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PAGt I-1 

PART I 

SUMMARY 

This simulation program will study the hover and landing and separation 
and docking phases of the LEM mission . The docking phase of the program 
will deal with LEM active docking with the CSM, starting with the two vehicles 
separated by a maximum distance of 500 feet . The separation portion of the ~ 
program will study LEM- CSM separation up to the point of insertion of the 
LEM vehicle into the descent trajectory . The hover and landing phase of the 
program will study the terminal phase of the LEM descent to the lunar surface 
and will allow for the capability of initiating low level aborts . 

This simulation will utilize an analog compµte r to solye the six degree 
of freedom equations which describe the veh icle dynamics and drive the 
visual displays . It will also utilize a pulse modulator to provide the 
desired RCS thrust levels, and a logic box to select the correct jet firing 
for a given command . The pilot will be presented with visual cues from the 
cockpit instruments and visual T.y. display generation system . Cockpit 
translational and_ rotational controllers will allow the pilot to exercise 
control over the simulated vehicle . A monitor console will enable the 
simulation engineer to control the operation of the simulation . This console 
contains remote controls for the analog computer and malfunct ion- insertion 
switches . The data acquisition equipment will record data as a function of 
time over the course of a run and end point data at the completion of a 
run . 

The buildup to the ultimate IIIB Simulation capability occurs gradually 
over a period of t i me with l imited Separation and Docking studies coil!!!lenc ing 
first . This report covers the whole IIIB Simulation in a general fashion and 
the Separation and Docking portion more specifically . The report has been 
issued lacking certain detailed Hover and Landing information in order to 
be timely for the Separ~tion and Docking studies which wi~l commence shortly . 
Deta iled Hover and Landing informat ion will be forwarded -as revisions to 
this report when studies of that type are due to commence . 

r . 
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PAGt II -1 

PART I I 

INTRODUCTION 

This simulator is des igned to explore Astronaut capability for actively 
partici pat i ng in the control, guidance , and navigation of t he manned LEJ4 
space vehi cle during the hover and landi ng and separation and docking phases · 
of the mission . The analog computer facil i ties are being used to solve the 
six degree of freedom equations of motion of the veh i cle, as wel l as the 
equatio~s describi ng the control system . The controllers and instrument 
di splays located in a fixed base cockpit allow t 1l._e control loops to be· 
cl sed through pilot responses . The pilot views, through his windows, 
a cont i nuously changing picture projected onto a screen in front of t he cock ­
pit, and on a T. V. monitor in his over -head wi ndo,w. 

A monitor console is used to control the operation of the simulator . 
A digital data acquisition system using digita l magnet i c tape , a digital ­
volt - r at io meter with a printer and scanner combined with x-y plotters and 
strip chart recorders form t he means for recording test data . 

The IIIB Simulation will gradually be developed to the ultimate capability 
in certain well defined phases as follows : 

(1) 

(2) 

(3) 

(4 ) 

Capability 

Limited Separation and Docking Capability . 

(a) Cockpit docking displays only . 
(b) Monitor Console bypassed . 
(c) No x -y plotters . 
(d ) F-151 Gunnery trai ner displays . 

Expanded Separation and Docking Capability . 

(a) Monitor console in the loop . 
(b) x -y plotters on the line . 

Ultlmate Capability Including Hover and Landing 

(a) Full M-1 cockpit displays and controls added . 
(b) Nike -Ajax di splays on -the -line . 

( 

Cockpit Revisions . 

(a) Full M- 5 cockpit displays and controls added 
with electroluminescent light ing . 

J 

Time 

Present 

November 1964 

December · 1964 

April 1965 
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The following detailed information pertaining to Hover and Landing 
operations of the IIIB Si mulation is missing from this report.and will be 
submitted as revisions to this report when appropriate. 

(1) Hover and Landing equations . 

(2) Nike -Ajax Display System drive equations . 

(3) Hover and Landing study plans and test matrices . 

( 4 ) Hover and Landing analog block diagrams. 
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PART III 

EXTERNAL VISUAL DISPLAYS 

- . 
A. General Discussion: 

Two different external displays will be used fo r this simulation study. 
The first ("interim- interim") system to be used for separation and docking 
only temporari ly is the "151 Gunnery Trainer" with a scanning opti cal head, 
T. V / cameras and a pro jector ( see figure # 11). The second ("interim") 
system,when available, will utilize a modified Ni ke -Ajax Radar Pedestal , an 
extendible boom, a s canni ng cptical head, T . V. cameras and a projector for 
both the hover and landing and separation and docki ng phases. 

There will be two lunar models used in the s econd system . Each of these · 
models are flat with edges curved up and are 19½ fee t in diameter. The 
scales of each of these models will be_ the same ( 800 :1 ) but the lighting and 
shadows will· be different . This will enable landing in either earthshine or 
sunshine with or without shadow effects. The scale of these models will 
allow descent_ from altitudes of 2800 fee~ or lower with range from t he select ­
ed initial point t o touchdown of 7500 feet . Touchdown will appear to be 
seen at a distance of 25 feet from the pilots eye to the l unar terrain . The 
l unar map scale of 800 :1 is consistent with the preceding dimens i ons . With 
this scale, touchdown with ac curate visual cues at the instant of landing 
is achievable . Should it be desired to study the powered descent further up 
the landing trajectory, the ma:Q___scale can be arbitrarily considered t o be 
much larger since map object sizes are purely arbitrary to begin with. How­
ever, with greater map s caling, touchdown will no longe r be poss i ble , since 
the minimum approach distance of the scanning optical head to the map now 
represents greater - than - touchdown dimensions to t he surface . 

In addit i on to the above display syst ems, visual attitude i nformation i s 
also presented to the pilot by a servo driven three gi mbal starfield generator 
which i ntroduces a starfield i nto the T.V. displayed picture . 

B. · "151 Gunnery Trainer" 

_ Figure #11 shows the 151 Gunnery Trainer with the scanning optical head 
l ocated on the track bed . A 150 :1 scale mode l of the CSM is mounted in a 
two degree of freedom gLrnbal housing . The two motions available . in this 
housing are yaw and pitch of the CSM . A t hird degree of freedom i s obtained 
by moving the gimbal housing axially toward the optical head which is mounted 
in front of the CSM mode l a-t the end of the track bed . 
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PAGE III-2 

C. Scanning Optical Head 

The optical head contai ns three r otational degr ees of freedom : aximuth, 
e l evation, and roll about the line -of - sight . The combination of t hese three 
r otat ional degrees of freedom and the three motions of the CSM in the 151 , 
Gunnery Tra i ner, enable the simulation of translations and rotations of the 
LEM vehicle with respect to the CSM . ·r n the same manner, the three r otational 
degrees of freedo~ of the optical head, coupled with t he two motions (azimuth 
and elevation) of the Nike -Ajax pedestal and the boom extension, provide us 
with three translational and three rotational motions for the second display 
system that will be used for both landing and docking runs. This unit is 
also capable of servo focusing from i nfini ty to a distance of 3/8 of an inch 
range t o the surface of a model. A servo light control device, which allows 
constant object illumi nation, is also included in the scanning .head . 

