
STUDY GUI DE 
PRIMARY GUIDANCE NAVIGATION 

AND CONTROL SYSTEM 

~LM· DIGITAL AUTOPILOT 
PROGRAM SUNDANCE 



L 

APOLLO 

LUNAR MODULE 

PRIMARY GUIDANCE, NAVIGATION AND CONTROL SYSTEM 

STUDENT STUDY GUIDE 

1 SEPTEMBER 1968 

THE LM DIGITAL AUTOPILOT 

PROGRAMED LOGIC DESCRIPTION 

OAP 3100 

PREPARED BY 

FIELD SERVICE TRAINING DEPARTMENT 

AC ELECTRONICS 

DIVISION OF GENERAL MOTORS 

MILWAUKEE, WISCONSIN 

i 



f 

I 
I 
1 

l 
l 

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: 

a. 

b. 

c. 

d. 

A base for understanding the Autopilot's overall hardwareJsoftware 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. 

v 
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SECTION I 

LM DAP CONTROL INTRODUCTION 

1-1 
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OAP 
ACTIVATED: 

ASTRONAUT 
DATA LOAD: 

Code 

A= 1 
A= 0 
B=O 
B = 1 
B=2 
c = 0 
C=l 
D = O 
D = 1 
E = 0 
E=l 
E = 2 
E = 3 

LM OAP 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 
Rl = ABCDE 

CSM docked 
CSM not docked 

Description 

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 scaliiig ( 20° I sec max. ) 
Attitude deadband of O. 3 degrees 
Attitude deadband of 5. 0 degrees 
Kalcmanu rate of O. 2 degrees/second } 
Kalcmanu rate 0. 5 degrees/second 
Kalcmanu rate of 2 degrees/ second 
Kalcmanu rate of 10 degrees/ second 

SELECTED FOR 
AUTOMATIC 
MANEUVERS 

CONTROL MODES: 

Automatic Modes 

1. Automatic Maneuver 

2. Automatic Steering 

3. Attitude Hold 

Manual Modes 

1. Rate Command 

2. Rate Damp 

3. X-axis Override 

4, Min. Impulse 

An attitude change commanded in coasting flight 
by an external program or by astronaut via DSKY. 
An attitude change commanded in powered flight 
by a thrusting program, 
Holding the attitude, within a deadband to a 
specified value (also holding the attitude rate to 
within a deadband), 

acquires an attitude rate proportional to the 
rotational hand control deflection, 
reduces the rate to a deadband as a result of zero 
rate command (stick in detent). Reverts to ATT. 
HOLD then, 
a rate command (for x-axis only) to override any 
automatic mode control, except Auto Maneuver. 
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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LM DAP CONTROL SUMMARY (cont) 

MODE SELECTION: 

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. 
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B3A 

LM+X 
(+P) 

B2U AIU 

A3U 

® QUADS 

A2A 

LM+V 
(+Q) 

RCS FUEL SYSTEM 

~ ................ _, .......... ~LM+Z 

r::;; SYSTEM II A II 

' SYSTEM "e" 

JET DESIGNATION 

A 4 D 

QUAD 

(+R) 

84F 

EXHAUST DIRECTION 

AIF 

The P, Q & R axis designations are 
used with rotations and the X, Y & Z 
designations are used with transla­
tions. U & V are used with both. 

The astronaut can disable jets on 
each QUAD only in pajrs and according 
to RCS fuel systems. 

LM RCS JET CONTROL AXES 
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LGC 
INTERFACE 
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IMPULSE 
COMMANDS 

EL, AZ, LPD 
~···-::- ------, OR MINIMUM IMPULSE 
u -':.... ..::7- COMMANDS 
"!!-· t!-· ~-· • 14 13' I 

MODE CONTROL 

-~ 
~ AUTO 

llNIMUM I 
ACA I.. '. 

\Q) ATT HOLD •( 

OUT·OF·DETENT 

PROPORTIONAL 
COMMANDS 

4 ±X,Y,Z 
TRANSLATION '~fC° ' PGNCS CONTROL 

~ ~~~---------~-.-~ 

TTCA 

DSKY 

••• '- TRANSLATION 
(PGNS) " COMMANDS 

••Tl•l•lut 

-······ 
•1•12111:: 

STAGE VERIFY 
DISCRETE 

~ 
~ 

3 

CDU 
ANGLES 

IMU 

JETS ON/OFF 

!CDU 

D/ A 

Ai D 

ATTITUDE ERROR 
DRIVE 

GIMBAL 
ANGLES 

.GASTA 

CONTROL 
r----- ELECTRONICS 

SECTION ---... 
(CES) 

TOTAL 
ATTITIJDE 

I 

~ 

FOAi 

ATIITUDE 
ERROR -·~ 

~ 
,oc._K_.1 

----; 

~+: I I 
I I ~ I .. , I 

I I 

ENABLE 
(GUIO CONT 

to PGNS) 

±PITCH AND ±ROLL 

TRIM COWANDS 

JET DRIVERS 

DESCENT-ENGINE 
CONTROL ASSEMBLY 

(DECA\ 

I JETS .J 
L----

DRIVE DRIVE 
ACTUATORS 

LM DAP HARDWARE INTERFACES 
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LM DAP SOFTWARE IN TE RF ACES 

DOCKED STATE, ATT. DEADBANDSELECT 

QUAD SELECT - XTRANSL.JAUTO MANEUVER RATES 

ASTRONAUT DEFINED AUTO ATT. MANEUVER 

ATTITUDE ERROR DISPLAY SELECT -

DAP FOLLOWING ERRORS/ TOTAL ERRORS 

DJSABLE/ ENABLE U-V JETS WHEN DOCKED 

MIN. IMPULSE/ RATE CMD. MODE SELECT 

1/ ACCS 
ROUTINE 

KALMANN 
ROUTINE 

FIND CDU 
•)ROUTINE 

FRESH/ START 

T4 - RUPT 

POWERED FLIGHT 
PROGRAMS 

CONTROL EFFECTIVENESS INPUTS 

(mass dependent functions) 

STATE ESTIMATION 
(offset accelerations) 

AUTOMATIC ATTITUDE 

MANEUVER COMMANDS 

CONTROL INITIALIZATION 

JET FAIL SWITCH STATES STAGE MONITOR 
GIMBAL PILOT MATRIX UPDATE 

DPS TRIM SELECT DEADBAND SELECT 

THE 
LM 
DAP 



page 
2 - I 

SCHEDULE 1/ ACCS 
CALCULATIONS 

page 
7-2 

LOGIC SUMMARY - DAP IDLE 

NO 

DAP OFF 
MODE 

(DAP IDLE) 

DISPLAY ATT. ERRORS 
IF ISS IS ON (every other 
time) 

INITILIZE DAP 
ERASABLE MEMORY 

CALL DAP CYCLE 
VIA T5RUPT 

DAP CONTROL 

LOGIC 

ORGANIZATION 

- - - - - - -1 

100 msec 
cycle 

I 
I 
I 
I 

' 
_..,._ - _J 

I 
I 
I 
I 

' I I 
I 
I 
I 

Q.. __ ..,. __ _J 
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ENTER AS RESULT 

OF T5 RUPT 

P-AXIS 
AUTOPILOT 

DAP CONTROL 
LOGIC 
ORGANIZATION 

-------------

OFF 

I 100 m sec cycle 

I 

page ATT. ERROR DISPLAY 
2-5 (everyothercycle) 

TURN OFF ALL RCS 
JETS & DPS TRIM 
COMMANDS 

DAP OFF MODE 
(DAP IDLER) 
page 2-1 

I 
I 
I 
I 

• 
I 

• 
I 

(KALLMANN) 

INTERFACE 

page 

CONTROL 

EFFECTIVE­
NESS 
INTERFACE 

0 (l/ACCS) RTN. 
page r-2 

Q,R-AXIS 
AUTOPILOT 

AUTO. ATT. MANEUVER 
CMD. INTERFACE 

VEHICLE STATE ESTIMATION 
1. arigular rates (w) 
2. angular offset accelerations 

(CC) 

TIMER 

ZERO 

0 P-AXIS RCS CONTROL 

1. Y & Z TRANSLATIONS 
2. P-AXIS ROTATIONS (Attitude and 

r e co rol 

RCS - GIMBAL TRIM 
RCS SYS (GTS) INTERFACE 

page 5-4 

page 
3-6 

I ,_ 

TERMINATE 
APPROPRIATE 
TRIM 

r control 
I with 

--:., horizontal 
: jets 
•, -

GTS 

page 6-2 

0 Q,R-AXIS RCS CONTROL 

1. X-TRANSLATIONS 
2. Q & R ROTATIONS (Attitude 

and rate controlled on U & V 
axes with RCS) 

r'control 
) with 

'\ vertical 
/ jets 

CONTROL ATTITUDE & RATES & 
OFFSET ACCELERATIONS ON Q & 
R-AXES WITH DPS GIMBAL TRIM 
SYSTEM 

, __ 

• - - - - - - • - - END DAP CYCLE 

0 Expanded summaries on 
following pages 

NOTE: page numbers locate the · 
detailed logic descriptions 



f 

I 
I. 

1 

NOTE: page numbers 
locate the detailed 
logic description 

P-AXIS RCS 
CONTROL 
SUMMARY 

CONTROL WITH 
HORIZONTAL JETS 

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

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

(NOW TEST FOR P-AXIS ROTATIONS) 

II AUTO" MODES 

AUTO MANEUVER 
ATTITUDE HOLD 

page 3-26 

SETUP FOR A CALC. OF A FIRING 
TIME (TJET) BASED ON A "PHASE­
PLANE" CONTROL LAW (controlling 
both ATT. ERROR and RATE ERROR) 

YES 

page 
3-22 

USE "UNDOCKED" 
CONTROL LAW 
FOR TJET. (TJETLAW) 

USE "DOCKED" 
CONTROL LAW FOR 
TJET (DOCKED RCS) 

page 
4-5 

SELECT A JET POLICY FOR 
DESIRED P-AXIS ROTATION 
AND FIRE JETS 

NO 

page 
3-28 

MANUAL MODS 

MIN. IMP. -
RATE CMD. -
X-AXIS 
OVERRIDE 
RATE DAMP-

page 3-23 
page\.3-24 
pageJ 

page 3-25 

CALC. A FIRING TIME (TJET) BASED 
ON THE MANUAL CMD. 

1. MIN. IMP = MIN, TJET ALLOW ABLE, 
2. RATE CMD \_- TJET TO 
E X-AXIS OVRD _r-REACH CMD'ED 
I RATE. 

3. RATE DAMP ::. TJET TO ZERO 
RATE (resulting from 
a zero rate cmd.) 

YES 

page 3-31 

NO ROTATION REQ'D 
SO FIRE 'y - Z TRANSL. , 
IF ANY 

YES DON'T TIME FIRING -

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

RECALC. TJET 
NEXT TIME 

Q, R-AXIS RCS -
GTSINTERFACE page 5-2 



NOTE: page numbers 
locate detail 
logic descriptions 

Q, R-AXIS RCS 
CONTROL 
SUMMARY 

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

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

AUTO MODES 

AUTO MANEUVER page 
ATTITUDE HOLD 5-14 

SETUP FOR A CALC. OF A FIRING 
TIME (TJET) BASED ON A "PHASE­
PLANE" CONTROL LAW (controlling 
ATT. ERRORS and RATE ERRORS) 

NO YES 

LOOP TO PROCESS U-AXIS 
COMPONENT NOW 

SKIP COMPONENT 
CONTROL LOGIC 
NOW. INSURE NO 
SKIP NEXT CYCLE 

MANUAL MODES 

MIN. IMP page 5-9 

RATE CMD. - page !5-12 
RATE DAMP- page !HI 

CALC. A FffiING TIME (TJET) 
BASED ON MANUAL CMD: 
1. MIN. IMP - min TJET 
2. RATE CMD - TJET to reach 

commanded rate 
3. RATE DAMP - TJET to zero rate 

(resulting from a zero rate cmd.) 

USE "UNDOCKED" 
CONTROL LAW FOR 
TJET (TJETLAW) 

USE "DOCKED" page 
CONTROL LAW FOR 4-31 

TJET (DOCKED RCS) 

page 
4-5 

page 
5-15 

NO 

SELECT A JET POLICY FOR 
THIS COMPONENT (U OR V 
AXIS ROTATION AND FIRE JETS 

YES 

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

Loop back to process U-Axis component 

page 5-19 

NO ROTATION REQ"D FOR 
THIS COMPONENT SO FIRE 
X-TRANSL IF ANY 

END DAP 
,___,....CYCLE 

YES 
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+YAW 

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

-YAW 

1. A4R - B2L - AlF - B3A 1. BlL - A3R - A2A - MF 
2. AlF - B3A 
3. A4R - BIL 
4'. A4R - B3A 
5. B2L- B3A 
6. B2L- A1'' 
7. A4R - AlF 

(+V) 

MU - A2D 
B4U 
A2D 

(-V) 

+ROLL 

+PITCH 

+(U) 

BlD- A3U 
BlD 
A3U 

(+U) 

BlD - A3U 
BlD 
A3U 

2. BlL - A3R 
3. A2A - MF 
4. A3R - A2A 
5. BlL - A2A 
6. BlL - MF 
'T. A3R - B4F 

(-V) 

B2U - A4D 
B2U 
A4D 

(+V) 

MU- A2D 
MU 
A2D 

- ROLL 

(-U) 

AlU - B3D 
B3D 
AlU 

-PITCH 

AlU - B3D 
B3D 
AlU 

•For Roll &t Pitcb, a · combination of the U-V Ulta wtll be selected. 

po...je 1- 11 
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LM DAP JET SELECTION- TRANSLATION 
(X-POUCY SELECTED IN DAP LOAD) 

+X 

1. BID - B3D - A4D - A2D 
2. BlD - B3D 
3. A4D - A2D 

+Y 

1, BlL- B2L 
B2L- MF/A2A• 
BlL - A1F/B3A* 

+Z 

1. B3A - A2A 
B3A - A3R/B1L* 
A2A - B21/ A4R• 

-x 

1. AIU - A3U - B2U - MU 
2. IS2U - MU 
3. AlU - A3U 

-Y -
1. A4'R - ..UR 

A3lt - MA/ AlF* 
MR - MF/A2A* 

-Z 

1. All' - MF 
MF - A4R/B2 L* 
AlF - Bll/ A3R* 

*These are alternate traulatton·poUci•• that re•ult fn a taeklng maneuver. Two 
Jeta al•rnate (/i)m-off, tM tllfld remain• on. 
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YES 

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

NO (IN ASCENT OR ON SURFACE) 

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

FIX THE TOTAL VEHICLE MASS ACCORD­
ING TO THE CONFIGURATION. 

