

GimBAL TRim (@ or R) wite BE STOFPPED.

MUST TLRN OFF Q-AXIS //\ )
CPITC.//) TRIMS 10 (QG/MT./MR) PNz ACTJ\{E “
: 2 / s
SET: (NEGL Q)= +O \ oz
o 'pla$ vsed w frim “MEAN TIMER CovwT
o4 lc ‘fo Jo TR n1 | /s M)A‘rm‘." D:::.:.i', SE¢
THE 4(‘ be Mo
EET (@Acc ,Do'r) =40 f;’z“ DECREM ENT
\J{' dew't w:"/f (R&IMTIMR
' ok ARE :
B49 £ BIO 'Cr‘/l? = *O ,ﬂ;",’,’;:,,,,“- MAX PNZ VALUE
I sTOPS T@)m wouLd BE =
(QG/Mr//m’>= Y0000, | We6mAax. R.5 s€C
T - ")wAcrive”
sror R-Ax1s (RoLL) +O onT = e
TRIMS W‘TW‘R\ W AcTive
SET (MEGUR): +0 PP ‘NNZ_ N
(RA CCLDOT) =10 |as 4 i DECREMENT
BIl & BIa-CHIA=4D |ABove it (e mTIMR)

(R(,:MT)M:&) 2 ‘-looo()8
' L

Proz VALLE
= 2.5 SEC MAYX,

SKIFP P-AXIs AUToLie7

i)

60 7o ADDRESS

THIS cyecLeE
'3

S7oRE “'CHKVISFZ” ADR,
10 (PTUMCADR) = dowf

SKI P G LEXT PASS
' Go 7o
Q)R"AY’S
AuTofiLo7 .

5=

“ <xippaxis”

SKIP LoGIc FoR P-AX)S
DA P (YAW AND Y, 2 TRASL.
ConTROL Loé/c)

PAPIDLER INITIALIZED To

WCHKUISF2Y

Y SKIPPAXIS 1S STORED
oMLY )F FP-AxIs AUTO-
PiLoT FIRED TETS

. LAST cycLe §cAcc,
FIRING TIME FOR
YAW £ ISoMSEC,
THUS, FIRIOG /S
Bewes 7imED By 74
76 SHUTOoFF TETS,
So NEED noT KEEFP
TRACK OF THEPT.

RPage 3-|RK



YAW £ Y-Z TRANSL, CONTROL -
Lo&IC, CHECK TRANSL, FIRST

CHIQ . ocr;
ANSL.
q 800 & 8ol "Saoet | M g
25 S e 4 YE SET(NEXTP) = O
JSE i Y x5, SETUP AN AX\S IDENT)FIER
(el e 4 £ WITH A NO. FROM THE
' TABLE CORRESPONDING TO
o/ o/ |rrz=])] THE'.CMD' (ROTWDE,X)':AD.
/] © /) O|-y-z=-H|7 NO TRANSL. CMD
I 0 © I |-yrz=*V|I2| |SETUP A PoLicy SELECTOR SO GO CHE FoR yAW.
= To PICK TOP PoLicy, Fag
O /) O |t+y-2==V] )0
/ = )’ SET : (N”MBERT) 6 SELECT LoGIC USES TEMPANUM To
é (TEMPNUM)_é G&T Pocicy Cob&E AND T cConNT
NO, OF PoL/c/s TESTED PER
TRY : AX)S,
TACK ;
JSELECT THE TET EQ! \CY FOR THE

COMMANDED TRANSLATION ACCoRD-
/G T O (/W/MBERT) s (RDTM/DEX) PoLicy comes

FRom TABLES Ps 3=l ARE OcTAL T FIT
seT: (Po L)’T'EMP> = PoliCy CODE [CHANNEL b BiITS
TEST FOR FAILURES IS W ITH :
(CHemAsk) wonicss copimws o
SFATE OF FAIL SWITEHES an
SPNEL Q.

ANy
FAILLRES IN
PoLicy 7

TEST FoR ALL AX\S POLICLES
(MUMGBE?ET‘B TESTED AND FAILED
< 5

WE!
FAILS DETECTED

DELREMENT by e
(NUMBERT)

TEMPNU
SToRE 7KFAMSL, PoL/C/ ( M)
CODE ' SET! THIS WILL movE THE

& i : PoLicy SELECTION BOWA
(NExT P) = (PoLyTEMP) U g
A ¢ooD FPolLicy BuT NUM BERT i TEMPAUM= 3
STokE AND HolD UNTIL
VAW CHECKS ARE MADE,
BoTH USE SAME JETS BUT
RoTATION TAKES PEECEDENCE

"W
]

da
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TH/S WAy /S LI PA
AXIS WAS CMD\ED. NO

. 1S
THIs A4
DIAGONAL

4X1S L TEST FOoR A
INCREME N T~ ; VALIO DiAG. PoLicy.
(zeroor 1) e
e
THIS ESSENTIALLY SHANGES e - ONE Ex)STS
THE srarE orF /7.2 {26R00R3) SETYP ALARM Co DE Ui & QUADS
J ; éol.—:rrm@ 153 on
CHANGE THE AXIS /DENTIFIER DISABLED Y-Z TRANS 234,
To A DIAGowAL AX\'S ALLORD/NG o -
7o (BL> 25,9002.2}; INCREMENT
JE a0 seT (zeroco R 1)
(ROT/MDEX) =oldwvo. # 4
/F 81 =1 SRl ser (NExTP) =0
( RoTImDEX) = old NO. +5
' 4

THE ARBOVE AvTon74 r/c.uy CHAVGES
THE TRARSL A 7704) ALIS To A VAGIVAL
AXIS | SINCE THE PRIVCIPAL AXLS
TRALSLA T700) CANNOT BE& AUOMPLISHED,
A Comrinmdous PRIVC PAL AxXLS <)’—2}
Cm wite AlLOw SOCLE SSIVE EAITRIES
THEY MHERE, TH) S s EPFscr) L
ALTERNATE L/AGOMAL AXES (U/V) Jer
PoLicies (Evmy/ooms> JO0 PERFORM

A TACKING mANEVVER ABouT 7ve
FeivciPaL AXIS D&sme‘.D()’ .»2.).

SET UL THE SRoLIC Y SELECTORS
J0 PrcK 7O0P Policy OF AE K

Avis] SE7; (NumBERT)=4
(TEMPLUM) = €

Previcos 40

STORE THE DIAGONAL
FoLicy CoDE ), S&ET !

(NEXTP) = (PoLyTEMP)

ALL TRovGr WITH y-z
TRANSL, CHELKS, LOW
C/‘/ECK FoR )/AL‘}/
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JET POLICY TABLE FOR Y AND Z TRANSLATIONS

(P-AXIS RCS AUTOPILOT)

+Z -Z AN -Y
policy axis I, D No.
selector no. (ROTINDEX) = (ROTINDEX) = (ROTINDEX) = (ROTINDEX) =
(NUMBERT) 5 3 4 2
6 B3A - A2A AlF - B4F B1L - B2L A3R - A4R
(011) (006) (220) (140)

5 B3A AlF B1L A3R
results in tacks with tacks with tacks with tacks with
diagonal jets: jets: jets: jets:
policy A3R/B1L A3R/B1L A1F/B3A B3A/A1F

(+V/+U) 1 (-U/-V) (-V/+U) (+V/-U)

4 A2A B4F B2L A4R
results in tacks with tacks with tacks with tacks with
diagonal jets: jets: jets: jets:
policy A4R/B2L B2L/A4R B4F/A2A A2A/B4F

(+V/+0) (-V/-U). (-V/+U) (+V/-U)

ALARM - code 0200 1 setup for astronaut

NOTE: If top policy above fails, then policies from table below are tried for tacking.
The good jet above, is used constantly while the other two burn alternately

every DAP cycle.

JET POLICY TABLE FOR DIAGONAL (U-V) TRANSLATIONS

+V Vs +U =1
policy axis I.D, No.
selector no. (ROTINDEX) = (ROTINDEX) = (ROTINDEX) = (ROTINDEX) =
(NUMBERT) 12 10 11 7
6 B3A - A3R B1L - A1F B1L - B3A A3R - A1F
A4R - A2A B2L - B4F A2A - B2L B4F - A4R
(151) (226) (231) (146)
5 B3A - A3R B1L - Al1F B1L - B3A A3R - A1F
(041) (204) (201) (044)
4 A4R - A2A B2L - B4F A2A - B2L B4F - A4R
(110) (022) (030) (102)

ALARM - code 0200 1 setup for astronaut

Numbers in parenthesis are (NEXT P) octal codes to fit CH 6 bits

CHANNEL 6 BIT ASSIGNMENTS

CH 6 BIT NO. 8 7 6 5 4 3 2 1
JET IDENTIFIER B1L|A4R|A3R|B2L |A2A| A1F |B4F|B3A
JET REFERENCE #16 |#4 |#8 |#12 |#11 |#15 |#3 [#7
NO.
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THIS 1S THE PIODE S ELECT/oN TsNEXTP

Lo&Ig, FOR RAXIS RoTATION,

MODES FPoss/GLe ARE | TesroF BIB3-cH3/=07
MODE CONTRo L SWITCLH-PANEL 3

Q ‘ALTO

/. AUTO MANEUVER
8. AITITUDE Motd
3. MANUAL RATE CAD.

TEST B9-DAPBosoLs
Y X-AXIS OVERRIDE VES

X=AXIS

S, IVANGAL PIIA s /N OVERRIDE E‘
NHIBITE
IN N w| AVTO
E. )
Y MIN., JMP b an
TES] BIS-DAPBAOLS = ;
oMLy SET By V76E -'
7 4 v7'7f'° TEST FoORl X-AXis
OVERRIDE, WHICH tS
& SAME AS MAMN. RATE
o cmn, OUL/ )40 AUTD
SETuUP 70 Po TESYy o fF
. RATE cm D, MODE BI15 ~CH32=07
32w (or X-AX)s cvERRIDE) M
N‘ T&Esr 81a-DaPBooLs = 1.7
BIQ 1S SET omey ON PASS NO |
/ NATE M AITITUD E HoLD 2]

WHEN O-O-DETENT |S FIRST MODE?

DETECTED. SO /F Bla =1 HERE, MoDE

THEN MUST HAVE BEEL IN RATE YE§
eMmbd, MoDE LAST LASS. "
MO DE
ZERS E CONTROL /N
RATE ATT,. HoLB

o [ M /N AUTO = musr
SINCE STek IS IN DETENT 0 //AVE BEEN IV K"AXS

THe CmD. IS FoR 26R0 QVERRIDE LAST PASS BUT
RATE . - NOMORE , so DAMP RATE
REMAININ G | F ARY . i
; IS : AR L)
2ERD YES P-Axis RATE Mo AT HoLD
RATE > RATE D8 NOW. -
|oMeGAP| >
/INSURE THE FRATE. (rate DB) T : GSZ_ ouUT 0 F RATE CMD MODE
MD. IS Z2ERO L) or 0.9 Fsec » Bla-DAPBooLS = O

ZEROD Avy X-Axis AT, EXFR,

wiLL STAy /A RATE ] SET! (CDL),XD =(c_Dux)
Cmp UNTIL RATE IS
REDLcED. TO DB,

3-a%5 ; P CONTROL YAW
: WRGENLY ERROR 4 RATE
Aow.
3-24
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THIS PATH /LOSVRES ONLy e

PuLse PeER sTick YES
DEFLECTION.

YaAw MIN MP
MO DE :
: ‘ THIS z&ko& THE YAW ATI

SET! (PERROR) = ERROR FoR DISPLAy A D
(coux D) = (CDUK) DAP ConTROL . THERE FORE,
AS Lone AS ML, /MP, MoDE
1S /A, THERE w)LL BE wo A7T
#HoLb ( o sts Dmpr\

TEesT (OLDPawu) puz?
OLDPﬁ/,u VS YSEDAS A STICK
DEFLEC 7700 J0o0 D1cATOR WITrH
RESPECT To THE RA.8 DEGREE:

AV CROSLITEHES (B 3 o~ BY -CHBI)

Dip
THE STICK

. YES|B324-CH32
=3

SET: (OLDPMIN) = O

SET! (TTP)=140

el NO

No R\Re ,

TH'S PASS ser (TrP)=~/0
TETS Ve T | o e
OFF /P-Axs e N R

3-3) seT: (oLOPMIN) = 44| <. .
: JO INDICATE A DEFLECTIOMN WAS |
@ se77Iv6- THE FIRING TIME DETECTED (Fo& NEXT PAS :\ i

TesT B85 - DAPBoOLS = (

70 (/0) 13 PLRELy ARBITRARY,
ASTRONALT /AJPu T

THE JET SE&LECTIOMN LOGI&

Witt tpusileE A )Y MEEC <(0) (’) i &

PULS € I SERISE oF QUADS QQAD:

sS/6N. 2%y . 13
SET 1 (NOMBERT)= Y | ser: (NUMBERT)= §~

[ THE POLICY SELECTDR ]

MIN, IMP wiILL %
(%}
ALWAYs BE A SeLecT THE TET

2-TET FIRIL 6 Poicy 3 FIRE THE
MW JPLLSE oW,

3-a8
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"R Hc
MoVED

WHAT IS
RATE cmD,
SCALE

TEST B7-DAPbooLs

SET B)/ ASTRD
NAVT

(20 %EC.AMX) | MG+ cow (Y Ysee max)

SETYP PROPER DB.,
SET. (-RATEDB) = =04

S&rur PEADBAND,
ser(CRATEDR)==/" ¥

%ec %Ec

“IN
RATE cmD
MODE P _~

TEST B)a-DAPBooLs =17

YES
WAS O-0-D.

0 (TusTour=or- DETENT)

SET: (PERROR) = O
2ER0 YAW ERROR.
DispPLAy /N MAN, MODE

JNHINT L
ONLY lcypreE Toe RATE CMD, MODE

e @13.- DAPBoOLS) = 1

SET | SE€T
RELINT

THIS IS THE oMLy PLa<e Bl 13 SET,
THE_BRANCH TO HERE WAS DUE TOo
DETELTIOAN) OF O-O—DETENT, SINCE
THIS O=0 -DETENT COULD BE FOR
Avy As, Aul 3 RHC-LeC emD.-
COVNTERS WILL BE |0ITIALIZED

WHAT IS
RATE CMmD.
SCALE

/GH

Low

scaLe (P-RHLTRY
FOR Y JSEC MAKX;
3?1(P~ RHCETR)

SCALE (P-RHCCTE)
FOR R0%ec MAX. 5
177, (P-RHceTRY

yAW CTR, (zs®oED) ALD PROCESS/IMG WLL
i ESSENTIALLY BE DELAYED AT LEAST
SAVE RESVLT AS L5k Pﬁssfloa MSEC-) FoR THE €MD,
) ¢’
PRATE cmp/ .
.:/rc»/ ANVD | SET! (Q -RHC.CTR)‘-'-O
OLL CTRS ,
(R-RuceTR) =0
P
RATE CR ENTIALY|SET | dp.(SAVEHAuD) =
cme, =26RO | e Gl
(Q-rHce) s (R-RHCCTR)
IMITIALIZE- | Z2ERD ALL 3 Covwnw TERS ;’
seTTwe BB§F -cH13  |ENWABLE, SET BB B9 -CHI3

AlLows rp/e cnTRS. 7O
CovwT BACK VP TO RHC

" RESOLVER oUT PUT WHIKLH

IS THE €M D,

=INT
P-Axs
3-3)
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Yaw RATE CMD. MO DE
or X—-AXIS OVERRIDE

P J'OE)/
RATE
CMD.

oF HFATE DAMPING

FOR RATE emD,
“PRATECMD' 18 THE

RHC RATE Cmo.

EMABLE S CNTRS 706
COVNT sﬂcx Jp 7O

AFoRM THE RATE ERROR, SET!
EDoT P) = PRATECMD — (OMEGAP)

A

SroRE JHE ABSOLUTE JALUE oF
&, 5€T:(agsepoT) = |E Do |

FoR RATE DAmP  “PRATELMD

WA S 2&R0ED, T//us)'rﬂs

RATE ERROR 70 DAMP ouT

/S £QUAL BUT 6PPOSITE, TO

THE PresenNT Boby PATE.
—(oMEGAP)

RATEDB SET EARLIER
To 1,Y or O Yec.

RATE CMD FOR HSE LATER | SET'

STORE AWAY ANy PITCH AND/oR ROLL

THIS 1S WHERE FITeH Ok, -
RowL RATE cmD, 1S READ
THER, THIS SAVEHAND

dpGAVEHAND) = (R-RHCCTR) (R-RHLCTR)

Zé# 0 Al B coonTERS oW | SET;
(P-RrcerR) (Q-RAcerr) T R-RHCCTR) =0
ENABLE ALL C7RS AGAIN | BET!

VALUE )8 USED LATER /W
THE &,R-AXLS AUTOP)LOT
LoGlc FoR 1HE RATE cmD.

RHC emp, UVALUE

B8 rRq-cHIR =

!

NO

< DB

@
E ¢

EXIT P-AX\S
3-3/ i
(%7_7'-7'5/0) 1S AN IWVERSE
OF A & JET ACLEL, FRom
Jaces pra.

J YES, £ >DB

2ERO X-AXIS AT], &RLPOR
DVRING RATE cmoJ SET!

(couxp) = (cbux)

CALC, THE FIRNG TIME )T~ WouLD TAKE FoR
L -TETS 70 ZERO THE RATE LRPROR, S&T:

(71P) = 4 (EporrP)(4/2 .TT(SVP)(/oo)

A
CsEC,

UsE &-TJTETS

 TEST oF

~ DoEs
E REQUIRE

ND

(ABSEDOT) >(-2FETLIM)?

ASTRO /VPUT

DoveLE (TIP)

WHERE WACLS s&TS

TEST B5 ~-DAPBooOLS =7

SET: (NUMBE RT) = Y

“RQIETLIM = NEGMAX
FOR ASCENT, TH!S
Forces 2 JET USE
HERE [For ASCENT,
OTHERWISE ITS A

SETUP PoLicy SELECTOR
FFOR. A Y JET PoLicy !

(NUMBERT) = &

SET: (NUMBERT)= &

LY B timsr
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P-AxI1S),

YAW AUTD MANEUVER
or ATTITUDE HOLD MODE

M11 ¢ M13 CALC, e’ S7oRE FHE YAW ATT/TUDE EKROR, SET: (5) IS VUSED IN

ARE FROM TTET LA LD
E ‘:[CDU -(¢0Ud M1 + - ] i
e (£) =|(covyp)-( Yﬂ | [(CDLIXD) (cpux) [M13 Gy
+(DELPER ROPD Pis PL.A)/ LoéGic,

(PERRORY = (&)

IR
KEFER To PAGE —____ FoR THE DEFINITION OF THE AUTO MANEUVER
CmD, REFRESEMTED By (DUD ReGs, AS FaR (DELPERROK\
THIS )5 AN OUTPUT OF THE AUTO MANEVVER RTN. “KALC.MAMLJ"
L7 ACTS AS A LAG APGLE /NCREMENT /N THE ABOVE EQLATION
Jo PREVENT GUERSHOOTING THE DESIRED ATTITUDE DEFIMED JN
ISALCYIANY, /N OTHER LWORDS, JT FAKES 7HE DAP INTO THINK IOG IT IS
Acrum_z_/ KEEP/NG P !,0/7"// THE CMD. WHILE /&) FALT THE RESPONSE IS
LAGGIPG THE COMMmAND, THIE ALSO FREVENTS THE DAP FRom EXCEED/NG
THE DESIRED RATE 70 CATCH UR TO THE C/mD. ScE THE CmD, STARTS
IWSTANTANECVS Ly, . (DELERRORS) ARE SET = O WHEL THE ALTD
PV EVVER IS auexe ///E/?EFoée A_W DOES POT SEE
THEM EVER THOLEH THE CAt_c Aeoue 1S S7T/LC /)MDE‘

bMEGAPD) = O +F
AOT I8 AUTO, NAK, CALL, THE YAW T ERQ‘)E) SET: (OMEG-APD\ IS ALSO AN

EDOTP) = (OmEEAP) -(oM e R g L
( . ) (O 3 (o EGAPD} s &SICALL)' REPRESENTS

GXISCTR) VS AN AX\S : s THE DesIiRED RATE LOADED
IDENTIFIER. , INDEXEC, USED | <1 (AX\S CTR): —;L ey 5), THE ASTRO /2 RO
IN THE Fou.aw/,ua- £cs ; :

Cow7ROL LAW LOG/C- .( 9l /DENTIFIE.S

NO

TEST 3;3 DAPBooLs LA

CSM DocKED

[N HINT |
seT: (SENSE TYP) = O T

[’WT-[L—""H TNT Go Do “DoekED RCS’ Losic
Pe Y=3/ L THe CouTRoL

GO DO RTIETLAW" SUBRTN LAW FOR THE DOCKED CASE
Pe M-5 . rye pes cowrroL

LAW FOR WUANDockgED CASE
l
{ RELINT |

RETURNS uiTH
A FIRING TIME
TO HERE

RETUVRNS HERE
CWITH A FIrive
Tf LA W i 5 v P
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SO vsE ;
YES “Ters

FIREFCT |S PHASE -PLANE HoRI200TAL
DIsTArCE FROM E&AXIS To FRESENT

STATE, IF MORE NEGATWE THAN =Y, o
TEST FURTHER.

MO ROTATION REQ'D
So TURN OM y-Z TPANSL,
IFANY..EXT P-AXis

MO

YES
SETuUP PoLicy SELEET.
FOR A 4-JET foLicy

AUMBERT) = &

QUADS -4

MORE (+) |

No

RoTATION
Re®. D

No ALTERNATE THE 2-TeT
COVPLE SELECTION ?
Reverse (B5 - DAPBAOLS)

n A e
[RELINT | [RELINT

X\ T
PeAx\s
3-3,

IS
(NUMBERT) .
=6? A Y4-TeT
poLicy wite
BE LSED.

QUADS |1-3

SET(NUMEERT\= &

seT: (NUMBERT) = 4

SELECT Pourey
AND FIlre Now
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ENTERED WITH . NO. OF TETS
DESIRED (NOMBERT) AND THE
FiRine TME (TTP)

Pouc.y SELECT/0A FoR
P-Ax1S ROTATIONS N

ANy MoDE.

YES Ad_ ROTATIO
RES D

|s6r; (ABsSTT) =|TTP|

)

SETUP AXIS [DENTIFIER ACLORDIN G- EXIT P-AXIS

To SIGN OF(TJ'P)) sSET! 3-3
(ROTINDEX) = 1 , Pwz , tYAw
(RoTINDEX) = O , NNZ = —yAw
\1{ ; MHELPS Prex Pauc/ cobE fl

B =
SETS (TEMPNUM) = 6 CoVMT Ao, OF PoLiciES TESTED
JMN SELECTION LoGiC

>

« :

SELECT THE ROTATION PoLlcy FOR THE

DESIRED YAW ACCORDING TO
(NUMBERT) % (ROT/MDEX)

FRom TABLE PAGE 3-30
SeTi (POLYyTEMP) = poricy cove

POLlL‘y cCoDE FITS
CHANNEL 6 BITS

AN
FAILUngS IN NO

PoLley ~Tesr(cHeMASK)
WHICH HOoLDS STATE oF
FAIL SWITLHE S

YES
;ﬁa‘fl.::uaﬁ L FIRE nNOW
: SETUP ALARM CoDE
. OQ003 =~ FALLS D)5
DECREMENT (TEMP NUM) YAW ROTATIONS
bl e o ; :
SET (UUMSEET):(TEM PNUM) SOy
OFF
THIS LoGIc ALLOWS CHANGING P-AXIS EX\T
covpLes (1IN0 CASE NUMBERT =Y INITIALLY) P_;fgi‘s

RBEFORE PROCEED/ING DOWN THE TABLE
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TESr oF
(WumBeeT) = 67

1S
Poricy FoR

PIETSELEC +

EsS

Y- TETS

SET.
(NO.PTETS) = Q

USED IN STATE ESTing -
ATOR For TETRATE

SeET
(MO.PTETS) = v

cAHLC .

(CHANG) =

WRITE YAW PoLicy CODFE /uTD
CHANNEL & BITS ) SET!