D. Nike -Ajax Radar Pedestal and Servo Systems 

The Nike -Ajax Radar Pedestal and Servo Systems will be used as part of 
the visual display system to provide two degrees of freedom . The az imuth and 
elevation drives wi ll have the ability to move smoothly at minimum rates of 
0.17 milliradians per second . This is equivalent to a minimum smooth linear 
velocity of 1. 36 ft/ s ec . for the hover and landing phase . 

E. Starfield Generation 

The Starfi eld Generat ion consists of a sphere containing an ac~urately 
pos i tioned "point" light source . By means of lens cells, filters and various ­
l y sized small apertures, a mini mum of 2,300 stars located within 20 minutes 
of arc of their true pos ition, are projected . The star sphere is mounted on 
a three axis, gimballed system allowing complete, continuous rotation about 
these axes or about any axis in space. Each axis is servoed to a position 
correspondi ng to a desired i nput and each servo is capable .of providing 60 
degrees per second of rotational speed and up to 60 degrees per second 
squared acceleration . The stars are projected on a screen four feet from i t s 
center of r otation . On the other side of the screen ( see figure #11), a 
T. V. camera picks up the starfield and fe eds it through the special effect s 
generator where i t i s combined with the T. V. signal fr.om the camera looking 
at eithe r t he lunar terrain or the CSM and from there, it is feed to the 
Eidophor projector and presented on the screen in front of the pilot . 

F . T. V. Mixing and Occulting System 

T'ne 1035 line T. V. presentation system consists of three cameras feeding 
information i nto a Special Effects Generator that mi xes the T. V. signals and 
s ends the mi xed signals to the Eidophor projector to be presented on the 
screen in front of the pilot. The Special Effects Generator enables viewing 
of a composite video display consisting of two scenes. 
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The first and second cameras both view the lunar terrain or the CSM 
model through the opti cal head and the thi rd camera views the starfield . The 

. J 

map terrain and its associated shadows, are painted specifi c colors related to 
the wavelength spectrum of the respective vidicon cameras . A di chroic filter 
located between the opti cal head and the first and second cameras , allows both 
of the model colors to pass through to the f irst camera and prevents one of 
the colors from passing through to the second_ camera ( the keying camera) . The 
second camera signals are mixed with the third camera signals (starfield 
camera ) and prevents any s tars from pass i ng through the area where there is 
either lunar terrain o'r CSM on the presentation ·screen. 

G. Eidophor Projector ) Overhead Window Display and Monitor 

The T.V. projection system consists of a 1035 line Ei dophor projector that 
projects a composite picture of the lunar terrain and starfield or CSM and 
starfieldJ on a screen in front of the pilot . A 21 inch T.V. moni tor is 
l ocated over the window above the pilot i n order to provide the pilot with a 
visual presentation to be used for the docking and separation phaJes of the 
LEM mission. 

In order to present the presentation of the lunar terrain -on t he screen 
in front of the pi lot at i nfinity, a virtual image lens wili be placed in the 
front window during all landing studies . 
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PART IV 

COCKPIT INSTRUMENTS AND MAIJi'UNCTIONS 

A. General 

The arrangement of the cockpit i nstruments and associated nomenclature 
are shown in fi gure #10. Each instrument in this drawing is listed by a panel 
number and a swit ch ·or meter number. Some of the instruments and switches 
are non -functional, although most of these are stil l capable of being moved _ 

,_ to.appropri ate positions . There are some panels that have no s i gnificant 
effect on this simulation and therefore these switches and meters are 
represented in decal form. 

B. I nstrument Status 

1. 

2. 

Legend 

Panel # 1 

I nstrument # 

s - 1 

s - 2 

s - 3 

s - 4 

s - 5 
s - 6 

Panel #2 

I nstrument # · 

B - 1 

B - 2 

L = live - wired to computer 

D = dummied 

M = live - wired t o monitor console 

Main Engine Control Panel 

Status Instrument # 
L M - 1 

L 

L 

D 

L 

L 

Pyrotechni cs Control Panel 

Status 

D 

D 

I nstr ument# 

EE - 1 

EE - 2 

Status 

L 

Status 

L 

L 
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3. 

4. 

5. 

6. 

Instrument # 
SL - 1 

- 2 

- 3 

- 4 
- 5 
- 6 

Panel #3 

Panel #4 

Panel #5 

I nstrument # 
s - 1 

s - 2 

s - 3 

s - 4 

s - 5 
s - 6 

s - T 

Panel #6 

Panel #T 

Status I nstrument-# Status 
D SL - T D 

D 8 D 

M 9 D 

D 10 D 

D 11 M 

D 12 D 

Primary Navigation and Guidance Panel. 
All instruments and switches are dummied. 

Power Generation Panel. 
All i nstruments and switches are dummied except 

4 B - S - 1 to 5. - wired to monitor console. 

Cryogenic Storage Panel 

Status I nstrument # Status 

M M - 1 M 

M M - 2 M 

' D 

D 

M 

D 

D 

Caution and warning Panel . 
All lights are live and are wired appropriately to 

either the monitor console or to the computer . 

Environmental Control Panel. 
All instruments and switches are dummied. 
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8 . Panel #8 Reaction Control Panel 

I nstrument# Status I nstrument#_ Stat us 

s - 1 M s -.11 L 

s - 2 M s - 12 L 

s - 3 L s - 13 L 

s - 4 M s - 14 L 

s - 5 M s - 15 L 

s - 6 D s - 16 L 

s - 7 M s - 17 L 

s - 8 M s - 18 L 

s - 9 M s - 19 M 

s - 10 M s - 20 D 

M .. 1 A,B M M - 3 L 

M - 2 A,B M M - 4 L 

9. .Panel #9 Fl ight Contr ol Panel 

Instrument# Status I nstrument# Status 

s - 1 M s - 4 D 

s - 2 D s - 5 M 

s - 3 M s - 6 M 

M - 1 L M - 4 L 

M - 2 L M - 5 L 

M - 3 L M - 6 L 
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10. Panel #10 

Instrument # 
s - 1 

s - 2 

s - 3 

s - 4 

s - 5 

s - 6 

11. ,Panel # 11 

I nstrument # 

s - 1 

·s - 2 

s - 3 

12. Panel #12 

Instrument # 
s - 1 

s - 2 

s - 3 

M - 1 

13 . Panel #13 

14. Panel #14 
(') 

GRUMMAN 

,.-.cE IV-4 

Main Propulsion Panel" 

Status Instrument # Status 

M M - 1 M 

D M - 2 M 

D M - 3 M 

D M - 4 M 

D 

M 

Stabilization and Control Panel 

Status Instrument 

M s - 4 

L s - 5 
L s - 6 

Backup Guidance Panel 

Status Instrument 

M s - 4 

D s - 5 
D s - 6 

D M - 2 

Communications Panel. 
Decal complete panel . 