MASS = LEMMASS (+CSMMASS IF DOCKED) 

YES 

COMPUTE P-AXIS JET ACCELERATION AS 
A CONSTANT (1.4 DEG/SEC2). Q, R- AXES 
JET ACCEL. TERMS ARE COMPUTED 
AS a= T/I WHERE T = 1 JET TORQUE 
AND I IS A FUNCTION OF MASS: 

f = Ax2 + By2 + CXy + Dx + Ey + F 
(m) 

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

NO 

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 
f(M) = MASS+C +B &ND 

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

DESCENT ASCENT 

COMPUTE MAGNITUDES OF RATE-OF-CHANGE OF OFFSET 
ACCELERATION (JERK) TERMS FOR BOTH Q & R AXES AS: 

ALL DONE SINCE 
DOCKED PHASE 
PLANE LOGIC IS 
COMPUTED 
WITHIN DAP 

maL • 
a= "J y WHERE m = MASS , a= ACCEL DUE TO THRUST 

L =HINGE PT. DISTANCE, I= MOMENT OF INERTIA AND 
y =RATE OF ENGINE DRIVE (0, 2° /SEC) 

OBTAIN SIGN OF JERK TERMS ACCORDING TO PRESENT 
TRIM DIRECTION. STORE TERMS AS QACCDOT & RACCDOT. 
IF NO TRIM, SET = 0 

YES 

(SET - .. ... -] 
: ACCSOKA Y FOR DAP 
I_ . _ _ BIT TO CONTINUE 
..... ----.... -

RETURN 
TO CALLER 

PART I OF 1/ ACCJOB OVERVIEW 

COMPUTE ACCELERATION 
TERMS AND DEADBANDS 
FOR LM ALONE P,Q & R 
AXES PHASE PLANE 
LOGIC TO BE USED 
IN TJETLAW SUBRTN 
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DO LOGIC TO NULL OFFSET ACCELERATIONS{TIMGMBL RTN) j 
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 

..._. ___ -----..-------- -

SET PHASE PLANE FLAT= 0, IF POWERED FLIGHT AND NO GTS CONTROL, OTHER­
WISE= O. 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: 

1. THE RECIPROCAL OF JET ACCEL (1/ ANETP) WHERE ANETP = 2 PJET ACCEL. 
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 2) SO RECIPROCAL WON'T 
OVERFLOW. 

3. THE ACCEL. FUNCTION USED FOR ZONES 1 & 5 LOGIC: (ACCFUN) = 
-1/ANET + ANET2 

ACOAST 

SET UP A LOGIC LOOP TO COMPUTE THE TERMS (l/ANET), (l/ACOAST) AND 
(ACCFUN) FOR THE U & VAXES (DOU-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). 

-·· IN ----~-
NO ..• > . DRIFTING -.........___ YES 

,.,..------__:;..;----<- FLIGHT .---_.?:>--(O_R ___ P_O_W_E_R_E_D_W_I_T_H~ 

. ......___? _ ___....----- GTS CONTROL) 
YES 

SET PHASE PLANE SWITCHING 
CURVE DB'S ACCORDING TO SIZE 
& SIGN OF AOS 
SEE PAGE ____ OF LOGIC 

SET PHASE PLANE SWITCHING 
CURVE DB'S AS: 

FIRE DB'S = DB 
COAST DB'S = DB+ FLAT 

SET ALL D:EfS 
SYMMETRICAL. 
ALL= DB ·-r--·- ·-- ----~-- -~ ... . . . 

-] 
_WHERE DB = SETE'.C::1:~~-ATT. !.?..J3 

--------~ ONLY RESET BY 
DOV-AXIS ---··-.. - -----~~- D1b~LE ------.._,.___Y_Es _______ F_R_E_SH--./RESTART 

COMPUTATIONS NOW --z___ / , / - .. _ l 
ALL DONE NOW WITH 1/ ACCS t. S~~S~K:;-J· 
COMPUTATIONS. RETURN TO BIT 
CALLER --- ... ___ _ 

FART II OF 1/ ACCS OV:ERVIEW--
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HOW TO READ THE LOGIC DESCRIPI'IONS 

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: 

COMPUTER 
PROCE~ING 
DESCRIPTION 

ABBREVIATED 
OPERATION 

NEUMONics: 

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. 

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

Abbreviated description of some computer operations 
where description of the actual processing is not 
si'gnificant 

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 

Page numbers near the bubble locate DOCKE '--listing neumonics 

bubble as such: ~ SPSRCS 

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

Form: (NEUMONICSl) (NEUMONICS2) 5 - this is 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 ~ (____. , 
the author places his own description of the logic operation which has just been -
processed or is about to be processed. These descriptions are generally provided 
as an aid to understand the logic - operational mission - hardware compatability. 
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The routine "ALT~PL Y'' is the control interface between the DAP processing cycle and 
the attitude error display sequence which is controlled by the subrtn, "NEEDLER". Entry 
into" ALT~PL Y'' is every O. 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 whlch of two types of attitude errors 
should be displayed on the FDA! 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 
doadband, 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. lM pulse). 

Type II (V63E) - These are called TOTAL ATTITUDE ERRORS. They are 
computed by "ALTDSPL Y" when V63E requests and simply reflect the total 
difference between the present vehicle attitude and a predetermined final 
attitude computed external tot he 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 



l 
l 
} 

I 

1 

BY- Rc.::>FLAG-5 I N~E:~T DSPty,4LT BIT 

JJ'SED AS A SWJTC..H ro 
ByPA.55 ATr. EReoR. 0 (1 ) 

.D JS PL/'.y £/)E~f o THE~ 

PA.s~ TH ~tJ. ( c;too "'1.SEc.. 

A t..TE ~1'.LA T l o IJ J 
yes SKIP 

Dl~PLAy T}-4 I~ PAS.S 
T' J-1 1 ~ PASS· 

NO 

8'1 - f'LA G-VJ ~ D 0 
~e:-r by '\/f,OE 

CLEARED b;i Vb3 E 

CAL.C, TH~ TYPcJI. Arr. ERRo~s 
F'Ofi?. Dl'S?LA)' ON f'J6XT PAS~J 5ET: 

(A k') =: p -A x I s 6 RR 0 R... 

(Af:'.+ i)-= C(-Ax 1 ~ E.ReoR.. 

(A-K+~)-= R-Ax1:5 ER.teoR._ 

A'!> ::Sh't:iwA.J BE1-ow *" 
THE Ty PE .II. El?~o/fl..S A~c 

G4L.C., llc~t: B).JT u5F "Tl-!£ 

F1AJA L. AN~LE llALUE .S ( <..PH1J 

C P:S:C .~ CTfJE7A) A:!. 

!>ETEl<!\1 JA.JeC e YIS/(JJA l. 1"0 OAP 

$.iDRc THE:: C.Dtv1PL1"1E:AJT OF" 

THE TYPE I AiT. cR.~o R.s 

F o "l DI S ? 1...A y NE .XT PASS~ 

SET,· (AK) = -(Pe:R RoR\ 

{AK +1) = -(q ER eoR.) 
(A Kt 0\) -:: -(F..e.RR.o R) 

T/'11£ iyf's I E"~/eo~s 

'4~E CA U::. ,.q N.D ;S7~RED 

By THE DAP 0'1-- I DLf 

SEE'"" F~ ~ 

-f IYPE II E/(f(oR~ A~E. CAL.C, AS ; 

P""'lil s = ~c.n-ie:r"-) -(c.Du/i]M 11 +frcp11.r)-(c.DiJX;:J 

Q-,A.x ' s -:: [( ( T}-\E.T}I.)- ( c DLJ)'J] M ~ l +~ (. PHi)-(cvu ~JI/\ ;i.:< 

I 1 µ,-AX, s =[Cc.n• ETt.)-(cDuy)JM31-l-[(c.ps:r)-{cDlrz..')JM:i~ 



"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 ls normal. 

Whenever the DAP is turned off (due to disallowing use of the JSS) the display sequence 
within "NEEDLER" ls initialized. Thia means that when the 188 ls uaeable for the DAP 
again, at least 3 ~- tx> "NEEDLER" are required (600 msec. worth) before any 
errors can be displayed on the needles. After that J the error displays will be updated 
every 200 maec. 
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I THE STATE ESTIMATOR I 
Ac.TJ.Jl'L L.OC. 1C:.. ~TAF<IS 

6 N P"' ~ ~ 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, conatraints 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 
vehicles 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 t.o 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 ( d: f tJ _ 1 } of the state estimate and the time hist.ory of the DAP control outputs 
between control sample times ;p 
f N - / and t N . • The Control Sample Period is, of course, equivalent to the DAP 

cycle or: T= +,.1 - tAI-/ = 0.1 sec thus, the new estimate of the vehicle state can be 
expressed as: 

ESTIMATE =PREDICTION+ K(MEASUREMENT - PREDICTION) 

where K is a proportionality factor. 

In deriving the state estimates, it is assumed th3 vehicle state is represented by the 
following differential equations: 

where; 

• e -== w NOTE: the DOT means the time derivative • 

w ::. oC + a...J" 
• 

oC -== l{G-

= the vehicle attitude 
= the angular rate of the vehicle 
= the angular offset acceleration bias due to thrust vector - CG misalignment 
= the angular acceleration due to jets firing - (assumed constant while jets 

are on which may be equal to or less than the sample period). 
=the rate-of-change of oC. , or AOS, due to gimbaling the descent engine 

(assumed constant during sample period T) 

!/£XT , P,A, Ge 
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-ni.us, 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: 

o<:.' 
.,,...._ 

oC .,_ 
{JG T SU8:5T/TVT/A1G- ~ 

N #-/ 

lL) I /'\... ~ 

w -r cs_, T + ll L;;. -f a.J""~ ,A,.v D j N Iv'-/ G- ~ 

el .....-\... ""'--' ~ 
ll. Tg = ~-/ +-W T+-oC. L'2... 7- -r a r(r--r...) N Al-I Al-/ .;z G- - :rJ ~ b ~ 

"""--"' 
where; the ( ) values are the old state estimates, 

A/-/ 

T J is the total jet firing time since t ,.v- 1 J 

and the last term of e/ or °'".r -r;{_T- I) is obtained by integrating Clr tr 
over two intervals, one from ..L ;(c. T-r- and the other from r_ .fts t 

LN~ ~ y N 
During t}le first interval d3 TJ' is a variable (JETRATE) where during the 
second it is a constant (JETSOFF). :::z.. 

Of course, if &-=- T then the last term becomes Y;2. c'.l.J T . 
Now then, if an attitude (angle) measurement is taken every sample period, the predicted 
attitude e;,. can be compared directly t.o the measured <9' M7 and the attitude 
deviation term formed. This provides for a correction, or new estimate, of the attitude as: 

~ = e~ -r 11e-(e-1111 -e;) 
Successive differentiations of the attitude DEVIATION term (eM'? -e..:}can therefore be 
made t.o form the new estimates of W and oC , which are the basic state estimat.or 
outputs: 

,.....__, 
U) / Kw (em-i - e~) WN + N 

I 

,,.....,_ 
Cl(/ (e~ -e~) oCN - -f Koe -

A/ 
r~ 

NEXT PAG-13 
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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 ( e,,...., -e,) 
to exceed a certain threshold value before it is incorporated in the new rate estimate T 
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 J1 w f K°"- are chosen as 
functions of the number of sample periods (NTRAPS) since the last 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 
nooeleration estimate, the attitude astimate need not be corrected. This esseentially allows 
a Ke of unity to be selected for the attitude filter gain, which gives: 

~ -= ~1 
t- K~ (em, -e~) 

-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 DEVIATION term is 
the value upon which the filter operates. Expanding this term by substituting for ~_: 
we have: 

~rm-e;, =.J_b -e -w T-oc L 2 -u L 3 -aT_(T-2)1l 
I T L:f'rf'I N- 1 N-1 N- 1 OL ~ G J J" .,;l 'j 

With the knowledge that ~ = 6-/)Y\ from above, it can be seen that the first two terms 
represent theA 8 from tN-/ ic t"N • Now dividing thru by T, we have: 

~ - W - f;, o<:, T - '1 U T ~-a. T.. (1 - 5. ) r A.J-1 Ol N-1 /6 t; J J 07 / 
'11ie estimator term for this RATE DEVIATION is called (TR.APED) and the equation used 
illiminates the ~ LJG T ~ term and approximates the last term as follows: 

""""-- ,,,,._ T ' T.. 
TRA PE" D A.& - ~-i - ~ OCJJ-i - ~ °';r 'J" 

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 
it is initialized at (NTRAPS = 2). To obtain the desired d}'llamic characteristics in the state 
estimate, NTRAPS is combined with a pad loaded value ( Nw .J No<') and different for 
docked and undocked config.). The combination then is used for the gain terms K ~ k' ""C 
where . lA.l • 

Kw -= I A) 
NTRAPs t W J Koe. -
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The first term calculated in the STATE ESTIMATOR is the °'-.J T;- value or (JETRATE). 
This is computed for each control axis (P, Q & R) and represents the predicted addition . . 
to the vehicle rate, during the last control sample period, due t.o 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 axiSJ times 

~e length of time fired (TJET) during the 0.1 sec period_] 

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 YACCS rtn. 

Now to the STATE ESTIMATOR LOGIC 

5ETUP A LOG-IC.. Loop Fo/< GOn-1/'C>NSAJTS 

C'F lflE .JE·TR.ATE: VALUE'S. STA/k'T l>)ITH 

T)-lc- LooP ;,;....1/)e,. _.vE.R .~c. T roR V-A .x t ~ 

C A LC.LIL.AT'/ o N ~. NOTE: use: oF r1-.1E· 
/NDE' )fE R 15 Re FL EC.. Tc D ey THE :sue -. , 
-::;c_.,;;,pr {. 1 wf/l-.Rc z /'$ -;se-T ro LoCATE 

T,Jlr: P/Q. oPE.~ ~1or-13;;-::510i: E-/\1EM, 

LOC-A/IOJ..J CO~ l<IS~ P C>AJD I N& T O THE 

p;; o f'E P- A~ 1 s , Tt!E NUEM ON 1c. :s l,..)S E [; ! 1>.J 

THE Loe:. 1c.. Re.r=-t..e·c..Ts Ille P-Ax 1s .Lo'-"'tTJol.l5. 
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NEXT PAGE 
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_Lu l-i -e..re : 

LM OMEfrAN := 0 

C.SM . 
DoGK E D .:>-~i:s=-------. FOi<.. OOC.K6.I> 

? 

rh~~c. ar, 

~e_ VAt.ve-.s 

-(or A-l"w ! 