(PoLyTEMP)

YAW

TETS ARE ON |

» 5
DONT 3KIP P-AXIS NEXT PASs §

(ABsTT) 's '8 0
ABSoLVTE FIRING- (ABST:D< (50 -Ms (;) " DonN’T SETUP T o
TIME, Ty TURN TETS OFF SINCE"
TIP wiLL BE ReECALL,
BEFORE EXPIRING .
N6
y il SHORTEST T/M&E
SET! (ABS.:I;J') = e e Fon e
RETA 1N SET. (TTP) =& [yms| AcTUALLY 1875 Msec
SIGN oF TP (rI7) g s__ 4

SETUP OF )NPUTS
7O WAITLIST (JET LIST)

UWsED T6 T/im& JET

mm)ur {
SETL
(TéFuRT‘HA)

(ABs )

INPUT AND
Sd LIST MEMBER

+0 LDENTIFVES

FIRING &

(T6C FURTHA+) = +O

P-Axls To LIST

ey Go Do 7HE SuBRPTN. \JETLIST ¥
_Pq_g USED To SETUP TIME & COLRTER |AND TO
FoR TIMING THE JET FIR\N ¢ TURN OFF
JETS
. L RETLRN HERE
SINCE TTP & ISOMSEC | SET 4DDPESS oF " SKIPPAXIS”
s TIMING WAS TETUP) | jyro (PTUMP ADR)
= K1 P-AXIS MNEXT
PASS . )L
ALTERNATE THE A-JET
COLPLE SELECTION ! | KELINT
ReVERSE (B5-DAPBooLS) Do Q,R
AUTOPI LoT Mo,

EXiT BPAXIS

@R
AXIsS /5%
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JET POLICY TABLE FOR X-AXIS ROTATIONS
(P-AXIS RCS AUTOPILOT)

policy * =
selector no. axis identifier axis identifier
(NUMBERT) (ROTINDEX) = 1 (ROTINDEX) = 0
6 AlF - B3A - A4R - B2L, B1L - A3R - A2A - B4F
(125) (252)
balanced 5 AlF - B3A B1L - A3R
couples - (005) (240)
used
alternately 4 A4R - B2L A2A - B4F
I (120) (012)
3 A4R - B3A A3R - A2A
(101) (050)
2 B2L - B3A B1L - A2A
(021) (210)
1 B2L - A1F B1L - B4F
. (024) (202)
0 A4R - A1F A3R - B4F
(104) (042)
ALARM - codé 02003 setup for astronaut
NOTE: numbers in parenthesis are the (POLYTEM P) octal
codes which fit channel 6 bits.
CHANNEL 6 BIT ASSIGNMENTS :
(LGC interface controling the HORIZONTAL RCS JETS)
CH6 BIT NO. 8 7 6 Bi 4 3 2 1
JET IDENTIFIER BI1L | A4R | A3R | B2L | A2A | A1F | B4F | B3A
JET REFERENCE #16 | #4 #8 #12 | #11 | #15 | #3 #7
NO.
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THE Ex\T FoR P-AX\S '‘AUTO PILOT LOGIC MMEN NO YAW
ROTATIONS ARE RE@UIRED.

TETS
OFF

seri (cHANC)= (WExTP)| (NEXTP) holds THE V-2 o

FIRE Y-2
- TRANSLATION
NOW | I F AM/

DIAGoMAL TRALSLATION
Pouc_y CODE - IF'-AN)/.
OTHERWISE IT IS 260
THUS, SHLUTIN G OFF
THE JETS IFANY
ARE oN (cHane)=o0,

W

=T (TTP)

@

Do RCS-GTS INTERFACLE
LoGIC | THEN @, R ~AUTOPILoT
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SECTION IV

COMMON AUTOPILOT CONTROL LOGIC
(P-Axis/U, V-Axis RCS Control)



JETLIST

This is a waitlist for T6RUPTS, i.e., a priority list of times-to-go for turning off jets
associated with maneuver policies written into channels 5 and 6. The total burn time (TJET),
where TJET = TJP, TJU or TJV for each policy is determined prior to entering jetlist.
Naturally, the shortest burn time becomes the highest priority item. However, a (TJET)

=z 150 msec. will not be put in the waitlist, but will be recalculated on the next pass through

the associated DAP axis loop (P, U-V).

The list is identified as follows (3 members tot.):
). TIME 6 (the actual counter) - contains the time to the next event or the next
T6RUPT (highest priority member)' or 1st event.
2. T6NEXT (will be called AT1) - will contain the DELTA time to the second event

or second T6RUPT (next highest priority)

3. T6FURTHA (will be called AT2) - will contain the DELTA time from the
second to the third event or TERUPT (3rd highest). Also T6FURTHA will be the

initial input to the jetlist function as (ABSTJ).

The members are initialized in DAPIDLE to contain POSMAX, (37777). TIME6 must be
enabled, when use is desired, to begin counting down for a T6RUPT. Associated with

WHo se
each member is a location used to identify the axis for delta time the list member contains.

These locations are called the jetlist indexers and are named:

IDENTIFICATION CODES

/. NXT6ADR - used with TIMEG6 0 - For P-Axis
2, T6NEXT +1 - used with T6NEXT 4 - For U-Axis
3 T6FURTHA +1 - used with TéFURTHA 13 - For V-Axis

NEXT PAGE
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THIS LoGic 1s USED By ALL

2 AXES (P, U,V) conTRoL
LoGr/c, JTIMEG MmAy BE
COONTING DOWN OR INACTIVE

THE INPUT IS
(76 FURTHAY WHICH
Has TJIET

TIME b SHOULD ALWAYS BE SMALLEST
AT FoR A TC-RUPT(HierEST Pegom'ry)
S/INCE /NPUT S SMALLER | )T~ sHooLD BE
/N TIMEG. So Do _SomeThing |

L '

MOVE THE PRIOR)TY OF PRESENT
AT's DowWN AND PUT THE INPUT
INTO TIMES , SET:

INPUT SHoulD HAVE QN4 wicwesT
PRIORITY SO SETUP NEW OTA. $ATR |

AND MovE CORREsSPoONDING T..D.' e al.
SET: et AT | (TenexT) = (rmee) - /nPur
(T6FURTHAY = [7‘6 +AT2 -/wPUT] |aT2 I.o ((TenexT+l) = (NXTGADR)

(T¢ Fu R-rHA-r:L} T old (Teusx'r-u) ID
ATR | (T6FURTHA) = »ld (TenexT)

(Tewext) = /wPur —(TIME @) AT L.0 |(T6 FURTHA +4) = o 1d (T NEXT +4)
(T‘éuen‘u.) =old (rCFunan -u_))' L, D! :
LRFUTE B 76 | (rimee) = /LJPLJT)'OU{'AFURTHA\
I.0 |(WNXTGADR) = old(Te FURTHA +2) 3

mpurs’ L. D.

ENABLE TIMEG To START

COONTING DOWN ) SE T/
Bl5-CH | =2

N
INPUT HAS LOWEST PRIOR Ty(3d)
S50 LEAVE THE DIFFERENCE /N

ATR, ALso LEAVE INPUTs’ I, D.
NOTE ! THIS LoGic

(TeFURTAA )= jnpUT —'[—Té *’AT-{_( IOBURES THAT
SEE 7€ RUPT (T¢ FURTHA +4) sTAys As Is. A(+0) or NNZ D,
LoGIic FoR . /S NpOT PLACED
WHEN TIMES ' 1IN ANy MEMBER.
EXPIRES | M RETUR OF WAITLIST
NEXT PAGE , ,U\
BAck To AX\S

BEIvG PROCESSED

page 43
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T6RUPT

The DAP maintains exclusive control over the TIME6 counter and its corresponding
interrupt. Since T6RUPT is a program interrupt, all programs operating in interrupt
control or with interrupts inhibited must call the T6RUPT maintenance routine "T6JOBCHK"
every 5 millisec. %o process a possible waiting T6RUPT (the TIME6 cntr = -0).
"T6JOBCHK" will lead to turnoff of rotation jets.

TIME &
BE (+0O)

A Hi6H VALUE
1< POT /OTO

SHOULD NEVER NO ROPT TO
ST Péoce—:«ss
o
: PNz, YET RETLRN
(TiMEC) = ¢ 5
CALLER

CLEAR BI5 -CH I3

4

HPDATE THE TETLIST By MoviNG
NEW | PRIGRITIES 4P, SET!
Te | (T/me¢) = (Tewexr) ;o AT

ATa To /mbicae T0[ (LxTe ADR) = (TeNEXT +1)
po MorE Event ATA| (TeneExT) = (TGFURTHA); oA

L CTanE yT+i\ = (T& FORTHA +1)

DISABLES CLOCK
(Tme )

MOTE © I, D, FoR THIS
RUPT 1< SAVED

(L) = oLD(NXT6ADR)

WAITING
Ata| (TCFORTHA) = PosmAx
.ol (reFroprya+ty = O
IS
Mo (TIMEG) > YES
ENVARBLE 7773 2 L
L
LSBT BIESCH IS 105 ) Lo SET: (Timec) = POSMAX
YES
SeT! (TENEXT) = PoSMAY
ND

(=7

Z.Db NO.

v-Axis event (13)
Ne

SET(CHANE)

70 SAME BITS oF (NEXTY)

FOR THIS RUP
)

BiTs 65,21 ;
(z/ Ll-AxIs EVENT

(O) P-AX)S EVENT

; SET(CHANS) BITS 87 Y3
NEXTU S VEXTV) 4 ccoRDING TO SAME

HAVE X-TRANSL| BiTs oF (NEXTL)
C.ODE/ //:A/U)/

SET ! (CHANG) = (NEXTP)

NEXT P HAS
Yy=2 TRANSL.

ROT, TETS SHUTOFF FOR | CoDE, IF ANy

RETURNY_, 74/s Axs pOW, DO
TRANSLATION, | F ANY

prge Y-
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Al B

"OR, LIFE IN THE PHASE PLANE"

This subroutine of the LM RCS DAP is called to calculate a jet-firing-time (TJET)

for the axis identifled by the indexer AXISCTR. Reference to AXISCTR is made by the
subscript (1). Thus, TJET; represents either (TJU), (TUP) or (TJV) ifi =0, -1 or +1
respectively.

TJETLAW is used only when the LM is nof docked and the autopilot is in '""AUTO
MANEUVER MODE" or holding attitude in the "ATT HOLD'" MODE. Upon entry, the
registers (E) and (EDOT) already contain the att. error and rate error as computed
by the RCS logic. Also, various functions of acceleration and various deadbands are
computed and stored away by the external routine 1/ACCS. TJETLAW accesses these
locations, which are separate blocks for each axis, by use of two indexers (ADRSDIF1)
and (ADRSDIF2). These are referenced by the subscripts (i1) and (i2) rsptvly. They
are initialized according to (i).

The sign of the required rotation or firing sense is stored in (ROTSENSE) and applied
to the computed magnitude just prior to TTETLAW exit.

If (E) > 11.25 deg and/or (EDOT)_2 5. 625 deg/sec, a simplified or rough computation
of TJET is performed just to carry the vehicle state to within these boundries. This
part of TJETLAW is called ROUGHLAW. When the state is within these limits, then a
more accurate computation logic is used - called FINELAW. In summary:

INPUTS TO TIJETLAW ARE: (E), (EDOT), axis identifier (AXISCTR), the old (TJET);, and

48 eraseables (16 for each axis) stored by 1/ACCS rtn and accessed by (il1) or (i2).

OUTPUTS WILL BE: (TJET);j, (NUMBERT) and (FIREFCT). NUMBERT is the number

of jets to be used for the axis. Two jets for P-AXIS will always be assumed by TJETLAW

logic. One or two for U, V. FIREFCT is the distance of the present vehicle state,
defined by E & EDOT, to a switching curve on the phase plane.

NEXT PAGE
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INITIALIZE THE /NDEXER ADRSDIFE A (31)
AccorDIN e TO AXIS 1BENTIPIER (1) S&T ! (1) = (AxiscR)

(ADRSDIFL) = —IL 4 2 =-1  Paxis (24) = (ADRSDIF 1)

(13)= (AdRsDIFA)

21 =t16 for L=14L  VAXs
22 24 0 Loy 2= O WAXIS
STATE 1S AcTuAtey JN
LOWER MHALF oF <SVGN OF

FHASE (=)

N LPPE/®R MHALFE oF
(+) FPHASE PLANE

PLANE ] W _ L

KNEFLECT THE STATE 7o
THE UPPER HALF - PLANE
S0 |DENTICAL LOGIc CAN
RE WVSED! COMPLIMENT

(E) £ (EDOT)

Add+1 7o (LL) To GET
PPoPER TERmMsS FoR THIS
CASE. ALSO, SeETHP (22)

seT) (23) = (71)

KEEP TRACK OF SIén oF
EDor, sET
(ROTSENSE)= — 14400,

SIGN ROTSENSE MAy
CHANGE LATER

SETWP SECOMD /WDEYER
SET . (ii) - CZ!LB

i

SET i (ROTSENSE) = + 14400
SINCE_EPROT )3 (+) ?

(TrET) 18 mMULTIPLIED By

(ROTSENSE) LATER TO OBTAIN
THE PROPER FIRINGE SEMNSE

AND SCALING, TTET LAW
CALC, TTET SCALED AT Y SEC,

W‘-/oo&, WiLl RESCALE To 10,24

SEC, WHILH FiTs THE T/me 6
CLOVATER,

T

-/.25°

11.,25°

A
YES {Z—/ NO . ,  WAS AT

N 77

RescaLe () o TY,

ol



RSN

b

|

ZONE E”

(NUMBERT ) = 4
(FIREFCT) = NEGMAX.

— PESIRE ;J'O
/NCREASE PRESENT RATE
by [5¢25-EDor %

SET!

U

ENTERED WITH ¢ ’EpoT, <

SI¢N OF PRESELT ROTATION
IN ROT SENSE

7 () < -/1.a8°

5.625 Dis 1s TAKSET
RATE 70 REACH FIRST

L

Euvr RATE B

D ’
ZONE D" pesiks
70 DECREASE PRES-

EEDDT "5:@5_—]*—

(E) >+H.2159

“ZoVE A”

-~MUST Go To.

DPPOSITE TARGET RATE )
1€} IN OTHER HALF oF |

PHASE PLANE.

S&T
(,vumagpr) 6/

CHG- Slen (T SENSEN

cHé Ssow (ROTSENS E}
SET:
(WuMBERT) =Y

(F) REFC 7)) = MEGMAX

MTE

X

) CHANGING Si1GA oF ROTSENSE

NG PRESENT RATE .
(+) 2. NUMBERT = b wiLL FoRCE MAX
! JET SeLecT () FOR U)\V-AXES
(=) TR 3. FIRE FCT = NEGMAX WILL FoORCE
Add +1. to 22 MAx. TET SELECT(H) FoP PAX\S
(ADRS DIF 2)
TO GET FsPER ® DESIRED RATE  For | COMPVTE
* . | 5,62
Sobt. 1 Gom 12 yhees r‘f’”s 7,.’:2 e ety [£poT *+ s
BSDIF 2. A
e NO OVER FLOW
ili OK FoR TIET
CALC, i
‘NOW COMPUTE FIRING TIME 70 REACH YES
THE DESIRED TARGET RATE HSING MAX, EXTREMLY MIéH

JETS T.TET' = DESIRPED RAT%,\Jfr_zfa)za

SCALED @ 3‘.\5:@
NOD

N

RATE
(>39.375 %)

>

RESCALE TTET @ ¢ sEc.

YES

No

MOLT I PL

CLOSE EMOVGH
[ 70 TARGET

SET T.7j£7;~ =0

ET ROTSEN.SE)

X
7o FAR EKom TALGET
TOREAC)H T7H/S FASS
SO FIOE FULLTIME

T
SET TIET' -
(ROTSENSE). (as‘o i)

W-ar

(g e -7



——

ENTERED wITH - [E/L //, 95
JEDOT) = 5625 94 %
S/)6a OF foTAFION /A
AoTs6&wseE

W 0 _
ZONE. BogC —ATT, ErLoe IS
WITHIN wimiTs BuT RArt

ISsouvT.

C.Hé S/en (RoTSENSE)

BT WUMBERT) = ¥
( FIRE FCT)=NESMAX

A

NOW, FIND OUT WHICLH SIDE oF THE SwiTeh CURVE,
(F'//?EFLJ' =0 cuew.-) THE PRESENT STATE /S°* -

CoMmPLT E THE FneEFc.r AS

EmEer = g AR s 232,1 - (FREDB),

N

Zewec” __ND
(z or =)

- 70 OPPOSE RATE
— FORCE MAX. U,V TETS
— FORCE mAX, P JETS

/
J

0
’

24

£s  “20n6 B

/N COAST ZoNE FIRE F£FoR A FiLicL
SET. TIET = O - CYGhE AT LENS T
- T.JFTL -

(RoTSENSE (250 M3)

o-27
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e, —
) [

EROT

| )
-11.25 DEG ; | +11.25 DEG
/ ZONE B l
|
ZONE B |
|
just fire fulltime l ZONE A
ZONE D to daimp rate 1
fire to N fire to
target \ N 1 opposite
N \ | target rate
N \41 I \
N \ | '
+5.625 D/S \ \ \
—————— //f q :
7 \ : \
ZONE / \ |
E fire to FINE LAW Z0 \ NES |
| 1 |
- / > E
ZONES / k
¥
I TARGET RATE | -5.625 D/S
| ( / |
|
ZONE A | g A
7 "COAST"
l ZONE B / ZONE D
[
|
[
[
l I
| Z
-11.25 DEG | +11.25 DEG
I

-EDOT

ROUGH LAW PHASE PLANE

(only upper-half firing sense shown, lower half uses opposite
firing sense in related zones)
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=8 &=

.

SETUP To USE : YES
MAX. Nb, 0F TEBTS
Fok LJJV ANES

(Q-TETs) i

SCALEDOT

S CALE [FDOT') fo %2 wA s of 7%

SET"{EWQ)‘—' (&'Do'f‘)2 @® —1[729

|E|l > (FReDB)- +2°7
tL

s

ATT, ERR,

> 2° BeEyonDd

FIREDS.
7

74is way AaLWAYS IF

T (ADRSDIF&) {ov P-Ax\1S ROTATIONS

to /ocate prope~ max TET
Paremeders. SETUP® TL USE Mmin. TETS

SET PotLicy SELECTOR SEr (NUMQERT') :(SEA)SET]P)‘J.

(pumBerT) = H
. gtﬁ\c\- / _ero

s
NOW COMPUTE THE HoRIZoMTAL FHASE PLANE DISTANCE OF THE
VEchLsé STATE FRon? THE SwWiTew CURVE THAT DEFInES THE
TET FIRIN G ZONE. JHWIS SwiTcH CUARVE |S. DEFINED AS FIREFCT =
—E — 0.5(1/ANET) £2 +FIREDBE = O wHERE FIREDB s THE
E-AXS CROBS/NG OF TMIS/ CURVE, SUBSTITUTING THE PRESENT E:

E VALUES | WE MHAVE | -
(FtREr:cr) = -(s)~ (EDoTsQ)(_i/ANETQ +(FIREDB)
WHERE THE()_) TERMS ARE COMPUTED AND STopRED no YACLS RTN. 77/

FUNLTIOMN \S FOR THE UPPER-MHALF PLANE CASE S/NCE THE STATE WAS
REFLECTED To THERE .

)F UPPER-HALF PLAE
To R\GHT oF SwiTeH
\ CURVE FIREFCT = O

/

()

7O LEFT

ik NOTE ! Fottdw zonE (1,2,3)CASE F/RST
TI/IME THRY Lobic FOR BETTER
UNDER STANDING OF TERM DERINITIONS

faa-c. H=-10



ENTER WITH FIREFCT =(-)
(RoTSENSE) WAS SET WHICH INDICATESSTATE |8
EARLIER 7O PRESENT 516M IN A Fleipe 20ME (12 ot's)
OF EDOT, CHAMG NG THE
s/en SETS wp Foe TeTs |CHG S16M (ROTSENSE

70 OFFPOSE FPRESEMST EDOT L

MNow CAhLc., THE T/mE /)7 WOVLD r‘Ax? Foe A
TJET ACLELERATION 70 cme,e/ THE PRESEAT
STATE 70 THE &£E —AX /S, SET?

(T70AX1S) = (EDoT) (L/ANETL) {5

S

SET TIET, =
. '\,’IES TTOAX\S

(RoTsENSE)(R5OMS) |

A50 msEc. 1S AN ALBITRARY
VALWE, SIhcE STATE IS Te

FAE'Awh)/ Fron E-AXIS
TO REACH /N |[SOM s.&:cj

FILE TRE JETS FULLTIME
OF DAP cyctE AND FORCE - A
RECALC. 0 F J-TET oA NEAT
PASS. (N0 SK\P |F > /50Mm5)

150 MsSEC
5

THISIS ATEST oF ¢
(FireFcT) + (FLaT) =(=) 0k O
WHERE FLAT = O FoR
POWERED FLIGHT 2, No GTS ok
O0.8DE& 1/~ DRIFTING FLIGHT,
TH&E TARGET 70 FIRE To
FOR ZO0MNE L CASE /s
THE TARGET PARAROLA
CoasTrFe7 = O ,THIS
PATH ALWAYS., | F FLAT =0

(Zon3LIm) 1s BOUNDRY OF

PMIN, MR ZONE IN MSEL,
= 35/»1854 2~ A TETS FIre

YES
J,

FIRE To E—-AXILS
seT. T..TET'I‘ =

(TToAx\ S )(ROTSENSE)

SET: T.TE'IZ' =0
DoN'[ FIRE

|FARE A.LTET MIN, IMR ALTOALLY ON X
SINCE /N THIS 20ME, SET! E-AX\s 50 pown

EQUALS FIRE To AVoiD
T-TET-‘ = (‘ZQMSYROTSEDSEB AO0MS @ CHATTER I N 4
/0,24 s&¢C

H-x7
Pa.sf. -1/



DERIVAT 10N

LOGIC FLow ComTiNUES

o PrAasE Y-1T

LT may BE CONVENIENT AT THIS TimE Jo REVIEW THE BASIC
DERIVATION OF THE TIETLAW ALGORITHM FoR JET T)mME CALL-
WLATION S 7A) 2O0MNE 1 OF THE FPHASE PLANE, FoR cmerry
AND C.o»o'rwu;r/ IN THE FOLLOW/ LG Dlsc./em-r/o/u) TJUST THE
RIGHT MHALFE —PLAMVE WILL BE REFERENCED, USE PAGE —— FOR
KEFERENCE.

THE OBITECT )5 70 COMPUTE THE FIRING T/IME REQOIRED
TO 7AKkE THE VEHICLE STATE FRom ITS FPRESENT STATE ), 1R
ZONE 1., TO THE SWITCHING CURVE (or TARGET PARABOL A )
WHICH BOUNDS THE COAST ZoRE. THE FIR/ING TIME WiLL
BE CoMPUTED /v Two PARTS !DFRoM PRESEST STATE (at f:o)
JO THE E£-AXIS AwD, @ From £-Ax1S ({= Limme-Fo-Aris TTOAXIS)
TO THE TARSET rrngoe A(T= TTET) ALove THE ACCEL. PATH.
E NOwW , FoR PART #1L ,WELET:

T70AXIS = £ (.UAAJFT) where

l E(o)’-"EDoT @t -o ordorescﬂu/r»_/e f/ [J{/AUETJ_) = reciproca [ o€
the WET gecel  )AS CompPor&Dd 1m0 YALS BTR. , Ao+ ‘h's case
JSFoR LT A WE LET o
THE GEREBAL EXPRESS /O FoR THE JARGET PARLABLLA AS
t A FoneTion oF 7me (€), 70 8BE

, ' CQASTFCZ) T E(t)"' 0.5 (1 )ACOAST) E;;,LF/PEDB—AXMDLST
WHERE THE soiLuTior or () 7o maks COASTFcT,; ) =0 g
THE Sotuzion oF. FART # Q oF JTTET, JHE TErM (41/ALAST)1s
7HE REUPROCAL oF ANY-ALEL EXISTING (COAST ALLaL) AFTER REACHING
THE COMST BOVNDRy AND ASSUM/ING- 7#E TETS ARE TURNED 0 FF.

THE TERMS (J,/ACOAST)/ £ 1PE DB s'j.'/ix:s DISTANCE ARE Air :
QOrfWTED Jawo TH & /Acc.s grn/, F/RE DB = DR1 /AXISDIS7“=D81—D83
FOR THIS CASE. '

NoW |, s/nwcE 7HE DER)vATION FOR PART #3 STARTS AT THE E-AXS
LET'S OHANGE THE Time REFERENCE FRam () To (7~)
WHERE ﬁ*’) DO AT THE E-AXIS AvD THE SosLuTiir o B P
/S THE TIime For /ART # oF J7IET, '

J

| NEXT PAGE . : Pq3¢ H-la



e CoAsTFcT(f) CAN BE TRANSFoRMED /NTo COA STF—'C.T(-H
3 e
OR COASTF'CT(ﬁ = —/:(_H fas(i/AcOAsr) E(.,jﬁ-FIREDB = AXISDIS T

NOW | THE DESIRED FIRING TImE /5 OBTAINED By EXTRAPOLATING .
THE STATE FROoM 7=0 70 WHERE 7 cavsES COASTFLT =0,
THIS EXTRAPOLATION CAN BE EXPRESSED AS A POWER SERIES
OF THE Fokm °

CoASTAET = COASTRCT,, + d’riCoAsrf‘c, N il__;. [Coasrrer 1+ .