# 

# 

Communicat ions Antennas Panel . 
Decal complete panel. 

Status 

L 

L 

L 

Status 
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16 . 

17 . 

Panel #15 Audio Control Panel . 
Decal - complete panel . 

Panel #16 

a. Commander ' s Lighting -Panel . 
Decal complete panel . 

b. Systems Engi neer 's Lighti ng Panel. 

Instrument #. Status Instrument 

s - 1 M s - 5 
s - 2 D s - 6 

s - 3 M s - 7 
s - 4 D s - 8 

Panel #17 Radar Panel. 
Decal complete panel . 

r AGE I V- 5 

#. Status 

M 

D 

D 

M 

C. Malf unct i ons 

The following section diagrams the malfunctions that will be inserted 
by the operator at the monitor console a Ld the correct i ve action that should 
be taken by the pilot in order to correct for the malfunction . 

1. 

2 . 

3. 

"A-M" r 

Lettered boxes □ 
console . 

are malfunction buttons located on monitor 

indicate the order the button in the ~ 'nl Numbers under~boxes © 
cockpi t must be pushed by the pilot to correct for the malfunction 
condition . As each button is pushed, the effect it has on the 
i nstruments is noted . 

Numbers and letters in the boxes correspond to the buttons and 
sw~tches in the cockpit panel (see figure #10 ) . 
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r 

"A" 

PNGS 
FAILURE 
SWITCH 

FEED ERROR SIGNAL TO 

METER 

· FEED ERROR SIG fAL TO 

PITCH AXES 

.. 

.... 

12-M-2 

METER 

9-M-l, 3 
11 8 11 BALL 

--- - --

COMPUTER 

EQUATIONS 

ANALOG' 

COMPUTER 

~ 

TURN LIGHT ON 6 l - LE-11 _____________ _,_........ ~<J---~---__,.r"t--.. __ ~ 
~ LIGHT j 

0 -
9.-s -6 

TURN LIGHT ON 

-------
6-LES-l 
WARIITNG 

LIGHT 

REI'URNS LIGHTS and METER TO NORMAL 

REI'URIIS 11 811 BALL TO NORMAL 

0 (2A) 

LECT 
ACTIVATES 

~ cS- 3 ' 

WITCH 2-EE-l 

BUGS BUGS ABORT 
OR PNGS --

0) 

2 -EE-2 
ABORT 
STAGE 
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"B" . 

RCS 8-S-19 
PRESSURE - HE 

FAILURE · V 

FUEL FEED ERROR 
SIGNAL OXID 

TO GAUGES I 
"C" 

8-M-l,A 
RCS _c ...... - PRESSURE -,,... " MANIFOLD GAUGE 

PRES . FAIL. 
, 

FEED ERROF 
117 SIGNAL 8-M-2,A 

TO l.../" 
----

- ' ~ 

8-S-19 
..... TEMP "' GAUGES GUAGE 

MANIF. 

L TURW LIGHT 6-LE-7 ..... - ON - ,--.. 
LIGHT 

TURH LIGHT 6-LES-l I ..... WARNING ON ~ f 4 -LIGHT 

COMPUTER L \ FAIL ALL -V ,_~ J IIAII JEI'S EQUATIONS 

8-S- l~ - 4> 8-S-19 HE FUEL -
e, MAN • . OXID 

PRESS. FAIL 

@-1 2-EE-2 ANALOG . 
ABORT -

V .. 
RT .STAGE COMPUTER 

@ @ 
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RCS PRESSURE FAIUJRE 
CORRECTIVE ACTION 

-
·8-S-7 

0 MA.IN SHUT BARBER 
OF'F POLE 

SWITCH 

7 

' ., 8 -F-5 
2-SL- 3 

0 RCS FLAG 
CROSSFEED 

SWITCH 
-

, '7 

~L- 11 G) YRO-
RE 

REI'URN TO 

NORMAL ALL GAUGES, 
JETS AND LIGHTS 

-

J-.IANIFOill PRESSURE 

FAI IDRE CORRECTIVE ACTIO!I 

8-S-7 8-F- 5 
0) MAIN SHUT BARBE:]3 

OFF ... FLAG POLE 
SWITCH 

-

" 
~., 

RCS ~L-3 0 SSFEED 

Q) 

WITCH 

~· 
2-SL-11 

PYRO -
FIRE 
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n 
C 

"D" 

SINGLE 
JET 

-FAIUJRE 
SWITCH 

TURN LIGHT ON ~ 
V 

TURN FLAG FROM 
~ 

.... 
PANEL BACK-
GROUND TO RED 

TURW LIGHT ON 
..... .... 

TURN LIGli""T ON 
~ .., 

FAIL '. 
~ 

APPROPRIATE 
JET . 

MONITOR 
·. 

CONSOLE lt<"-1--------'--' 

JET FAIL N 

LIGHT 

8-F-9 
. IATURN FLAG TO 

8-F-16 TO BARBER 
FLAG POLE 

6-LE-7 r_,..TURN 
.... 

LIGHT LIGHT OFF 

6-LES -2 TURN 

. CtrDJ~N 
I 

l:iIGHT OFF 

TURN LIGHT ON 

0 
8-S-11 

TO 
8-S-18 

,AGf IV-8 

TURN APPROPRIATE 
LIGHTS ON 

~7 

MONITOR 
CONSOLE 

FILOT ACTION 
LIGHT 

I 
4 I ® 

I FAIL JET SINGLE 
L~ JET 

CORIIB ~P . 
FAILURE TO LI GHT 

ON SWITCH MONIT OR 
V CONSO LE 

COMPUTER -CHANGE 
IG--=-=-==-----1.- __ _:_ ___ _ ___J 

EQUATIONS ~ LOGIC 
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"E" 

RGA # 

(DB 
I 

RATE GYRO FAIWRE - PITCH .AXIS ONLY 

"F" 

RATE 
GYRO 

BIASED 
POSITION TO 

__ C_O_RREC __ T_F_O_R--➔~~ ll-S-l 

TURN ON 
MONITOR 
CONSOLE· 
FAIL 
LIGHT 

MALFUNCTION 
~ 

APPROPRIATE LIGHT 

G) OPEN CIRCUIT 
® BIASED 

COMPUTER 

.v EQUATIO_S 

CORRECT 

" .MALFUNCTION 

V 

TURN OH LIGHT TO 
INDICATE WHICH 
GYRO HAS BEEU SUB. 