• • .L - • 

TEM.P. STO,,lf',: T#o VALUE:SJ :5ET: 

(ITEM PL) = (DK OM~ C,.A N) j 

(ITE/'11P~) -= (DKKAo~N) 
(LTE/\1P3) -:: (DKTRAP) 

W"e.v-e. : 

DJ<.orviE6/!\IJ -=- )0 Nw 
. 10 · 

DKl<AO 'SN ::. 6C3., Noe. 
DKTRAP 

J ;ua/_ FILTt!.R 
-= ,, 7 /sEc THRcsHQl..J> 
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7{1Tt=MP3) ~ 
WHIC..H IS -::. /, 41 ..%E"c.. 

Fe>R. B/TrlER. CAse 

T/lt: WEltS-NrED t:p-RAn: &Ew"" '"",u r£1f'-M 1s Now 

FO~nJE.D AO/> Aclcf e,./ Ta TH£ OLD £5T./.MAT~ .J 

SET: (OME£3AQ J =. o/d (DM£:C,.AQ)+ {r/?APEDQ) 
. · (/JQTRAP5) 

lSO ($JJM(<{ATEQJ =old(SUMl(Ari::Q).,. (TRAPE'D~J 
A,.vD SAvc (TRAPE:PQ) fl b ( w (NQTi<~P'S") 

(NQTRAPs) '
0

'" ~ 0 
• 

( 
'\ 1A.JIT1 At. rz.e. 

iJOW ~e-r: TR~pe-oQ J -=.o rHE ;~"P 

SIAJC.£ IT IS CO<!Ut/G.#IENT AT THIS TIME.) T-H'E 

WEIG#TED 0EV//IT1t:>JJ rc~/H~R7HE Q-Ax1s Aos: 
£~T/.n?A IE I~ FOR/>1E.J:> !' oc:1d"e,/ ~ Ci. D EST'/..MA7EJ 

AJJ li('Y.'j (TRAPEDQJ 
L\ 0.1 CIV4>rR A PS) 

fo (AOSt;/) ) 
(NiQT"R.A~ +(ZTEM p.;i~ 

tvhere .ITEA?P:J.. -= bO 
IO 

tJAJJ Is N'c(' .for ~d~er t:;ASG" 

SET: (NQTRAP·s)-:. (rrEM.i) J N~-= o a1- UJ10 

ovt:tFl.ow PRorecT!o 

~ - .;- K (~Mi -e~) 
~I 'W T 

,AUVMl>L.l'ITEC D£V. 

Fol<. OOW>J '- '~ f< j 
coul,,1 Ollt;R_FLOW 

,PA/f' T ~,,r /lo S 6'5'r. 
J.I~ c/) LA IE~ • 

r--~~~~~~~~~...&...~~~~~..w;..:&~r__:;~~E:~s~/_::;~~ Q-~ATE EST. 
AJJ; (TeTRATEQ)+(AoSQTER"'1J t~ {oMt=&AQJ 
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5LJM RATE.f. IS 
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Th~ ~~ 1~~~e..L de.v~'"·:hoi...1 te.r"" -t'o"' +he... J(-Axis 
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oFFSCT 
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PAR I OF ADS E;<;;.T. 

fo {ht!. o Id <?.$ti'"""'-+<..· 

AJJ; lt--'-)(r~l\P~~) . . 4 _ J t (AoSR) 
~0• 1 (NP.TRAPS) (14~T~APs)+(rr~P~)J u 

5ET: NR.T~Af>~) -: (XTEMPJ.) • JJ -= 0 or/{) 

~ t- ~{~-~J 
~-I · .. T;>.. 
•\ 

Jt I ~ So..""'-

ITEM P~ :~ 

r11F R-Ax 1~ R.AT~ Es T1"1ATrr ,,. c..aM F>1..aii'. (oMct.-~~) ~ow EQIJA~~: 
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r;t_~-----,,,,;-;r-T;-- ---- - t ~ - ,-

o ld (OM f'&A~) +(.rc:f"RATe:~) + (Ao:)R.TEW'.M) 
(iRAPtrpU -(NRTRAP~) I 

\.. __ - - ' ,,..- - - - /I 

"N-1 

(!Var[] ALL /tDDlllON~ n(oME6~ f,Q ~ R) l AR~ ovu. F'-'>w PRorEt. rco 111..1wH1c.11 

'I I 

I K (9-/)Nt-~ ) 
kl-- --

' C./15£' J Ol>/E6A 1 •. m .. L. B• SET ro 
f ±MA)<. Tl{1s h.EAAJS A ~T« LJM1r 

L ,fJF ± 'IS- %•c.. . 
fCA.~e 3 -IS 
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;V{/w The. OrFs&/ ACLELcR_,1/7/AV £57/A"IA/ES w/I/ b~ c.4/cvkled. 
C/F c C)(} rs~/ -f he_ t:? f'-fs~ f a.. c.c.e <t! Yo. f I~~ I$ f he. CVUj u la J- C{ u:~ () 

4Povl f/,-e_ c;J ~ K ~Xe!S; t;Jlnc.h 1~ c:at.J~ed ~/, f~e i>?.S e:Aj~/~e 
-f hr~:. -I 4J>J d ~e;v/e: >--- - ~{'-J 11"1(, v; fr /ff 1s11 !t1 AJA'ft1.A.J-f. Th~ e.s f1~A 'lt:.

1 . I f . --""' I (., le:.. ') I a (j 4 l'.IV I / S e'5 vA () • CX:::-A/ = oC..v f- ;(~ \c:;>'"1'f - eN j or JUs/ ::. o(N 
T.._ 

I ..-"'\.. 

w1-1E1?E THE PR£D1c.rE..D Aos 1s • cJ:.. -=- d\.. .,. u r 
) N' ;v-1 G-

T4e.. PJ?ED1c. TG[) Ale.EL. 1s ohfA.,-;Je.J tr-oM -fhe. o IJ c.s.f/""'"'-~<.. . 
p_/vs f/,(. /~/cJl'e./ c{ f/,c_ r~{c-tJf-c.h1tAJjC of a.l.cefe¥-<A- .t1't;v du~ 
to 8'~"4//,~J fh~ D?s ~;N~. This r-ci~~- of-cho.,.,,3t. (~) 1i C.A1..L'tUJ 

ACC. DOT IS <..o.k.ulll.tc..~ 1=.JCf~..-NQ.I -to -i-hc.. DAP OJ+{,,~ 1/AC.C.S ~f,..;, -

rh~ D£1JJATIOIV TtR~ is o.c.f>Jo..)ly 'fh-c d<l-11.10..41~< ot +h~ /"c:A.+c. J"v.· .... ~,~.., 
-f e .- "" { 1 ~ c ~ o 1-J a J d ; ~ , , '-I " \ "" e , j k 4 1 ·N j -f CICA o ~ ~ 

Zf:li!O A LL OFF'SEr 

AU.cL. /£RMS J SFr: 
(ALPHAQ)-=- O 

(Al..PJ.IA R) ~ o 
(Aos~TE~M) = 0 

(ADS ~rEJ!M) :0 
(AOS.Q) -= O 

(Aos~ ~ o 

Sci; 

:~ I~ kc.ly 

f"c. '4,.T ./er,.. 
~----------------------+or#~~ AOSQ 

AJJ 

(At.PHAq): (Ao~~) CAN~ eopy f'o>--- /)()W .lo)l..11-lK_ 

(Ao~QTE'Rl'v\)-::: o. I (Aosa,) 1A~ ~Al-,r t~>-m -for 
Nel(f ~- t"I. tc. eSfJM,iJ )1.; 
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Add. o.1(RAC.CDOT) to (Aos R) t~ t u6-r ter­
-fc,,. .uew Aosl( · 

'SET: (ALPHAR)-: (~osR) t"-J'Zv copy fo" ~wol'l').jk 

(A O~RT!eM) ': 6. / (AOSR) ~-1 r ·h:rM e % 
~o,,... /.Jt! tr R - C$. ruw. 

SeTLJ,P Tl/£ /PEmA1~/)6,lf? oF 7/7'/s DA p 

C c LE A S A ~A S A IJ J Go 1-./ t · 

LG-c ,Pl'('oc.E~:5/.AJG O!= TH£ DA p I/AS BFE=>J I N AN 
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/IJ Ti-1£ T/Mt:lf!s Bj r/'1£ Tl?IM Glhl'3AL LJ:?A.ITX?dL L.061c.(6-TS Olt T'IMc&MSL rtAl'sJ 
ro Avo1 o RoA)-AW/lt/ or 'T//E GN'Ht8At.s · /F G/~J!fAL t.J:SF 1s Dt~AL.LowED BJ' 
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1
/ AD.e, 

110 (PJ1JMP/'iDR.) - do1./{ 

QJP.-AYJ.5 

Au Tl>PU.1JT . 

IS 

N€~NA~· 
"JAJAc.T111E.
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II 

'SJ<JP Lo&1c.. FoR P-A.XIS 

DA P (YAW ~N.D y" -c r~ANSL. 
C..0AJT~OL LDi!rl'c..J . 

DAPIDi..'E:R 1iJ1r1ALl2.ED To 

"C 4 J<. L) I ::; p 2 /I 

Cou i.JT 
Do~~ 01 I ~E'­
WOA.TH 

[)f;z~ EM liAJT 

( QC:rJ/YI TJ/V1 R 

/'tlAX P).JZ. llALUI: 

WOULt> 8c -

~. S" ~E'-

Dec..~ sM e;tJT 

~G-1 MT I!\-\ R_ 

p 1-:rz.. 1.1 ~ t..1.a; 

-::. ~.S-- Se'- MAX. 

'' ~KIPPAX 1s" I!:. SJ?>~SI> 
CJ).JLy IF P-/1~ 1 s l/UTO­
PJJ .. oT F JJ('F'i) :JET.!:. 

i 
Ll"i ~r CjGt..G f C..AtL.., 
r-11?uvG- TIME' ,COR . 

YAw ~ rsoMscc:.. 

Tiit.JS PIRJA.,)~ 1:5 
/ 

Bt::1N&- nMED sy Tt, 
TD ~#UT CJFP :TeTS. 

:5o !JEE D J.J()T KEEP 
T ,i(' .A Gt::' o,c:- T .#EM· 

P°'Cfc 3-1 Q 
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YAvJ ~ y-z rRA>JsL. c.o>Jrll<.oL 
L.oaJC. CJ/~C.K T~A~SL. FIRST 

CJll~ 
T~A/IJS.L. 

Bio &1 8~ c 

I I I -+Y 
0 I -y 
I 0 I +z 
I I 0 -z 
I 0 I +Y,t-l = +JJ 

J 

0 I 0 -y-z -:: -LI 

0 0 I -y+z =- +v 
I I {) t/-Z.= -v 

oe.r. 
J/6. 
'-I 
~ SETI.JP .l'IN AX IS I OE>JTI F le~ 

5 WITH A NO. FROM THE" 

3 
TABLE CO~RE.SPo~Dtt-lG TO 

THE CMD, (RDn~oi:x)=>X>. 3-~~ 

// 

7 t-Jo r~A,..;sL. CMD 

J:< ScTIJ,. A A:>t.1cy ScLE~ rof 
• . So G-o OIK Fol?. )IAW. 

JO 
TO Pl(../( roP POL icy J ' 

SGT: : (NLlMBE:RT) = ~ SEt..at..r L.o~c. 1.1 S6S TEMPAJLJM rtr 
£ (TFMP/\JUM =6 667 Po1..1c.y c.oP6 A,A;D To C.OLJAJ'f 
I 

NO. oF ,PfJLl~~TeSrl!'O PFR 
A.XIS. 

SE'LEC.T THE" :rcr Po1.1.c.t FOR THI: 
COMh1ANPEI> TA'A.NSLA r10A.J AC.c.o~D­

/).)(r To (NLJM8ERT) ~' (ROTJJJDSX) 
FROM TA8LES P6- 3 - ~ I 

SET': (POLyTEMP)-= 

Po1..1c.y c.ooes. 
A~f: Oc..rAl. i Flr 

I 

/c'ST ~ FA 11..L.J,('£s /~ 1..JIT# 

(C/f~mA~K) L.Jlhc..H co~TAIAJ~ 
STAT£ OF FAIL ~WITC.-.HES c:W 

~,NEJ.. ~. 

Au. Ax\s Po1.."-J..£.s 
TEsr£D AIJ 0 Fl\IL.E't> 

ONL'f .3 
01;- lG:.1 E. .;s :o 

PE~ 
A.XlS 

DEC.RE ME NT by .i. j 
(NLIMBE"RT) 

STbl?E" TRANSL, Pouc. 
C..o OE ) :5 c T : 

(TEM PNU M) 

(NEXT P) :: (Pt:>Ly'TEMP) 

A GOdO Pot_1Gy l3ur 

~IQKE AIJ.D HoL D J.J>JnL 

YAvJ GUE:t.k:S ARE MADE, 

77./IS WILL MOVE THc 

Po1.. 1c.y 5cLEGTIC>N i;ow,v 

TllE TABLE A1'.l0 E"~D Al 

NLIM 8€1'2T .j;_ TEfl-i f'AJlJ/\1-::: 3 
I 

&TH Ll'SE"" SAME .TET~ eur 
R.oTAnoJJ TAKES PRt:CEDt=)Jce 
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(.,/IANGe /HE AXI S /'7£.AJ'T"lrl/F'~ 

To A PIA6-l)A.1ALAX 1s A(.U)~01~6.­

ro (81-').. z E~OD£..2.) _j 

IF B 1._ = 0 ) Ser: 

{f<ort>Jf)£x) = 01cl /\lo . .; 'I 
JF 8.1- = L ) 5ET: 

f!. OT l..V DEX -= old ).)(). ~ S 

THE /J.Btt>vF '1uron?Ar1CA'-';J" C.HAA.J61i~ 

TflE T~AIJ5LAT7~AJ ,;11//S Tc::>)\ CVA6-t1A.>At.. 