=l
. (0) wmow meaws " ol
WHERE |
COASTFeT, = —£&, +a5'(174\coAsT)E + FIREDS ~AXISDIST
and d & ASTFCT = — COA
i 7 5) 0,5 (% ST)%)
® E oo_— :
%) -1 7"'___,@_)__ wHQVQ.E(_’—_j ANET-/
A CGART. © . ANBT 1S NET ACLEL

| AND E 1S (—) Now

© -1 _ATAL%%% Now Mu:_t THRY BY
» ANET Ve
R WE HAVE

Eto) { —~ANET —
ANET ACDA s

= 2 wheve
then . d EOASTFC');:( — 1:10; E/-\MET’-— ANET’T dep. 1r
ANET

o e ACoAsT | 2 - -AueT
=0
'I:,'Cl ACOAST

ANVET  And ACOAST HRE ABESOMED CorsTANTS Foe T7HE
COMPUTAT /oM LPERL ) 0O HERE, THERE FOPE ) ADD) 700 AL DERPIVATIVES
For COASTFc/  woved BE 2ERo,

NMNEY T PR GE ?0‘3‘ )



LOOKIN G~ AT THE TERM _jfo"'sr FET ) 1T Is SEEN THAT £,

/S EDaf"Af" 7 =0/ o THE “AVS, //EA’EJ EDeT = 0O
THELE Fore jlf_cox) Er e T

Now .7'//5/‘/ ; @ASTFC?E_) = C.OAST'F'C7(';) 7 j_/:}__’_;CoASTFc?;:) 7’)—?‘
=l

u-\“” ““U"‘ e

. : : “E.TL‘] 5
OR COAS‘TFCJE_}) - CQAS‘TFC'T(‘D)-Q- /é’ EAJET + AA—CoAsT g

—

IF WE SAy ACCFCTZL =. =1 / ANET +ANET™ : WHIcH (s
COMPOTED AS SVCH /N JACCS RTMV. GPENRT

———
J

THew CoA STFC%) = COASTFCT,— 0.5 e

a—

Acererzd
f
l 2 e CorsrreTMAccrcT22) ~0.8 T°°
P PR TR T S e e . |

!
j cal\ st term H
5 o 2
: (M~ AccreTz2 [H ] s e _’

{ WHEN Z/'/’"O"57'§ oes to 2&R0 )CLOASTFCT' )-—-o Apd -H\e_
g TARGET PARABOLA IS DEFINED, SOLVING ok () From e
ﬁ M =05 =0 WiLL BE THE PART #%a TTET sQLLTION,

| 7= VAR

THIS Is THE TRUE sotvrrom 70 (1), WHICH (S THE FiRING
TInE FRom THE E-AxiS TO THE TARGET ALOL G THEACEL.
PATH « 7HE ACCEL, PATH O A PHASE PLALE IS ALWAYS
Pﬁd?ﬂﬂ&l—/c.‘ //‘awEVER} THIS )S MO THE =oLurion
HSED LBy TIETLAW LosiL, /NBTEAD, A STRAIGHT L/NE
AFPROXIMATION oF (=) 15 OBTAINED FRom THE CORVE.
DEFINED By [,L/ 0.5 ] THUS AN ESTIMATE OF
(7“) oRrR ’;\— |s 7HE END RESULT .

s
NEXT FPhGE Paae el



e
y

THERE ARE TWO VALUES WUSED fok ’7* DEPENDING oON
THE VALUE SF (7j T ESE VALUES /wc DERIVED AS
FoOLLOWS o

FoR () £ 0.050ac, CASES

PLoThinG H-08 T>us.(M
SET WP THE STRAIGHT LINE

- E A
RELATION S#IPS AS H=0.5 2

4 b
S i s SvesrITUTIAG ‘
Heary e e T = 005 s v
.1 o2
050 0, 5(-050)*
N
A = WM or ESTIMATE
0. 035" oF /7—) FoR THIs CASE
7 _
THEREFoRE | yorAL TTET = TTOAXIS + H O (e<r/mmrE)

ForR 0.050 &£ (7°) < 0,/50 s&c. cASes

SETUP THE STRAIGHT L/INE H - 0.5 1>
RELATION SHIPS AS

7 — 0.050 _ H—os(e 050)” SR )
(-150 - 0.050) o, 5‘[(0,/5)1—[&05 Rl
: A
7“"0:050 ) H"O/OOI:S
Looose. = B
O/ 0.0/
20050 = /OH —0.01a5
/’
T 0 S e ESTImMATE oF (7-)

/oR THIS CASE
A y
THERE FORE , JoTAL TIrET = JTT0AXIE 10 M+ 0oy s "
NoTIcE , FOR BOTH CASES H 15 PART oF THE Esrimare. H

WAS PREV/IOUSLY DEF/MED AS = COASTFC(T’ )(AchcTzz)
=0

NEXT PAGE page Y-8



(ACL_FcTZ.L) IS JHE ACCEL., FUAXT/0R0 o8 THIS ZONE 41
CASE AS comPUTED Ju JHE YAccs BTN, COASTFCT
MOW CAN BE ExPPESSED AS A FUNCT/00 O (7=
/E//?EFCT—) THIS WoOVLD BE ComwVEMIENT s/ncE FIRE FCT

@ €=0 HAS ALres4D Y BEEN cOMPUTED I#X THE g.réw,uw:,
o TIETLAW ARD, THEEE FoEE/ COULD RE LSED /&) THE
ZowE 7 tocsC Fo compuTs S THELV OASTFCT @ ]=e
COMPLTAT7R IS No7 FEQPUILEYD, FEMEMBEL /| T =0 poru’
/s Hhe pRESEwT ZowE 1L srATE F X mo pom’ ss A7 EFANS.
THUS |, TEARSFERIN &~ /‘:'//PEFZ(;'_O Yo t=70ANI1S OF MO
MOST BE ACCOMPLISHED BEFORE )T CAN BE USED For
CoASTFET . THIS CAr BE Do & By EXTRAPOLA TIN G-

(7-~¢)

FIREFCT. 7O THE F-AVIS. TAK/NG THE DEPIVATIVE y

d FreFer = d_ [-£- AS(J./ANET)E #+FIREDB | wHICIH
df (t=0)  dt

IS THE EXPLESS/or Fo£ THE ZONNE 1. FIEFCT

TS BELOMES . _.e//_f.pf;?’) = '—f.—"[i/A“ET'>é z‘:-_.
=0,

LookIné czosA//wE DEF/INED & = —ANET S7ALPTINGAT £AXS

77/4/5/ THE DELIVATIVE FALLS TO 2EEL0 LFPR SOBSTITUTION,

THIS MEAMS FIPEFLT = FIREFCT = FIRE FcT

t=0 t=27ToAx S >=o
LOOKING- AT THE PHASE PLANE | THE E£-Ax)S CROSS/re
oF FieeFeT ,(DBL) , AmoD 77/5 COAST FecT c,eossma-(DBs)
ARE SEPACATED B AXIS DIST, Siwca WE ESTABLISHED
FICE Fe)” FOL THIS CASE ) THEN

FIREFcT = CoART Fe ] - AXYSDIET o r
(t=0) (7~=0) :
CoAsSTFeT = FIRE FCT. —AxXi3SDis7 , THEESFoR&E
k7)) (t=2)

THIS TE@Cwm 15 UOSED To DERIVE JF Fork TIET CALE, Ja)
200E 1, SEE THE Lo6/C polld.
Fasc Y-/é6



EnTER WiTH (AREFCT + FLAT) IF
Logic |ZONE Fhom Zon1A3, P H-1l o&

i WirH TusT (FIREFCT) 1F  From
ZowE ¥, pg —Ho-R0

W /
COMPUTE H 'As A DouBLE PRECISION QuAT:ry}aeﬁ

=(ACCFCTZ 1 3 Sl .60 &
(HH) ( CeFeTZ )Z,RK{-')REFCTM(FLAT) (AX'SD'ST;)zJ‘ ;‘:5:,:

Staw me= = =g P e i

N

OASTFCT = O
WHERE | G @7

IV DR)FT /NG FL/G#?‘(OR POWERED WITH GTS cawr!oz)

FAr= DB3-DEL =0 BPsé
AXspbisryr = O
/N Pow ERED ! FLAT =0 , AXISDIST = D841 —-DB3

NOW THE EXPRESS/on ]_—/‘/ f'0.5’ 7";5;6:' ISTESTED TO SEE

1= THE ToTAL J2TET wiee BE GREATER JHAL /50 msec,
sweE JTTET = 770AxIS # (), THE M5 smeim (77)

A BE 13 T = (/J'omu'z_ —rfoA,ws) FoR TITET % ISOms.
THERE FORE ) THE TEST fof T JET > /SOMS&EL IS MAIE

8 / TESr/vé& £ /7‘ = 0.5 2 pbews 7‘-;‘-2;(0/\45 -77241/3,‘

Rememase | (Tro4x1s)

(4
HAS #LREHD y BEEW
COMILWTED EALLI &I

4‘3% A USED WERE
1S sty o OER FPART 0F

(HH+)

TTET £ /SOMSEC

)

se7vP TO Fire | TTET, = 350 M:(ROTSENSE)
FULLTIME AND

RECOMPUTE TIET ON

NEXT PASS.Jo FAR

AwA ) FEorr TARGET AW

H-a7
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(Y-

cONE 1.1

MNowW THE EXFPPESS/ o) f/‘/ s 7"‘:07 Is TESTED
70 SEE IF T S SO MSEL feTvALLy THE TESS
/S5 FoR M>3O.L mSec .THIS /S DUE To rmi
FACT JHAT LLPoA) 50657'17'7/7704// THE ¢u,4,u7777
0.5‘6038.1) S HAPPELS TV BE EPLAL TO OCTAL OR

ScHeEDL A B sEc

2
/

WMHICAS 1S A CORVVENIET

VALUE , THEREFOLE, A< LtowG AS At > ..5"6038/)z
THE Eo,os‘ L P~ L0, /5D[ AWK mATION Wite BE VSED.

For (7-)

MO

COMPUTE THE LAMVEAR LFPL
OF TIET Fok TJTHE CASE WHEKE

N & o050 SEC ) As

TTer = (TToAnS) + (H)
" LT cpes

IS

i)
>

i o=
.W
e

H+(=3) = Pnz?

YES

COMPUTE THE LINEAR APPROX
OF TIET FoR THE CASE WHERE]
005 & )= <(o./5‘a—77‘Mx13)) AS

TreT =(rToANS)+(H) +0.03715

A
TIET >0ms

SET T'.TET; = O

770,4/

MO FIRE

SET:
TTET: = (RoTSE NSE) TTET

A7

’9&3(. 4-/8



EnTer wiTH (FIREFLT) = (4)

MOW COMPUTE THE DISTANCE OF THE VEHICLES STATE WIiTH
RESPECT 70 THE Swircs cURVE(OR TARGET PARABoLA) THAT
BoUNDS. THE 'TETS OFF” 0R COAST 20ME on THE PHASE PLANE,
THIS TARGCET FARABOLA IS THE curve COASTFer =

V= e @S‘@/ACOA s%} E > 7 ConsTI8 = O (¢)
SUBST/TUTING THE PRESE~NT £ f’é [e f:o) W& HAVE :

COASTFC E = (&) +(2/acon ST)Z'.L (eDo7s @) +(CoAsTDS)&'i

wher e z'i TECMmS ARE COMPUVTED AND S7o2ED 8/ THE JALS
RrN. FoR 7HIS AxIS . ALSO , THIS /s 7HE E£XFRESS)on FOR
THE UPPER AALF — PLANE S/WCE THE SFATE WAS REFLECTED
TOo THIS CASE EARLIER FoR use By THE Lo6/c .

BEYOND THE

WITHIN THE RNy
Boonbﬁy sur
JETS MAy BE
FIRIN G,
Y-2a
TEST oF ! -{TJ’E"Z)(RCTSENSE) ARE
- Paz JETS FIRING YES
- TOWARD: A
TARGET.
IF THE TEST = O ) THEN ;
TTEr musr =0 mbieaTive.  NO | THEY ARE OF F
TeTs oF F. OR FIRING AWAY
FROM A TARGET U el
JF THE TEST = NNZ.,THEN - | AN MOSE
Sién OF(TTET)’:":T SET TJ'E'IZ» = O KEEP COASTING,
BE AIDING PRESEN " OR SHUT JETS of F
EDoT S/6r, (RoTSENSE), | pock LikE |

WHICH 1S NOT 600D, THIS
MEANS A TARGET (EITHER

E -AX\s o+ PALABoLA). HAS
ALREADY BEEN REACHED AMD
Now ARE FIRING BEYoND.

-2t

Fase_ 4-19



EMNTERED WIT)Hy JTETS
FirRiwe /v 20ME ¢

AND TOWARD A LEGAL
TARGE T

DE & /N DRIFT /v 6
FLospr

/AN POWERED

FLIGHT AND LD
GCTS corTRaL

Morg TEST

THE TARGET
BE INTERCEPTED

YES

THE TJTEST =0 oR AL Z

WHIEH IDDICATE S THE THIS WAS A TEST oF! (Axlsmsr)g(F/EEFcT)'. ?
Accel , WoulD TAKE THE F/A"é‘FZZ" IS THE PRESENT ffof)zoerTAe DIST=
STATE WITH/IA THE . ANCE FRom THE F/A’EFGf:O CORVE AHPD
TARGET CURVE AMD ANISDIST 15 THE DISTAMCE BETWEEN TH)S COBVES'
THEREFORE WOLLDMT — EAXIS CoSS/mve-(DBL 08 DBR) AnD THE TARGETS'
INTERCEPT 17 EAxIS crobs/m &(DB3 s D8Y), THUS, )£ JTEST =

I ,DLZ/ THE PRESENT ACLEL. LOOVLD TAKE THE
SET! 7'_7'57&7 = 0 STATE ACROSS 7HE E-AkIS OUTSIDE THE
To sM7 oFF TETS TARGET cRO551196-(DB3 0 DBY). THEN), THE

TARGET CAN BE /OTERCEPTED FOR TH&E JETS
ToO TLRN OFF, JHERLEFRE ) &AL, THE
FIRING TIME 70 JTHE TALs &7 coeves (TTET)

T AS /F THIS WwELE A Z00E 1 cAsE

-7 T
ReTURN ! SETUPRP Fow 2o04E& 4 LodGic !
ews sigr (RoTserse)
CALL AND SET !
- (rresxis= (£007)(1/ANETL);
i s Too s ) 3
sery TITET, e W VES
(RorsEvse ) a 50 ms)
NEVER KEACH THE TARGET .
THIS PASS So FIRE FOLTIME . Pleku P (F?.@E.Fcr)

(FLaT) =0 so Enrer
ZOPE A W TH TVST
Fese Fer
o
] 4 FQSQ— Y-3o



ENTER WITH TETS FIRING

v ZOoNE Y APND DRIFTING
FLisnr PHASE PLANE,

FIREFCT > 2 (FIeE08) TesT
|S To DETERMINE |F THE AccEL,
Whiee CARRy THE STATE AcLoB S
THE E-AXIS OUTSIDE THE STRIP
BeTwEENn DBAL Anp DBQ
(DBL=DB2 =FIREDB for De:FT),
11 JF SO, THE FIRINS weueLDd BE

WAST FUL L, /FAD 7') THE EAXIS

Wikt BE THE TARGET FoR
CHANGE Sican (RoTSENSE) JTETs oFF, CALC For TIET

| AS IF I ZOMES 2 or S,
CALC, TJOAXIS AS

(T70Ax1<) = (EDoT)(4/A0ETT)
)i

Witl NOT INTERCEPT THE

TARGET ©STRIP oOF

L

'rssr:_r:reri= o
‘T‘o SHUT oFF TETS

IS
(FIREFcT)

> 2(rkepB

/s
(7ToAX1S) No Zowe |y,
Z 150 MS 2,3

YES
CALc, TTET AS IF I

SET TIETL = ‘ ZonE & e+ 3,
(RoT4ENSE) (A 50MS)
'fo FIRE FU'L_LT’/MS

i-ar

page H-a |



DELIVATION LOGIC Ftow op Pé_y'_.a.i.

JNORDER ToO P/\’oPE,PA/ LWDERSTAND 7THE FOLLOWING DERI-
VATION FOR ZONE 5 | OWE SHOULD READ JHE DERIVATION
FOR ZowE 1 fiksye THE SRESERT VENICLE STATE (@€ = o) Is
ASEOMED TO BE v ZoAE 5T 8/ TEST/NG THE ComPUTATION
oF COASTFCJ(') AND F/NDING IT 13 BEyoND THE BOUNDR)/ THAT
DEFINE S THE “TETSOFF oR COAST 20NE. THE Boun DRy (5
WHEERE [COA::T"FC() “O—J AND A NVEGATIVE VOO -ZERO UVALUE oF
COAST Fe 7(") PLACES THE VEHICLE STATE povTsS)LE 74S TALGET

/T SHOULD BE WNOTED THAT THE Lo6/c ALWAYS TRANS FORMS THE
STArE 70 THE UPPER HALF OF JHE IHASE PLALE ALD comPUT £S5
THE STATE Fuwersons(FIREFT £ CoASTRCT) FOR THIS CASE
//owsue& THE ACTLVA L. STATE 1S NMOT LoS7 DWE JO KEEP/ILG-
PHE e o BDET h (CorsEaSE), WwrHICH DEFILE= EITHER
LIPPERS MALF = PLAVE OF LowER - //4/./—‘ SUAVE, FHYS i Jo &
COMBRATABLE WITH THE AHASSOMPIT/IOIAS LSED Ju THE Z2ZorE L
DERIVAT7 O, THE RIGH]T HALF ~PLALVE CASE WIiLL AGA I N
BE PREFERPENCED FoX JTHE FolrLLowiwG 200E X5 ALGoRITHAM,

THE FRESENT =TATE (a't‘ ‘!f‘=o) /8 SOTE LWOHELE Ja
ZONE &, EXTRA POLATION O0F THE STATE 70 THE TARGET
FArABoL A (COAerc;):‘ o) Mmus7 BE ACCOMPLISHED 70 ©BTAIN
A FIRILG TIME WhHICH wite cmez)/ THE STATE TO THE TARGET,
THIS EXTRAPOLATI ON WAS DEFINED IMN 2ZONE 4 DERWATION AS:

CloheT ReT o= ConSTFET +d@0AsTFm~jf Hea EwASTFcrjf S
(t) e mi s

THE SAmME AN BE LSED MERE o,uz.)/ ;uow/ WE ARE DEALIOG
WITH A ToTAL 7/mE () FRom THE START AmD, THERE FoRE
THE Fumcyronr |s EXFLESSED AS A ForcT/or 0F[‘é) . Also,

(6) mears at T =2,

LEING THE DEFIri7I00S O0F THE DFRIVATIVES FRom
2OoME 1, WE HAVE § :

AEXT PAGE F”‘Se L{?Ra



—~AvET™
d_COASTFLT = L@ | _aveT ET] Apd

at (9 ANET ACOAST

ANET e
d* CoasTrer = AweEr » 200 T E N
dtz ) AcoasT '

COASTFeT, = CDASTFC@?‘ £y | AVET _ANET® f éAwEHA”ET
7 ANET ACOAST ACAST

IN ZONE 1. 17 WAS ESTABLISHED THAT /;‘-:/;7’ THE TIME FEF
(7=20) EQUALED O, S/AcE THAT WAS THE E-AXIS, THERE FokE
T _g{__ TEL DE,OPPED OOT, o] SO IN 7///5 cASE //u

zonvE 5, @T=0, [o) PAS some VALUE — BUT 1S NEGATIVE
THLs

@ 2,
COASNZZ) oAS/’/“cr %__u P~57+M_EI_ -t *e{;
ANET ACOAST d

ALSO, 17 WAS ESTABLISHED THAT ALFc721 =

‘—%NET-" .:9/"57"‘_ , RELATING THIS TO Zop E 55 Hltows
AcoAasT

e Same TEmm 7o E@UAL ACLFET 28 THERE FerE

ASTFCT. = COASTF-T -
Co ") A Fc:?a} __L L j.t /
ANET Accrerz s

C(F'CZ'Z.S‘
®
LOCKING CLos&ly AT Ep) WE FInD THIS IS THE EXPPESSION
ANET
USED Jo PEF/IME TT7TOAXIS, 3
WE CAN SA)/ THEN *

COAST FeT, = CoAsTFey, —T7RAYS ¢ . &3, =
(¢) @) Aareras Accrerzs

TO SoLvE FoRe f) WE SE7T 7XMH/3 70 ZERD (quc_ﬁ JEF)MES
THE Boow DRy CURVE) AnD MuLYy, THEY €y Acclerzs. THVS,

‘ - 5
COAS 7/:4(7; = CaAsTFcJ(;) (AccFerzs) — 77oAx15T - D7 i
) s

SOOK I 00 G FAWILIA R ?

HVEXT Ao E : )Dasf_ H-a3



VA S - B /‘/”uJAS DE FJLWED AS CoASTFc‘//:)XACchrZi .
s ra T CoASTFET, = e S S

ALLFETZE 15 Alse ComPuren /o THE JAcLs RTN., AOW, By
SUBSTI/TUTION [WOE HAVE THE EXPRESSeN

/71"7_7'()/),\’/52_4—-—&,5'212 el ] MA@PQ

JHE SolwuT/OoN of~ ZL 1S THE F/R/n6 77/»7.:'(7’.')’57’) 7O TAKE
THE [RESENLT VENICLE STATE, /& ZONES | TO THE Swiler COLUE,

L= rrer s =42 LF - 0af fHOWEVER
Aol

IRETEAD OF DoO/XG THIS .5&LZJ,7/0A// THE LG /c WILL USE A
LINEAR APPLOXIMATION o A -rroavist -o0857 % Fork 4
ofF o) CHASES .

FOR TIEDr £ SOMSEc CASE - Fle

PLOTTijG THE EXPRESSIon VS, T
H-TroAnst-08T*>

7'_7?7- o H suéé,
0,05 (rroaxis) +0.57" =,08

‘/—_T}T = (,OS) H
TToAX1S(08) + .5 05)*

H
TIoAYLS TO,0R&

Troaxis(os) +150os) >
==

NG
i i

For SOoMSL TITET £ 150MmS CASE -FI6Q

TJTEeT = 0fF A > HERE

—

0/5‘0"'05‘_ 8

A= H-TToAxIS (o5)=.5(-08)" £ A
B= Trmxrs(.ls-.os) +.5’[(.15‘)1-('°5)z] : B{

——
SoLVinG Fof T JET i
TJ:ET' _ H +0. 00375 ek

TTOAXIS + O./

SEE LO6I16 AW (rexT Pase) page ¥-2Y



ELTERED wiTH COASTFCT
AS 2ER0 OR(—) AND SAVED

Lo

)N LOWER MALF — PLANE

SoWE & (=) SIGN

w.s ENS E)
T

SUBTRACT () FRom

i +
2R (ADQSD\F&) to 365 ( ) IN UPPER H/}LP~PLAAJE)
PRoPER VYaccs terms ol ALREADYy s&T FoRr
Cor this IMSE THIS cAsSE

A 4

compPuTE “H'" AS A DoVBLE PREUSION SCALED @
VALUE | SET! (HH)= COASTFCT<ACLFCT25>Z.a 8 sec*

COMPUTE THE TERM 772///)'/5/ el
se7; ((ToAS) =(EDoT)(4/ANETR), | 4 s
22

3

ANow THE EXPRESSION H—(TToAxlSBf—O,SfI = TEs T DT

EEE > SOMSEC, SOBSTITUTION oF 'f =0 06 S&c., OE

Formt: (HH) =(TToAxis)(0.05) — 0.00/a5 @ & sec
HH = A,JA ORDER VALUE oF (////)

NO ‘FOR M
ZERO oF () b LA

TIET > SOMSE< TIET £ 56MmS

AOW SOUBSTITUTE T = 1§D MSEC To TEST IF TIET >150ms€C
THVS FORMING | (HH) -'(TTQAXIS>(0:15) —0.0lla85 @ Bsec™
/\—

TeT mS /N

e e A
e s S TIETI o

S0MS ¢ TTET < |SOMS

RoT<E N SEQSOMS)

S

FI1RE Fuu_-nms) RECOMPOTE H-ar7
DEXT D PAS S

page 4Y-3a5



FoRm THE (INEAR APPPAX. FOP FORM THE LINVEAR APFPROX, FOR
THE CASE \WHERE "t L SOMSEC THE CASE M)//EKE[SOMS(t </50Mg

e HY) o (HH) t 000315

(TToAXIS) + 0,035 (TToAX\S) + O-1

SCALED @ UW sEC

>

. SET ! T..TETi =
SETH TIE] =& (ROTSENSE) TTET

pas < H-26



RETORMTT +5

>
NI (Accsw)('r:fer) = PN2

4 L

I/Acc.s WANT
MAX. TETS

SET Polley SELECT OPR,
(NUMBERT) = 4

RETUeA) EYIT TIETLAW, RETURN To

PoiRT iIn ResS DAP Lacic
EX!'TED FOR THIs AX\S .