MONITOR CONSOLE 
LIGHT 

RGA #A 
OR #B 

1 . OPEN CIRCUIT - Ground Pitch Attitude Rate Input into Rate Gyro 

Logic Circuit . 

'-

2 . RATE GYRO BIASED - Substitute a Fixed Voltage Level for the Rate 

I nput into the Rate Gyro Logic Circuit. 
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1. 

2. 

,..,c;E -IV-10 -

RATE GYRO FAI WRE - PITCH AXIS ONLY 

"G" "H" 

FWD 
FWD PATH 

PATH HARD 
OPEN OVER 

I 

. I 

TURN ON MONITOR 
... CONSOLE 

APPROPRIATE 
V FAIL ·, 

LIGHT LIGHT 

COMPUTER 
..... 
V EQUATIONS FWD PATH OPEN 

FWD PATH HARD 1)VER 

0 

~ 

"' CHANGE 
MODE 

POSITI ON TO 

ll-S~3 

PUISE OR DIRECT 
MODE 

TUR N Or LIGHT TO 
ICATE CHANGE 

IN MODE 
I ND 

. 'i '7 

MONITOR 
CONSOLE 
PUISE 

OR DI RECT 
LIGHT 

1. Fl-ffi PATH OPEN - GROUND RATE AND A'l'TITUDE ERROR SIGNAL 

:.. _OCCURS BEFORE PUISE INPUT TO 

·s & C JEI' LOGIC. 

2. Fi-ID PATH !{ARD OVER - SUB. A FIXED SATURATION LEVEL VOLTAGE 

FOR THE PITCH ATTI TUDE ERROR SI GNAL • 
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-, 

"J" 0) 
MAIN 

PROPULSION -
2-EE-2 - FAIWRE I .... ANAWG 

DESCENT ... 
COMPUTER 

FEED ERROR SIGNAL .... 1O-M""l (A, B) 

" 
... OXID TO MEI'ER . QUANT. 

TURN LIGHT 
~ 

~ 6-LE-22 ON -

TURN LIGHT .... 
V 6-LES -2 ON 

PEED ERROR SIGNAL 1O-M-3 
I'... (A,B) TO MEI'ER 
.,.. 

PRESS. 
/ . 

n 

. 
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.. 
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"K" 

CRYOGENIC 
- FAIWRE 5-F-l 

DESCENT 
SIDE 

ir 1 TO - BARBER POLE 
OPEN .:-- 5-S-l 

5-S-5 TO NORMAL (GRAY) 
-

DESCENT 
5-M-l 

FEED ERROR - PRESS. ~ SIGNAL TO MEI'Elf R 
E 1 '7 TO BARBER POLE TO T 2 - 5-S-2 
u OPEU ...... NORMAL (GRAY) 
R 
N I _Jr-. , .. 

-
FEED ERROR . 

5-M-5 TO 
- ~ V 

'( 7 SIGNAL TO MEI'ER QTY. N POSITI ON TO 5-F-2 
0 3 .... 5-S-5 
R ASCENT SIDE 

M 
A 
L '---

/ 1-,. 

TURN ON - A TURN 
6-LE-13 r 

V "" LIGHT OFF LIGHT 

4 ,, 
V' 

2-EE-2 
ABORT 
STAGE 

, 

TURN ON - _TURN 
LIGHT 

v 6-LES -2 'OFF LIGHT 
-

, 17 

ANALOG 

COMPUTER 

n 
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CRYOGE JIC .. 

FAIIDRE 
ASQENT SIDE 

1t, _,__ 

-5-S-5 

ASCENT 

FEED ERROR 
SI GNAL TO 5-M-l 

' .,,, METER PRESS 

FEED ERROR 
SIGNAL TO 5-M-2 ,._ 

MEI'ER 
.... 

qry 

TURN LIGHT 
--- 6-LE-13 ON ..... 

-v 

-

TURN LIGHT I ~ 6-LES -2 
ON 

~ 
E 
T 
u 
R 
N 

u 
_I ~ 

R 
M 
A 
L 

~ 

!~ 

rAGE IV-13 . 

TO TO 
1-------.,,.N. 1+ - BS- 5 

OFF/BF OFF 

4-.BS -2 
TO 4 

r-----i~"'4 -BS - 3 
"B" 

2-EE-l 

TO 
4-BS -4 r------

2-EE-2 

ANALOG 

·coMPUTER 

OFF/BF 

4-BS- l 
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M , .. 
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> 

_____ ..... 
"M" 

GIMBA.L 

FAILURE 

TURNLIGHT B 
ON l - LA.-2 

AFTER 
~ 

15 SEC . .... 
ANALOG 

COMPUTER 

NOTE : For all abort conditions : 

1 . When the Abort button 2 -EE- l is activated : 

a ) The vehicle is erected to a predetermined attitude . 

b ) The descent engine is fired at full thrott le . 

2 . When the Abort Stage butto~ 2 -EE -2 is activated: 

a) The vehicle is erected to a predetermined attitude . 

b) The problem goes i nto hold , or the descent engine is 
staged and the ascent engi ne is used for the abort 
phase . 

n 
t 
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,AGE V- 1 

PART V 

DATA ACQUISITION SYSTEM 

A. General 

The data acquisi t io·n system to be u sed for this simulation consist s of 
~ a digital volt-rat io meter with a printer and s~anner, a 70 channel digital 

tape data a cquisition system, strip chart recorders and x-y plotters . 

B. Di gital Volt -Ratio .1eter System (see figure #13) 

The digital volt-rat io meter system has the followi ng characteristics: 

.1. Digital Volt-Ratio meter with: 

a) 
b) 
c) 
d) 

Infinite i mpedance . 
4 digits + sign with moveable decimal. 
Meter speed of ten (10) readings per s econd average . 
.Capability of accepting external reference. 

2. Paper tape printer with: 

a) Channel identification i ncludi ng five (5) i nfo rmation channels. 

3. Capability to scan 100 point s. 

4. Sample and hold any selected channel during a run (one channel at 
a time) . 

5. Control panel with : 

a) Specified computer controls. 
b) Select or switch for 100 channels . 
c) DVM mode. 

C. Seventy (70) Channel Di gital Data Acquisit ion System (see figure #16) 

The digital data acquisition system has the following characteristics : 

1. Digital i nformat ion : 13 bits + sign . 

2. Tape is i n I BM format with 556 bpi d~ nsity. 

3, Elapsed time generation with a mi ni mum resolution of 1 part in 106 

for recording and display . 
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4. System front end is equipped with dual connectors for carrying 
i nput signals to analog "Quick Look" instrumentation . 