Axi s 1 s1.ve-E 7Hc- PR 1AJc 1PA '- AJl 1 s 
/'l<,+p t> t-A T7 o.V C..4>JJ.J~I ldta AUJJlllPL/~@ • . 

A CO/JT/A.J/.)()LJ :s p teJf.)C:..1 P.1'1.. AXl..S ('1--Z.) 
C2.m.0, f,,AJ/l .. t.. /Jt.t..tJIV 'SUC.(..li '!.'SIVE ENTill'IES 

17/Rl.I Ht:RE. THI S I /A.J cPFEt::..T) IVlt-1... 

ALTE,f>A.J~rc J);Ae;t)~A'- AXEs (u/v) .TEr 
Pot 1 C. t E 5. (EvB<y100'4ls) Tl) P&R. FotM 

A TA C..KIAJ &- hAAJE'lJ.J,/6L. A&::Ju r 'T".#F 

fR1 ~C.- 1 P.A L Ax I s 06 s t ~t£J')(y .... ,) • 

SET up T#t: _p..4 1 cf 5ELecrdlt'S 
70 PIC..K TOP PoL1';J' oFNEIV 

Ax16; sEr; (NtJM8el!T)=.I. 
TEMPNl.J =' 

'f'F$T FOR A 

VAL.I D 01/tt6 . PoL. tC,Y· 

I Al C.,t? G l'HEAJ r 
(ZE~C>OR ..t) 

SET(NExTP) =o 

·Es 

"/.J 6 EX l ~ T.s 

USIN '- QU.Al>S 
' I ~ 3 Ojo.. 

~ s.~' I 

:srt>1tE rJI~ DJ""'cS-~AJ..-,1.. 

Pot- 1 c..y c.o oe, s•r: 
(/JE){IP)= (pot.yTEMP) 
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policy 
selector no. 
(NUMBERT) 

6 

5 
results in 
diagonal 
policy 

4 
results in 
diagonal 
policy ' 

JET POLICY TABLE FOR Y AND Z TRANSLATIONS 
(P-AXIS RCS AUTOPILOT) 

+Z -z +Y 
axis I, D No. 
(ROTINDEX) = (ROTINDEX) = (ROTINDEX) = 

5 3 4 

B3A - A2A AlF - B4F BlL - B2L 
(011) (006) (220) 

B3A AlF BlL 
tacks with tacks with tacks with 
jets: jets: jets: 
A3R/B1L A3R/ B1L A1F/B3A 
(+V /+U) (-U/ -V) (-V / +U) 

A2A B4F B2L 
tacks with tacks with tacks with 
jets: jets: jets: 
A4R/B2L B2L/ A4R B4F/ A2A 
(+V / +U) (-V /-U)- (-V / +U) 

ALARM - code 0200 1 setup for astronaut 

-Y 

(ROTINDEX) = 
2 

A3R - A4R 
(140) 

A3R 
tacks with 
jets: 
B3A/ A1F 
(+V / -U) 

A4R 
tacks with 
jetS: 
A2A/ B4F 
(+V / -U) 

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 -v +U -u 
policy axis I. D. No. 
selector no. (ROTINDEX) = (ROTINDEX) = (ROTINDEX) = (ROTINDEX) = 
(NUMBERT) 12 10 11 7 

6 B3A - A3R BlL - AlF BlL - B3A A3R '"'. AlF 
A4R - A2A B2L - B4F A2A - B2L B4F - A4R 

(151) (226) (231) (146) 

5 B3A - A3R BlL - AlF BlL - B3A A3R - AlF 
(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 BlL A4R A3R B2L A2A AlF B4F B3A 

JET REFERENCE #16 #4 #8 #12 #11 #15 #3 #7 
NO. 
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Bl~ I~ SEroAJ1..r o~ PASS 
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I 
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ZE~o 
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.fHe CM D. I~ FOR. 2E~O 

RA re . 

. Ze~O 
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balanced 
· couples 

used 
alternately 

CH6 BIT NO. 

JET POLICY TABLE FOR X-AXIS ROTATIONS 
(P-AXIS RCS AUTOPILOT) 

policy +YAW - li.\t, 
selector no. axis identifier axis identifier 
(NUMBERT) (ROTINDEX) = 1 (ROTINDEX) = 0 

6 AlF - B3A - A4R - B2L BlL -.A3R - A2A - B4F 
(125) (252) 

5 AlF - B3A BlL - A3R 
. (005) (240) 

4 A4R - B2L A2A - B4F 
(120) (012) 

3 A4R - B3A A3R - A2A 
(101) (050) 

2 B2L - B3A BlL - A2A 
(021) (210) 

1 B2L - AlF BlL - B4F 
.(024) (202) 

0 A4R - AlF A3R - B4F 
(104) (042) 

ALARM - code 02003 setup for astronaut 

NOTE: numbers in parenthesis are the (POL YTEM P) octal 
codes which fit channel 6 bits. 

CHANNEL 6 BIT ASSIGNMENTS 
(LGC interface controling the HORIZONTAL RCS JETS) 

8 7 6 5 · 4 3 2 1 

JET IDENTIFIER BlL A4R A3R B2L A2A AlF B4F B3A 

JET REFERENCE #16 #4 #8 #12 #11 #15 #3 #7 
NO. 
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SECTION IV 

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

4-1 
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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) 

~ 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. 

~. T6NEXT (will be called .6.Tl) - will contain the DELTA time to the second event 

or second T6RUPT (next highest priority) 

3. T6FURTHA (will be called .6.T2) - will contain the DELTA time from the 

second to the third event or T6RUPT (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 
?. WI-lost: 

each member is a location used to identify the axis for Clelta time the list member contains. 

These locations are called the jetlist indexers and are named: 

IDENTIFICATION CODES 

/. NXT6ADR - used wi1h TIME6 O - For P-Axis 

;;., T6NEXT +1 - used with T6NEXT 4 - For U-Axis 

3. T6FURTHA +l - used with T6FURTHA 13 - For V-Axis 

N EXT PAGE 
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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. fo process a possible waiting T6RUPT (the TIME6 cntr = -0). 
"T6JOBCHK" will lead to turnoff of rotation jets. 

TIME(:. ::>HoULD t-JEVEI< 

BE (-+o) oR ( AJNZ.'> 

C.L£AR 6l5"-C.H l3 

NO Ru~r TO 
Pftoc.,E~~ 
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TC.. 

r. D 
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.6T~ 
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(L..) ::. 01..D(NXTbAD~ 
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ro SA,..... E Bl T.5 or(NEXTV) 

SET .' (CHA!V6) = ( N EXTP) 

/.Jl:XT 'P J-1,,qs 

y-z T~AIJSL. 
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"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 identified by the indexer AXJSCTR. Reference to AXISCTR is made by the 
subscript (i). Thus, TJETi represents either (TJU), (TJP) or (TJV) if i = 0, -1 or +l 
respectively. 

TJETLAW is used only when the LM is not 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 (ADRSDIFl) 
and (ADRSDIF2). These are referenced by the subscripts (il) 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 TJETLAW exit. 

If (E) ~ 11. 25 deg and/or (EDOT)~ 5. 625 deg/sec, a simplified or rough computation 
of TJET is performed just to carry the vehicle st.ate 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 TJETLAW ARE: (E), (EDOT), axis identifier (AXJSCTR), the old (TJET)t, and 
48 eraseables (16 for each axis) stored by 1/ ACCS rtn and accessed by (il) or (i2). 

OUTPUTS WILJ,. BE: (TJET)t, (NUMBERT) and (FIREFCT). NUMBERT is the number 
of jets to be used for the axis. Two jets ~or P-AXlS 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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- . ~ LJ_ f- Ec0J ] 

o) [ ACoA~T 

= Eco) LAfJiT- ANGr;-1 
ANE;"T l ACoAST J 

AAIEI /1~J) ACL>AST 4/lfftr A6St-Jh1EI> &:~IV':J'r,,.,Nr! ;t="o,Jt! rHE 

.can-1//uT,,-l!J//oµ ~ER;o../) #ERE", THEREFo~E) ADD1ncµAL DERIU,AT/U~ 
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t;Jt-le:>J [H- -015" r-7j ~o-e..s -Co ZE"R.o 1 CoAST'FC..Tfr.-) = 6 a.1-JJ +he. 
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IJ5 ED 6'y T ..:JET LA k) L 0 c;.. ;c. ' I ,A.) s TS,A .J) I A - t5 T;/2,,4 I '5-H T L I NE" 

/.l ~ ,,o ,,€ o x 1 MA r1 tJ N oF (-,.....) 1 ~ o B TA uJ E l> F R-o M Tt:f ~ _c..,u r<. vi: . 
DE Fl J..J & j) By [H - 0, 5 7'-~. /llU~) AN ~·~r/mA re- Or 
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$E:T .i.11° T/"IS ST/PAJ6-)fT LJIJE 

1?£Ll"t TION ~1,..c=-s A'S : 
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CA5c As c~/1'1,,0J.Jr£D /A.) THE y>.a:..s /!!.rN. C.oAsrFcT J 

;i)£?w CAIJ ~,: Ex PRESS EJ:) A'$ A Fl./Ncr1cµ ~F (r=o) . 
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/=' 1 R £ F c r .- T/I 1 .s w~u" D B~ Ctt>J.J vi:µ 1 E"JJ T s110~ £ F1 RF Fe.. T 
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(t~o) · 

.mv~r Be Ac...u:>,,,,~J..1sHEJ> (3Era12E 1r ~AJ..) sc- t.JsED FD<. 
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LOO#<JJ.Jt>- AT lflc Pf/ASE" PLAl-Jt J THE" t:-A.x1s G/!.OSS//..J~ 

OF .FIRcFC...l)(DBi...) I AJ.JD T/'1£" CoAsrFc.T ~O'SS/.A.J&.(D83) 
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- FJftc Fe. T . - /}XL~ [)f-5 T 1 Trl~EFt>ltl:t"" 
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,femEm&.e J (TTaA~ 1:s) 
• 

f/lfS At.l('EAD/ 8EE"J.J 
C~p~rE1> EA,et.1~1(! 

Al-se>" N JJ:SEC N~G 
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/VEX T P~.SS. ro rA,.I< 
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TtJ Sec II= /- > 5'{) MSE c.Ll_t::.. rJ.JAL'-j/ THE TE6T 

l.:S FOR ?- > 3€J • i />? SFC- ~Th IS IS OuE T" r,)-/£ 
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· o.o~5 

£S 

II" rlA'F 
'-'S_E_r_r._..r_£_1-_z·_=_O _ __. T/JDA ( 
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NOW C.01'11PJ.JTE THE /)I~ TAN'-E or /HG' Veil IC.LE"~ STATE WlrH 

RE'.S PEc.r To T#E SWITLrl C:i.J/f//#( Oil T/tleG-ET fAteA8bl.14) THAT 
~ ~I 
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sue,sr1Tur1Nt'.- THE ,Plf'E5E,A..JT £ # E (~ f:o) WE .NAVE: 
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Y£S 

71-11 s !»A 5 ~ TE sr or:: (A) 1sD1s1)-:-{F1REFc.~. 
_l1., 
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f.)ERl//A rlL>A/ 

//l/OKDER TCJ P/?CJPERL/ J.J,.U/)eR.5TAND T/-1£ r6U .. CJW1Ne;.. DE"Rl­

VATJoN ,,ro,,<J zoNE SJ CJA/£ i5//0J.J'-D /?EAD 7/'JE DER1uAnaA.J 

Fe>~ ZoN£ .J.... A~sr; THE ,,0,if'b~E;VT v£.ll1c.t.£ :ST,.tflE (@t=o) 1s 
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E (\ 0.5 ·2 
FIREFCT = - E - anetneg E + DB1 = 0 

0 coastneg 
(<::<0 025 rad/sec2) t 

ZONE3LIM X anetneg 

ZONE3LIM X anetpos 

t 

6 0.5 . 2 
FIREFCT = E - --E + DB 2 = 0 

0 netpos 

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: 

~=NO JET FIRING NORMALLY 

~ REQUIRED (COAST REGION) 

D = JET FIRING REQUIRED 
(THRUST REGION) 

/, / / /, /, / / / / / / // / /// 

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 th~ jets are driving the vehicles state 
to intersect the E-axis between DBl and -DB2 

4. DBl = DB2 =DB; DB3 = DB4 =DB+ FLAT where FLAT= O. 8 deg. and DB= O. 3 deg 
or 5, 0 deg 

0 coastpos 
("' 0 025 rad/ sec2) 

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

""the FINELAW phase plane for DRIFTING FLIGHT ( 

E 
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ZONE 5 

1. 

ZONE 1 

0 netpos 

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. 

/\ 0.5 ·2 
FIREFCT = -E ----E + DB 1 = 0 

0 netneg 

Note that no minimum­

impulse zone (zone 3) 

i 1 aet up for this coae . 

ZONEJLIM has been 
set equal to zero in the 
l / ACCS routine. 

ZONE l 

ZONE 5 

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). 
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E 

(', 0 5 • 2 
FIREFCT = -E ---· -E + DB 1 • 0 

0 netneg 

TARGET PARABOLA 

6 0.5 
COASTFCT = E +---

0 coostneg 

E 

TARGET PARABOLA 

0.5 . 2 

.\ 0.5 . 2 
FIREFCT = E ----E ' DB 2 = 0 

0 netpos 

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: 

KEY 

~= COAST REG I ON 

C=:J = THRUST REG ION 

////////////// 

E + DB
3 

= 0 
0 coostpos 

ZONE 5 

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. if AOS > amin.; DBl =DB, DB2 = DB4 = 2DB, DB3 = -0. 75DB 
b. if AOS < -amin; DB2 = DB, DBl = DB3 = 2DB, DB4 = -0. 75DB 
c. if amin > AOS > O. 5 amin; DBl = DB2 = DB4 =DB, DB3 = O. 5 DB 
d. if -0. 5 amin > AOS > -amin; DBl = DB2 = DB3 =DB, DB4 = 0. 5 DB 
e. if O. 5 amin > AOS > -0. 5 amin; DBl = DB2 = DB3 = DB4 =DB 

1'1he FINELAW phase plane for POWERED ASCENT and for POWERED DESCENT 
; (only when DPS engine trim times or greater than 2 seconds) 
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T#IS INDICATES THE" VEHICLE"" STATE 
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DOCKED LM DAP PHASE PLANE 

FOR RCS JET FIRINGS 

1. 73 DEG/SEC 

TARGET RATE FOR 
+JETS, POWERED FLIGHT 

OUTER RATE -- - -LIMIT 

O. 101 DEG/SEC -~ 

-8 -4 - - - -
-0. 101 DEG/SEC _,.-/I 

TARGET RATE FOR 

-JET~POWERED FLIGHT 

DRIFTING FLIGHT TARGET 
RATE= 0 DEG/SEC 

VEHICLE MOTION IS ALWAYS 
CLOCKWISE ON PHASE PLANE 

-1 

EDOT, RATE ERROR 
DEG/SEC 

2 

INNER 

RATE LIMIT 

OUTER RATE 

4 

------

WITH+ JET FIRINGS, MOTION 
IS UPWARD AND CLOCKWISE 

WITH -JET FIRINGS, MOTION 
IS DOWNWARD AND CLOCKWISE 

Lll\fIT 

-2 

DOCKED PHASE PLANE 

ATTITUDE, ERROR, E 

DEG . 8 

- 1/4 DEG/SEC 

DEG 
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SECTION V 

Q, R-AXIS AUTOPILOT 
(RCS Control Logic Description) 

5-1 
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Q ;- R AXES AUTO PILOT ENTRY TO 

M~ t ; /v1 ~~1 
/V1 3 ) ) ,..,.. 3.l 

FROM G . P, 

f) l/f] ,€1 x 

CALC.ULATE AND sn:;RE THE RATE" ERRORS AN!) 