EWTRy HERE IS WITH TTETi WHICH REPRESENTS E/THER

(7TP), (170) oR (TTV) DEPENDING on 7 ,0R (AxiScTR), AnD
SCALED AT /O34 SEC WITH THE& PROPER FIRING SEMSE
ESTABLISHEDBY THE S16M oF (RoTSENSE),

EXIT, THEA)) 1S WITH THE FIR/NG TImE STFoRED IN THE
PROPER LOCAT|ON FoR T+HE /NDICATED Ax|S, JTHE TCALING
IS READy FoR Lee s THE T6 Cau,ufE,e)/F WECESSARy

THE I/Accs RTo, SeTs (Accsw) ACORDING To WHETHER
Mmin, JTETS (Foﬁ sy Ayes‘) CAN OFFSET AN OFPPOSING
OFFSET ACEL,or A0S, YAccs RTV. sETs THE Si6wm
oF (Accsw) opPosiTe To Sisar AOS, THEEE FORE | |F
THE Sieaw (Accsw) AnD THE SI&AJ(T..T'IJ) AsRsE} THEN
USE oF MmAX. TETS ow LJ/,V*AXES IS VPoac_&bﬂy
Ser7ring MOMBERT = 4. /MAX. P-Axis JTETS (4) ARE
NOT [FekcED, MHowE VER,

F«xae q-aT1



—y

0.5

A .2
FIREECT ar=f = E +DB, =0

ana'neg

QOASTIEET = B e DB, =0

' ucoos!nog

9netneg ZONE 2

ZONE 3 }
— | ZONE3LIM X GoRihe
/ FLAT ‘ E
.

ZONESLIM X _;P_ ;_;T-S ',/// .. ///m%/DB3 ZONE S

9coastneg
(0.025 rad/sec?)
D84 ‘DB2

N\

A TARGET PARABOL A 9coastpos

’/’ (=0.025 rud/sec2)

A 0.5 .2
COASTIRCTIE S E Rt em=e==E S DB 810

°netpos ccous'pos

Ty sy
%

ZONE 2

ZONE 1 %netpos
ZONE] P

=NO JET FIRING NORMALLY
REQUIRED (COAST REGION)

-

b 05 2 = JET FIRING REQUIRED
FIRERET & [Bowstismstne DB, =0 (THRUST REGION) /
b AGAE) L7 T ROl LTS AADLAA L LSS /

VEHICLE MOTION IS ALWAYS
CLOCKWISE ON THE PHASE PLANE

FOR A + ACCELERATION, MOTION
IS UPWARD AND PARABOLIC

FOR A - ACCELERATION, MOTION
IS DOWNWARD AND PARABOLIC

NOTES:

1. FIREFCT = 0 is the switching parabola in the upper or lower half-plane used as the
boundary to TURN-ON the JETS

2, COASTFCT = 0 is the switching parabola in the upper or lower half-plane used as the °
boundary to TURN-OFF the JETS

3. Jet firing is allowed in the coast region only if the jets are driving the vehicles state
to intersect the E-axis between DB1 and ~DB2

4, DB1 = DB2 = DB; DB3 = DB4 = DB+ FLAT where FLAT = 0.8 deg. and DB = 0. 3 deg
or 5,0 deg

5, anemegja.netpos are equal to the jet acceleration only. (there is no AOS in drifting flight)

“the FINELAW phase plane for DRIFTING FLIGHT

,’.><>.3~e, H-a8



me

0.5

A 5
FIREFCT = ~E - E? +DB, = 0

°ne0neg

é 9coastneg
2 s , is set up for this case.
ZONE 5 . ZONE 2 ZONE3LIM has been

Z0ONE 4 set equal to zero in the
1/ACCS routine.

Mz ///, % e =
77 % ~

ZONE 2
~~ TARGET PARABOLA

ZONE 4
(0] ] -2

/AN
7777~ coast recion ZCOASTFCT S -E+——=E’ +DB, =0
e 9coastpos

Do

ZONE 5

9coastpos

=
m
=2

0.5

A -2
FIRERCT s Fi= E +DB, =0

°no1pos

VEHICLE MOTION IS ALWAYS
CLOCKWISE ON THE PHASE PLANE

FOR A + ACCELERATION, MOTION
IS UPWARD AND PARABOLIC

FOR A - ACCELERATION, MOTION
IS DOWNWARD AND PARABOLIC

NOTES:

1. Notes 1, 2, 3 and 4 of drifting flight phase-plane apply.

2. Anetneg and anetpos, in general, are not equal (the offset acceleration is considered
here)

3. acoastnet and acoastpos also are not, in general, equal as in drifting flight.

“The FINELAW phase plane for DESCENT POWERED FLIGHT with small offset
accelerations (nulling trim times or less than 2 seconds).

page H-a9



]

A 0.5
: FIREFCT = -F - E +DB, =0
/ / %netneg
TARGET PARABOLA Selnég
A 0.5 .2
GOASTIECIE 2Bt came——e— ER DB (55 0 ZONE 1
°cous¢neg
9coastneg &
ZONE 5
-DB / DB
-2 2 o &
/et AT g e 5o
-DB, / DB
TARGET PARABOLA
0.5
ZONE 1 9hetpos COASTFCT = ~E 4 ———— E ) DB =0
coas'pos
ZON
coustpos "—ﬁ'
A 0. ¢ /
RIRBRET & B~—2 g% (pa, =0 .
°ne'pos KEY

= COAST REGION //
D = THRUST REGION /
VT A A / //

VEHICLE MOTION IS ALWAYS
CLOCKWISE ON THE PHASE PLANE

FOR A + ACCELERATION, MOTION
IS UPWARD AND PARABOLIC

FOR A - ACCELERATION, MOTION
IS DOWNWARD AND PARABOLIC

NOTES:

1. This is only a general phase-plane representation for this case. The relative positions of
the switching parabolas are not representative due to the many possible variations in the
deadband positions and the AOS magnitude.

2. Notes 1, 2 and 3 of drifting flight phase-plane apply

3. FLAT = 0 for this case (no ZONES 2 or 3).

4. The attitude deadbands are formed as follows (where DB = 1 deg)

a.
b.
c.
d.
ey

if AOS > amin. ; DB1 = DB, DB2 = DB4 = 2DB, DB3 = -0. 75DB

if AOS < -amin; DB2 = DB, DB1 = DB3 = 2DB, DB4 = -0.75DB

if amin > AOS > 0.5 amin; DB1 = DB2 = DB4 = DB, DB3 = 0.5 DB
if -0.5 amin > AOS > -amin; DB1 = DB2 = DB3 = DB, DB4 = 0.5 DB
if 0.5 amin > AOS > -0. 5 amin; DB1 = DB2 = DB3 = DB4 = DB

“the FINELAW phase plane for POWERED ASCENT and for POWERED DESCENT
! (only when DPS engine trim times or greater than 2 seconds)

Page ¥-30



Tars 18 THE RCS CONTROL LAW FoR ROTATIoN CORTRoL WHEN THE CSM
Is DOCKED., THE AXIS FOR WHICH THIS SUBRTN., /S ENTELED IS IDENT)FIED
By (/4X/SC7'/‘?>. EA/TR)/ MHERE OCCURS A/ah/um_c/ WHENEVE R THE ASTRONVAUT
|S W OT c.ourcOLL/A)G(AJoT/u KATE CMmD. Mope) ArD Eus,e)/ 2
Q) /00 MSEC FOR Al ZAYES DURIVG DRIFTING FLIGHT oR,
bj JOOMSEC FoR f-AxIs AND ROOMSEC. /~oR L jz'z/AxES JH POWERED) FLIGHT,

ENTER \WITH VALUES OF |
£ - AT ERPor FoRAHNS
EDor - RATE ERPOR

73—/‘2 = 0/J FIC/a0 6

Y e ?’ DIRECTION NO TJETON

TES T

oUTSIDE THE
OUTER  LJMIT™ S€c/F TeTs
THIS WL : ARE FIRING

emp. o/~ TETS | sET ! (NUMBERT) = &

For P~A4X S
I LOWER HALF- C—) JN VPPER HALF-
PLANE PLANE

SETUP To FIRE = TETS 7& SETUP TO F)RE —JTETS 70

4 TR) = =5, SEC.,
(TIE)V’_ + 519 SEC. (& u,)v 7
[ . .

EXIT  TEST (ANScTRY= ©

LP-Ax's

3=-2r
TEsST SNUFFBIT

SWUFERIT IS <ET
(B13- FL&WRD5)

6NLy By VoS E ApD
CLEARED By VTS E

THUE, THIS IS AN
ASTPONAVT OPT/ON

778 ek

SETY (T-T’\—/!) 20 DeaLLaw

| THE LSE oF
A=/ TETS
WHILE N

PowWERED FLIGHT

Frex 2 ~TeTs - [NUMEERT) 4

Fot ¢/ et V=AXIs

ReTORAN Fok

L3V Axs
5-/5

page -3/



TErs ARE oFF
+ O

VALUE

er (rry) ¢
FIND OUT WHERE Py

THE VEMICLE STATE
IS IN THE PHASE PNZ

JTETS oAr AND
FIRING LIPWARD

TET o AND FIRIN G~
POWANWARD oM PHASE

PLANE

PLANE ,
0”‘7"_’:';_’”‘ STORE COMPLIMENT sToRE (&DorT)
7o 0
SAme dosic |OF (EDor) +w (L) A
AS NVEG CASE
(B8 -pAPBooLS)= L7
POWERED NO Es
FL/eXT USE LE-~AX)s AsS

USE F 0,101 Y%ec
AS TARGET RATES

k%
THIS JNDICATES THE VEMICLE STATE
HAS NOT REACHED THE TARGET RATE
YET , BUT THE TETS ARE FIRING TO
REAcH 1T (TET DIRECTI0M STILL
OCPPOSES THE RATE ERROR ),

SO KEERP F/R/ NG |

PF [ AVAYCIN L

?C\SQ

THIS INDICATES THE VEHICLE STATE HAS
PASSED THE TARGET RATE SO Now F/nmD
OWT WHERE THE STATE 1S WITH RESFECT 7O
THE PEAD ZONE sSwiTCH LINES,

HAsE
PLANE
LOo& .

NO

THE TARGET RATE
FoR DRIFTING FLIGHT



SPSSTART

THE FHASE PLANE DEADZONE (AREA FOR NG TET FIRINGS)
FOR THE DOcKED DAP IS A F/XED AREA DEFINED By THE

BoVNDRIES SHOWN oN FPAGE Y=3Y. . THE PRESENT VEHICLE

STATE | £ ,a"EDaT, IS Mow TESTED TO SEE /F /T FALLS
WITHIN THE TWO SwiTeH LINES THAT HAVE A SLopg
= %& AND CROSS THE E-AN'S AT (+) :(—

/Y DEG.

THE TEST 1S MADE By ComPARING THE £ -AXIS CROSSING
OF'AL//\/E)OA/ WHICH THE VEMICLE STATE LIES, 70 THE
/Y DEG SwircH LinE cRossivg, REMEMBER f WE
ALREA Dy KNOwW THE STATE

E s scacap Ar T RADIANS

EDoT AT Ty RAP/s&c. ol

A BETWEEN
INWERENTLY EDPOT BEWMES YES| THE 1.4 " Is RSN LS
/4 PAD LOADE D LINES,

K SELoT WHEPE K = —dee  SAZ

SLOPE RAD ISEC
E SLoPE = — L DEs/sge %
4 L/ CE&

p8 i~ ( DK DB)

70 RIGHT
OF SLOPED
SWITCH
LINES

BN E T o R ElersD
CWITCH L/INES

I's WITHIN THE /.73 Zsg¢ BOUNDRY,

IN ot /N
DEADZoNE BeLow #/./as o DEADZONE
BE TWEE N O/sEc LINE, :/SZZELM%’U B ETLOER
KATE LimiTs [IRE L2 IRE_DOWN RATE Limg| -
y
S e ser (TTU),, = =512
PV SR EE ! SEC.

N/ ; . . s
SET (T-_T—U)PIV SET (TIU)P,V
el = 10

TET S EXIT JTETS
P L)
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1.73 DEG/SEC

A
l' oz
1.125 DEG/SEC

TARGET RATE FOR
+JETS, POWERED FLIGHT

OUTER RATE

— e — e —

DOCKED LM DAP PHASE PLANE
FOR RCS JET FIRINGS

EDOT, RATE ERROR
DEG /SEC

t:

INNER RATE |

LIMIT

OLIOLRRA/REC =T M e A o ol e L e e ATTITUDE, ERROR, E
P ) B P I A S
L 4 DEG. 8

-0.101 DEG/SEC
TARGET RATE FOR
-JETS POWERED FLIGHT

DRIFTING FLIGHT TARGET
RATE = 0 DEG/SEC

VEHICLE MOTION IS ALWAYS
CLOCKWISE ON PHASE PLANE

WITH + JET FIRINGS, MOTION
IS UPWARD AND CLOCKWISE

WITH -JET FIRINGS, MOTION
IS DOWNWARD AND CLOCKWISE

INNER

- 1/4 DEG/SEC
DEG

-1.125 DEG/SEC

T

RATE LIMIT

DOCKED PHASE PLANE

-1,73 DEG/SEC

B it
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SECTION V

Q, R-AXIS AUTOPILOT
(RCS Control Logic Description)
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ENTEY To. Q2 /% AXES AUTOFEILOT

FiTet ?'ROLL CoNnTEOL

(Al
CALCULATE AND SroRE 7HE RATE ERRORS AND :ME"UVER 3
ATTITUDE ERRORS ABOUT THE § ¥R AXES, SET : S '
LM
Mal, Ma3, (EpoT R) = (omeeAR) —(omesA R D) OTERER L
b M 32 (EDOTR) = (oME&A®)-(OMEGAQD) SEE PAGES
‘ FrRom &P, (CPEPROR)=[{cauy)-(couyo)]ma: f[(CDUZ) -(cwzoﬂmax 2-3 1 3°2¢
q NATEI X + (Dél_ QE’ROR\ /0 P-Ax\s AuTo-
(RerRoR) = E(,Duy>—(CDuyD)]M3l + RCwA?_)-(CDUZ.D)j M3a| PILeT FoRr
” EXPA)RATLONS -
+ (PELREROR)

REMEM BER l/ (oME&A D) REGs
AND (DEL EROR)REGS, = O |F noT
f I AUTOD, MALEUVER, THEMN ABLVE

l ARE EPRORs For ATI. HoLD MO6DE.,
5-4 ‘ '

——
.

The RCS jets are normally used to control the attitude errors and rates about the pitch

5 and roll axes. However, during a DPS powered flight, this control responsibility can

- be shared with the TRIM GIMBAL CONTROL SYSTEM in order to conserve RCS use.

{ At this point in the logic, the DAP checks to see if the TRIM GIMBAL CONTROL

j SYSTEM cah be used for this purpose. Also, control of the thrust vector through the
CG. (any n;isalig-nment of which causes an angular offset accel - AOS) is the sole

i responsibility of the TRIM GIMBAL CONTROL SYSTEM when DPS is being used.

Thus, the trim gimbal is operated in one of the two following modes:

‘1. PITCH/ROLL ATTITUDE CONTROL MODE

(controls att. errors and rate along with controlling the thrust vector)

2. ANGULAR OFFSET ACCELERATION NULLING MODE

. (controls the thrust vector only)

NEXT PAGE : page - e
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SUMMARY - TRIM GIMBAL CONTROL SYSTEM USE

ATTITUDE CONTROL MODE - PITCH/ROLL — see Sect,on 7L

1. Subroutine used is called "GTS" and is only called by the DAP logic (RCS-GTS
INTERFACE)

2. "GTS" computes a drive function to control pitch/roll att. errors, rates and
accelerations (the later due to the thrust vector - CG. misalignment)

~ 3. The trim direction of the DPS engine is set according to the sign (drive function).

Timers are used only to stop the trim (when zero) if use of "GTS" is disallowed by
the DAP, or elsewhere.

4, When in use, "GTS" is normally alternated (every 200 ms) with the pitch/roll jet logic.
Interlacing of "GTS'" and RCS control can occur provided RCS jet firings are < 100 msec
(relatively small att. errors or rates). Otherwise, ""GTS'" use is disallowed.

5. "GTS'" use is also disallowed when:

a) DAP state is in a manual mode (att. hold mode) or

b) relatively large offset accelerations existing (as reflected by trim times > 5 sec.
computed in the subrtn "TIMEGMBL" - see below) or

c) not in a DPS burn

ACCELERATION NULLING MODE — she gf/ L

1. Subroutine used is called "TIMEGMBL'" and is called by the DAP (RCS-GTS INTERFACE)
or by 1/ACCS routine

2. "TIMEGMBL" computes a trim time to control only the thrust vector (offset accelera-
tion nulling). Timers are set to the calktrim time. Trimming stops when T = 0.
The DAP control logic controls the timers (reduced 100 ms every DAP cycle).

3. "TIMEGMBL" is normally called (once every 2 sec.) by the 1/ACCS rtu. during a
DPS burn. It allows use of "GTS' only if the trim times are < 5 sec. otherwise, it
will control the AOS.

4., "TIMEGMBL" will not be used if:

a) ""GTS" is in control
b) The CSM is docked

5. Only the DAP (RCS-GTS INTERFACE) can perform the transition from "GTS'" use to
"TIMEGMBL!" use in case "GTS" is disallowed. 1/ACCS calls only if ""GTS" is not in
use.

NEXT PAGE
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RCS ~E&T=
INTER FALE

QR RORGTS

(coTROLER) =7

DockK ED

TH/s PATH
CALLED optLy

WHEN LSM /S

(ew»y 200 M3 =0 F

CONTROL

UNCON DITIONALL)/

\ BlY-DAPBooLS
NO TET USE Is

MANDAT O Ry
NORMIALLY [)Y =5
PuORING DPS BURN

ENG. G/MBAL
BE WSED

GIMBAL USE |S DETERMINED ONLy By THE SERVICER,
ET SETS  RiMT=10N 1A S
o OV MowirdR (IDLEFLG-=0) awrd,

2. FHRUST /5 AT THRESHOoLD yALUE ard,

3. GimgaL mowiroR w USE (Gimrprre = L) awd,
Y A DEscEwT BuRw (APSfLA&=0) and,

£ FNE GimaaL ENABLE si7erH on (BICH3a=1),

OTHERPWISE B|H 1s SET = 1.

(ALt ow GTS)
= PNz ?

NO

CONT RO L

G 7S ATTITUDPE CONMNTRAL S ALLOWED awly /&=~ THE
ACCEL, NULLIN G T RIN TINE LOMPUTED /nv THE

JTIME GmEBL SLUBPTN, /s £ R SEC. (PE'—AT"I\)EL)/ SArALL /405)

IF TETS ARE ON, A7, £E£LP
or RATE /S 70 LARSGE [P

IF (Iv6Ts)= PROZ HERE,
THEN GTS SUBRTA.
WAS CONTROLLIANG
BUT CANT NODW., S©
CETHUR T NULL AOS

G7S 7o HMAXDLE (£reE
TImE WAS > J0OMS) So USE
RCS ., BUT FIRsT . cMHECK 1 F
ACcEL, AULLING SHoOULD BE

(/A/éT‘s):PA/z. NO el {

AND USE JETs FoR ATI [(Jrmin T ]
Con THROL, . N3 Plr -8
PO THE SUBRTN, T IMEGMBL 790 NILL ANY A Fop
OFFSET ACCEL.,'S wHILE TETS ARE LISE)D AT, ’_f RATE
= 7 c 1
69~ IREL/NT l OA | TRO L.

CoNTR oL AITs7UDE
AT, RATE 5 A0S
WITH TRim sys, FOR
TH!s DAPFP FASS.
ANVo RcCS

SEr (/NGTs) = O RCS

TO /WDICATE A NULL DRIVE HAS
REEN SETUP AVD ARE No op &R IN GTS

page 5=9



LUSE RCS TETS THIS PASs FoRr
P/rc.ﬁ/,qoz_L CONTROL . BUT PROLESS

IN COMPONENTS OF DIAGONA L.,
Ax\s (U-VAXES) RATE ERRORS

AND ATTITUDE ERRORS., TEST FOR
X-TRANSLATIONS FIRST

SETUP To TRY FOR ,
GTS” ConTROL  ISET! (COTROLER)=+0

NEXT PASS
THESE ARE: .
RATE ERRORS Fol 7wd FORM W £\ AX)S RATE ERRORS FROM THE | A SImPLE /N PLAME)
TTETLAW conTRoL |ALREARY KNown &2 R AxIS RATE ERRORS US DEG. ROTATIAN,

3 LoGIC 1F IN ATT, HOW| sET: (OMEGA u) = 0-707[Z-EDOT'R)+(ED0TQ\]
3 ok AUTO. MANEUVEE

OTHERWISE, THESE (om Ecmv) i 0.707[(5\307@3‘(5%1'03]
I‘] ARE 70T, RATES : ‘

X=TRANSLATION LoOGIC

TEST oF

3 N
ﬂ B7-CH31=07? ol s

YES

r
K

| &
|
{

SET: (ANYTRANS )= 5

YES

;' (senvseTyp)= L TEST B_(,;_%ﬁPeoon.s
; INTERNAL LILLAGE ESS 2 5 —
- ANYTRANS =§ REQUEST N\
‘ INDICATE S (—X) NO seT; (ANyTRANS) = &
<MD, To JTET NO  [SET! (anyTRANSY = O I0DICATES (+X) €MD
i TODAY . -
TEST A
, e B ~CH30 =4
i STAGED ¢
TEsT BB-DAPBooLSTO "
POWERE D 2 |
FLIGH ASCENT BUWRN
SET: (SENSETYP)= &,
: |
(SensETYP) IS WSED By THE ' POWERED ASCENT MAKES
NrreTiAW CopTROL LoGie TO : SELECTION OF AIDIN G
INDICATE THE DIRECTION OF WNBALARCED RoTATION
TRANSLATION SO0 A ROTATION PoLrciEs MANDATORY,
PoLICy WiLL BE SELECTED THAT . SENSETYPL =& WiILL PO
ASSISTS (RATHER THAN OPPOSE) | THIS, |8 TIETLAW

THE €MD, D TRANSLATION, THESE
WILL BE LDNBALAMCED PowlCiES : Fasg 5~5
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!

AXIs (CENTIFIER NO.

SET: (RoTINDEX)= (ANYTRANS) -] INDICATES TRANSLATION
: DIRECTION | 5 Lor + X
TEST oF > o
B~ PAPBooLs =1 H-TETS YES L Cor X
ASTRONAUT JnpPurs A7 REQUESTED
?
V/A VL/BE ~y . S
TEST BI0-DAPBOOLS = ¢ (NuMBERT) = H
ALl H
QUADS 1-3 QLADS 2-Y4 ¥TRAN
: JETS
<seT(MWUMBERT) = 2 \irr: (NUMBERT) = 3
e

Poc./c./ SELECTCR IS CLETUP Ao,
-

N

SELECT THE X-TRANSL. PoliCy CODE AR DA

W6 To (NUMBERT) § (ROTINDEX).
FRon1 TABLE PAGE == T

FAL TEST IS ARom | <gT; (PoiyTEMP) = Polity CODE

(C//J mAS k?) WK ICH

/-//}s SrATE 0 F FAIL SW)'S s

ANy
FAIWREs N YES

SET ! |
(PoLyTEMP) =D
ALL POLICQYES

W

NO FIRST TRy

FOR PoLIC
?

YES]

seT(NUMBERT) = 3

IF =R FIRST TIME, THIS

(NUMBERT) ¢ 2
7

NO

NO

FROM (POL\/TEMP) BT
BITS ©,7, 4,3 /mro(NEXTLY)
RITS &,5, 2,1 mwTo(NEXTV)

AL OTHER BI7TS
= O

FA\LED. DECREME MT AlLows TEST FoR NuM=3
(NOMB ERT) byl ‘
\y " THE CobDEs /a (NEXTU) £
(PoLYTEMP) =0 - I (NEXTV) ARE FOR X-TRANSL.
i
SETUP ALARM CODE TETS ON QUADS. |=3 AND

O2Cc 0= XTRANS
DISABLED DUE To FAILS

SET! (UEKTUB )
(NEXTV) =0

=l ) RESPTI Ly,

CHK
5"..
e e

ROT. faac 5-6



JET POLICY TABLE FOR X-AXIS TRANSLATIONS
(Q, R-AXIS RCS AUTOPILOT)

+X TRANSL =X TRANSL
policy
selector no. (NEXT U, V) (NEXT U) V)
(NUMBERT) (ROTINDEX) = 5 codes (ROTINDEX) = 4 codes
4 B1D - B3D 210 AlU - A3U 104
A2D - A4D 042 B2U - B4U 021
3 B1D - B3D 210 B2U - B4U 021
(sys B) -000 000
2 000 000
(sys A) A2D - A4D 042 AlU - A3U 104
ALARM - code 02002 setup for astronaut

NOTE: The numbers in (NEXT U, V) column are the octal codes to fit channel 5 bits.
The top codes are (NEXTU), or U - jets for X - transl. and bottom codes are
(NEXTV), or V - jets for X - transl, Where zeroes are indicated, CH-5 bits
are unchanged when code is entered. '

CHANNEL 5 BIT ASSIGNMENTS
(LGC interface controling the VERTICAL JETS)

CH5-BIT NO. 8 7 6 5 4 3 2 il

JET IDENTIFIER B1D|A1U|A2D |B2U |B3D|A3U |A4D |B4U

JET REFERENCE #14 [#13 [#10 [#9 |[#6 |#5 [#2 [#1

NO.