5. System has capability of selecting any one channel and displaying 
informat ion on front panel i n .octal. 

6. System is capable of single or cont i nuous scanning. 

7 . Sampling rates are variable in 5 discr ete i ncr ements with 100 
sps /channel being maximum and 20 sps/channel being mi nimum . 

D. Strip Chart Recorders 

The strip chart recorder that will be used in the "control room" for a 
"qui ck look " at various preselected channels, is of the Brush "Mark 200" 
series with a paper take up reel attached . Additional strip chart records 
are available in the analog computer room t hat will be used to record pre ­
determi ned variable parameters during a run. 

E. X-Y Plotters 

Two x-y plotters are available for use by this program. One is a 
30 x 30 2 arm, 2 pen plotter that can receive and plot up to 4 variables . The 
second plotter is a 11 x 17 2 arm, 2 pen plotter that can rece ive and plot 
up t o 3 variabl es ( the base is common) . 
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PART VI 

DOCKING MATH MODEL 

A. Vehic l e Dynami cs Equations 

The assumpt ions implicit i n the e qua t ions of mot ion, shown i n f igures 
#1 and 2, a r e as follows: 

1. The CSM i s assumed t o be in a circular l unar orbit. 

2. The r elati ve displ acement between the LEM and CSM is a s sumed t o be 
small compared with the CS:-1 orbi tal altitude. 

3. Reaction jet f ue l consumption dur ing the docki ng mission i s a s sumed 
to cause a negligi ble change i n LEM mass, i nertias, and C. G. 
pos ition . 

4. The exhaust gases are assumed t o have no angular velocity with 
r espect t o the LEM . 

5. Jet dampi ng forces a re as sumed t o be negli gible. 

6. The reaction jets are assumed to have no t hrust misalignment . 

The translatior.al equations of notion, derived in reference 1, describe 
the relative velocity and position of the LEM with respect to the CS:M . With 
the translational equat ions in this form, the need is eliminated to first 
compute each vehicle's i nertial velocity and position in order to find the 
relative position and velocity of the LEM with -respect to the CSM. The 
reference coordinate system for these equations is LEM local vertical centered 
at the CSM . The geometry of the tra~slational equations of motion are shown 
in figure #3 . 

The
1

azL~uth and elevation angles are calculated using geometric~l prop ­
erties, as sho,m in figure #4 . This provides better analog computation 
accuracy than the technique of i ntegrat i ng azimuth and elevation r at e equa ­
t i ons . These rates are not required for output and so do not appear in t~e 
equations . The dock i ng hatch position equations are provided t o indi cate 
when the docking hatch has made contact wi th the CSM. 

The order of rotation of the Euler angles with respect to the LEH local 
vertical is the standard LEI~ pitch -roll -yaw order of rotat i on· (figure #5) . 
The order fo r the i nertial Euler angles, however , has been changed to conform 
to starfield pr ojector gimbal requi rement s to yaw -pitch-roll. 
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The direction cosine matrix, relating the LEM local vertical axes to the 
body axes, has a 45 degree bias such that, for h = z = 0 and a negative value 
for S, the pi~ch angle would be 45 degrees for the LEM ZB-body axis pointing 
at the CSM ( see figure #6) . The equations were derived with this bias to 
avoid singularities in the external visual display equations when being used 
for docking . 

To obtain accurate outputs of propellant consumption, the effect of 
variable specific impulse is included . The specific impulse is calculated 
as a function of the electrical pulse width of each of the eight RCS pulse 
modulators. These values of specific impulse are used in the calculations of 
translational and total propellant . consumpt ion along each body axis . 

The LEM body axis moment equations have been written in a way to reduce 
the ~umber of i nput variables. This is accomplished by first computing the 
moments about a fixed reference point and then t ransferring the moments to 
the center of gravity . The reference point ·selected lies in the YZ plane of 
the reaction jets and on the nominal thrust axis for the descent and ascent 
engi nes, as shown in figure #7 . 

It should be noted that post - docki ng dynamics have not been i nc l uded i n 
this math model . If the need for such equations arises, they will be ~n­
cluded in the simulator at a later time . 

Definit ions of the symbols in the equations of motion, as well as a range 
of variables, appear in Appendix A. Values of masses and inertias have been 
given to correspond to the LEM we i ght at s epar at ion, after completion of abort 
with fully loaded ascent tanks, and after nominal rendezvous. 

B. External Visual Display Drive Equations 

The external visual display drive equations , shown in figure #8, are 
derived to drive the visual display system utilizing the F-151 Gunnery Trainer 
range ·bed and provide outputs to drive the CSM model attitude and mot ion 
along the range bed and the optical head attitude . 

The optical head is assumed to be at the position in the LEM correspond­
ing to the pilot eyeball. Equations relating the position of the pilots 
eyeball to the CSM (he, sc, zc) are computed and used to determine the proper 
rotation of the model and optical head t o correspond to, apparent LN1 transla ­
tion . 11he resulting optical head attitude due to translat ion effects Br, ¢.:r) 
is combi ned with the optical head attitude due to rotation ( eR, ¢R, 'f R) . 

Because the project i on system is designed such that the i mage is pro ­
jected along . the opt ical axis which is perpendicular to the LEM window , the 
transformation between this optical axis and the LEM body axis must be includ ­
ed in the equations . Thus the angular position of the window (either overtead 
or front left) is needed as an i nput (Ao and E0 ) . The angles used to drive 
the optical head (¢c, ~c, (f c) are therefore derived from the direction 
cosines relating the local vertical axes to the optical axis. 
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The opt ical head drive is not a gimballed system . Therefore the values 
of e~ and ¢care corrected using spherical tri gonometric relations resulting 
in the corrected angles ec and Azc• The angles ec,l~ c' and Azc are used to 
drive the optical head. 

C. Flight Control System 

Introduction 

Figure #9 contai ns a block diagrBJil of the simulated LEM flight 
control system. I t reflects the most recent design cri teria as outlined 
in the various fli gh t control hardware specifications, and summarized in 
references (2) and (3) . 

The modes of operation are swnmarized in the dis ~ussion and a list 
of constants is included in Appendix B to enable scaling on the computer . 

The jet select logic is not presented here in detail because it is 
outl i ned in the attitude and trans lation control assembly specification 
(LSP - 300 -14), and simulated accurately as specified in that document . 

Modes of Operation 

The followi ng is a list of control system modes which are currently 
being used . 