ATTITUDE" ERR~:S ABtJllT THc t( f RAX ES; SET: 

(EDoTP.,)-= (OMEa,AR)-(oMEtrAR.D) 

(EDorQ) = (oME"t:rAQ)-(OMcfrAG(D) 

(c;>ERRoR) ·={('D1Jy)-{c.D1.Jyl>ij M~1 r R'~uz.)-('-OUZ.D~ M-l.. 

t' (DEL QFRoR.) 

(~t!R RoR) ': ~ (r>i.1y)-(cpuyp)]M3 1 + u (DU 'Z..)- (' ouz.o)] M.3~ 
+ (t>E-L ~E'RoR) 

A LJ ID 

MA>JE.U VER ~f/J. 
\\ II 

/<ALC.MAtJrJ 

:s e e f' A Gr E'5 
I 

.J-3 t 3-0<9 
' 

/µ P-AX \.:S. Auro-

f1Lo1 Fo ~ 

~EMcM BE.fl : (cM~<i-1'\ D) RE:trs 

5-lf 

ANO (DELt:~Die.)P-E"&-";:,.-::. O t F>-Jcr 

IN A uro. MA)..)f:l..lVER. T/.IEAJ A8t>r.JE 

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

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 

SYSTEM can be used for this purpose. Also, control of the thrust vector through the 

CG. (any misalignment of which causes an angular offset accel - AOS) is the sole 

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 
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SUMMARY - TRIM GIMBAL CONTROL SYSTEM USE 

ATTITUDE CONTROL MODE . - PITCH/ROLL sec Sec. t 1 o,.,; 71 

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 flrings 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 2:. 5 sec. 

computed in the subrtn "TIMEGMBL" - see below) or 
c) not in a DPS burn 

ACCELERATION NULLING MODE se~ Se. c.. t / oAJ "SLL 
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 calt.trim time. Trimming stops when T = O. 
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 rtn. 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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policy 
selector no. 
(NUMBERT) 

4 

3 
(sys B) 

2 
(sys A) 

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

+X TRANSL -x 

(NEXT U, V) 
(ROTINDEX) = 5 codes (ROTINDEX) = 4 

BlD - B3D 210 AlU - A3U 
A2D - A4D 042 B2U - B4U 

BlD - B3D 210 B2U - B4U 
000 

000 
A2D - A4D 042 AlU - A3U 

ALARM - code 02002 setup for astronaut 

TRANSL 

(NEXT U)V) 
codes 

104 
021 

021 
000 

000 
194 

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) 

CHS-BIT NO. 8 7 6 5 4 3 2 1 

JET IDENTIFIER BlD AlU A2D B2U B3D A3U A4D B4U 

JET REFERENCE #14 #13 #10 #9 #6 #5 #2 #1 
NO. 
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The processing for U-V rotational components, resulting from a11 mode~, 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 
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JET POLICY TABLE FOR U-V ROTATION COMPONENTS 
(Q, R-AXIS RCS AUTOPILOT) 

policy +V -v +U -u 
selector no. 
(NUMBERT) (ROTINDEX) = 3 (ROTINDEX) = 1 (ROTINDEX) = 2 (ROTINDEX) = 0 

4 B4U - A2D B2U - A4D BlD - A3U B3D - AlU 
(041) (022) (204) (110) 

3 B4U B2U BlD B3D 
(001) (020) (200) (100) 

2 A2D A4D A3U AlU 
(040) (002) (004) (010) 

1 A2D A4D BlD 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 
-ROLL= -V and -U 

+PITCH= -U 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 S- J 5 ). 

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

CH5 BIT NO. 8 7 6 5 4 3 2 1 

JET IDENTIFIER BlD AlU A2D B2U B3D A3U A4D B4U 

JET REFERENCE #14 #13 #10 #9 #6 #5 #2 #1 
NO. 

p~0e.. s-~18 
~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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SECTION VI 

Q, R-AXIS AUTOPil..OT 
(Trim Control Logic Description) 

6- 1 
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CAL~. 

FoR M rt-\E ~ N.l TE~P'w't Uc s A J SET: 

(FUIJC. r1 otJ)::. V9;. ( Fuf.J~ T J0."-))
31-. 

p . 

PEL.)::. o 

MW HA•E ;r••.I r&.eM : ~ ~ l(w + ':: .. p 
--~~~~~~~~---~~----~~~~~-. 

FOR/111 T,>IE c"m/'LIF1"£ P~HIE FVIJ(. r /() AJ 

F()~ THIS AX I~ J Ac:JJ ALL. T£~/H.S I st:r: 

,d.p (K~ THET~) = d p (t<~ TH er,-.;~ (FuAX. TJOIJ) r1N.4 I-

p /eCSiJI. 'T" 

oR F: ,_;· 1-<-e. + A.. fA Kw t~)t'a + 0(( ~ + tit:: W) 
R,~ ~ ~ -. 3 

;<Nd \/o)Jt..L BE' 2&/i?.O 

SO FUNC..T10J.J w.11..t.. 

6~ [.i. ~T -t 3J TEl?M~ 
· AIOkJ 7Esr Fo/f. rf! c 

/SI~~ <::>,&" T# E P£1 f,I E 

,C1.1 "'? r7 t:> AJ 
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EN7£ R. w I TH ( 't(~ IJ-lt:T A.) 
::.:- D/<llJE Fr.J1-JC ... T /{))J Jp 

Fe/' AXIS 

Do SAME" Tf./1,.;<r Nt>w 

Foe Q-A xis Tl!IM 

ND 

INHllJT 

PN l.. 

-1. 

NEt:ruR,Q 1'5 6/M8AL TR;,.,. 

INOJC..A.TOfl. WH1c.H Elyc.>ALS: 

- ~1 ~"-1 (DR1v £ FvAJll/~J.J) 
WHE1'J -=-o

1
T,J.IEP. E:. v · 1:..L Be 
/Jr! 0 ~ \ ·; £. . 

GD Do ''Ac.or +Cl:.1." s1Jb1--f tJ 

(seTTRIM BITS~ ID "$T""'j 

' ,, 

I 

THE 6-IM8A L TRIMS E /fETU~N 
' 

.RELINT 

SET (DAP'Z.. ~UPT)=NtJ 

END .JA SK 
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CALLED By 
G T:s oR Tl/He &MBL 

PISAL.Loi.J A1Jy 
TJ<' 11>! />11 A.J &--

NO 

SET T~/M IA)D!CA. T~lfS TO 

ZE./e.:>; {A!EGl!tP) f:{tJ£6LJI?) =D 

FJ.EC.T THE A/EW TR//>'? R£~DESTSJ ~el: 

(c:Z>Acc.oo T) = -(Ni=c;...u Q)(ACC.DorQ) 

(RAc.c Dor) = -(NE6LH~)(ACLDcT'R) 

/II A">J J ru Dr: .S ,A. 5 

CA '- C.. , IN Y .A CL~ 

r II EH 1 c 1.. e­
P 1 r '-N 

(-) 

5€1 b Cf 1... ..:_ >-i /J LI 02. J 
Fof( A - () 6-JM (3AL 

T~IM 

SE./ (c.HNLJ';).) = D 
FoR /Yo TRl-+f 

SET BID (CHNL1~) 
Fo_R A +- q GIMIJ.NJ 

TRIM 

T#E Loc.ATIOA.J (c.H.AJLJ;J.) J'S A TEMPa~A/ey ~TO~A(,.€ ~c6- /JI.JD 
I 

Nt;T OVTPJ.JT Ch' -/;J,. ALSoJ Fo~ BoT# ,P;rc.H r Ro1.1.. T/21"'1 1 A 

(t-)c;;MB/IL T~IM MEANS. Tiit E:~&.1~.E WI'-'- ~.IM'3AL /?0S1Tlt/£ 

A8~ur T~/£ :>.Pee-1.i:1E1> A.x1.s /J£~u1..T1NCr IN ....ii(-) Ac..'-.SL., 

o~ l/E111c.LE" 1<orAr101J. v1sA -v·-e.~sA FDR. t--) G1MBAL. TJe1M, 

t VEH I '--L£ 

Je D\..L 

{-\ 

SET 131\ (CHNL \";l.j SET (<.~NL\-;i...) ::: O 

F~E_ _A __ =_-15_ __!.~~~ Fo~ IJo T ~ 1,,.... 

C.LcA'R B1r.s 9 -1~ 
o F OUTPUT l..H - I.;( 

W.R\TE 61T~ 9-\~ aF 

(c H NL.\~) I A.J To C.. H - I~ 

/(ETLJR AJ TO C.A LL ER... 

(+) 

1;.JD. -VEHl'-LE 

~DLL 

SET Bl~ (c..HrvL.1;;i.) 
J=() fl.. A + ~ rR l M 

G1111SAL T~11: · 1 s 
A I< ia /11.e,,v r D o Al } 

(c>< orr) 



f · 

r 

I 

l 

I · 

TIME GMBL /.S T,J.IE :Sl.IBRT.A/. USEL> FOR T/-1£ OrFSET 

AccELE.R/JT10N /VJ./L.L/Nt3- /1Jc>D£ By TH£ L/VJ DAP oR ey 
T/-/E YACC..$ Rovr1NE l,,A),HICH IS GAL.LED £VE~y a S£(..O~CJ.s 

Od~o./~ .PbwERc-.D FLJ~.J..1/. T!MEc;.MBL 1'5 PERFOJ?M E.D 

W/-/£N'£11£R I/IE LM DAP HA5 /)ETERMIN'EJ) TJ-/£RE JS _.L/,A) 

ACL£LERAr1()).) ~Fr5.:r(/16S) AAJ.D HA-s D1sALLowE"D u:sc 
~;:= THE. GT5 ~vs~ r;J. To A/L/LL T//E L>FF:>ET; T/MEG1118L 

COM,PilTEs A Tl?l/>1 T/M£ FOfi? PO:$/TIO.AJ//\JG- T,1-/E: 

ENG/NE BELL So A :5 To ,/Ul.lLL n7£ Ad S THAr ....uouL.C 8E" 

Aeovr THE .P/Tt:..H AAJl>/o,e /2C>L.L.. AXES. T#E /R/M 7/ME.. 
,. 

T = o. L...j e j = Ac.c.eL 
. FL T/.r TER K 

WHEieE • e =:J!1dD£R1VAr1vEoFA7iER~o~o~(AoS) a.AJJ, 
d~J.,J()MJN,11\T()R = Jt:R I( T~~rv.. Q~ RATE' OF GHl'i>JG--E 

CJF Acc..£L. [)1-1£ lo G1Vt;.1,NE 'TA'h"'1hll,A.J'­
;:01e rH/ecJs r vac. rd~ C..e>AJ r,e4 L.. 

= A [);tt!HpUJ6- FAc..ro/€ LJ:SED To EJv:Sut!E )Jo o. '-/ 

Tf/E Time (T) /.$ ~Er 1.AJTc A 1£1/¥1 T1ME~ (o>JE Ft::Jte eAc..rl 

Ax Is) AA)/) /?e-l)VCED sy /00 n1S~'- £1/EJIZ. y L/viJ)A p eye 1..1:( s-ec. 

P-Ax1:s Avro~~c>r). 5/;A.Jt:.E T/mt:G/HlfJL.. 1-:5 Gc,AJci:ALLj CALLED 

£VeRy ~ :5f!:C.. J T,,,i/c,,,U T#E T,f/1/HM,IA)(:; .. I oR A)LJl..LUJ G-) WILL 8£ 

CoA.J Thu v o '-' s A:;::. '- tf:J ....v er As T 1 s G.e EA Tc .e. -r/'IA A..J ;;2 :sc-c.... 
,1-/t:PW~VE~ IT IS Vc~y /)t)'$SIBL.E' C.tl<TAnJ Co~C>ITJDµ.s 

CAN /)/$/ll-LCH.1) IJSt: OF T;/Ei EN6-J1'J6 G-1M8.AL eETl.A)SE~ 

T c.o.MPt.JT/'J11aAJ.S • . T.#1.JS 1 wllEµEvEra. T i=xc.eec.s ;;i..se;c.
1 

J-;l/c TR1/>7 TJMERS ,,;9R£ .:Sc r Tc:> ;;:;;, !) SEL, To £Ai$u,e£ 

A '-ON& 'TRIM /~ ST~PPE/) wHIL.t:: All.liW'ING- A :SMO()'TH 

rte A f..) ~ , r-1 o AJ. 
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T c:A LC... 

Dot(:--) 

-He 

CALLED By YAccs PTJJ. oRJIJ 

Re. c:.,/GT5 /I-.! T E.FFAC..E 0 F RCS DA p 

sEr(ALLowc;.rs):.' PN z. 

S~ v E RE T LIR N A D f 
SE.r(QRNDXER) = ~ . 

~To.RE J-'A LJ.JE 1 SE T: 

ALLOWS DAP TO LJSE. GTS 
RTAJ. r-o.R A TT. C,L)AJ!Ro L, NAy 
8£ /) J ~/-1 LLt!JWE.D LATER. 

(t>~ '- '/ Pi.A.GE. SET Tf.'J p>Jz.) 