Fa;q;e. LR e
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LoGiC FOR @ ,i R-Ax1s ROTATION.

TH)S I8 THE MODE SELECTION NORMALQ

MODE S ARE
/, AUTO MANEUJVER
AT oL e 2L D

TEST
BI3-CH3l =07
NO  (AuTo)

CONTROL N

3, MANUAL RATE MDD,
Y MANUAL MIN, IMP.

ATT, HoL

SW)ITCH on PANEL-D

TEST © !
BI5-DAPBooLs = | ©

IN
MIN. IMP
MODE?

YES

NO

(CoTROLER) =—1 | NiLL A0S ¢

COTROLER = NN Z
FOoRCES DAP TO VLSE

RCS NEXT PASS.,
TEST

BIS-CH3 = 0°¢
YVES

5-1a TEST

= 4

IN RATE NO MODE

owmLy SET 8)/ VZLE
CLEARED By V77E

SET: 5 INGTS =0 ALLOWS
(INeTS) =0 ‘rIMEGMBL” To

disaLows *6TS”

SETUP To bo RATE
€MD, MODPE FoR @-R

<MD, Mob
Bl SET /0 P=-AXS
ObLYy ON INITIAL
O-0-p, PETECTION

YES

AUTQ_MANEUVER

OR

AT TUDE HOLDING

WIiLL NOT EVEN

TEST FOoR MANUAL
MODES |

514
STiCK 1S I DETENT So THE CoNTRoL PiTeH-
Cmp, 15 ESSENTIALLy FOR RoLu ERROR & RATE

2&R0 RATE, SO GC SE7UP

T0 DAmP RATE To witHN DB.
STAy /& RATE CMD, MODE UNTIL
DB, 15 REACHED ow ALL AXEs.

page =8



ZEROING  SET!

e e DA DlE D) E(CEUS) (CDuyD) (€ouY), | As Lows As mm
(cpuX D} CCDLJX) IMP moLE 15 /4
DESIRED RATES @(ome&;}}’b )(ME&A@D)‘(ONEéARD)" 10 | 7vERE wiLL BE wo
ALUTD, €MD, /NCRT] (DE LCDUX) (DELCDU)’) 5 [DELC DUZ) t0 | A, HoeD (m FREE
LA (G ANGLES @ (DELPE,FM) (DEL REKOE)‘(DELQEQOR) 20 | peiET)

DISPLAYS ® (Qerror) < (kELROL) =1 O

(OLC @RMIN) IS STIcK DEFLECTION
IWDICATOR WITH RESPECT To THE

A5 DEG MIcROSW'S, YES

AcToALLy TJ 's = 13,15 ms

SET .
(7TU) =+ msEc

(TIV)==/msEc

TEsT BITS 1,2,5%
CH3L IFALL=L1 7P

NO

SET:
(rju): — /Y msEc

(TTv)= #/4msec

SET.
(OLDQRMIN) = 40

FoR NERT
PAS S

SET!
(77ud) = #/9msec

(7TV) = +/4msEc

SET. “RoLL PULSE
(T‘-Tz/)"’/‘/"““ ~EMD. _NOW:
(7-7v)= =) 4mséc ?

To DO
MORE TO
to NO FIRE THIS \ PA< <
‘ # B& 5=~19
RFMEMBE? . PiTen [RoLe GO DO TRANSLATION | IFANY
KeTATioN 1= 1N K-V Axis AND END THIS PAP CycLE

COMPORENTS,

page LBl



MINGQR

MIN
/ :
A STORE THE ADDRESS oF
"MINRTN" w(RETTADR)
SET! (OLDQR MIN) = Puz
W
seT; (AXISCTR )= +.4
Now FPROLES< LU-AX'S e
COMPONENT OF MIN, IMP CMD,

B

THIS WiLL ALLow Loof
BALk /N TET SELECT
LoGic. TO Prcx UP oTHER
MIR, IMP, comPapéuT(u)

INSURE NO MIN, IMP
FIRING NEXT DAP CycLE
FoR @ or R Anrs,

SETUP To Do V-Axig

COMPONENT PROCESSING
FIRsT

"ASTLONAUT |0POT

TeEST RBR10-DAPBoOLS =€
WHAT A .

RCS SYSTEM
DESIRED

(1)

SET Poucy <SELECTOR
(NUMBERT) = 3

(°)

SET Poucy SELECTOR
(NUMBERT) =

THESE wWiLL SELECT A
ONE -TET Policy FoR

A MN,)MP,  ABouT THE
AX\S BE/NG PROCESSED,

-y R

THUS, A 2-TET RESLLTANT
ForR THE emD. (Bovy AXIS)

(AX\SCTR') Wikl BE USED As Avw /NDEXER To Plek THE FROPER_
LOCATIONE JN THE FOLLOWING LOGIC [FOR THE ROTATION (Min, )mP)
Com LNENT 10 BE PRoCESSER ANSCTR = 1 MR V-Aris

IT WiLL BE& SET = 0O (ATER. \0OHEN V-AXIS

= O Fop Ll=ANie
I< PRCCESSE D,

page 5°-/0



DBCHECK —

FNTERED Ao MODE RATE
SELECTION LOGIC DAMP
RATE DAMP IS DONE ONLy |F 1IN THE RATE CMD IMQDRE AND

ZERO RATE IS COMMANDE D, /N OTHER WORDS, THE ASTRO WAUT
WAS, CommIANDIA)G SOrE RATE WITH THE STlck BuT Now
/)T /S RETLRNED JO /M- DETENT 70 DAMP THE RATE (FIRE IV

b PPosITE D/PECT/OUB CAUS/IOG- THE UVEHICLE To sTO0P ROTATING,

THEN ATT)TUDE MHOLD LOILL COMMENNCE .

IS

(OMEGAP) 1E%

TESTING P-RATE HERE

FORCES DAP To STAY IMN
RATE DAMPING BNTIL ALL
RATES ARE WITHIN D B.

HOWEVER, P-Ax\S ALTo PILoT
TAKES CARE oF P-RATE (oMEGA LY T YES

DAMPILV G .

“Reg” seTs
UP OMEGAL
v

ALL THE RATES ARE

.
WITHIN DB <0 GET7-

SET
(WRATEDIF ) = —(oMEGAY)

ouT 0F RATE ¢mD.|SET: BI2-DAPBOOLS = O (VRATEDIF) =~(omEcAV)

/7':'0.‘[) Js g

zeposng  —=ELL
arirupe Epeors (D (couzb)=(cbuz) , (cDuyD)=(couy)

S T e (cDuxD) = (CDHX)
pESIRED RATES | (OMEGAPD), (OWEGAQD), (OMEGARD)= O

cmd. incRemen s |@ (DELCDL) ) (DELCDLY) | (DELCDIZ)=0
16 ANGLE snerTs| () (DELPEROR), (DELQEROR), (DELRERSR):0!

THIS wiLt
Do 1T !

‘GET FIRING
TIME ACCORDING
70 AMT, oF RATE
To DAMP 7 FIRE

RELINT
BOCDEATT AT
TH'S ATITUDE (CDUD'S)
N 0w

514

page S -//
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TEST Bl -DAPBooLS=1"7

5-19

ES : _ Go Do XTRANSL,
ASTRO INPUT )' TEsT B7-DAPBooLs |EARY AND END
HicH Low PAP cycLE

!

&

ScALE d,p. (SAVEHAND)
FOR Q0 DE&/SEC MAX,

SCALE ch. (SAVEHAND) @
FoRrR H DEG/SEC MAX. %

REMEMBER |

;. P-AYtS AUTOPILOT S7TORED (-RHCCTR)
£ (R-RiceTR) In dp (SAVERANDYI Pg3-25

)

FROM
“RATE DAMP "

v

Forr) THE @ £ R RATE ERRORS Ww!'TH THE
SCALED VALVES, SET !

. (PRATEDIF)= s.F. (sAvEHAND) — (OMEGAQ)
e (RRATEDIF) = SF (SAVEHAND+1) ~(OMEGAR)
NOW GET THE -V COMPousnTs)seT;

(HRATE 01F)= 0T0T](RRATEDIF)HQRATEDIFY] | use Tmese

TO LWOORK,

(VRATE DIF) =0707 | (RRATEDIF) - (QRATEDIF) | | worrn

SET ADDRESS OF “BACKHAND”
NTo (RETTADRY

RETURN ADDRESS FoR
PROCESSING LI-AXNS

seT! (@ERRORY s (RERROR)=0| zero DisPLays 1w

i

RATE MDD, MDODE

ZEROIN G-
AT'7. EERORS

‘Y ALTO MAN
DESIRED RATES
CMD. INCRE MNTY

(couxD) = (cpux)

LAG- ANGLE INCRT

O (covzp)=(cpuz), (cOBYD) =(§Duy)

@(oMecAPD), (OMEGAQD) | (MESARY) =0
@(peLcpuy) | (DELCDLY) : (DELCD\.)‘é:D

seT; (AscTR)= 4.

Ofbereror) | (DELOEROR), (PELREROR)=0

GET FIRING- BACK
ot o on 05 T L

SETUP TO PROCESS
V-AXls COMPONENT
FIRST

Pase S =1



THIS LOGIc Wit BE FPROCESSED FOR THE RATE CmD MopE ) oNce Fok EALH
COMLONENT (U oRr \/), (Amsgrﬁ) IS SE D 7o IDEXNT F‘/ WHICH AX\'S AND EQUALS
O FoR U'AX!SJ 1 For V-ANS. |75 ¥3E wWiLL BE /MPLIED By USINé DoLBLE
NEUMONICS /DR DESCRIBING LOCATIONS ; SOCH AS: (SKIPLI_{) READS
(SK)PV) JF AxseTR =4 ok (SK)PU) s AxisceTR =O,

PITCH /ROLL RATE cmD (BACK
MODE or RATE DAMPING\HAND

Do U=AXiS
NOwW

THIS Wit Plek A a- TET = oo /cy SELECTOR

Sforcy FoR THE : 3
L or | Cont o AENT (NUM BERT) =Y SKIP [ SETUP IE LAST
TesT (SK1PV)=0? TS DT e Sl MR,
i .
0 AN SKIP

s£ 7;1./)9

1S
() RATE DIF)

SETUFP FoR
Z RATEDB —pr e g = No SKIP \
YES /'Y oR O.4 DEG/sEc NEXT TIME T

GET FRs FPER RECIPROCAL OF NET
ACCELERATION FRoM STORAGE AS CALL)
By 4/ACCS ROUTINED (4/ANETA +1)

WHERE L IS LocATOR DEFINED By |

(AMeeTR) = Picks THE SToRAGE BANK
OoF TERM For THIS AXIS AS

ALL DONE THEM

S7TORED By A/Accs RTN. END JASK
<i6n (VRATEDIF) = PICKS 7wE PROPER SEaskoUr PA R GyolE
L LOCATION OF TERM

(NET P63 oR(WETNEG) Po AGAIN AT T5RUFT, ‘

\

CALC, THE FIRING TIME |7 WOLILD TAKE
- TETS To Z2ERO THE RATE ERROR !

- . @
(XRATE DI F) (.L/ANE‘T;#-:L)Z 2.

RESCALE 7o 32/3 or)0/é7sEcC 70 RESCALE, ESSENTIALLY MULTIPLY BY 3,

OVER FLOW /867 SEC, Js cLesE EnousH ForR MIT.
TEST WORK To jpo,.2Y sEc, LoH_ch 135 SCALING
oF (TXT)FoR THE TIMES <TR,

THUS )" FuLe VALLE” Is A BIT

THIs mAy BE FOR onE - JeT
IF d/accs DETECTED A FAILURE

- 1. FuLL
SET! ’E_«""( .TI/)-' FULL SET(T_I\L/))'/.B VALUE SH7' OF THAT CALC.
(TTV)=0 SETLTH /= Value IF OUERFLOW ON B TIMES

A CrATCINTIATRIS FULL UALUE (,?J.SEC.MM.) THAN )’ Fuwy
Dom'T ) ; ) 2
FIRE THIS TIME VALLE ('3,55 SIE AT A IS S ST E A (A G

ENDOVGH TO FORCE A FULL TET FIRING

'

£

(Mus'r" BE >ISOMJE¢-\\ ¢ SO WO SWEAT |
5-15
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AUTS MANEUVER MODE : STILLKCS

sp ATTITUDE HoLd MoDE

Lorpr THE Ll AND V/ COMPONENTS OF
ThéeE ¢ s' R ATTITUDE ERRORS SET

QJERROR) = 0,707[(/—?5/&’/?01?) o (QEERoEﬂ
(VERROR) ‘—10-707[-0{52}20@ - (¢ex ?OR)]

|
QERROR = RERROR
CALC, EARLIER AT

ENTRy OF @,R AUTO-
PitoT

\

STORE ADDRESS ofF » TTLAW+ 3
)0 (RET TADRD,

g (bavsenk )iE L

)lQ_ 3

SETUP RETURMN TO PAoCESS
U=-AX1 S COMPONENT

Do

V=AX1s COMPORENT

FlEST

THIS LOGIC WwitL BE USED FOR THE ABOVE MODES TWICE) ONCE TO
PRocCESS EACH COMPONENT oF ROTATION (u oR V). AGAIN, (Axts CTR)
DEFINE WHICH Com PorENT | O Fok U-AxXis ) L For V-AXiS, ITs
MPLIED B)" ds/nv e DouBLE PNELDMONLILS,

Use wiil BE /

oA

(TITLAW < TEST Y-AX\S _SK\P
NO AXIS sSKIP YES
SETUP?
SETUP ATTUDE ERROR & SET! e
RATE ERROR FOR THE RC3 gl (skiPy) =4
ConTROL LAW LOGIC, SET| LAST TIET CALC.
A 5 i
{ {E): (L\J/ERROR3 WAS £ 1§60 MSEC iy
(EDoT) = (OMEGAL\{) (AscTR) = 0

L

TEST B 13 -DAPBooLS
:1_?

L NO

Go Do " TTETLAW' RTW
Py =5 . rHe Rcs
CoNTROL LAW For UN-=
Doc ke D CASE.

RETOURN WITH
TIET

U-AXIS

CLOSEOLT DAP CycLE
Do AGAIN AT THRUPT

ENG, G/MBAL
BE USED

VES] B!4-DAPBONLS =0T

0

SET (coTROLE R)= PN
L

.Ps

&0 Do " DOCKED RCS” RTN

FOIR DOCKE RECASIE

Sl R ST RL LA

END TA SK)

PNZ=-WHEN DOCKED AND IN
PowERE D FLlG—HT)‘\G-TS"
WitL ALwAys BE USED
ALT'EI@NATEL/ W HSRECS
(evErR 200 msEC)
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The processing for U-V rotational components, resulting from all modes, leads to the
logic below. At this point, the firing time has been computed by the particular mode in

process. Now the logic below will select the jet policy for the appropriate U or V
component. Thus, this logic is done once for each component and reference to (AXISCTR)

is implied by using double neumonics.

N O

ROTAT
5-19
PO RoTATION

SET! (ABSTT) =(T-T,_\;/> ;/(; D;Tso |
& 3
* AN L,

A =
SETUP AYIS IDENTIFIER ACLORDING TO SIGN (LSRR
(77) AnD (AxiscrRY) SET !

:j_Fok—\/; O For —U

LARGE EMNOVes I+
To FORGET
ABooT Tl I0G.
+HE BORN

S

= AMIN, M P,
AND SMALL ENOVSH

For A TIMED

/NSURE TIET /s SET

TO M)munrt VALLE

AND PRoCESS AS | SETI .(/.)357'_]">=/-’7/M5, BOR M
A MR IMP. (TJ’LlJ/) = /4 ms.
eTAIN ORIG /AL 5/6,0/7'.7')

resr (SEnseTyp)= P2

ANY

42 X-TRANSL.
‘P

SET PoLicy SELECTOR oy SET PoLicy SELECTOP!
ACCOCTING T0 BL-CHY! POWE RED (NUMgg,gﬂ:(sepssTyp)_l

(NUMBERT)= 4 o O AScenT?y o A a
L
CHS 1S THE LOW SCALER WHKR SENSETYP SHOWS DIRECTION oF X~—
1S ALLWAYS RUNNING. BIT L TRANSL. (SEE P6 5-5 ). THE ABoVE
CHAMNGES STATE AT 3R00/SEC. WIke /NSURE A MIN, IMP. RoTATION
THEREFoRE | THIS 1S A RANDom F’ouc.)/ WILL NOT BE AGAINST ANY
Plek oF 4 JET FoR THE MIN,. DESIRED X-TRAMNSL. NUMRERT =1
i Plci<s Downw FIRIN & .TETJ' =20 Pleks

VP FIRING TET. ;
LA ae 5"/5



SELECTSWE

—

SELECT THE ROTATION PoLICYy FOR TH&e
LU-V COMPONENT ACLORDING TO |

(NuUMBE RT) £ (RoTINDEX)
FrRom TABLES pAGE _5-18
SET! (F’OL\/TEMP§ = poticy CopE
TestT (CBMASK) wiTh potey code

| FIRE ANY
‘ VIeTs/[< MO FAILURES N ' YES
Fire PoLlcYuo\\)
ND FIRST TRy

FoR A PoLic
- Y

L (NOMBERT) VES
e L
! ; SET! ;
€T (TTV) =40 A (NUMBEQr) 3
DECREMENT IF = O Firsr TIME | THis
AlLows TESr fFoR oTMHER
(MOMBERT) by 4 o R N SR

SETUYL At CODE
D00 Y/~ TET FAILS HAVE
PISABLED TH/S U=V RoT,

’ Ll

CAN'T Do THE Uor V
CompPor ENT KoTATION | 5O
/’{FE THE X TRPANSL. I F Avy
2 Lx17

paae 5-le



SETVR T TuME THIS
KoL BokN VA JET LisT”

INHINT

FORSET ALABauT T M NS

e N B L

SETUP THE I.D. NO. USED %
By SRETLIST Y ro | LERTIEY

> WRITE THE Policy CoDE

R IR IR AR |2 [V-AXs INTo CHANEL § RITS , SET
- or

(T¢FYRTHATL) o

U-AX1S (C-HANS'B = (POL_\/TEM P)

A

WRITE 7THE AL/Cy CODE e .U~V JETS ARE on !
WTO0 CHANNEL & RIS SET: | '

Pory TEMP HAS coDE To
(CHAN ) = CPOLyTEMP) 4

CHANG E oMl_\/ H

RITS 6,5,3] 1 u-Axis
X 1S joe.nmq proce |sseD

2iTS 9/7) Ll 1L - Avis

SETUP JHE JNPIT TO THE
“TETLISTY FoR THIS AXIS oR

ser; (TeFURTHA) = (ABSTT)

<. oeirs ProcEsse b
J

GO b THE D TETLiaT"
SWRRTN. To ssTue Timed [P
CANTR FORTIMING BUR W Y- 4

RELINT

SKIP PROCEES/ING

SET.'(SK)P\/):O ‘Fop THIS AXIS
L‘-’ L WEXT DA P CycLt

NMBEW) b i
NO PoLicy FoRr YES

\L 2 —-—TETS

SeT; (NO. L\{IETS) =41 FOR JTETRATE CALC, [55—“ (ND'L\{ TFTS) bt

IR NEXT RATE ESTIMATE
FOR TTHIS AX\S

NO

ser (AXISCTR) = O

el
/ END JTASK

tLOf’EO‘JT DAP CYCLE RETURN 70 ADDRESg\,
\DOAGAI N AT TERUE] STORE D IN(RETTA DR) o
: AuTO
510 BACK — ) MANELDVER.
D ) OF
s 13 — AT, HoLD

“MIN.
- e TSI A




-—

JET POLICY TABLE FOR U-V ROTATION COMPONENTS
(Q, R-AXIS RCS AUTOPILOT)

policy A =V +U =1
selector no.
(NUMBERT) | (ROTINDEX) = 3 || (ROTINDEX) =1 || (ROTINDEX) = 2 || (ROTINDEX) = 0
4 B4U - A2D B2U - A4D B1D - A3U B3D - A1U
(041) (022) (204) (110)
3 B4U B2U B1D B3D
(001) (020) | (200) (100)
2 A2D A4D A3U AlU
(040) (002) I (004) (010)
1 A2D A4D B1D B3D
0 B4U B2U A3U AlU
ALARM - code 02004 setup for astronaut

Y-AXIS ROTATIONS (PITCH) and Z-AXIS ROTATIONS (ROLL) result from the following
U-V policy combinations:

+ROLL = +V and +U +PITCH = -U and +U
-ROLL = -V and -U -PITCH = +V and -U

NOTE: The numbers in parenthesis are (POLYTEMP) octal codes to fit channel 5. The
zeroes mean no bit change when set in. The 1 - JET policies are repeated in
the table due to the kind of selection logic for minimum impulse rotation/
X-translation directional compatability (see page $=1/5 ).

CHANNEL 5 BIT ASSIGNMENTS
(LGC interface controling the VERTICAL RCS JETS)

CHS BIT NO. 8 il 6 5 4 3 2 1

JET IDENTIFIER B1D|A1U AZIj B2U |B3D|A3U |A4D|B4U

JET REFERENCE #14 [#13 |#10 |#9 |#6 |#5 |#2 |#1
NO.

F&SZ 5= &



THESE AKE THE EXIT RouTinEs FRom THE (-R FKCS ConTFoL LoGi

WHEN 10 ROTATIoN |S REQUIRED, THEY wilL FIRE THE X-7T PANSL, Pnucy
iFANY Hfr, CLOSESUT THE PAR QyclL &

FROM FEom

e " N N\ 5
MM IMP oR RHC =VSSm
AcCt\v "

LSET: (7TU) e

CTaye= o
__INHINTV
!SET'- (skipu) =Y |No sKiP pgr LVES

NEXT PASS

SET: (CHANS) bits 6,5,2,1
= same of (NEXTV)

)lc RELY NT
THE X-TRANSL. PoLicy CopE s
IN FoR QUVAD -4 JETS

seT: (CHANS) bits @ )7, -
5 3 = (NEXTU) Lds [SET: (AxiscTR)= 0
: : ReTuvew T OO
TH/S WRITES IN THE X LD-AX\S
TPAPEL, PoLicy coDE FOR s:;‘:f:j ;‘;:;TD
JeTs o8 @OADS 1%
WITHOOT DISTLRR NG BITS
FoR QDAD 24 TETS
e BACK
7 ‘H AND
SET: (sKiPv) = 4 :::xiz;ix IN MIN.  Iv RATE w AUTO
IME MODE  CMD. MODE  MANEUVER
el 5-13 or ATT, HoLD
MODE 5-/4
LN HINT. J(
ceT: (CHANS) bids ¢, 5, SET 1 (CHANS) bits 8,7, 4,3
o, = (NEXTV) Ms = same of (NEXTL)
RS KE“‘“ QUAD -3 policy
Foticy CobE /v 7 of JETS ; Code 1N
ON QUADS A=Y siTHOLT ND .TASK
DieTORKiIn G- BITS FoR. LOSE oLT DAP CycLe
GuAD =3 XTRANSL JETS 0 AGAIN AT TS RU»
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SECTION VI

Q, R-AXIS AUTOPILOT
(Trim Control Logic Description)
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—

57S Is THE SUBRTM, USED AS THE G/mBAL TRim AILITUDE
CONTROL MOLE. By THE LA OAP L7 1s OSED WHEN CERTAINL
OWEPED FLi&HT CORDITIONS DETERMINE THAT ERGINE TRIMMING
CAN ComTROL THE AITITUDE ERRORS AvD PATES , AS WELLAS
ANy EXISTIa0sé ANGULAR ACKELERATIONS, ABOLT THE PITeH (D)
AND RolLL (R) AXES . G7S comPuTES THE AHT7 )7 UDE corrkloL
LAW AND SE7T=s THE G/mBAL TRIN? ALLoRDING To —SIGN
SETHE DPPIVE FUNCTION .. THE OPIVE FurncTiorn RBEING OF

T ENFAORNI .
2 % T ) ! \
Koo + ATT(Kwa +2¢™) 77 + o< (27 + KWa)

) "y
Where ' K = 0,23 ELT  or THE “GAned' TERK mAsw rulEs
i

As DEF/IvED A yAcz:os, Q2 s
LSED FoR A GMAIN REDUCTION FACTOR

L= si6N <Ko( + gqu_‘)
=3

@jw/o( = Q)T EREP T FipsT ‘,;' Sé&cord DERIVATIVE S
THUS,

Vs A S)GM(D&\\)E FoweT! ou\

SETUP T0 USE JETS

SET (COTROLER) = NNZ. | OW wexT PAss
I (Rc.s CoMNTROL Sy 3\

ET.
5 (5'<‘P“\ = PNT JASURE Ao Sk/P FOR
(skipv) = PNz |JS &-v Res cowrmar

(NGTSY= PNZ |V} 70 /WDicATE - N 6TS

AT, CONTROL /MODE

(oNLy PLACE SET PNZ)

TIMERS ARE UseD T O

COWTROL Grm&AL TKIN. SE;T TRIM T/IMERS

THEY ALE SET HERE 70 (QGIM T/ﬁ?/?) = 200MS
FWEVERNT LRCORTHOLLED (EG—I’”T’/M#) = A00MS
TRIim +tN CASE UsSE oF
G7S /s DISALLOWED,
WH E A z£€0 THE TRIM
Wit BE ST70PFED , SEE START™ IXMITIAL)2AT 04
P-AX1s AUuToliL 0T Pé_g:_fg = FFOR DeIvE Fuperion CALC,

'PQS e -



_ Do R-Axis
SET (QRCNTR) = O SET (QRCNTR) = R | FirsT
Do Q‘ALL
AOW . /"‘—'

THE REMAINDER. OF THE LOGIC /S LPoAE TW/c.E, THE Fl1Ls7r For
THE £-Axls LC/ILE Fowecrronw ,JHE SEcoND FoR CP-Axrs,(QRC»TR)
)S USED AS AN J/NPEXER FOR ACCESS/In G~ THE FLPOLEN AXI1S

LOCA T1O0A) CORTA/ AWIAG VAYOUS TEO S,
WHEN LoCATIoRS ARE WRITTEL AS ..