1. Rotation 

a. auto 
b. manual 

(1) rate command with simultaneous 3 axis attitude hold 
(2) rat e command only 
(3 ) pulse (open loop with logic ) 
(4) direct 2 jet response in linear range and 4 jets at 

hard over posit ion 
( 5) pilot select 2/4 jet control i n (1), (2 ) and (3) above . 

2~ Translation 

a. auto 
b . manual 

(1 ) 
(2) 

(3) 

pulse (with logic) 
direct - 4 jet on-off with emer gency solenoids 
(Note : only 2 jets available i n Y and z t ranslation) 
pilot select 2/4 jet control in (1) above. 

The following are proposed a lternate modes for evaluation . These 
modes are included i n the simulation and are shown on the diagr BJil . 
Analog computer swi tches select either the "current" or the "proposed" . 
mode for operation at any particular time . 
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3. Rotation - same as above except: 

(1 ) _ single· axis attitude hold operation 
(4) direct - emergency solenoid operation with 4 jets at the 

hardover pos i t·ion 

4. Translation - same as above except: 

(2 ) direct - 2 jet (J and z) or 4 jet (x ) on-off with logic 

Thr us t Function 

The thrust f unct i on of refer ence (4) is shown below: 

THRU5fL1 

The values of tn and Y are dictated by the value of T\,41in . (minimum 
pulse width) in the pulse ·ratio modulator . These constants are chosen so 
that the total impulse for a modulator pulse equal to T1~, · is the same 

" !YJln . 
as the mi nimum impulse firing expected from the RCS engines . 

'\ 

Rotation Controller 

The attitude mode switch has two manual pos itions both of which allow 
manual . translation control as well as rotation control . In the attitude 
hold mode , the time i ntegral of the body rate is used to hold the pilot's 
desj.red attitude when hi s rate command (stick output) is zero . Maximum 
rate command from the pilot's controller is 10 deg . sec .* The emerger:cy 
mode (4 jets on continuously) operation is available regardless of the 
pos i tion of the attitude mode switch . 

* Provisions for increasing this value to 20 deg . /sec . have been made . 
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Controller on- Li nearities 

The signals s1 through S6 are described as follows: 

s
1 

maximum body· rate command from stick 

PAGE 

s2 pulse train signal to modulator in translat ion and rotation 

S3 threshold for jet emer gency solenoid operation 

S4 4 jet response emergency full on command 

S5 2 jet response emergency full on command 

S6 2 jet response f ull on logic command 

Translation Controller 

The t ranslation controller puts out open loop commands which can be: 

1. mi nimum impulse pul~e train of .specified fre~uency 

2. f ull on thrusting -emergency solenoid operation 
V 

3. full on thrusting with logic 

Here again, the emergency mode is available to the pilot regard­
less of the_ attitude mode switch position . 

Rate Command Limits 
. ' 

In manual mode, the rate command limit is provided i n the rotation 
contr oller (S1) . Since the stick output is summed directly with the 
body rate, only one limit has t o be mechanized regardles s of rate gain 
(stagi ng switch) or modulator deadband (deadband select switch) . 

In automatic mode, the rate comrnand signals are summed with the 
scaled rate gains and therefore, two rate corrtl'lland l imits have to be provid­
ed and switched as a funct ion of t he staging switch . 

When the deadzone and rate gai n are 5 degrees and . 35 seconds -1 

(ascent coast ), the limi ts should be bypassed (or at l east, switched t o 
the descent stage limi t as an alt ernative) , because a 5 degree attitude 
error will correspond t o a 14 . 3 deg ./sec . rate command . This value of 
rate command cannot be passed t hrough the ascent rat e l imiter . 
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PART VII 

MONITOR CONSOLE 

The moni tor console, as -shown in figure #12, is the control ~enter of the 
simulation . From this point, control is exercised over the computers and . 
display rig . All the malfunctions are initiated here . The simulation engineer 
can monitor any parameter on the DVM he desires by merely pressing the 
button co~respondi ng to the channel on which the variable is monitored . 

The monitor console contains, in the upper left hand section, (figure #i3 ) 
the digital volt - ratio meter, a printer and a scanner . The lower left hand 
section contains the remote controls for the analog computer and the channel 
selection switches for the DVM . The upper right hand section (figure #14) 
contains a series of instruments that monito r various vehicle parameters 
during a run. The lower right hand section (figure #15) contains all the 
malfunction switches for both the flight controls and system malfunctions. 
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PART VIII 

STUDY PLANS 

Part A Separation and Docking 

l. I ntroduction 

The study plans discussed below cover the first phase of the pre ­
simulation report for the IIIB s imulation study program . This first 
portion of the report deals with anticipated study areas for the separa­
tion and docking phases of the LEM mission . A second portion of the 
report will deal with the remaining mission capabilities of the s imulator 
- i . e . , hover -to - landing and low altitude abort . 

Selection of pertinent study areas for IIIB Simulation and ordering 
of their priority will be based on the following criteria : 

a. Determination of unresolved design decisions . 

b . Verification of the current LEM man/ machine system to accomplish 
the mission successfully . 

c. Inves t i gat ion of effects of required equipment on performance. 

d . Alternative procedures and operational modes . 

For example, under the categories of design verification would be those 
studies concerned with pilot manual control capability at touchdown and 
at docking . These would serve to verify design of the landing gear, the 
vehicle structural limitations for docki ng impact velocities, or window 
configuration based upon visibility requirements and vehicle propellant 
requirements under normal operation . Other design study objectives 
would_ deal with optimum subsystem mechanization, such as comparative 
evaluations of flight control system parameters , control modes, display 
techniques , cockpit optical devices , etc. 

Under the study areas concerned with flight crew procedures and 
operational modes will be .the evaluatior of alternative flight profiles 
and crew techniques of control, for carrying out each mission phase . 
In addition, it will be necessary to verify previously determined flight 
techniques and uses of cockpit i nstrumentation as well as t he effects 
of crew procedures i n detection, isolat ion and correction of malfunct ions 
on manual vehicle control. 

The objectives described and the specific variables listed below · 
serve as a framewort for more detailed study matrices, not an exposition 
of all possible study efforts for the IIIB simulation . It is intended 
that flexibility be retained i n the planni ng , in order to deal with new 

REPORT 

DATE 

GRUMMAN AIRCRAFT EN GINEERING CORPORATI ON 

LED - 57S - 10 
23 Octc~er 1964 



PAGE VIII -2 

variables or study areas that become apparent as t he simulation program 
progresses and as modifications are made with respect to LEM mis sion 
requirements. 