ScTLJ P TD c...,..q LC. T Fa~ 
R-AX l 5 iiRl/11 r:" l ~S7. 

/f? E/J!AltN D 1£' ~ ~F L06- IC J :S 

DoAJe 010c.E F~Je R-/1)(1.:r. 

,A;VD ()AJC,E .PoR 4?-..A x l ~ 

/ CAlC... 

(A1ZAc.c.oaT)=t4u::ooTR) @ %7 

Aos 1s .sc.At..Et> A1 

-rv~ R,.., D /::.Ee. 'Z. H•~Ea 

'-lo ~c-r (A) = ~J. b (Ao~RJQ - ~ " A 0 ~ @ 3 I ~ 'SA~~ 
.AS -t',Lf A-os <e: o/8 (THE 

cTtJ SETtl? TtJ T~ 

Tl/RAJ i~/"'7 GIM BA'­

,CJFF .# tHV. 

'S~t...1.-.;~ Ll!.C:D L.A'T".l!f,Q.) 

0 8LJT TIME U>l-lt...D 

THIS INDJC.ATE'.S T#E TRIM TN>1£ Wal..lt..D 

GERTAIA.JJ./ Be > ~ SEC.. 'SINC.E 7:_HIS T.&:STelJ 

T#E )/UMElfATtJR OF,· -r: O.L/$ • A/Jj 

FL °t/...r 
Dt\/JS/ON WC>L.Jl.-D 8£ MEA/Jl/\J6-LESS, 

SETl.J P TR'IM PHl~EC:.T/",A./ ACC..DR[);.,vr,. Tz:> 

SlaNO(_ : ( NE~LJR)t;J -=-'St&JJ{ACJSR)Q 
T~'IM INi>ICA T!Jtf 

= :t:J_ 

6-10 

(;.o SETU.P TR1rn Tl/1'/EI(. 

F c>R A L o ,A.) 6-- T /~ ! 1 : 1 A ('/ D 

D1;s/1Ltow LJL~r: .,,-- ;.;._'TS 
ror<. /VOW. 
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THED -sic.,.,.., Aei~ 
( + ) \,<I /\ ~> (- ) 

SET (A)-::: (N2.A'-C..CoT) Rt:~c..ALE'U 
To h1 EA AJ ~ ACL DeiT AT J"g 

NZACL DoT -:: :JE"RK. 

TeJNYJ @ 17/;;)..7 ) olt 

Tl-IE OE)..) l>M! µ,Alt>R. 

.;l. 5E (.? 
ND s AVOI Ds 0o>J.)/.­

TllE 1)1111'5JDW 

C.ALC.. TllE AC.TLJAL T,1:?1/Y! IHl.5 WAS A TE'S7 TO SEE IF THE. 

Time.) T/.IE~ A s : NllME~A ro,q, 1 s. .z. T>VlcE r#E 
T - I~/ -(ITEMP~) DElllOMIAJAI~~ .IF so, T#l:A.J .A 

- /;~~'I · P1v1s1t>A1 oF T= ~cl_ LA..;ou1cl or 
( IJ z. A c..c.. l)(.) t) ci I 

.___-----.....-------+ C.tw!: 5E. J 8 E ~ ;t. ~ E c.. c~ r:> S 
§. )t>OM'S . ,, 

ND Now T= a.~1 e 
~~-- ) FL ~.I 

SET T//11.ER '. 

(RGIMTIMR) = T 
Q 

L
s. ETl../,P To TLJ~,A/ 
T.Rlhl .:i.rF I S ~ T : 

(NE6t.Jf<.) :::() 

Do :5/V11 £ 

FoR Q - Tl~1,..'\ 

/1 CC...C L , /!/ tJ L- L / .(.) 6-

;Vi) IN ( 

S£T TIM~I'?_ Fol<. A LolJC-

1 ~Rim'. (R6~~TJMR ~· .~s~c. 

SET ~Ll...0\AY6-T~j = 0 .· 
D1SA1..t..0W \JSE' o F GTS 
(.ON TR.~ L.. -:; n.J C..S ~CC. c L , 

IV UL. L 1 N 6- I :::;. A L O ~ Cr TJ M S 

Y£S 

Go Dei ''AC.DT +Cl.;:(/
1 ::::vBR.Tj 

(5ETTRIMBJT:!>J T6 -:>T~RT l~ 
, ...,,. 

c;.; ml-1,.:l t.. TR 1 M ~ 1 _!_17 ~ "'-'.. --~;:!..'-: .., - ' 

RETLJ~ Al Ta TiMF.;.11-18L 
C/,1 :..L ER 
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SECTION VII 

INTERFACING SOF'IWARE LOGIC DESCRIPTIONS 

7- 1 
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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. 

'1lie inputs to 1/ ACCS are: 

( 1) total vehicle mass (MASS) 
(2) acceleration due to thrust (A8DELV) 
(3) attitude deadband (DB) either astronaut selected as 5 deg. or o. 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 (Bl3-DAPBOOLS) - set by astronaut 
(7) the DRIFTBIT (BS-DAPBOOLS) - -\. set by powered flight programs. 
(8) USEQRJTS BIT (Bl4-DAPBOOLS)_; . 
(9) the state of the jet fail switches (CH5MASK) 

"fhe 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 (lJAC 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): 

1. the reciprocal of net accelerations about P, U & V axes (the 1/ ANET terms) 
2. the reciprocal of coast accelerations (the 1/ ACOAST terms) 
3. the acceleration functions for phase plane firing boundaries (the ACCFCT terms) 
4. 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 deadbaDJts (FIRE DB and COAST DB terms) 

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. 
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CALLEO .AS A- .J"l)B WITH 

PRJoR 1ry 017 By 
FRESH STA.RT /!?ESTA RT 

DIRE'C.TLj J OR. /.AJl>IKt(,T~J 

VIA DAP.ID~ER 

-ZE!(o /;-/£'OF I=° SET A'-C.E/.. E ~­
A TIO/\J ESTIMAIES 

1 
S~T: 

{AosQ)=tO (ALPHAQ) ': 0 

(A OOR) -:tc (ALPHA R): 0 

c. A/..LE t:> A :s A .ToB WI TH p~, o~ 1ry 
/.WI-IE# TllE ATT. DB I~ ~j/,,,Al6EJ) 

(DA? INTE~F'.AC.E ~TAl 1S.) 

Gt. WHEN rf/~l.JPT 'S€N$E~ A THRusrGR 
.FAit. S11J.1rt:./lc.AIAN&-€ (~SE'-. 
hi OIU.I r~!l), 

J. IAJl/£AI Tll.RUP7 /)E TFGT5 .... sr~t!-F 

Sur APs FLA(, (81~ - F6-wt>.1..} Dl)E'Sl..I' r 
~ GrRE"'c (f~ SE<:. /lflJIVITb/() 

SA v E' 
Rert.J RN 

ACR 

GALL.SD f:V~~f d- SE'-. //../ 

SE'~\)IC:.E~ AS P~RT C>F 

nit A l/E. G- ~ rN. 

(A r~~K PE~FoRM&D 
JN~1....,c,. poWcR..ED 'FL.tt.H~ 

TEMP, S r~~E IMA&-£ OF 

C SM ()OGI< E 0 8 IT J S ~ r : 
( Do~K T~/11 P) :(8/3 -0APBODL~ 

£$ 

SEr: si:r: 
(LEMMA SS) = (MAS~) (LEMMAss):. (MASS)-{c.sMMA~5) 

NO 

GllEt:-1< 
/)ESC..E.NT M A'5.S 
N~i.v 

IF Dol.K.SC; (MAS~)::: 

C.llce.K. 
A -&c.t=~r 
/lfA :S~ A/OW 
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THE ~-.TET LIM/I J.JS~D 

JN P-1111 1 s RATe c.M D. 
MODE. ASC£>Jr r=o~c.rs 

;I - I/Fl U~t: A1..w.Ay.s 

-= J-11 DESCN T 
"'X/531.fOJ((, 

SE. T { LEMM~SS) = 
HI A Sc..£ NT -f- LD D£SC.AIT 

SET {LEMMAS'S) = 
(LoASC€.NT) 

NO 

(DaGl<TE"'1 P)-:: PNZ.? 

CoNF /6,.. 
7 

YE~ 

FIX T~T.AL LM Ai.ON~ 
MAs:s NOw'J ser: 

(MASS)= (LEMMA:SS) 

. FIX Tor,A,L 00CK£P MA .SS 
L0"'1 ORDER.OF' NOW SET: (MASS)-= 
D P. (M ~s.r.) j . 
,~· ZER.ofio (CS/'?MAS~) + fLEM/l?ASS) 

--------~~~--.~-----------------' 

R£L!Nf 

;Vo 

'SE"TJJP ~ JNOc°j. E'R.CS Fo~ THE 

FOL.Low IN6- j-ET ACC.E"L.~ RATION 

COMPWT.ATION 1-ooP. SE'/: 

1 
Axis / P£:µ7i FIER (MPAc_-i-1)=#.. 

~ /F /N J)PSFI../ r1::- (fl\ PAC..) = L/ . 
~IF /N A?s/s~.RF ( MPAl) -=ID,t> 

(/rlf/IC) I :S r.J~e cl. tu 
e't'T'fAc.T P~o pc.,_ 

)/o.) el-t 1(.I.. CO>J~fa.,.,{.$ 

D_o (.OM fuTll flt>µ o ~ 
' 

/PERT I ,A S ' A /J t> .:rt:/ 

°A,cc_ EL. Eft?.ATIDI->~ FOR.. Tf/E 

Poc.K"e:D '-ASE 
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. (fV1 PA c.) 

- • o~ 3~o s 
------- -··-~ 

+.oo~s-ee 

-,()06q~'3 

-.OE»EI0~1 
-·---·-· ···- - ···--·- - --------

-. 0b9I63 

~ R .iIAcc.R } MAGNI Tl.JOE~ 
, ~ 1 r A'' Q oNLy 

,__~o~~---P~ ___ .1._I~A-~-~~~ @ o/~ %.~ 
sTc.r~.1. 

LM ALO!ol& 

C.ASE 

,.---------~SET; (LEM"1A~S): {MASS) 

NOW THE ,JET A c.<:.EL ER I\ T / l> IV - Tiil: A >JG-ULA R A GC.EL£R.ATI Of\J EXP Ee.. TE" D 

F,l(oM FIRl~6- A S/A.lt!rLE RC::.S -TEr - 1$ C.AJ.c.1..11..A TIFD FOR TN£ 

t1 XI$ /NJ)1c.ATE D BY(MP!tC.t.i). THE: Ac..cG1..G'J?AruM.I JS A FtlNCTJcN 

C>F TllE V£1-11C.LE MASS) .f'(tm) J \Al her'- .f11n1) IS A hyper bo 11<::,. 

TA((. = t (M"1) _..;...A...__ __ 
- (MA$~) + ( 

+B 

A 
1 

C3 AND C Al<'.E STtJRt:O C.o/\J:O'IANl.S A~D ScL~t:.TcD Ac.<..o~ D'"'"- le 

( M PA (.) F 0 R Tl-IE c OM p w TA TI 0 tJ. TH ,,;- Tc r A cc. t Le: R AT\ 0 ~ I ~ 

TH£1V :sroRED JAJ TllE L.ac.A;10~ /1'.lD1c.Al&"D B') (MfA<...t-.i.). 
SFE T.ASL.ES ASo'v'~. 

CAL.c., ~AC:C. !='oR NEXT 

AXIS J 5U8T~Ac. T: )/() 

1. f)-011-1 (tY'tPAc.t.i) 
~ {\-0111 (T'-'1 PAC.) 
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LJ-'J C..aMPo~=~rs 

AT '/5° F~t:>M 

t:;>-R A:XE.s 

CALC.ULATE THE IE r lt<:.C.E'LE"~l'ir10N$. 

£XP£'"cT£'D ON THE u ~v AXES. <scT: 
( 1.JACCU) ~ ( 1 J"AC<.V) 

-: 0./07r(1J"AC.C.Q) +- (1 IAC(. R)J 

7-11 

CALC.U LAT• rHE" /NVE R$E OF rHE 

ACC:.ELli~ATIOf\J EXPE<..TE:O FROM ~ 
P- A.xis :rt: rs F 1R..11VGr. s£r: 

(1/;t ~rs P) = ~ (~I.Ace) 
l .JSE D JN P-A :k IS 

RATE C.MD MOOE LO(,.IC. 

To C.AL-C.. F1f<.1>v~ TIME 

,Now r11E LFN~ TH 
1 

L 1 rRoM THE DPs £ NG-1 ).IE P 1 v o r 
ra THE C.£lvr£1!. - o~ -rr~Av1 ry 1s c.14,Lc1.J1..~Tf:D. L 1s 
ALso A rLIAJ~r1cA.1 aF~.il\ss ANO 1~ APP~ox1MATE\) ey 
TJ-IE SAME FOR.MAS .J"Ac.c. ser: 

( '\ A ~ B FCET J wkcrc 
L 1 Pvr- c.~, -= (M"-$S) + ( 

A= 1",6'-flt>SJJ'i/7 1 B=+.ISS'a&.i"( J C-:.-.o;is~33 

'~ use 0 . J"' nt E NE" T C.o"" PvlATlo,., I 

I 
THE MA &-Al I itJOES OF TflE R..A rE - 0 F -C.HANC-..c OF Avt':YLJL-Ali?. 