/MPLIED

I7TS UsSE wiee BE

(KR ke,

CEVIENS | Piek UP EX)STING TERMS AND STORE /N Scarme
TEMPoLARY REGS [oR ComPurr T/0a, SET.
o< (Acen T‘RAL.) Q\OS R\) REscALED To T3
w (WeentrAL) = (EDOTR\) i
K (KeenrraL) = (KR)g 3ACDOT R | T/28
e (KacntrAL) =(KRR),  Grom VAws | T2
FORM SomE SWBTERMS , SET
Ko JP(KQTHETA) =(§emoﬂ()<acmmb
L J plomeea.K) =(uenTRAY (keEnTRAL)
Paiosre - X oA gp(Aacurw.)z LACENTRAQ"
SCALING
(AcenTRAL) or AoS
(=) SIeN (+)
SET ! ' SET.
J l(-FUA)cT/ON) mesA. K) —(AcwTRAL) 4 4 FuncTIoN) = (omEGA . K) + (ARCNTRAL)
P ot

FormeD = KW t =2 (agneld

'G 60 F/ND
Siewn T e

penge b=



(=)

Pos FNCT1.- &

(=)

i i

(Funverion)
?

SN~

(#)

Sar 4 To(=)!
(peL) = - 4

(Funeriow+1)
7

/

SeT (peL)= O

(bEL) = +1

SeT 4 To ()

2

CHANGE SIGN oF
CL,,,(cw EGA ., K)

‘/' A=4L34«(Ku) + x|
[ ) %G—N 3 >

NEL
e KW Now EguaLs AKW

(+) LEAVE As
: /s

Now Form PART oF ¥4 7epm o F
THE DRIVE FUNCFrsom, SET ;

d p(FUNCT/ON\ = dF(OME(:A.K) * <‘fﬂxlf-MTii’AL)

L

AMD ADD

Form HE 39 reesm oF rwE DRIVE FUNCTION

To 470 TERM, SETE

dp (KQTHETA) = dp(KaTHETA) +

,(A,C‘ENTRAL)[%(A:CMT)QAL_Z! +
. ! : P

N eq8r_ .-

OMEG A i
(on _A;K)d;[

F= AKW+="
)

Now Hpave K2 +O<(9§-§ + AKUJ)

Go Do PEST oF A7 rEam

AUD Add ALL To6&crner
7O COMPLETE FLPCTION
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A TRy For THE 37
TERm \ AVE (AKw +2X?
wWwicl RE MADE.

Vs
TEST M/GH OROER FARr
oF @ AKW + %4

()

CHn'y UUS&E A (—)
VAL E FoR Roo7

TRy tow PART

TFUNCTION 1L
L 4 a—/’ .

YE s
g Powsr Wil BE

<

SETY/” For THE

< Q=% so FoecET T AT L&GAST PROPEL ScaL w6
No = &1l
- OSE ow|Ly MHien
SETUL FOR PROPER SECALIVG ORDER | PART FeR

FOR THIS CASE AvD BET ! CALc.,
(FuneTion )= (FumeTion+ 1-)

| 5"

Form THE QNd TERM LFes 4 | SET!
(Fuuc.‘r:ou)-—- W/:\(Fuuc.'r/ou\a/&

N
(pEL) = O SIGN (=)

CHAWGE SIGN dP( FONCTI0N)

LeAavs avY
TER/MN AS /S

Mow WAVE 2% rgem . D _ 3)’-11
TERM Vs (AK&H-%

FOoRM THE COMPLETE DIRIVE FVICT )0
For This AX)S , Add ALL TERMS , SET:

dp (KATHETA) = dp(KaTH€TA) 4 (FONKTION) Frwac
JP REsdLT

ok = Ko s A fako vy oo™+ 200

;2”:] wict BE 2&R0
SO FUNCTION Witk

: ' W 7E R THE
BE [1°7 + 3% reems] il

SGr oF THE DRIVE
Fovcrion
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ENTER WITH (KA THETA)
= DRIVE FumeTion ©F
LFor AXlS

Hiern worp

NNZ PAZ

SET(Mec,uR)Q Rl seT (uEGur), = —1

NEGUR,Q IS G/MBAL TRIm
/INDICATOR WHICH EQUALS :
— SI&A (DPWE Fu/ucrlows

WHEN =0 ) TMERE VLl BE
Ao DRIVE .

(a RCNTR)= O [

Ae AXES PONE

6-3

INRINT

D& SAME THING Now
Foe Q-Axts TE | A1
 PAGE -7

G0 Do ACDT +C12° sobrtn
(SETTRIM BITS) To START
THE GIMBAL TRIMS zl;venmu

SRCEICCINT

N

SET (DAPZ RUPT)= AN

(END J"ASK)

END ofF DAP CyceE
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CALLED By

G 75 or J/imEGMBL

DIsALLow Ary

ACDT +£1

B4 - DAPBooLs =O ©
CAN

No ENG. GIMBAL

TR!mm )1 &

BE WUSED
)

SET 7R/M /ND/ICATORS 7O
Z2ER0 | (WEGH Q) £ (NESUR) =0

YES

o

UPDATE TWE “'SIGRED” TERK TEARMS 7o RE-| ALDOT = TERK
FLECT THE NEw TRV REGBUESTS, SET! MAENITLVDE S AS

(@AccooT)
(RAccDoT) = —(NE&UR)(ALDOTR)

—(NEG Q)(ACLDOT Q) EHEE T Y NLCS

Piresr Tieim 120DICATOR

Ao T ) (+)
*tVEHICLE — VEHICLE
Pircy Prre#
o BQQ;HNLR) SET (C.HA/A/D) =0 SET B|O (CHNL;a\)
For A —Q G /mBAL FOR No 7 RI)Av FORA +Q G/méA:
TRIr i

N

THE LocAT/ow (C//AJL/:\ IS A TEMPOLARYy STOLAGE RE6 AWND
AOT LT RUT M =, ALSo/, FoRrR RBoTH P)rer 's'/?ou TRIM, A
(F)GrmrBAL TRIm mmEARS THE EAGINE it GIMBAL Pos)TIVE
ABOLT THE SFECIFIED AXIS PESLVLTING /M A () AccaL,
OR VENICLE ROTATION, VISA-VERSA FOR &) G/MBAL TRIM,

et (NEGUR)=C &)

+ VENICLE RoLL TRIM D, _ —VEHICLE
RovL +0 RoOLL.
SET RI1) (CHwL ) SET (CHNLRY) =8 SET Bla (CHNL1aY
For A — R TR M ForR No TRim FORA + R TRIM

|

|

CLEAR BITS 9 ~1&
OF OUTPUT CLH- IR

GIMBAL TRI S

WR\TE BITS 9-1a ©OF
ARE Jiepr D OX ,}

EHNLR) INTo CH—IR

(er oF F)

/?ETu,e./u TO CALLER page b=



@ ATh R e Al s P 7‘/?/-—’ SUBRTA. USEDL FoR THE OFFSET
ACCELERPATION NG ATODE By THE LM DAP orR By
THE VACCS ROVIINE WHICH IS CALLED EVERYy & SECOMDS
DURIVGE FOWERPED FLISHT. 7/mEGHMBL 1S PERFORM ED
WHENEVER THE LM DAP HAS DETERMINED THERE IS AN
ACLELERA TION aFF.ss?‘(AOS) ARVD HAS DIsALLOWED USE
OF THE (TS SUBRFAN 7o XULL THE OFFSET. JIMEGMBL
COMPLUTES A T LRIM TIME FOR FPOS/J70N/NG THE
ENC/INE BELL So AS 7o NuLe 7THE AOS THAT wouLd Be
ABoOT THE FITLH ArDjoR RoLL AXES. THE TR/ 7/ME
COMPUTATION |5 OF THE Form i T _ ou| & L Aesl
FL“E'/I) TERK

wHeERe | & DERI VAT IVE OF ATT ERROR OR (Aos) and,

devomipator = JERK TERM oR RATE OF CHANGE
OF ACCEL. DIVE T0O ENGINE T RIA/MINC
FOoR TMHRUST VECTOR CONTROL

O = 4 DAm PIN G FACToOR OSED To EMISLOERE Mo

TR )7 OVELSHOOT

1 azvd

THE T/ime (T) /S SET )wTo A TRim Timer (ONE ForReAcH
AX15) ALD REDUCED By |0OMSEL EVERy LMDAP crcuE(see
FAXIE Au;‘aﬂmof),_ S/mmcE T/IMmEGHBL /5 GENEEALL_/ CALLED
EVE,e/ = SEC , THEN THE TEIMMING ) OR DVULLIN G- ) LO/LL BE
CORTIVDOOS AS conG As 7 1S GREATER THAL [ seC,
STOWEVER, |7 15 VERYy POSSIBLE CERTAIN CoNnDITIONS
CAN DISALLOW UYSE OF THE ERNEINE GIMBAL BETWEEN
T CompuTATIONS . THUS, WHEMNEVER T EXCEEDS 2 SEC,
THE TEIr9 TIMELS ARPE SET 7O RS SEL, Jo ENSVRE
A LONG TIN /S STOLPPED WHILE ALLOW/ING A SMOOTH
TEAW S (71N,

NEXT PAGE
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CALLED BY JAccs PTN, ar [N
RC.S/GTS IWTEFXFACE oF RCS DAP

ALLows DAP 1o use GTS
RTN, r70R ATT, CoNTRO L, MAY
BE DISALLOWED LATER ,
(ovLy PLace SET To PNZ)

SET (ALLOWGTS) = PNZ

SET SAVE RETLRN ADR
(QPNDXEEXto SeT(QRNDXER) = R | S&TuP ro cAc. T For
R-AX1s 7Rm FIRST.
L DO ®-ANS :
T CAlLC. Mo REMAINDER O LO&IC 1S
: DONE pPCE Fore LR-AXS
Mo AND owcE FoR Q-AxX)S
Ook () 7 calc.
YES
SToRE KVALUE, SET.
(NzAcCD0T)=(AULDOTR)] @ TI/L7
o = O,?
I, A0S |s ScALED AT

GO SEFUR To 70

TURN TR//»

OFF Now,

‘17__.2 RA D/ssc" HerE

L-1o [ GACS @ T 15 SAmE

As =O4A0S @ g (rwe

SCAL/NG LISED LATER)

GIMEBA ¢ NO BUT 7)mE couLD

ST/LL BE >2SEC

THIS INDICATES THE TRIiM 77/ME WOHLD G
C.EA’T/?/AJL/ BE > Q) SEC. S/NCE THIS TESTED
THE NUMERATOR oF | T = 048 . ANy TEST

rSrE ) (7]

FL 5 FURTHER

DiVis/ion WOULD BE MEAN/N&LESS,

T

SETUP TR)NM LIRECT/ON ALLORDIAIG 7o THIm) 1RDICATDL
sisnveC. t (NEGUR)p :smu[AoSR)'Q =1

GO SETYPR TRIN TIMER
FOR A Lope TR AND

&~/ Disdciow USE oF ST S
FoR NowW,



THEW Sigr ADS
WA= ()

TEMP, SToRE 5/‘)/775/ S&ET
(ETEm PR) = —0.4(AOSR),

{1
i £
|
i

v

ser; (NEGUR)y = 41

THE)\) Sl AO(A

(+) wA S (=)

“' 'com,w. IMENT VALLJE) SET!
|4 e (TTEMPR)= ~|o4(A os%i
TRIm JNDICATOR | S&T (NEGUR;) il

= S/&N ADS — ——-T i
N

SET (A) =
Jo MEALN R AUDOT AT 778

NZACC DoT = JERK
Term @ Tl/57

@ /a ) oOR.
THE DEMOMIPATOER

(NZAchoT) RESCALED

Mesr Div)pE

CALC. THE ACTUAL TR IN
77045) 7’//5/«/) AsS

AVOIDS Dorpi-
THE Diwwssson)
TH/IS WAS ATEST 70 SEE )F THE

NUMERATOR 1S = TWICE THE
DENOMINATOR , LF SO, THEA A

& e —(ITEMP
7= T (u<zIAcc.Do>T) IRBRE [ B ol bR
RIS, CovksE , BE > 2 sEcowds
M
PER 81T NO Now, T = O.‘-/.@.
FL &/
SET TI/IEL
RGIMTIMR) = T
v, .
& SET TIMER FoR A Lors-
g Jap e TR1m -, (QG)MT/MR)=§.55«
PER BIT - :

SETUPLP JTo TLURAN
7 ../’I‘F, SE&E T

(A{E&UQ)C )

i\
SET (ALLOWETS) =0
DisALLowW USE oOoF &TS
CONTROL <ivwceE ACCE L,
|AVuLLipng 1S A LORG TIME

Po sAmE
FOL C:J = TR
Accesr, VMultiirvg.

A OW .

|
BgN VES

AXES DONE

V',

Go Do “ACLDT +C1a” mueRTY
(Ser TAMBITS) 7o sTART |PA
GImEAL TRIMS, 7HEL Exir | o7

-
{

REFUWAN To TIMESMEL
CAH LLER
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SECTION VI

INTERFACING SOFTWARE LOGIC DESCRIPTIONS
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1/ACCS SUBROUTINE

This subroutine provides the interface between the guidance programs and the LM DAP.
Data is communicated to the DAP by 1/ACCS whenever there is a change in:

a) mass - due to powered flight fuel consumption or
- due to a vehicle configuration change
(ASCENT, DESCENT or DOCKED config.)
or b) selected DEADBAND
and during a FRESHSTART or RESTART.

-the inputs to 1/ACCS are:

(1) total vehicle mass (MASS)

(2) acceleration due to thrust (ABDELYV)

(3) attitude deadband (DB) either astronaut selected as 5 deg. or 0.3 deg.) or
thrust program selected as 1 deg

(4) the offset acceleration estimates (AOSQ) & (AOSR)

(5) stage verify bit (B2-CH30)

(6) the DOCKED BIT (B13-DAPBOOLS) - set by astronaut

(7) the DRIFTBIT (B8-DAPBOOLS) - _} set by powered flight programs.

(8) USEQRJTS BIT (B14-DAPBOOLS) v

(9) the state of the jet fail switches (CH5MASK)

“the 1/ACCS subroutine, in turn, calculates the complete control-effectiveness terms
for the vehicle, both for docked and undocked configurations.

Some of these terms are:
For DOCKED or UNDOCKED cases

1. the jet accelerations for each axis (1JAC terms)

2. if in descent, the C.G. - ENG. PIVOT distance

3. the rate-of-change of acceleration due to engine rotation
(the ACCDOT terms)

For UNDOCKED cases only (phase plane terms):

the reciprocal of net accelerations about P, U & V axes (the 1/ANET terms)

the reciprocal of coast accelerations (the 1/ACOAST terms)

the acceleration functions for phase plane firing boundaries (the ACCFCT terms)
the height and width of the minimum impulse zone on the phase plane (ZONE 3 LIM

& FLAT terms)
5. the various phase plane switch curve deadbanks (FIRE DB and COAST DB terms)

>N =

1/ACCS will call the angular acceleration nulling routine '"TIMEGMBL' whenever the
trim gimbal attitude control mode is not in use (GTS) and the CSM is not docked.

paq <



CALLED AS A JOB wirk
PRiorR,)ry Q7 8y

FFRESH START JRESTART
DIREc.rL)/, Qk /A/D//?Ecn./
VIA DPDAPIDLER

CALLED AS A JOB wiTH anoknry a7

CALLED EVERy 3 SEC., /N
SERVICER AS PART orF
THE AVE, G RrA.
(A TAsk PERFoRMED
DVRING POWERED FLIGHT)

ZERO THE OFFSET ACCELE R- SET

ATION EST/MATES , SET (EgANK)= 6
(Aos@)=t0 (ALPHAQ) =0
(AGSRY =6  (ALPHAR) = O

S WHEN THE ATT. DR 1S5 cHANGED i
( DAP JNTERFACE RIMN'S)) 43
R.WHEN TYRUPT SENSES A THRUSTER Acc
FAlIL SweTer) cHvANGE (Y, SEC.
MmomIToRr),
3, WHEN TYRUPT DETECTS A STAGE
BUT APS FLAG (Bipa -FGwDA) DoeSN'T
AGREE SEC MemnITOR
(Va ) o
RETURN
ADR

v

CEITHE R
O or i

TEMP SToRE /MAGE OF
CS5MDock ED BIT , SET 2

(Do K TEM P) =(B)3 -DAPBOOLY)

giz s L7

NO CSM DOCKED

iy

SET :

(LEMMASS) = (MASS)

UsSED
LATER

SET

L

(LEMMASS)= (MASS) = (Lsm MASS)

|

linninT |

HAS

Mo STAG /N 6

IF DockeD ,(MASS) =

ToTAL MASS

(Ba-cH30)= L°
ES

(iw AscewT)

B@8-FLewD §
=17 Is
SURFFLAG YES (ow surRFAcE)
N
sETP

(1n DESCENT)

CHECK
DESCENLNT MASS
Now

CHECK

ASCENT

MASS WOW

;Jaae. 7-=2




(H/Ascewr) +

CLEAR APSFLA G SET A F%FLAG-

Bl - FLAGWRDA.

THE Q=TET LIMIT HNSED

‘ B2 ~FLAGWRD 1

SEC

seT: (~RTeTiim)=IH &2, | IN P-Axs RATE CMD. Nseri( QaeTLiM) = NEGMAX

MODE, A SCENT FoORCES
A= TET UJSE ALwAYS

(LEMMASS) >

(HIDEsenT)? vES

ser (LEMmAsS)| [ser (LEMMAsS)

= HIDESCHNT = HIASCENT

(zéMMA ss) <

?
(LoDESCAT) .~ Teec, mASS

/5 340KG A 4400 K&

ASCENT MASS

(LEMMASS) »
(HIASCENT)?

FAJ lofJeC/

ERASABLE
5660 K& MAX,
3300KE&, MIN,

(LEMMASS) <
(Lo AscEnT) ?

To Low TO LOW NO
» P
YES YES
SET (LEmmASS) = ser (LEMMASS) =
H/ASCENT # LODESCNT (LOASCENT)
= Lboo kG | 2= | 730K | = aaooke

o fie

CoNF |&.
iy

LIX JOTAL LM ALONE

. LoW ORDE R OF
MASS NOW, SET,

D.F (MASS)

/W) = pnz?

F/X TOTAL DOCKED MASS
NoW , SET: (MASS)=

(MASS) = (LaEMMASS) | zeroen |(CSMMASS) * (264727A5S)

[Rrec/~ 7 |

1S
YES

TH1S DocKED
C.ou;;c'.

Y
SETUP & /INDEX ERS FoR THE
FOLLOW ING TET ACCELERATION
COMPUTATION LoOP, SET

Axis 1PENTI FIER (MPAC#2)=R
€ JF w DPSFLITE (MPAC) = 4
ok /F /v AFs/suRrF  (MPAC) =/0,,
(mPAC) Is used To

exTenecT Propei
Ivertia corvstants

» 7—8

Do COmMPUTATION oFr
INERTIA S AND TET
ACCELERATIOPS FOR THE
DOCKED CASE
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AX1 S (M PA C) A - kg md/.-,sca B—raJ/SEcz ks ks
R 10|+, 005694 6631| *. 009312 |-.o0a3e0g
ASCENT et
R Blt. 003578435y . 162862 [t.00a508 |
P 6|t 0065443853 | +. 000032 |—.0069a3
R “4|t.00l0451889 | *+.0a1345 | —.,066027 |
Q DESCENT 4 Q |+.001497926H4 | +.018791 —.068163
P =0 |#,005934767Y +.002989 +.00873j
(MPACH+L) Ax 18 STORAGE
< ;s i'IA.CC g MAGNITUDES
l} Q L TAce Q ONLYy
0 P e PNEer @ Wy B
STCTRA
IM ALONE
CASE

SET: (LEMMASS) = (MASS)
o

NOW THE TET ACCELERATION — 7THE ANGULAR ACCELERATION EXPECTED
FROM FIR/IMG A SINGLE RCS TET — /S CALCWULATED FOR THE
AXIS /MDICATE D By(MPAUi}. THE ACCELERATION |S A FUNCT 0N
oF THE VEHICLE MASS, £(m) | where flm) 1s A ,")’Pe" Es lie
APPROXI MATION OF THE FORM |

TACC= 'F(/m) = (MAsAg) o +B where

A, B anp C ARE STORED CONSTANTS AND SELECTED ACLORDING Te
(MPAC) FOR TTHE COmMmPUTATIoON, THE TET ACCELERATION 13

THEN STORED /A THE LOCATION (NDicATED By (MPACHL).
SEE TABLES ABovE.

CALc.. JACC FoR NEXT

AX1S, SUBTRACT'®

Ol '()-om (MPACfi)‘

& from (MPAL)

page. 79



COMMEQS

CALCULATE THE JTET ACCELERATIONS

AT Y5 ° FROM |
JACCU) ¢ (1TA a
Q-R AXES (1 Ry Fev @ Ta Bs
= 0.707[(117\(.(. Q) +(1TAcc R\]

v

CALCLU LATE THE INVERSE OF THE
ACCELERATION EXPECTED FROM Q
P-Axis JETS FIRING . SET ! LISED )N P-AXIS
RATE CMD MODE LoGIC
1/aTTsP) = :
(/ ) 79‘ (1JAcc) TO CALC. FIRING TIME

(MPACQ) = ?
& o- -0

ASCENT ASCENT OR

DESCENT 7

=l DESCENT

NOW THE LENGTH ,L, FRom THE DPS ENGINE FPivoT
JO THE CENTER-OF ~GRAVITY IS CALCULATED. L 13
ALSo A FudweTion OF mASS AND |8 APPROXIMATED BY
THE SAME FoRM AS JACC. SET !
A B BT wh

(L, PVvT-Ce) (Mass) + C
A = + 641051917 ) B= + I55044 | - R
LAT-C& 15 vseD IN THE NExXT CemPUTATIaN,

L

THE MAGNITUDES OF THE RATE —OF —CHANGE OF ANGULAR
AcELERAT 10N, TERK | ABoUT THE & T R AXES ARE NOW
ComPwIrED. 7/1Es&E TERK TERMS ARE DUE TO !
THE THRUST VECTOR /MISALIGNMENT wITH THE (.G, £
THE DPS EN&INE ROTATION WHILE THRUSTING

ABS
ACCDO

page 7k



THE TERK TERMS ARE BASJ(.ALL\/ oF THE
Form ! °.C o o< A ERE

o= 77I or %ems/_zwsxrm ApD

T = Force x MOMENTARM = F x L‘sm v
AND ~ =

/= s

Asstmi D

LRESC
hEe Nehs

ACCDoT

i

MASS X LnEAR AccEL, = ma.