2 . Subj ects 

Traini ng of a group of s imulator pilots has been recommended (see 
reference 5) as a means of assuring an available pilot pool from which 
individuals can be drawn during the course of the s imulation test runs. 
I n order to ach ieve the most representative study data, it has been 

. suggested that the pilot pool consist primarily of astronauts and t est· 
pilots . Pilots are to be familiarized with LEM subsystem operations, 
and trained to deal with a number of s ubsystem malfunctions . Traini ng 
will be t o criterion levels of flight performance with respect t o pilot 
consistency of performance. 

Study Areas · 

The dis cuss ion be low is divided i nto study areas for the separation 
and .docking phases along with a list i ng of variables to be considered, 
the estimated number of levels for each variable (where possible) and, 
based upon these, a rough approximation of operational simulator time 
required to obtain the data. Specific flight techniques, types of 
devices or values of a gi ven variable and number of l evels (e . g . , number 
of i nertias to be varied and the specific values) will be specified when 
the detai l ed study runs are drawn up . 

The probl em areas have been divided into separate study 
phases, Lut i t is apparent that many of the study variabl es overlap 
from area to area and would logically be considered, at times, in conjunc 
tion with one another . / 

A specific study design and test trial schedule are presented for th 
first month (i . e . , 80 hours) of simulator operating time . Periodically, 
(prior to the complet ion of the first run schedule of approximately two 
months ) a new run schedule will be issued covering the next study phase 
and spec i fic problem area( s ) . 

a . Effects of natural Light ing Conditions 

Manual control performance i n ac tive LEM docking could be 
i nfluenced by the natural light ing conditions at the time of the 
maneuver . Varying amounts of earthshine and sunshine (or absence of 
this light) ; the angles of the light source(s) and the angle of IB~ 
approach to the CSM could influence visual judgements of distance, 
orientation and approach rates . The basic lunar and solar 
geometry influence the amount and pattern of light falling on the 
docking target as well as the contrast conditions created by the 
background (starfield, earth or l unar surface ) . 
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Study Va;riables 

(a) 'Initial Positions (of LEM and CSM at start of Docking) 

5 Positions (from about 300 feet distance) 

+h; - z ( LEM above and t o the left of 

-h ; - z (LEM below and to the left ) 

-h ; +z (LH below and to the right) 

+h ; +z (above and to the right) 

,Lined up along s (hand z = 0) 

CSM ) 

(b) Lighting 

Darkness (starfield background) 

Earth shine 

Sunshi ne 

Transition from one lighting condition to another . 

(c) Variations in Light Source .Lmgle (and associated l unar­
solar-earth geometry.) 

Dock in earthshine, wit h CSM against lunar landscape . 

Sunshine with CS :1 against l unar surface. 

Estimated Simulator Fli gh t Time~ 35 flight hours to be carried 
out in two (2) study ph;ses . 

b. Flight Control Capability 

Bas ic to all mission phases is the study of crew ability to 
manually control vehicle attitude and trans lation under varying 
flight control modes and degradation- conditions. Select ion of 
appropriat e control system para~eters under such conditions 
req_uir es evaluat ion under t he 1£ .. active docking condition . This 
phase also serves t o verify previ ous s tudy efforts on the defi nit ion 
of f light control syste parameters . 

(1) Study Variables 

(a) Degraded Modes 

Direct (all 3 axes ; pitch axis only ) 

Direct Pul s e 

Rate Command. 

.-
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(b) Distance from Docking Target (at which degraded mode is 
i ntroduced) • 

3 distance variations 

, (c) Vehicle Configuration 

I nertias (minimum of 3 variations) 

CG offsets and ·moment unbalances (minimum of 2 
variations) 

(d) Contrql System Parameter Evaluation 

Dea.dband (mini mum of 3 variations) 

System gains (mi nimum of 2 variations) 

(e) Unstable CSM 

Varying degrees (and types) of CSM i nstability. 

(2) Estimated Simulation Flight Time = 140 flight hours to be 
carri ed out over three ( 3) study phases . 

c. Dual ·Operator Task Sharing 

Display and control requirements and general console configura­
tions are designed, to some extent, to meet assumptions concerning 
dual cre,nnember operations. This area of study is intended to verify 
such des i gn assumptions. Further, it will determine the extent t o 
which overall vehicle control might be effected by division of the 
in-flight crew tasks - including direct vehicle and subsystem control 
tasks and by sharing the acquisition of necessary information from 
cockpit displays or visual cues external to the LEM cockpit . 

Optimum i nstrumentat ion layout and flight techniques related to 
crew task division wi ll be derived in thi·s phase and contrasted 
with cockpit design and flight techniques required for single crew­
member operation . 

(1) Study Variable s 

(a) Division of RCS Control 

At various maneuvers of the docking Phase (e. g . , at 
i nitiation ; at pitch over) 

Rotat ion - Translation control division (e . g . , task 
division of controller use with pitch control by one 
crew member, roll and yaw by the other ). 

Task Division under various control degradation condi­
tions 

RfPORT 

DATE 

GRUMMAN Ala(RAFT ENGINEERING CORPORA.TION 

LED- 570 -10 
23 October 1964 



(b) 

(c) 

'-"GE VIII-5 

Division of crew visual tasks for i nformation exterior to 
cockpit and for cockpit displays . This ·wouid also i nclude 
techniques for task division i n use of cockpit optical 
devices, charts and graphs. 

Task takeover by one crewrnember f rom another at various 
phases of the docking maneuver. 

(2) Estimated Simulator Flight Time =- 45 flight hours to be carr_ied 
· out in two (2) study -phases . 

d. CSM Running Lights and Marki ngs 

For rn~ active docking, it will be necessar y t o make accurat e 
visual judgments of CSM orientation and distance as well as LEM 
closing rates. Appropriate markings or use of running lights can · 
help provide such a ttitude and closure information . Docking in 
darkness would require specially positioned runni ng lights or flood 
light i ng of the CSM markings to provide such i nformat ion. 

(1 ) Study Variable s 

(2) 

Under variat i ons in natural lighting discussed previously 
(Section ·3, a) variations would also. be i ntroduced in : 

(a) CSM external light ing confi guration (minimum of 2 con­
figurations with variation i n number of lights and light 
location ) . 

. (b) CSM Marking Scheme 

(Minimum of 3 variations ; including variations in probe 
markings and types of targets) . 

(c) Flood Lighting Arrangement and Type of Lighting 

Variations i n arrangement and location of lights 
(minimum of 3 variations). 

~ariat ions i n intensity and type of floodlighting . 

Estimated Simulator Flight Time ~ 30 flight hours to be carried 
out in three (3) study phases . 

e. Cockpit Visual Aids and Optical Devi ces 

Various visual aids and optical devices, suitable for evalua ­
tion) are to be studied under nominal and degraded docking conditions 
with regard to their effect upon docking precision . 
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(1) Study Variables 

(2) 

(a) Type of Optical Devices 

(b) 

(c) 

Mounted reticle sights (e. g ., wire lubber line; 
collimated reticle) 

Window markings 

Hand-held devices 

Direct window view ( no optital aids) 

Cockpit location and design variations of optical devices. 