I 

AC.CELERATIDloJ) IERK I ABOUT THE Q r I( A.X£5 ARE: ~ow 

CohlPl.ITEJ). TN ES€ :rERK TEK ,v/ s A RE DuE TQ : 

T)IF T//;f'US'T VEc.T~i!. /}1175,Al..16-,NMEAJT WJTtl THc G,6. r 
T/-1£ OPS EAJ6'/NE RDTATIDN W~ILE THRu~T/l.JG-
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Th'E IE/ff!( TFRMS AR£ 8ASIC..ALLy oF /HE 

Fe:>RM : cC :::: d oC IV#E~G 
dt 

r-- Fol?c£ :x M~MENTARM = F x Ls1AJ r 
AND F = /J?A ss x /n . .JE/<.~ A cc..t£ L." = ffVJ 0... • 

/F o/" 1s smAt.LJ T)l£N ~N ?""-::::: /(' 1N RAOJ/INS. TJIEERE:PoR~ ; 

T/r = \A)Ht:RE ALL TF.f< M EXGE PT T I+ RE 

As$LJm£J) C:o,A...JSTAJ..JT FoR TJ/E C.t>MPl/71171010 c..yc...LE (r;.~y ,AtE B.AS1CA1..1..y 

LIFt.)A,TE=~ E.'tE~/- C,::1 :._:.r:c.. "':.>R.0-· 6 .Poi..vERE.:D FLIG-HT). 5/.AJCE 1T 1:-:, r.1-1~ 
C)IA;JGE /V 1{'

1 
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/J/50/ FOR COMPLl/,;tl rJOA) o,Z: .THE C?J (<-Axis ::rEt:u:: Tce/\-1 ~) Tflt=" 

GE,A.l&leAt- £.KPRE$s;~,,-J LT J~ A/"w CoM."t.JrED. L 1s THE" 
. . . 
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S£T: ~ 1/AN£TP)::: ..i./(i JAc.c.) .,.ih 
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ES 
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MF c~,pµ re/) /J/V.0 $Ta~£.J> ,1,v Tt/H~lfA~/ .Li::>t:/JT/~,A.)'S. T4E~c: 

ARE .;:; //At..1.1£s J ~NE /i'EPR.=s t.N//N<S a..~/r1v11 ACL>/Jsr 
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If/OW J TN&" /=OL.L0W/AJ6- TEie/Vt. I'S TESTED TO 5££ !F //WILL. 
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C.oM ,,OJ.J TA II ~.N WJJ- '- 8£" I.I~ c D LA TE/IP 71'> Fc:JR. M PAR I oF 7 >-IS-

A C.C.E LERA T161V FPNC/J()N (A C.C..FUNJ FOi<. 71fl:S AX IS. TT 
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/J~A'ST 

No 

Fc'M ri't AtJrrMA~ TcR.M As : 

(At-Je:r)-: (ABS AD~ J t~(i.J,A.CC.l.IJ 
@ 11°1:; 

rt)~hl r;lii" /eEC..IPA""C.."1 L; SGT: 

( .1/A N r::T J ~ 1./(A~E T) tt ~ 

£S 

FORM rJ·I ~ AN ETMA.X IE"RM A 5: 

SET (AN£T) == (AI3SADS) +~TAl.<.Ll) 
~ R~ 
fr 5'-ALE D ff = J..Il\C..C..@ 7T 

c.Rm ~1?£5C..ALE Tfl~ Ret:.JPf?.DC....AL-
1

. 

5FT : (1/ANETJ = .i/(A1'Jt:r) ea.It 

,PosMA)I FORM T/'IE TFR/'11 .:L + AN~r_ FoR. 
~~s..: T~ 1 s '-"SE J scr AlOJ\ST 

(ANE.TJ = .1-+ (A~ET) 
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/II P {) i,µ E1< r: c F"1..1 u r 
\U •TH G-TS CPl..JT. p,vz 
Of!?.. DRIFTl..O~ 

iltJ AOS To sPE/iK t:>F 1 
I.JS£ synvYJ• rR 1c. PB' s 
FoR At.L 'Swire.» cu~vES 

(D8B 3) = DB 
.5ET : ( D 8 8 L/ ::: D 8 

tl 
l)IEt>E A~G 

COA~TFCT 
,....B ~ ..SWI rc.11 Gl.)RvF ~ ~ 

0881 ~ .:l A'-~EA Dy 
-= D.8 

SET: 

Sc:>ME A 0 S To CoAl.SI PER 
so C?FrSET D/3 's Tl> 
CoMPE.N5AT E 

( - ) 

(DBl33) -= DB 
(DBB4) -=~ 

N() ~vE~- /="ORM rNIF ANET Tc~M Fol? TllE po~NAA' ~As&"" AS; 

rLow poss, (ANeT)-::. (A8'SAO~J-t ;i..(L:rAc..c..LJ)€ °% 

FoRm T"#E TERM j_ + ANt:I_ 
A C()/l. sr 

FOR Tl·h~ CA'S'E 1 S•T: 

(ANclJ =. it (ANET)@. ~ 4 
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ACCFLJN 15 Ac.rvALL..f A NE~Ar1v&-. REc 1,P;eoc...A L or r,;1-/£" 

<:;.t:A/E"A!At. TE~.M /J,;V.&r -r.. ANET~ A Mb 1s t.Js£I> IN Z~NE .i. 
/1 c.,L)"" s r 

AIJP 2®~5'" ;::JYA:SE p~,14.1E CaN,PtlT/Jrl~AJS /,(/ r/I.: .r:TE"TLA W Si.JS~IN. 

J)G"/?!VATION OF= THIS TERM /:5 $.,t')>4.;91;A.JED /A:/ r#E r.::r£TL-A 1.-V 

s&c:...rn>AJ. ACC/C"i.J,A/ /S c~~.,,,c'Ll7'£1> #£RE Tte> SA~A" c~lfl"7J./7A7/tJJ.) 

T/ m E /N T//JF £)/JP. ·-

- ) ( -f-) 

\,j l-ll:~E (A WcT) ~l.. J 

.f. + _ANET flA AJ.. 
.A<o". fi1· 

t&RIVI. 

1t1ow ACCFLIAJ A.!J£>THE /ffe.GJPA?.ac,,4L or /JJJE.r r-o~ /){£ C/'ISE wH.$ JJ 

/JvMorl :rprs (1) "'"'" U6E.D "''~~ 8£ GOM/>tJTEJ). B•J Tr 1R0T, T"H£ 

TER/Y1 _{ABs/Jos) + {;..:rAcct.1) ~_tJ, W/7'/C/-/ /:5 T## 1--4~66-S/ 
l>IA6MITl..I DE ro .8e t..J~E J.) Fo~ THC.- /??/A/. c.A Se ~pt..q7'1 Tio JJ .SJ 
I S TE-s/cD FoR. oVE.RF{()W·p/?10,R TO IJ£1AJt;;. LJSE/). T///S TERM; 

A .s /,v r1-1e- · />1"'1.X . . CA:; e. / is EXPRE:SScP ~E~cK!/tLL.y AS _J_ + _/lJJETfl..f ~IJ 
. / l)C.OA~T 
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E/-JTE:X' E" D LA I TH 

(A.0$l'los) -t{1.:rAc..c.u) +.1. 
f'oS, ltfl#, .:rcr c:.ASE 

,KEEP //A1£l,,,,IN AS IS.; SET: 

( A>J FT) -= (ABSA.Os.) t(J j/t,Clt.1) 

@_ 7?'.;2.. 

FoRM ANE"T;_,/A) TERM A'S T"'/£ 

/11/l,(1h'JtM1 VAJ...UE Wf/a Se )AllJE~E 
WU .. L. N~T OV£RFLO\AJ,; 6!-4 led@.~ 

'SET. (ANET)= PoS/HAX - ~'7 € % 

F~/?M T/1£ /AIYERSE tJF AN£!Mi;.; 
~ 'i'rr -SE. T: (_1/AN ET J ::: . .1./ (A NETJ REM£,..,., Bel?.. ~ 

AAJET @ 1PA. ::= 

ANET" /,;::= 
FoRM Tiie TERM .J.... + ANETl\A 1 ,., 

AC.OAST 

@~le . SET {AA1£"T)-:: _J_ + (ANeT) j/l):;L;A5T@ -37n-
01d 

i.-------~__:=-----....l I~ ~ $"$1.)/H ED 

:::r~ CASE 

~) 

~TDRE TE.Rn?~ cl5E'l.UHtfE i 

':$ r:-1: 

(zs; TEM - J) -= ACCFLJ N 

(.1./A T 6 >1-1 ~ - .1) :: (.1/A>JE:TJ 

11111.J, ::rer Tlii~MS 
STDRS.D ;A/ TtMf. 

/...OG/}T /t>AJ5 LJNTJL .. 

L-/ITER 

+ 

4$TORI:'. fc~f'vl.5 ELSW\-IE~E'J 
sr=r: 

('ZsTEM) -= Acc. FU tJ 

(1/AT£M;J.) ·_; · (.1/A ~~;) 

/110'1-l D<:I .cc~ pwT A Tl 0 /.J :I l-0 ~ 

cAsc:-s U)HE:ie.E Ao<;. o\'fose:..s 
.:\cl /'\ C.(. E L. • 
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J.JP To NOw'I Tr/E COMPJ.Jr/l TIDNS oF Ace FUN A ND .i./A)JcT !IA Vt 
.13££N r(;)R THE CA:sE vJHEilJ TJ-11: OFFSEIACLEL.JA0-5

1 
Alf)S 

T/1£ ..T~T 11c.c.EL-.)w1n~ go1i-1 M11J. ':["ETS
1 

A/.JD /v1AfX. :TE.Ts 

Co~~ IDEl<E"D(refc:r-el- {o c....s Po~-"'AY ~ po~MllJ CASES). 

i11C.,t\AJll\l~ .A85Ao~ IS ADJ)t;D(+) To Tl/£ .:Te'T .AC.GEiL.). fiOW~ TJ/£ 

cc1111"t.JT7/Tlt>1>J:S W1LL Be l'<ePEATEt;, FoR THE: C..1'1'5£ WHt.1-J 

THE Ao s aeet!:JsE.s r.r-1£: ::rE r Acc.e-L ') AGA,,',.; co1-J~1o=·RnJ~ 
13oTH /}?NV . .:rc~'S AA.J f) mAX . .:::r&; T.:S r~~ T//E A Xf.S .. (ret~v-e..J 
-f o a. ~ NE 6 Af A ')( ~ NE. &- M I ,..; GA ~ c ~ 

1 
M f: A !..) 1 N (;.. A ts~ A o 'S 1 ~ ~u B -

iR"CiE.D rte.OM :::-~r ACc.,6.L.,), 

FORM ANfT FoR rH E M Ax . .TET CASE 

S£T: (A~ET) = ~(1.J"'ACC.LJJ -(ABSAo~) e_ 'ff~ 

SET (ALCSW) ::: o Fo.E:.. A/ow; 
..__-----..-------' CH A IVC.. t;H~ ~T ~ R 

NO 

FoRM REG1PRocAL aF A/f/Er 
SIFI: (:1-/.ANET) = .1./(ANET) 

-\ 

Fol?m A C.CF'l.IN F~R. THl'S C/JSE 

As : -1(.1/AAJET) (A NET)~~ 

JAN Er /JE:6-. f'/1 A)(. 

@, .).} .,, 

., - "" \ ' i 
~ OI ... 
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.S£T: SEr~ 

(z.2rEM 1-3) = AC.CFLJN Te/Jl/P, s~.eA6J; (Z:1.T£M+.;))=- Ac.<-FUN 
(.J./A T£/>1ff3) = {.:1.MNEry Foll 41g&-MA X (.1./ATE"Mi.f~-:: (1/A t.JET) 

-------....;;....,--------- TIF~MS. ALSOJ -
SAVE TlllS A C.C..FUAJ 1-'\J ( 1..) Fd~ lA TE7e. 

l/O ~e:>~ /VE6 /)f11f/ C.A~E #'~kl 

FOl(M AAJET FOR. #EbM/J..J 0\ SE) 

srr: (A NET)= {1,:rACCJJ )-~asAos) ~ 

THI~ IS REAU.y A TEST TO 

.SE"E /,&" A85ADS I~ LA.e6£' 

£Al"v$.J{ To l>V/KE A MIN, f€T 

(.!) A'~EL. IAIEFFE"lTJ VE JF 1r 

oP.PtJSED. Ir so) 6-o TO 

FIX MI IV . ro /AJ "SL)~'/( l.J'SE. 

(!.e!)_,,,/OvrE M1/J rs-RM$ 
rol( TH I'S CA SE ~IA:l~c 

..i .:rEr cA~ ,J/,ANl>i...c /Ji1:, Aos . 

FORM me l(eU,l>teot:..AI. or-AA/~T 

Al£6.MnJ., .:ScT,' (.J/,AAJET) = i.;tA NET) 

OF AIAX ::rcT:S ~ND 

/tCLct.. TERMS ~EFl..EC.T 

~A)t CASE . 

(-) 
6/n" Pll!.oPE:ll YA (..()A ST 

(t) 

SEI: . (AklET) FoRmn.J 6- T.HE 5£7: (AIJETl_ 
(ANET)': J.. + (Ac.csTT) ..Lr A~ET TEf?"'1 (A>J!iT)-= i +- (AW6 TT-+l) 

1-----~----- At..Msr 

rote,,,, rH• ,,+-•6b11# A~rJ.JAI 

As. -~{J/ANET)j(AµErj 
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71/cf'E FORE 
Lf~t= /fl£6A!Al' 
.:JET TE/eM~ 

(- (+) 

A/OW C.#EC. K. FO/IC' FA1,L s •/;ti iTE T$ 

oµ Tlf1s A.X15(L.JJL1) wN1cH ofpo~e 
r~o s Aos ; 

s 

AfAX • .:rs.rs c.AN~or se l..J~ED 
,F't)~ r111s/-).x1~ Olf?FOR THIS 

~A 5EJ SET.' '1. 
'lJAJET' = AIHIA/ '% :2. '!./A/CE A.VET ~AMJIJ 

No 

II } /S A>.JD li!EC1 PROc..A L. 
--~~~~--'--~~~~~~ ...... 

WOl)L.0 ovE J! F'Low 

ro~ /H l?t: c..1.P;e OC.A. I... OF A A)£ r FOR. tJ e 6. MI"' 

-) 

,s;: T ! (. )_ 
AA.JET 

(At.JET) =-1- + (ACOSTT) 

(-f) 

'-""' ~e 

( AN£r) 

(Al06TT-t..2) 

F()RM /+LCFLJN A~: 

-1(1/ANcTJ/(AAJer') 

PIG.Kl.JP /VE6r1HAX 

A UFtl)J IN {~) 

'TJlfr AJEG/HAX TE.Rn1:s W ''-'- BE 'ST()lfE&> 
rOP T/llS C.A :si: 5/A.J Ce /»AX , :TET.S. 

AR€ A///t/LA~'- c AN~ ABS/Jes j.VA s 
L"'1RG~ 5A.Jt>O&H ro Fe>~c..E MAi, .rEr 
USE IN T.:rErLALJ, T)/eRE.F't>1'15i ,VO . 