SWALL ) THEN SIN P 2= 0 N RAVIANS o THEREFORE
T/T = AL T\ uere Au rerm ExcepT Y ARE
T

CONSTANT FOR THE ComPUTATION CyclE (T//Ey ARE BASICALL y

UFLAT ED ,5yzp/ X EEC, PLORING FPOow ERED FL:GHT\. e Ul = SIS S A
CHARGE W T, BR a0 y THAT cHUSES C 70 CHANGE (o() ; THEN
o

®

oC = 27aL d@ . AL N Tv s, maprENs THAP

o A i

/Oe’ IS /},/£L',V/M)/CALL/ MHELD A CDNS7AN7‘(PPS G/MBAL DRIVE FATE =0, %EA
THE //u.e,mmjj:) s FOR &E/THER THE Q oR R-Ax!S. SIMNCE THE

AXIS TJE7 ACCELETATION /S ALREADY KNBLIN ) TAE I ERTIA
JERK TERM CALL, BELOW CANGBE OBTAINED FrRoM - "{",_7_— where

T o= A Rdswe TORQUE ©F A SINGLE RLS TET ,

THE
Dyisson (s
OVER Ftlow
R TECTE B

(W/LL roT BE
o)

s

a7

STORE THE TERK MAGNITULUDES ) E&T
(AccpoT R) — [(ABDELV) (MAss) (L,PyT-c6) (LTAR)
(G FALTM) (ToRK TETA4)

(ABoeL) (MA ss\) (LT o L’LI ACCR)
(GFACT M) (TorRK TET 1)

(A Qe Dqu;) o

l,)lr\e.re & (ABDELV) = THE ACCEL. DUE To THRUST
M K
(GF/‘CTM} = A CONVER SIoN CobsTANT == HY5 E}— %_
Slua 7
(ToexTETL) = L JET TeRQUE - S50 AT-u63 Y
PRIVE RATE 0,00349 R/s

FOR THE



NowW TWE TET ACCELERATION FoR DOCKED cCoNFIGURATION 1S

COMPUTED FOR wS& By THE LA PAP. 75/ /AXIS TAcc Wikl

BE ASSUMED A CONSTANT BUT, THE @?'R-AXES dACC L

BE COMmPUTrED AS A FUNCTION S~ BoT M LM MASS AND CSM

MACS, THE ?‘/A’—AX/S .TAC.C‘S W/iLl BE EQUAL AND Com PUTED

DIRECTLY FROM ! ogR: __z::_(ifer) . THE MomENT OF INERTIA
;

I, IS COMPUTED 7o FIT THE CURVE oF THE FoRm *

ol TS v +851+C—xg + Dy +E\‘j + F

WHERE G ='(C.SMI\4ASS) ) Lj = (LEMMA 33) AMND OTHERS ARs
COEFFICIENTS  or CONSTANTS FoR THE CYURVE FIT AMD LISTED
/N THE TABLE BELOW,THIS I |S COMPUTED AD S7olED AS

)
€7 USE SWBSCRIPT (T)
b C"" (MPAC+1) = 2l . COEFFILIENTS,
& '.\ ' FRom TABLE
; J‘_ NEXT PAGE

Also, For compurarion oF THE @,R-AXIS TERK TERMS | THE
BRNeRAL Exfraesion Tk Bol ComPuraD L rs THE

DISTARCE [FRons THE ENGIVE PIvoT 70 THe C&. AND U IS

THE GimBAL PRIVE RATE (o2 DE&/sec), L % 1S compPuTED TO
FiT 7we same cwrve aAs L (above cXPress'o'u) onvLy wiTH
COEFFICIETS SVBSCRIPTED ((.G) AND |5 STORED A S,

B e
(mPAC) = LY RAD-cm/fce, @ 4T




COE FF NAM E EQUALS
COEFF/CIENT A/I) CLOERF PD | = DB 7207
TABLE For |B(m COEFFErQ |—vi7670
bnidl SV A e /958
ExPéE ssions | D) COEFF+5| «022569
(Docxso cAse\ E (1) COEFF + &4 O 6T97Y
Flm) |CofrF +Z|—-005a9
Aee) |coerrFrr9|-.37792
Bie) |COEFF+B| 75704
Clha) ' |CosRF 46 | w0 T6
Doy |Coerr+ /| o¥ /179
Eray |COEFF+/O|—e 3/)7
Flce) |COEFF+7 | «/356Y

Dockeb
T ACc

ASSOMED a_
COPSITANT

SET P-Ax\S JET AccEL.
(4TAcc) = . Hob3 PECL, a

[JnvHInT ]

e?y

Al FoRmM AMD STORE THE 6 ,R TALL's
iy i 5/5* sgrs L TRCe®) } - (ToRQconS)
e 7, (LTAccR) (MmPA ¢ + 1)

& =Mal T ssr'

T (.cDo e R)
Ree* @ | (AccDOT®)
eI

ks

FORM AND STORE THE TERK MAGAK /TUDE S !

(MA ) (ABDELﬂ (MPACY

(mPAC + 1)

SyMMETR/ ABOVT X-AXis
I8 ASSCMED, THUS THE

IHOMENT OF /NERTIAH FOR 4)
AND R AXES 1t THE SAME/
WAK:m G TACL'S THE SAME

FIND THE S)6rw oF THE

ToRQOMNS = 550D
AT-LBs(4TeT
TOLQUE)

JERK FrROM G/MBAL DRI\VE

DIRECT /0N

pagqe 7-9



RIS O™

FOR USE /N GTS CONTROL SYSTEM, SET !
(K@) =05 (AccooT®) ; (KRDAP)=0,3(ADOTR)
(kga) = (kK@) £ (kRa)= (xkrDAP)?

\

STORE IMAGE oF CHANNEL 1Q

SET: (MpAc+l)=(cHANNEL IX)

o . ANY Bl orB12 (MPAC +2)
BoTH = O OLEM—g?'M =17
SET  (RACCDOT) =0 YES |, (Assume BewL 1s moving)

A

RACLDOT |S THE RoLL
TERK TERNM WITH A SI6N

BELL 1S cAvsING o(=)
CHANGE /~m RoLL ACCEL,

RoTATION SENSE, \L T
T ser (RACCDoT)= +(AccDaTR)| |SET (RACLDoT) = —(ALDOTR)
]

ANy
PIT¢cH TRim
cMmp?

NO B9 or 810 (MPACH1)

.47

¥

ser (nAacepoT) = O

il

QAc.c.DoT IS THE PIT¢eH

JERK TERM WITH A SIGN

WHICH \NDICATES ROTATION
sSenNsSE,

JES BELL IS CAVSING o (=)

CHANGE M PITer aaglEL,

e

SET (QA(CDOT)= +(ALDOT®) | [SET(@RADOT)= —(AU(DOTQ

(PockTEMP) = Puz.®

No —Tuis Docuep SR

N2
CONFIG: [InvHINT ]

RETUR N

ro de
EALLER e

page 7=/0



THIS RTA, ComPu7TES
VARI|OLWS PHASE PLANE
PARAMETERS FoR LISE By

T TETLAW RTAM, /&7 THE DAP

INITIALIZE SOomE PHASE PLANE
SWITEHING CURVE POSITIONS, SET:

(PBVAL3) = 0.5 (D8)

WHERE DB I1s THE AT
DEAD BAND AND =
0 30&t; or 5DEG; /N
DRrFTING- FuiTE (008

(DBVAL ) = —=075(D5) SET /N VHBE) or
\b FLITE
INMINT
TEsT USEHRITS BT
g (B14-PAPBooLS) = o?
AN
NO /E.NG. & IMBAL
BE LWSED
INSUWRING | THE G/mBAL
TRIm SWITCHES (T'EST )
TSADR) = s
PP e ¢ R PAXIS ADR,
> Q DAP cycLE
RUNNING !
SET! (ALLOW GTS) =0
gmcyrs) >— o WE L TR
¥ (NGTs)=Prnz® »¥
yi'4%)
l Pa: 6-9

GTS Cow7pkoL s

ATT. § RATE wiml  yge
THE GIMBAL

7O AMULL ANY

Do 7w& swakr TIMEGMBL

OFFSET ALEL,

1

2

ROTATE THE ® 3% R-ANIS OFFSET ACCEL .
EST/IMATES /a070 LI=V AXIS COMPONENTS.

NG (Aosu) = . 707[(A0SR) #(A0SQ)]

(AosSv) = 1707 [(AOSR) - (A05®)]

(DRIFTER) 1S IMAGE

OF PRIFTBIT y

ot

- LLLAGE of [FPOoWERED

ser (Dg) FTER) = L
(FLATEMP) =0.8 °
(Z3TEM)=/Z5ms

ser (DRIFTER) = ©

PUASE PiAarvE
LiMmIrs

YES

bo
/INVERSE
ACCEL

ser (Z3TEM) =0
(FLaTEMP) =0.8°

FUNCT 1005

(ALLow¢Ts) = Avz?
*1

7S CoNTRoL
ALLOWED

SET (FLATEMP) =0

24
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Do
PAX\S

BELow, THE |[NVERSE ACCELERATION TERMS AND FUMNCTIONS ARE
COMPUTED FOR 7HE 3 AXES. THESE VALUES ARE USED WITHIN
THE TTETLAW SUBRTMN, OF THE JOOMSEC DAP CYCLE 7O cComPUTE
THE LOCATION OF THE VEMNICLES STATE /N THE SHATE PLANE,
THEY ARE COMPUTED HERE 70 SAVE COMPUTA TION T/IME IN JTHE
DAP, s7apmive wird 7#HE FP-AXIS VALUES.

THE GENERAL SUBTERPMS 77)»47‘ FoRr THE JANMVERSE COMPUTA -

T7/IONS MHAVE WNEUMonNICS THAT ARE REFERED TO AS °

NET ACCELERAT I ON (ANET) L THE NET sUM OF 7HE

TET AcCcELERATION AND THE COCFFSET ALCELERATION For
THE Ax/s(;z TE7T ACCEL, IS US&D FoR F-Axis Anp Bors

R AND L TET ACCEL, FoR THE L 5 V-AXES), VALUES

ARE Cor7PL7EDL FORL THE CASES \WHERE JHE OFFSET

AL DS . T E TET AccEL; (CA/../.ED Fos, CA5553 ANDEO R ASES
ForEn THE AOS o,r05Es (CALLED NEG. CASES).

COAST” ACCELERAT/ OL) (A404§i) = THE ArGuiar Acc ELERATION
EX)STIN G WHEN NO TETS ARE FIR/NG , WHICH IS ACTUALLY
THE OFFSET AccEl , ForR THE Ax1S.,

NOTE ¢ THE P-4r)s 1S ASSUMED 76 HAVE ZERD OFFSET
ACcEL, AT ALL 7/mES.

BorH (ANET) AND [(AconsT)AnE scaLed AT TR . Hewesvir
THEIL N YERSES Wikl B&E ScALED AT a"/n- 5£c2/RAD. ALSO,
THERE WiLL. BE CASES WHERE JHE OFFSET AcckFei, Wit e BE
LERCD ///44 THE TI/0E 74 P—/)y/s_). SrnvcE THE o VERSE O F THAS
/5 ,w;/,u/r// AL THELE FORE CAHArNeT MBE USED /140 THE LGC )

A 2N AP U #7 VALUE @Aﬂ/v) OF OAHEY FAL/SEC® IS YSED /wITEAD.
JHIS /5 THE SMALLEST NLPBERL WHOSE LECIPLOCA L Wil
NOT OVERFLOW, ScALED 47 K7 . WIS, THE VPALUE OF

1 /AMIN L/ooaysy = AT oR POSMAX aT 277 jwHic s
/S THE SCAL/ VG FOR THE JrvélSE oF AJCoA4s 7T

i

ca/u’f'



DO

AXIS
CON'T; =

LiNnmninT |

EET

TWO LOCATIONS
ONE FOR — ROTAT/OMNS

COMPUTE THE RE‘CIPRO;AL oF ANET FoR P-AXIS
(1/ANETP) = L /(1 Tacc)
(i/ANETP+1>: i/CJ..TAcO

@’77#

) ONE For + £07A7/opsj

A

LTACC 1S THE SINGLE TET ACCEL. FOR THE P-AXIS SCALED AT T/Y,
OR, THE SAME VALUE IN L. TAck /S A & JTET ALEL. /F SCALING
oF 77/ IS AsswumeD, THIS |s THE SCAL/IVG OF /IA/ET/ THERE -
FORE, 1TAcc CAXN BE USED FoR ANET (No AOS FoR P-AXIS)
ALSO | SINCE THERE IS MO P-AXIS oFFSET ACLEL., AcopsT
ForR P-Axis = AMin oR, L/ACAAST FoR F-Axis = 1L/AMIN =
2o @ Ay scaioma. THUS, THE VALUE oF 1TAcc A ALSo
BE COVSIDERED £ QUAL TO THE TEEM ANgT//,COAS-,-[Fm‘
P-ANIS) /F ScALimé oF R )5 AssumED (1 x Ay = 2¢)
THIS TERM /2 ESTABLISHED BELow,

&

TTETLAW /=
d (A“/)ccraﬂ)

\WHI1C M

THE P-AXIS ACCELERATION FUNCTION FOR

NVow comPAPUTED. SET !
~2(4/ANETP) o3

: CPACC.FLMJ-/.Z) 3 17'-(/:%;_&3

-4 IN GENERAL

BEComES ANE

T [_1_+ANET' /Ac_oAs'r] TERMS

STORE THE RECPROCAL TERM oF ACOAST
BT OSTP
: ((:Ijlios‘r)’*?l) = (1/02)
: = LPogard X
(Rec v ]

FOR P-AXis

I/.03 I1s TAG

| NAME FoR

l/amin or

loays RAD
sECR

page by a1



bo BoTHAYES
V-AX\S

(DRIFTER) >0

IN
DRIFTIN G- YES

o

FL/M/
INSURE OFFSET ACCEL, /v

NO L évAXEs =0 /N DRIFT
ser: (Aosw) £(A0SV) =0

Do U=-AXIS

[

-

FUNETIONS IST

4

<ET (L.\\/) -0 . (LIV) IS LsEpD AS AN A XIS
IDENTIFIER FoR THE cosr-
AMON LoG /e BELoW, LV =

1 FoR V-AxIS FURLT /oS

SE r(SnGons) =4

' SET (SIeNACS) = O

A

SeT i (~516NA0S) = —(S1enAos)| = L For —AOS
= =0 Fok *+AOS

SIGNAOS AND—SEANAOS ARE R NOEXERS LISED JTo LOCAT E
PROPER SIDE 8)/ S/ OE E-MEMoP)/ LOCAT/onS WHICH TEMPORARILY
SOLD 7HE FHASE PLANE FARAMETERS DETERMINED BE LOW.
THERE WiLL BE N6 MORE DIREeT REFERENCES 70 THESE
INDEXERS /&) THE REMAINDER OF THIS LOG/e FLoOw, HoLE VE R,
THEIR USE Wil BE JMmMPLIED WHENMN THE 516N oFfF AOS s

ASKED FoR, /]l\,

Vv

VALUES t  (DBB1) £(0882) = (DB)

SEr rHE FIRE FECT DBs 70 THERE NoMINAL|

IS
NO %%k YES

«O2YSY RAL/SEC™ B\&
= A ¥ PEE/sgc™ A0S

7-17

ABsoldTE vALVE

ser (ABSA0S)=|posU| | oF aos @ 7/

DB = o,aj_z"
or &°

CHANG E LATER |F
/'E‘cE‘sme/

paqe T/ ¥



WHATS

pPrz

(FLATEMP)

I LCIFTr oR GTS //’aws/esp

L&MW
% : /N POWERED FLIGHT WITH KO

G7S CONTROL . CHANGE SwrTeH
cuRVE DR’S. Faor THIs cAsE.

(bBBL) = RDB. » (bBB2) = 2 DB
SET: (DBB3) = L5 SET: (DBB3) = — 75 DB
(pBBY) = =758 (bBBY) = DB

NOW TWE RECIPROCAL'S oF MCOAST™ #oK 7wis AXIS
ARE COmpul TED AnD STORED JA0 TEMORAR oy LOCATIONS, THERE
ARE R VALUES ) ONE REFPRESEATING 0 LR5ITIVE ACONST
ArD THE oTHER REPRESELTING A pPEGATIVE ACOAST,
.(/005. ?/Mge MEANMIV G SENSE OF RoTATION CAUSED B)/
AV AOS ), 7HE VALUE wHIcrH REPRESENTS FJHE OPPOSITE
SenseE oF THE fRESELT AOS 1s ALwAYs SEZ 7o j/AM/uJ
SincE THERE /s wo ACCAST Lo THAT DICECTZ0M).

(=) SN (+)

SET & T S RT

(1/AcosTT #2)=(1/.03) | ACOAST Ee2 | (1/acosTT+1)= @BS:AOS)

2
Wms'r‘r> = FAB5A0S) | LAWAST NEG - (1//\(,0577') = (1/03)

& a

page T—/5




SKIFDBL +

VOW , THE FOLLOWI/ING TERM Is JTESTED 70 SEE /F /7" WLl
QUESNTea g [(ABSAos) + 2(4TAcc) + _'1_] 7H 15

COMLUTATIOAN Wikt BE WSE D LATER 75 FORPM FART oF THE
ACCELERATION FUNCTI)ON (ACCFUAD FOR THIS Axis. LT
REPREsSENT S THE LARGEST TERM /N MAEN I TUDE THAT WiLL BE
LDSED BELOW, THE HMAGHK/TUDE 1S5 TESTED NOW SO SCAL/NVG CAN BE
CHALG ED ON THE SULBTERM s//Foue(FLow occui?s) TS Ao D=
/NG ANY LosSS u VALUE . THIS TERM CAN ALSo BE LYPRESSED
GENERALLY AS Folrows <

(ABsaos) + 2(1TAcc) ey S ANET, . e 7a
I 1S AN SwCE FHE MAX. TET AccEL. FoR TH1s Axis (a TeTs)
IS CONSIDERED AND ALSO REPPRESENTS THE CASE WHEN THE A0S
AIDS 7HE TET ALCEL, THIS ALSO covLtd BE LXFPFRESSED

As A/UET;W;)(//]CM‘SJ' Q,‘zé I VJACOAST /S AssLmE D
= //r)/n//u @ ;27;7— WHICH ERCALS ;7;47- 73/1/5/ THE & ELELA L
TERM, L. '+ ANVEImpar 1 BE/N G TESTED FOF WA G ) TLDE,

/ICAA s7
NO OVER FL oW JES
' z
Form THE ANET) g TERM AS: F-'ORM THE ANET,, TERM AsS:
(ANET) = (ABs Aos ) +2(1TAccw) (ANET) = (4 BSAos)+(iJ'Accu)
@ T/a 7;— scm.so e X e
oM THE A’Eé//”/"éé’”-)s‘Ff' FORM € RESCALE THE RECIPROCAL
(/AaneT) = L1/(ANET)e 27 seTy (L/ANET) = 1 /CANeET) @37
|
'R

posmax |FORM THE TERM 1 + ANET.  For
LASE THIS CASE), SE&EVT A COAST

(AnET) = 1+ (ANET)

T

pag< e



N POWERED FLIGHT
WITH GTS cow7Z Fnz

LET ACOAST For THIS Axis 8 AMIN so
REC)PROCAL Wikl NoT OVERFLOW , FRRM THE

ReciwocaL, ser: (3/acosrr) I
(A/Acosrrr.z)} (%03)

Yoz 15 TAs For
YAMIL

WHAT's

OR DPRIFTING

LEAVE PR s ALoME

NO ADS 7o sPEAK oF,
USE SymmeTRIc DB's

(FLATEM)
?

N POWERED FLIGHT,
NO GTS CONTROL

=

(ABsAoS) B S

AM//V/Q

Some AOS to comsiDer
S0 OFFSET PB's 72

FoR AL SWITCH CURVES COMPENSAT E
: (pee3) = DB N o
(peeY) = DB i e
4
|7ﬂf55 ARE (+\
COABT FC 7 oBB3Y = D S eRs s R
SwiteHd cwpve PBS seT (p8 >_ g SET: (pBe3) = )
DBB1 5 2 ALREA DDy (pBBY) = Ja (DBY)= DB
= DA 3 '
A4
NO ovek- |/ORm THE ANET 76rm FOR 7HE POSMAX CASE AS!

FLOw pOss
HERPE

(veT) = (ABsA03S) 4 2(LTAcw) @ %

AoRm T H&E /?&C-/PKDLAL) = &7 !

(4/A0eT) = L/CANET) e 24

\2

FoPm 7HE TERM 1 4+ AMNET.
ACOAST
For TH\S CASE  S&T! L
(ANET) = L+ (ANET) @ 2

FosSmAx
CASE

fie



—

s

ACCFUN 15 pcrumiy A weearive RECIPRocAL oF THE

CENERAL TERN — gne7T - NET®  40b 15 wSED /i ZonE 4
AcoAs7y

AND ZONE & /HASE PLAVE COWPLUTATIONS W THE TTETLAW SHBRTN,
DERIVAT/ION OF THIS TERA /S EXPLANED /v THE JTETLAW
SECTIO0N, ACCLLUN /S COMOUTED AERE 76 SArk CornypPuIAT/00
T/ME /&0 THE DAR S

AP

s 1 soe| ZORN ACCFUN FOR THis cASE|  Where (Afer) i
£Fos. mAY |gs: —1 (J/AA}ET) (ANET) i /ﬂ)ﬂa_ﬂ
TET cASE % _ ACorsT
e 1 term,
(—) SiIGN ()

W

? !

B ; TOR LUNE | 5

STORE ACC FuN ¥ JJANET | sroren Jw SS (E AcCc FUN QAN T
- BT (Z&576mM+2) = ACCFUN

EET L (257'5/’/}*1) o A frry | LR AaeATIans )

FoR Now , WiLL ¢
(Yh7EMB 72) = (4/ANET) | BE TRANSFERED (4/aTEMma+2) =(4/a ET)
TO PERM, LOCAT70RS

LATER | ForR THIS AXIS
e
Wow ACCFUN ApDTHE RECIPRocAL oF AMET For THE cASE WHEN
L=, (2) sre UsED wWiLL BE CompuTED, BUT FiRST, THE
sl i '(’435A05> 1o //—-779“-'-0 7‘1], LoMicr /S THE LARGEST
WA T DE TO '5-5 USED FoR 7apg~ 22/ cASE MP‘JMTIGIJ\S)
1S TESTED FoR OVERF(OW [RIOR JTO BEWG USED, TH /S TERM,

AS /v THE MAX CASE | /S EXPRESSE) ;gyfeﬁ¢,7,45_1_+_/luerm(u
: AcCoAST

L
Paae [T/

/

8



ACLTHERE 4+ 8

EVTERED L T
(A@’sﬂos) +(17Accu) +2
LOS.MIN, TET aAsE

No

OVER FlLow
’P

\

N
KeepP ANETRm As s , S&T rForm ANET,,., TERM As rye
(ANE‘T) e (ABSAOS) +(l:rAccu) IMAXIMILIP? VALUE WHOSE JNVERSE
@ 7% WiLL wo7 ovERFLow, scaled @ T
SET, 64,\)57') = fos5mAX — gv e %
I |
FoRm THE /NVERSE oF ANET,,; |
7 ; B
& o |BET (4/aveT) = 2/CANET) REMEM BER |
Ak ANET @ T, =
FORM THE TERM 4 + ANETpmip T
AcoasT ALoAsT :
aa” |sEr (AET) = L + (ANj'T) Jooasr @ '7/37—
&2 ]S ASSUME D
FoR Po&, pyp, |FORM ACCAYA FOR THIS cAase| ACLFUmr =
Je7 cA .
e e (i/AuET)/(ANETB eZ AWET?
Arver 7
ACoAs
W
STORE TERMS ELSEWHERE STORE TERMS ELSWHERE
SET MmN, TET T&RMS SET;

(ze rem —7) = ACCRUN | STORED s TEME. (zsTEM) = ACCFUN

LOCAT |O6RS LNT )L s e ET
@arems-2) = (4/ANET) |arze (2/aTEMa) = (4/ANET)
1 |

Now Do Com PuTATION S FOR
CASES WHERE Ao ofPesEs
JEeT AclEl.

PRgRTE 0T



ACCTHERE + 1]

WP 70 NOW, THE COMPHTATIONS oFr ACCFUIN 4 mb j_/AAJE‘T HAVE
BEEN FoR THE CAsSE WHEN THE OFFSET Accel., A0S, AIDS
IHE TET ACCEL./\/QITH BoTH MIN, TETS AND MAX, TETS
Cbba:DERED(r'e€cveJ" {o as Pos Ay 2 Posmuin CASES ) .
MEALIN G ABSAGS 1S ADDED(+) TO 7HE T&7 Ac.c&t..w. e, 7HE
COMPLTATIONS Wit BE REPEATED FOR THE CASE WHEN
THE AOS oppPosEs 7HE TET ACCEL  AGH N COPSIDERING
BoTH M. TETS AxD /MAX. TETS FoR THE AXIS, (rq{cml
Toe as NEGEMAX E NEGMIN CASES , MEANING ABTAGS 15 SUB—
TRACTED PREMm JTET AC(,EL..},

T

FORM ANET FOR THE MAX. TET CASE
seT: (ANET) = Q(11Accu) —(ABSAOS) | €T,

ser (Acsw) = o AERubEl
CHAPGED LATER

U N”M/ i

SET (ANET)= AMIN
( ) i W Yes DSE A& 1S,
FORM RECIPROCAL 0F ANVET | JANET NE6. MAX.

SET . (Zaner)s Lianery @3,

(=) SIGN (+)

SET (ANET)= 4+ (ANeT) FoRm & seT (ANET) = 1 4 (ANET)
(AcosTr) )+ ANEL (AcosTr+1)

r A oA ST ’ . J

2
Form ACCFUN For Iis CASE

As : —1/1/%{7)/ (ANET) ef;r

Pc\j LR e e



()

\Ao/
ST, z SE7:

(z27Em #3) = ACCFUN
(2/47Em3) = (2 HNET)

SIGN

TEMP., STOEAGE

FoR AEGMAX
TELMS, ALso,

SAVE THIS ACCFUN 14 (L) Fok LATER

ACCTHEPE +

+) o

(Z1TEM +Q) = ACLFUN
(1/ATEmA+R = (1/ANET)

Do For A/E/,L MIN EASE Mow

FORNM) ANET Fop ME&EM/NV CASE,
se7 (ANET) = ({LTacew )~ (ABsAos) i

e

THIS IS RPEALLY A TEST 70
SEE /£ ABSAOS 1> LARSE
ENOUGY To MAKE A MIN, TET
(1) ALLEL. INEFFECTIVE )F )T
OFPOSED. |F 50, Go TO
F/XMIN To /DSVORE USE.
OF MAX TETS AN D

COMPUITE MIN. TERPMS . PHCCEL. TERPMS SEFLECT
FOR THIS CASE SIinvecE . MAX cASE.

1 TET cAn HANDLE THIS A0S

L

Fokny THE REC/IPeOcAL oF ANET
Neemm., SET (YANET)= LA NET)

(=)

7o

Form /N6 THE

GET PROPER yA COAST

(+)

(ANET)

=&T"! : SET!
AR
(ANET)= 24 77— ANET
(ACosTT) L2 o T EY
\e

L0 THE NESHII A CLFLN

As. “;/CI/A A/Ery( ANET)

Fa‘je 7"‘(?,/‘



)

SIGN

!

AoSsS
P

set (Accsw) = +4

Hl(tv) TeET
AlLs 2

No

AND 27A p 4

NOW ClEck FoR FAILS /W TETS

ow THIS AXIS(H,V) wHICH ofpose
AA\Z/’/S Aos /
Y £s YES

TEMPR, STORAGE OF . A FLAG
TOTELL-TTETLAW THAT
THE A0S s larRe& £wnovew

orPross A L TET
ACCEL, 1~ S0, FORCES MAY, TETS

'(+)

seT (Accsw) = -1

T/IERE FORE
LUSE MAY
TE®MS

No

THERE ForRE
USE WEGMAX

JET TEPMS

CASE, SET

MAX, TETS cANNOT BE LSED
FOR TMHIS AXIS OR FoR 7M/$s

(AVET) = AMIN  Ri3| 400 RECI pROCA L

» 02'1S] S/IVCE ANET L AMIN

WovLp oVERFLoW

ForRmM RECIFROCAL oF ANET
ser: (4/anem)= L/ (AnET)

FOR NE&GM\N
CASE

R SN (+)
AgS
ST e (
" gaNET) = ANET)
(ANET) = 1 + (ACOSTT) (AnET)= 2 + (AcosTT22)

l

I

N

= 4(4/ANET)/(ANET)

Form ACCFUN As: |-ForR NEGMIN

CASE

\| Flekupr NEGmAX

ACCFup v (¢)

PrekupP NEG 224X

AccrFun w (L)

THE NEGMAX TEPHIS Il BE STORED
FOR THIS CASE S/IMNCE MmN, TETS

ARE AVAILABL E ANvD ABsSAHoS WAS
LARSGE ENOLGH To FoRceE MmAX, TEr
Use /N TIETLAW, THERE FoRE, po
NEEMIN TERMS gepO/R ED,

e 7T—=~R
il



() SieN (+)

_—

A0S
]

N

SE

(AarEML +4)= (l/ ANET) TE#M s,

SET l.

(ZLTEM+L)=ALLFLN | TEMP STOCACE| 5 4 1ap
(4/ATEMLY = (1/ANET)

OF NEGMIN

= ACLFUN

MAy BE NEGMAYX reems Do 70 FIAMIN

A CHECK OF

MO

(+ U TETS
+V TeTs

(cHsmAsK)

- B8 £B3 )F U-AX)S OR
BLEB) IFV-AXIS

BID $A3U oj
BYU g Aad

REPLACE THE ACCEL. TERMS STORED FOR.
LISE WHEN MAX + TETS ARE CHOSEN WITH
MIN + TET TERMS, SINCE MAX TETS CAN
NeT BE WUSED, SET ¢

(4/aTEMa +2) = (4/ATEMR)
(z5 7EM+2) = (28 TEM)

L

ANY
— JET FAILS

NO

FOR AXLS

~u JETS
-\ JETS

A cneck oF (cHEMASK)
B7 T8Y JF U-AX'S oR
B5r B IF V-AXIS

B2D 5 A m->
Bau ¥ A4D

REPLACE THE ACCEL. TERMS STORED FOR
USE WHEN MAX — JETS ARE CHOSEN WITH
MIN — TET TERMS, SINCE MAX TETg AN

NoT BE uSEDJ SET |
(1/AaTEma +2) = (L/ATEMLY
(z27Em +a) =(zaTEMY

v

END OF ACEL TERM

COMPOTATI
AXls, Now

ONS FOR TH!S
Po somE DR

ADITUsTI NG g’ SToRIN G,
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OB FU

NOW THE TEEM AXxis pisr /8 C’OM/Du/ec/. THIS 1S THE DISTANCE
ON THE [HASE FLANE L-AX1S | BETWEEN JHE FIRE SWITeH
CUpPVE (F)PEF‘C?’ =0> AND THE COAST SwWwiTeH CURVE (QoAs r—‘cT=o),
AXIS DIST 13 wSED I TITETLAW /N THE ZoNE 1 CoMmPUTATIONS,
WO TERMS ApE OBTAINED ,oNE FoR —AEL Zowe s (RIeHT
SI0E ON PHASE /;'L/!NE) AND ok Fol tACCEL 20MES (L.EFT 5:0&9‘
s 3T

OBTAIN RIGHT SIDE AXISDIST ! SET Aénin, oney
TeEmpP TORAGE,

(AXDSTEM) = (DB 2)+(FLATEMP) = 0883) | pove » caTer
"OBTAIN LEFT SIDE Axlsbjs'r; SET

(AxpsTEM +.2)= (DBRS) + (FLaTEMP) — (0BBY)

A

AU 0F THE cOmPUTATIONS ARE NowW [SIRISHED, FOR THIS AYIS,
THE LOCATIONS USED, THUS FAR, FOR STORACE OF ALLTHE
COMPLUTED TERPMS ARE /N LOGIC THAT 1S Corn¥onN TO
BoTH U-AxXis AND V=AXIS ComPUTATIONS, THERE FoRE | ALL
THESE TERMS mus] BE TRANSFERRED To FERMAIE A/ 7
LocATIoNS | RESERVED ok THE AXIS BE/NG PR OCESSED,
7O MAKE WAY FoR THE OTHER AXIS THAT  wW/itl BE DoNE
NEXT, THE PELMANENT LOCATIONS ARE LOCATED /N EBANK
b, STARTING CONSECUTIVELYy AT BLockToP for L-Axis,
AND V=-AXIS TERMS STARTING |6 D PLAcES BEyonD,
TRANSFER wiLL BE PERFORMED mow L

L
[ pvHinT |

UV)=? s&Ter A7 sTART 70 PO
U=Ax\s Firs T
V-AX\s

LU-AX\S AX\S WAS THIS
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SET ! : MAX. JET FLAG [SET ! '
R
(AccswU)=(ACCSW)! rreriaw  |(ACSWV) = (Accsw

s i

THE FoLLoWING /O LOCATIONS ARE TRANSFERRED V/A THE
GENTRAN RTN. FROM ADDRESS STARTING AT A/ATEM 1
T0 ADDRESSES SraR7rme AT Z/ANETL (FoR U-Ax)s TEPMS)
ok I1/ANETZ 4 /6D (FoRv=-Axis TERMS) .

ser: ss7 ! e
(ActFer z5+2)=(25 rEma) (ACcFerzs+18) = (25TEM+ )
(AccFerz1+2) = (ZLTEMR) (AccFeTz1418) = (ZATeEMQ)
(recFeTzs)  =(Z5TEM) | (AccFeTzs54/6) = (25 TEM)
(AceFerzd) =(24TEMm) (AccFeTz2414) = (24 TEM)
(3/acoAsT+1) =(4/ACOSTTH) ( 2/A CoAsTHIT) = (4/AC08 TT+)
(4/aconsT)  =(4/A cosTT) (4/AconsT+IG) = (4/ACOST)
( 1/ANET2 +2) =(4/ATEMR4R) (4/anveT2478) = (YATEMAR)
(2/ANETL4R) =(HATEML1A) (2/AnETL+IB) = (4/A TEML4R)|
(1/ANET ) = (4/ATEMR) (2anETatlh) = (1/ATEMA)
(LAneTL) = (2/aTEMI) (4/ane 72 46) =(1 /4 rEMI)
[RELINT |

STORPE JHE U-AXIS DBS TEMP
Fog Aow. WA T LUNT)L V-AX1S
DBs ARE DoME) THEN SToRE

ALL AT onCE | PERMANELTLY. REMAIVDER OF TERMS
ser: (vbe4) = (DBB4) 7o 85 Usep By TIETLAW
(u DBR) = (pBBa) ALE STORED Aow /o)
(L.) DB3) = (DBB 3) PERI AN ENT LOCANTIOPS

(upB4) =(pBBY)
(UAXDIST) = (AXDSTEM)
(WAXDIST#2) =(AvDsrem+1) |

v

SET (L) = L

RETURN J0 DO

V-AXIS PARAMETERS
Now,

el ‘ page 7-a5



STORV +06

ZONE 3L/ = /7.5 MSEC FLAT = O,8DEGC /17 /4
FOR WEISHT 0F MINIMP TSET PRIFT /NG FLIGHT, OR
ZONE IN DEIF] /A é (F'LAT) =(FLATEM) POWERED \DITH &Ts
FFLIGHT, EQUALS O (ZoONE3LIM) = (z3TEM) CONTROL. OTHER WISE

j i) (mlDT OF MIN IMP
E H
JA LPOWERED, )

: NMNE 2
SWITCH CURVE FHASE PLANE NOW , SET :

E-Axls CROBSINGS (/9051\) (DBVA L 1) | =708

(PDBRQ) = SAME ,

e il mit (PDB3) = (DBVAL1)+(FLAT)
i L ( PDB‘/) = SAME

(PAYDIST) f(PAxotsru) o)

IN POWEREP FLIGEHT

AND NO GTS COMNT, (FLAT)=0? e IN RDRIFT oR Drokp
STORE OFFSET DB'S _ &rs &’if,‘?":“”
SET? YES : v _
PHASE| N TERMS oF DB (435 0r1°)@®
PLANE| &1 |##a |#3 |# ¢ |#5
(FIREDB) = (upB1) pe1 | pB|lapg| DB| DB| DB
(FIREDB+4) = (LDBR) bea |apg| bpB| DB| DB| DB
U- ) |(coasTpB) =(uDBH) De4 | DB[3-pB| DB|/aDB| DB
AMS\l(consTDB +2) = (UDB3) DB3 |~2pg| ©0B| /aDB| DB| o8
(AxispisT) = (WAYDIST) b81-Dbg3 /.l';.fD DB | JavR| © o
(AxispisT+2) = (WAXDIsT#2) |pay-ps2| D8 |47508| o | JoB| ©
(FIREDB116) = (DBBL) DBl |¢ g A 3 s
(FIRe DR +I7) =(PBBR) DB | A A A A A
A\x/n-s (coasTDB+8) = (PBBY) PBY | M | M | ™ M| m
(consTDBHI7) = (DBBB) DB3 E E E E E
(AxispisT #8) = (axpsTem) loar-os3| | | | )
(AX15D157‘+/7)= (/)XDSTEMf1> BY - DB
3D FOR THE LASEs DEFINED By: # 3 /‘;AM)AN </’Ei/los L AMIV
; 0S 'S (+)
e Agjﬁg’s,fﬁ’f”“ G ) Amin LABSAOS L AMIN
y ; » A0S 15 ()
#2  ABSAOs > AMIN #5  ABsA0S 4 Yy AMIN
Aos s &)

Pai}‘ (-x6



SINCE /N DRIFT oR
GTS CoalTRoOL STORE
SymmETRICAL DB's

DBVALL = DR
SET !
FOoRrR

(FIREDB) = (DBVAL1) DBL L, Axis
(FIREDBTL) = A i
(FIREDBtI16) = it oB L V AXIS
(FIREDB+/7) = L o A
(coAsSTDB) -"—(DBVALJ_)'i(FLAT) OB 4 }qu\s
(CoASTDB +1) = i DB 3
(ConsTDBHIL) = L DBH VAX1S
(CoASTDBHI7) = " pBs
(AnsDisT) = 0O U A X

s
(arispisTri) = O }
(AxISD/sTf/é) =0 }vmus
(AxisoisT#/7) = O

INHI\NT

B3
DAPBooOLS
OUL)/ PESET B)/

FRESH START —Pcsmé‘/" i

IREL I N T

Ve
/\
RETURN

TO THOSE WHO
CALLED Sso VALMNTL\/

ALL DonE Mo\.u} DATA
s ok, so DAP cAN

WSE Vacc TERMS

hedsaes

(S



The DAP DATA LOAD routine (R03) is the primary astronaut interface with the LM
Digital Autopilot. Its purpose is to:

a) provide a means for the crew to select various DAP response criteria
b) allow the crew to verify or update the vehicle masses (LM and CSM),
c) provide the capability for a manually initiated DPS engine trim.

This routine is selected manually from the DSKY by an extended verb entry (V48E).

DAPDISP

(ExTvBacT) B3 =17

ANOTHER
XTENDED VERSE

CAN'T Do Two
YES AT ONCE

OPERATOR ERROR
Y LIGHT

RELOAD CHANGE To J'ab\ END Rowr/NE

PRIORITY OT
LoCckKol7 EXTENDED
VERBS, SET !
sxrvs:lfr) 83=)

SET BITS 13,1/,70, 7 5/1;2)1 DAPDATRA. For
oF (DAPDATRJ_) = A\sp)ay 2 F currenTt

same bits of (DAPBOOLSB stafus o DaP

OTHER BI1Ts oF
DAPDATR L ALE
MASKED ou7

Vo4 NY6 Flash
RA=ABCDE Lle
R2 2R3 blavk

04'/4/ Co.Jc 0{ abou&
PAPDATR 4 bits

WAIT FOR ASTRO MNAUT RESPONSE
| | |

Y/ N %
LOAD DATA PROCEE D D TERMHJATE)
QIE  XXXxXE KeY V3HE
CAN CHAMGE STATUS , RELEASE LockouT
OF ABCDE AccoRklimé (ExTvBACT) B3 =0
TO PEF/IN)TIorS — DAPDATJ'
SEE LEXNT Paj:, END PoUT /AN E
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ASTRONMAL T LOADED DPAP REsSPorMsE DATA

Comé/,ua//zws ‘f;b- ‘he ABCDE oc.'lza/ code

72/9" /-vt '..“A-'Auf CAr ENTER THE FOlld OWING AIMELIC AL VALUE S
LFOR EACH DL/Isgr7T 7O LEF/INE THE pPESIRED RESPoNSE ( C[/\a/ujes
DAPDATRL bits) 2

D16 17 MO,
A\ VEHICLE CONFI&UATION
(én‘ /3\ (@) pdicate s — LIn) ALOWNE (orFISURATION
e " = L LDPCKED WO ITH LA

(7'///5 LSS O/UL/\/ METHIN TO
. JELL DAP 7HE C3A) ;s DOCKED)
B : X~TRANSLATI o0 JET Policy

(bids 1/,10) O  wvdicates - A TeTs | Fuel sys. A
/s A w0 WETS ) FUE L Sys, B
2 " e T

C ! sScAc/wne FoR MANUAL RATE CoMMAND
(b 7) O wdicates — Low scate (Y Dée/sez_,nmﬂ
i " ~— HicH scare (30 OEG/sEC, MAX)

D : CoAsr/ne Fri6HT ATIITUDE DEADBAND
(bid ) O invdicates — 0.3 DegrEE DB
€L " — 5.0 De&rEE DB

E . AUTOMATIC ATTITUDE MANEUYER RATE

(&/a I)Q) ) snvdicates =~ O/ d DEG. /SEC,
Y ” — O, 5 DEG. /sE¢,
R g = R0 Db& /[SBc,
2 i - /[0, © DFs /5Ex

NoOTE : Siice eAcré J/.7/.’( Above 15 o 3 P/ac,g ézpar/ /VU/nAr;-/

roserical/ uA/u\és vp '/a Pt c,au/a{ /Jc ‘e~7/cm.:/' S0 ] r),\_'//’
a/:f'c_-//pq_ ‘//:( HEan s 9 ‘/L/ é/‘/S‘S/A'(e.‘ c ofhers Arc
/7/4-:»&":2'2)\) ol i (E)(.‘ F:R E ) € as fl’ak‘.fs a fmauf"f i ‘/4’«
b AT e "U/C*IN R jcz[c), 17 1S K& om0 EAMED T ¢
VSE THE ALovE AL, S , MOIWEVER, :
paae 7-x9



—
i

MO

PROG.

DAPDATA.

VOSNOS - Flagh

TEST, Bl3= 41 7
(DAPDAT R 1)

B3 WAS JUST
L OADED.,

NO

CAN'T HAVE ASCENT STAGE
orLy § DOLKED cow/Fls,
PDAP 1S AMOT DESIGNED FoP

CTHIS
ALAEM LIGHT

CONFI&,

SET
(MA=S) = (LEMMAZS)

L

Rtz 0170 6 “PRocEED 1S AN
ILLe A L
WAIT FOR RESPONSE RESPONSE , NOTHING-
I I HAPPEN S ,
3I]E V3HE
/ RELEASE E£XT VERB *

CH&, TO L ALowE

(ExTVBACT ) =0
END ROUTINE

SET

(MASS) = (LEmmASS) + (C.5MMASS)

(4/,455 ) = o7 VEXN/CLE N/ASS

g S Ke, -
[gAOPLS NOW 2T IS UPLATED HllopDINE
O f

770 NMEW CoroZ )& L8474 &LOADED

Poae 730
\

| !



312 = (SMDock£ED bt

ONEMASS +Q

pow DAPEBsoL < /A4S
AsrTro LoADED

B/l = ACc4oRaAXx bii

Bla = AORBTFPAN bii

B7 = RHCSCALE bid SET . Brrs /3, /,

BY = DR SELECT b of (DAPBooLs) =

B2 = AUTRATE a b sane bids oC(DAPDATRL)

/0 7 y‘? 7/ RES::'."/JSS (AR

Bl = AUTRATE 1. bt

-JET

NO Xim TRANSL

TEST | AccHoRay bif=47

W
m BIS -FLAGL0sRrD A m

THE AUTO. AT 7UDE DovegLE \/A;_us OF
i E LV ER Fou Tin /(/ua/l’/}/») BITS | é 2 (DAPRooOL = JJ
USe s PATEWNDY 7o <ilzc7 |SE7 (RATE/NDx) PESULT
mYE DESIRLL RATE, Zei O, 2,4 o0ré6
bl ARE EIBPED A%
ToLBLE FREL)S B ERL T DAPDAT A &
MAss
\LoaD

AN

VOGENY7-Flas

Kil= LM WEIGHT '”c,»
Q2= CSM WEIGHT

\NAIT FOR A s 'T‘T-?ONALIT’

RES POoNSE

LOAD DATA CPROCEED
VRIE or V33 E K& Y

) CTERM)NAT‘E )
VB

CAN UFPPATE OF

CHANGE THE VEHICLE DPDATR

JVSEEES. LOAD Jar LES
LT JSES NS K B,

ser: (DB) = DBSELECT
(By-DAPEoOOLS

<CHEDL)LE‘ 3 Tog
ng WITH PRIORTY A7

IS EC TN
T2 END ROUTINE




—

DESCENT

1S
(LEMMA ss) (LEMM ASSY
L 5050 Ké ww“,
/ IM e

NO MASS 'S 7D NO
Low. Go
LOAD NEW
VALLE -

rEST Bl L ¥

MNoO DAFPBooLS

<SET !
maes)=(LEM MASS)

(Csm MASS)
£ 9050 K&

GO LoAD NEW

20 VALUE
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(Bit/Location)
ACC40R2X
(11/DAPBOOLS)
ACCSET
ACCSOKAY

(3/DAPBOOLS)

ACCSWU
ACCSWV

ALLOWGTS

AORBSYST
(5/DAPBOOLS)

AORBTRAN
(10/DAPBOOLS)

APSFLAG
(12/ FLAGWRD1)

AUTRATE1
AUTRATE2
(1/DAPBOOLS)
(2/DAPBOOLS)

CH5MASK
CH6MASK

COTROLER

CSMDOCKD
(13/DAPBOOLS

TABLE I

LM DAP FLAGS AND DEFINITIONS

Meaning

Set

X-axis translation to use 4 jets.

1/ACCS has been set up since the
last fresh start or restart.

Control-authority values from
1/ACCS usable.

+1 or -1 indicates 1-jet
acceleration less than 7 /2" rad/
sec® in rotational sense corres-
ponding to sign.

Thrust offset small enough to use
GTS for attitude control.

Prefer P-axis jet couples 7, 15
and 8, 16 (not related to fuel
systems).

Prefer B-system jets for X
translation. (Fuel system)

LM stages or on lunar surface.

Cleared

X-axis translation to use 2 jets.

1/ACCS must be set up in
DAPIDLER.

Restart or fresh start since last
1/ACCS; outputs suspect.

0 indicates 1-jet control
authority in both directions
exceeds the minimum. Can
use 1-jet.

Thrust offset too large to use GTS
for attitude control.

Prefer P-axis couples 4, 12 and
s by
Prefer A-system jets for X

translation.

LM unstaged and not on lunar
surface

KALCMANU maneuver rates chosen by crew:

00 indicates 0.2 deg/sec
01 indicates 0.5 deg/sec
10 indicates 2.0 deg/sec
11 indicates 10.0 deg/sec

Jets which have been disabled by crew; in channel 5(6) format.

Indicator of control system employedin current DAP pass:
= 0 indicates attempt to use GTS; LM-alone case.
> 0 indicates attempt to use GTS; CSM-docked case.
< 0 indicates RCS to be used (Q, R-Axis Autopilot.)

CSM docked to LM.

CSM not attached to LM.

TABLE I - APPENDIX A
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Tag
Bit/Location

DAPBOOLS

DBSELECT
(4/DAPBOOLS)

DRIFTBIT
(8/DAPBOOLS)

INGTS

LPDPHASE
(9/DAPBOOLS)

NEXTP
NEXTU
NEXTV

OURRHCBIT
(12/DAPBOOLS)

PJUMPADR

PULSES
(15/DAPBOOLS)

RHCSCALE
(7/DAPBOOLS)

TABLE I

LM DAP FLAGS AND DEFINITIONS (CONT)

Set

Meaning

Cleared

Autopilot flag word containing the following bits:

Bit 1 - AUTRATE1
Bit 2 - AUTRATE2
Bit 3 - ACCSOKAY
Bit 4 - DBSELECT
Bit 5 - AORBSYST
Bit 6 - ULLAGER

Bit 7 - RCHSCALE
Bit 8 - DRIFTBIT

Bit 9 - LPDPHASE (XOVINHIB)

Bit 10 - AORBTRAN
Bit 11- ACC40R2X
Bit 12 - OURRCBIT
Bit 13- CSMDOCKD
Bit 14 - USEQRJTS
Bit 15 - PULSES

Maximum (5.0 deg) deadband
selected by crew.

Null offset acceleration
estimate.

GTS presently controlling
attitude.

X-axis override locked out

individually
defined in the
table

il

Minimum (0.3 deg) deadband se-
lected by crew.

Use offset acceleration
estimate.

RCS presently controlling
attitude.

X-axis override permitted.

Jets to be turned on (for translation) at the end of the corresponding

rotation in channel 5(6) format.

Current DAP pass is rate
command.

Current DAP pass is not rate
command.

Controls skip of P-rotation evaluation after a short P-axis firing.

Minimum impulse command

mode in ""Att hold" (Verb 76).

| High (20-deg/sec)
rotational-hand-controller

scaling selected by crew.

Not minimum-impulse command
mode (Verb 77).

Low (4 dég/sec) rotational-hand-
controller scaling selected by
crew.

TABLE I - APPENDIX A



Tag
Bit/Location

SENSETYP

SKIPU
SKIPV

SURFFLAG
(8/ FLAGWRDS)

ULLAGER
(6/DAPBOOLS)

USEQRJTS
(14/DAPBOOLS)

XOVINHIB
(9/DAPBOOLS)

TABLE I

LM DAP FLAGS AND DEFINITIONS (CONT)

Meaning

Set

Cleared

X-translational sense desirable during U and V rotations:

0 indicates balanced couples

1 indicates -X translational sense
2 indicates +X translational sense

TJETLAW requires SENSETYP = 0 for P axis

4 indicates RCS control about
the corresponding axis is to be
exercised in the current DAP
pass.

On the lunar surface (never set
in SUNDANCE missions).

Ullage requested by mission
program.

Trim gimbal unusable; use jets
only.

0 indicates RCS control about the
corresponding axis is not to be
re-evaluated in the current DAP
pass because a short (< 150
millisec), non-zero firing was
started in the last pass.

Not on the lunar surface.

No internal ullage request.

DPS Engine Gimbals may be used
for trim.

(Same as LPDPHASE)

TABLE I - APPENDIX A
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