N£t:rM1AJ rc:,e,M -s ~fii"t;>f,)112 .sD. 
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NO 

(+) 

Sci: . 
( Z.1.. 'TErv..) -:. ACLFLJ N 

(1./,A TEM..1.) -:: {_.i./At-JEIJ 

A CHEC.K oF(UIS'M~~K.) 
. 88 ; 133 IF .LJ-,A X l S 02. 

t3bE/3J J;"l1-AX1s 

(
t 1/.J'ETS SID ~A3U o .. ) 

+-l/:r~T5 6'1'1.J~A~LI ) 

RePLAc.E THE 1ic.c.eL. icR~.s sroRE"D i=o R. 
USE wHE'~ MA'/. +::rcT.:S A£E 0/05EfV \OITH 

MIN +- :rET TFRMS. SHJC.c MAX .:rcT~ CAtJ 

NoT Be USF.P, 5 ET : 

(..1/AiCM ;i .f.~) == (.1/A if M ~) 
(ZS' TEMt~)-:: ('ZS TEM) 

ND 
A C.HE'-lt. otr (lH5Mfq;~) 
B7f8'1 IF U-)'..)(I~ oR. 

esi- B~ IF V-Ax I~ 

( 
,._ u 

1

.J"ETS 8'3D ~ A )u o~) 
- V .:reT~ ~~ u \: AY.D 

I 

Rt:PLAc..E r11~ ACL.EL. iERM~ :sro ~~o FCJ~ 

use- ~~EN MAX - .:TcT~ A~~ CHO-SE~ WIT!-\ 

M 1 N - :ftT TEil.MS., SINGE MA)( .:TE:"T'S c.."" 1-.J 

Nor Be u sE" DJ s E" r : 
(1./ AT~M1.. + ~) 
( -Z..i TE M + ~ ) 

: (i/AnMi..j 
= ( '2. .1. TE r ... ,')' 

ENC OF A"-EL, Tl!:fl.fo;f 
C0111Plll.A Tl oAJ..o F()'-. rtf t..s, 

Ax t.s. NOW Do so 111 s DB 
I 

A D:ru~ru..>• £ sro~ 1N &- , 
' 
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;t/OW Tl'IE TERM /)X JS DJST /5 COMpv/ed. T/llS IS TJIE OIST.AN~c, 
ON TH£ P//A:sr:P'LAA/E .t:.--Ax 1s J BErwE£N T/'/£ FIR£ ~w 1 rt:..N 

Ctl~V~ (nREi.FCT =-o) A~D T}f£ COAS'T SW l lGH c.ue ve. (c::..oAs FCT=CJ) 

;1.xrs 0 1-sr /S PSEt> JAJ T:JcrLAw /A.J /I/.£ Zo,4JE ..1 c0111/1UiATl~J.)s. 
TJtJO TE.RM s A~c o/37.A 1 J.J ED 1 1>1.Jt Fa~ -A ~cL ZoAJe s ( Rt&-1-fr 

~I OE O~ PHA:SE ,Pt...ANE) A~/) o~ *° Fo R +A CCI: L 201-JE~ ( l..E FT S I Dt0. 

' 'J:"-' 
ce11i uJ R16-.Hr -s 1oe Ax1$D 1sr: scr 

(A XDST£M) = (DBB1.)+(FLATEMP ) - {D883) 
oBrAnJ LEFT ~ 1 t>E AX1"$t>1Sr : scr 

(AxD~TEJYi +.t.)-= (DB6~)+ (FLATS:MP) - (DBB Y) 

/1611 ;,., ' 0 u '-'( 
Tt:Mf ~T0f<Jl16-lii, 

~ov c p lA i•~ 

A4 t::>F /}!£ C0.1'>1/-'LITATIOA.JS A~c A/()"-.) rllUl~u'IEl>) ro...e Tf/IS AYIS. 

T#c t..~c:.Ar/oAJS 1.1se-1)1 T.#U$ FAte 1 Fol(. sr~l?AG-E t:'r ALL. TilE 

.Gt:J"'1,PIJ r ED TERM :s ,A~e . /,V i..0~/(:. THAI/$ CO~/j/~/<.) ro 
8oT)/ tJ-AXI'!> AA.JD v-AXIS Co/J1//'UTAIJON3. Tfl£~€FoRG) ;t:T'L.L. 

T;lcsE T'Cl<Ms 1>1u~r BE TRAJJSFE~Rc.c lo F'e:R»'ANl!FIVT 

,t.oc,An~N$ I ~ESERt.lcJ:> ;=cR THE AXIS 8EJAJ6- PROC...E:SS~.])I 

TO lllAKE WAf FtJR THE OTHER A.Xl.S TJIAT · WILL. 8F {)"AJE 
/Ve·xr;. Th'E ,PERMAAJt:AJT i..oC..A7 10J.JS Al?c LoC....-:lTcD /NEBAJJK. 

b j 5 TA~TIN'G ' Cc IU.S Et::LJ TI v E '-/ A r .. 8 L oc. It: Tt> p ,,t:'"o~ IJ-/'i" I s) 

A-/VD v -A~IS TE~M ~ ~iARiuJ$. '' D fL...AC..c s t;~y~AJb. 
TRAµ~FE~ W\ LL 8G PE~ FORMED Now L 

U-AX \S 

'SETIJ ~ AT ST IA li'r ro D 0 
LJ-A X ' s t= I R.~ r 

v'-AX\S 
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SE'r: 

(ACCSWL..J) = lAcc..sw) : 
MA .X. :IET Fl.A(,. 

.Ft>R 
SET: 

(A(CSWVJ -: (AlC..SW TIET LAW i.-------..----- ·-

THE FOLt.OWIN(r lo LOC.ATIONS AR£ T.RAAJ'SFEf!.~t:C VIA. THe 

GENTRAN RrN. FRDM ADDRE''5S ~TA'~TIN~'AI .J./AleM.1 

TO ADDRE,SS€5 Sr/J/PTJN(;. AT .:1./ANET.1 (Fe>RLJ-AXl:, TER"'1'SJ 

OR J./AAJET 1. -I /~b (Fo~V-.-'\Xl'S !E~MS). 

(A 0:. F c. T ZS--+;;.) -=tz.S TEM 1 ~) 
(Ac.l FCTZ 1.-+ ;J.) = ( Z 1.. TE M +;;.) 
(/\CCFC..TZ5) -= (7.S'TEM) 

(A CC Fe. T2.. .1) = ( Z.1. TEM ') 

( j/ACDAS T + 1.) =(#A CD STTt~ 
(j_j A (OAS T) -=-(.1jA C...OSTT) 

l .1.,/AN~T~ +~J -=(o/ATE~-t~) 
( .1/ AN Ei 1.-t~) "=(.1/AT£M.1-f.;l.J 
( J/ ANET ;2..) ~ {..VA re-~~) 
( J./AN ET .i) -:: (J/A T£~1) 

sro~E rJIE ii-Axis DB's rEMP. 
Foe AJ()W, WAIT LJAJl/L V-AXI .s 
D8s AR.E" Do1-J£; THEN ~Tt:J Re: 
ALL AT OAJC.£; /7ti.li'MA/VEµi'i;'· 

Ser : (I) DB~) ~ (DB 8 ~) 
( LJ D 69') :: ( D 8 l3 ;2 ') 

(w DB~)= ( DB8 .3) 
(UDB '-I)~ ( DBBY) 

( U AX D 1 5 T) : (.A X D 5 TE f'1) 
( LJA X DI 5 T+1) -:: (A 'I DSTE.ll1 -;j.) 

[5E"T w V) = ..i 

~CTl/RtV Ta Do 

SEr: 

(Acc. Fl r-zS--118) = (L5T£M-+ ~> 
(A c.c: Fe: rzi-+ 10) = (z.1 Ti: Mi~) 
(ACCFcTZS"-fJ').:: (zs TEM) 

(AuFcTz..i11fo) = Cz.1.. TEMJ 
( 1../A CoA Slil"T)-= (.1/Al06ITtJ.) 
(1/AC..oAST+IG.) = (j/AloS1T') 
(.J./ANE T .:it 18) -= (1/ATEM~-to1) 
(..!/A}.)~ i.1. + 19) ~ (.1./A TE Mi,~) 
( .1/AN ~ T ~ti') -:: ( ...1./A TE.A-1 a) 
(.1/AN!: T:..1..-llb) ~ ( .i.)A TE1t1.1.) 

/<.E!n/JIJJDER OF IE~/V'IS . 

To 8E d~t: D By TJ'£TLA.w 
AKE: -SroR£D NOW/;.) 

p ~,e/11 /1-1-1 c,;..; I t. 0~/1 Tl t>,u..,S 

V-A x 1 s PARA/HG T£12.s 
,A/IP w. 
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IN PoWERl:P F='L.16-MT 
,tl.tJt> NO GrTS coµr. 
sroRE 

I 
C>FFSE.T DB s 

$ET: '{E:;, 

PHASE 
PJ.A).)£ 

(Ft RE PB) ::: (u DB.1) 061 
(FlRcD6 +j) =(uD~) D 8 .;2. 

u- (CDAST PB) = (ut>BY) OB"I 
AJ. 15 (CDA5T DB +.1) = (u DB3) D83 

(AXl~DIST) = (UAtL>ISTJ 081-D 
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(FJRF'DB f /6) : (OB B.LJ C81. 
(F1Rt: DB t 17) -=- (Pe B ~) De~ 

V- ( CoA ST DB t Ji>) -= ( p B 8 Y) DB't 
A~l.S (coA'6TDJ3tl7) -:. (DBB3) DB3 

(A;<1.5J:n5T 1-16) = UlXDST£"'1J Wt-PIH 

(AXIS DJ sT+J7)-= (AXDS rE/'1t1.) 'ff'l-1>8~ 

{i) roR I/le C-A 'SES OEFJJVED Bj: 

t:t=-1.. . ABSA6S >AMJN 
ADS I :S (t) 

#=,;; A BSA OS >AMIN 

Ao~ t ~ C-) 

JN iE"~Pi' S OF 06 (. 3° S"~,...i 0 ) 

tt' .J... #~ #3 #If d5 

DB ;( D6 DB D6 DB 

~DB DB DB DB DB 

DB -~DB DB l-. DB DB 
4 

y~ pg -1.DB OB DB DB 
'I 

D6 Y~ VB 0 0 /, 7.S-0 

DB l/1$ DB 0 1DB 0 

s "=> s ~ $ 

A A A pi. ,4 

~ M fv\ M IVI 
E e: c. E E" 

t l l l J 

#3 .J!;;.AIVl >N <A8SADS '-., .A/\11AJ 
AOS. 1:s (.+) 

-f:J=. 'I t~ AM HJ ..(A .86A o.:s <(A /V11.V 

:Aos 1 ~ &-J 

#S ABS A OS .t!_ Y~ A /'VI 11.J 
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Sii.JC.€ IN 0~1Fr of?. 
6-r-s cev.;rl!oL. sr()e.e 
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SE'r: 

(F1R£Dl3) = (DBVAL1) 
(Fl RED8+.1J - ,, -
(FIREDB t Ii>) = II 

(Fl Rf DB t JI) - " 
( (oASTD6) = (DBVAL1-) f {Fi.AT) 
( ( OA STD 8 t .1 J - II 

((()/\'STD 8 +I b) = , , 
( ( oAST DB t/7) = " 
(Ax1sD1sr) - 6 
(AXt~ DIS T-t .1) - 0 
(Ax1sD1sTf I') - 0 -
(AXI s Dis T t/7) - 0 

IN~INT 

OAJ'-y iESET sy 
F~C:Sll ~TART -RtPSTART 

'R£L11>.l-r 

~ 
RETLJf(rJ 

T 0 T H O'S E \>.> H o 
(.A LL e D SO VA /...11'1 NTL- Y 

Dl3VAL1 = DB 

FoR 

DB .1. }uAX\.S 
DB~ 

DB .L 
} V A1-.\S 

D 8 :2. 

DB Y 1 U ,A.)l\S 
DB 3 

084 }VAX\S 
D83 

}WA.ll\S 

} VA.X.I~ 

Au. Do /.Jfi t.Jc)\A.J 
1 

DAT.A 

I ~ o K l so DA P CA J.J 

U'SE YAc.c.. TE~M 'S 
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The DAP DATA LOAD routine (R03) la 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 roo.tine is selected manually from the DSKY by an extended verb entry (V 48E). 
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Tag 
(Bio/£ocation) 

ACC40R2X 
( 11/ DAPBOOLS) 

ACCSET 

ACCSOKAY 
(3/DAPBOOLS) 

ACCSWU 
ACCSWV 

ALLOWGTS 

AORBSYST 
(5/DAPBOOLS) 

AO RB TRAN 
(10/DAPBOOLS) 

APSFLAG 
(12/FLAGWRDl) 

AUTRATEl 
AUTRATE2 
(l/DAPBOOLS) 
(2/DAPBOOLS) 

CH5MASK 
CH6MASK 

COTROLER 

CSMDOCKD 
(13/DAPBOOLS 

TABLE I 

LM DAP FLAGS AND DEFINITIONS 

Meaning 

Set Cleared 

X-axis translation to use 4 jets. X-axis translation to use 2 jets. 

1/ ACCS has been set up since the 
last fresh start or restart. 

1/ ACCS must be set up in 
DAPIDLER. 

Control- authority values from 
1/ ACCS usable. 

Restart or fresh start since last 
1/ ACCS; outputs suspect. 

+l or -1 indicates 1-jet 
acceleration less than TT /2 7 rad/ 
sec2 in rotational sense corres­
ponding to sign. 

0 indicates 1-jet control 
authority in both directions 
exceeds the minimum. Can 
use 1-jet. 

Thrust offset small enough to use 
GTS for attitude control. 

Thrust offset too large to use GTS 
for attitude control. 

Prefer P - axis jet couples 7, 15 
and 8, 16 (not related to fuel 
systems). 

Prefer P-axis couples 4, 12 and 
3, 11. 

Prefer B- system jets for X 
translation. (Fuel system) 

LM stages or on lunar surface. 

Prefer A- system jets for X 
trans la ti on. 

LM unstaged and not on lunar 
surface 

KALCMANU maneuver rates chosen by crew: 
00 indicates O. 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 employed in current DAP pass: 
= O 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 

cio..qe. A-. \,.· 



Tag 
Bit/Location 

DAPBOOLS 

TABLE I 

LM DAP FLAGS AND DEFINITIONS (CONT) 

Meaning 

Set Cleared 

Autopilot flag word containing the following bits: 
Bit 1 - AUTRATEl . 
Bit 2 - AUTRATE2 
Bit 3 - ACCSOKAY 
Bit 4 - DESELECT 
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 

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 deg/sec) rotational-hand­
controller scaling selected by 
crew. 
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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 
e:x:ercised 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) 
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