Techniques of crew member use of optical devices during 
front face and overhead docking . 

Estimated Simulator Flight Time~ 30 flight hours to be carried 
out i n two (2) study phases. 

f. Overhead Docki ng Capability 

c.. 

The availability of an overhead docking window, along with 
front - face windows during t he docking phase, present a number of 
cons iderations for window configuration, crew control techniques 
and available visual information. 

--
A window over the Cormnander 's station, for example , requires 

an assumption of unusual head pos itioni ng for viewing, limits visual 
observation of the CS1-1 to only the one crew member ( during the 
terminal phase) and results in fai rly abrupt transit ion from visual 
cues and control actuation correlated with a "z" axis view to the 
same control orientat ion and ac tuation correlated with visual cues 
varying along the vehicle 11 x 11 axis. 

(1) Study Variables 

(a) Wi ndow· Size and Configuration 

nominal window of 4 5/811 x 11 7 /8 11
; : 10° i n the y 

axis ; +41 3/4°, -5° in z . 

f i nimum of one (1) additional configuration (e . g . size 
reduction ). 

(b) Positioni n0 of opt ical devices with relation to overhead 
window . 

( C) Range from CSM at which LEM 90° rotation (i .e., pitch 
down ) is initiated for terminal docki ng (3 ranges t o be 
employed .) 

(2) Estimated Simulator Running Time ~ 45 fli ght hours to be 
carried ou v in one (I) s~udy phase . 
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g . Docking ~ith Voice Communication Link 

Under LEM active docki ng , voice communication between LEM and 
CSM could prove useful i n augmenting external visual of cockpit 
displayed information . This would be of particular concern with .the 
overhead docking technique and where onl y degraded or i nsufficient 
external visual i nformation i s available (th r ough a meteorit e or UV 
clouded window ) requiring an all i nstrument apprbach . 

The type and amount of i nfo rmation required and the techniques 
of passing the i nfo rmation between CSM and LEM crewrnembers remain 
to be studied under dyna.~ic fli ght conditions. 

(1) Study Variables 

(a ) Communicat ion Techniques 

Docking range points a t which presentation of voice 
link i nformation is given (mi nimum of 3 ranges). 

Amount of i nformat ion presented by voice (i.e . , 
number of specific parameters read off by CSM crew­
member) . 

"On -demand" i nformation vs. cont i nuous (" GCA type") 
presentation of docki ng parameters. 

(b) Approach Profile Di f ficulty Level 

Variations in degree of off - nomi nal IC's . 

( 2) Estimated Simulator Fli&rht ']1j_rn A :: 20 flight hours t o be carried 
out in one (1) study phase. 

h . Malfunction Detection and Correction 

A major influence on pilot performance which should shape vehicle 
design and flight procedures, i s crewrnember capability to respond to 
vehicle malfunctions or degraded conditions . Of part-icular interest 
is the effect of s 1 lch occurrences upon manual vehicle control ( and 
subsequently, on -.:ehicle trajectory characteristics ) during crftical 
portions of any given miss ion phase . 

(1) Study Variables 

. (a) Time of Malfunct ion Insertion 

Minimum of two (2) "worst - case" i nsertion points for 
terminal docking phase (e. g . , at initiation, 90° 
pitchover, just before docking contact) . 

(b ) Malfunct ion Type (and Complexity .Level ) 

Minimum of two (2) malfunctions during separation or 
docking maneuver each at different "complexity levels" 
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(based upon difficulty of diagnosis and number of 
responses required to correct the malfunction) . 

{2) Estimated Simulator Flight Time~ 35 hours to be carried out over 
three (3) study phases . 

Estimated Total Simulator Flight Time for all Separation and 
Docking Phases of Study= 380 f l i ght hours. 

i . Pressurized vs . Unpressurized Suit Conditions 
, ' ..._ 

I 

It is intended that all of the above docking studies would be 
conducted under pressurized and unpressurized suit condit i ons . 
Variations in this condit i on can influence other s tudy variables owing 
to effects of suit restriction on crewmember mobility and on visual 
capability with the helmet donned and the .visor down . 
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STUDY MATRIX #1 -· c-:?; .. '-: 
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n 

Listed below are 5 specific studies in order of priority, for the first 
80 hours of simulator flight time . Details of the variables planned and the 
total number of study trials required for these initial 80 hours of the separa­
tion and docking phase are presented. 

It is assumed that an average of six trials per simulator flight hour can 
be achieved and that six pilot - subjects will fly at least two trials under each 
study condition . All flights for this initial study phase are to be carried out 
with a single crew member in the Commander ' s position. Studies selected are 
based upon requirements arrived at by the LE,1 Crew Systems , Dynamics and Flight 
Contro·l Groups . Values for the study variables are specified, in most instance~ 
although several remain to be derived prior to the beginning of simulator test 
flights (e . g ., cg offset values; off nominal IC ' s.) . 

Study #1 Overhead Docking Approach Technique 

An initial study is necessary to define a nominal overhead docking tech- · 
nique for use throughout the remaini ng studies . 

This first study will utilize a nominal vehi cle configuration, with an 
empty as~ent stage, attitude hold mode for the RCS, a simple sighting reticle 
in the cockpit and nominal exterior lightin0 conditions (i . e . , CSM in sunlight ) . 

Three conditions are planned for evaluation : 

(1) Rotation Hear CSM 

Approach front - face from 175 feet to 30 feet - arriving at 30 feet 
with "h" and 11 z 11 variations visually nulled and s reduced to approximate ­
ly 1 fp.s . or less ( based on visual judgement) . Begin 90° pitchover at 
about a distance of 30 feet from the CSI-1 and at a rate of 100/sec . so that 
pitchover is completed prior to arriving at about 20 feet of range . Trans­
late along 11 +x" axis to docking contact using the overhead window. 

(2 ) Rotation at Distance from CSM 

Approach front-face from 175 feet to 75 feet nullinq band z varia­
tions . S should be reduced to approximately 2 ft . /sec . ( based on displayed 
information) begin 10°/sec. rotation at 75 feet . Complete 90° rotation to 
overhead docking by ~.bout 55 feet r 2.,.:_:;e from CSM. Translate along "+x" 
to contact reducing s as required . 

(3) Overhead Docking Under Off - Nomi nal IC's 

Approach front face from 175 feet without nulling of hand z varia­
tions . Rotate to overhead position at 75 feet as in condition# (2) above . 

_) 
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"" Null all hand z variation (visually) after -rotation is achieved. Complete 
overhead docking maneuver. \. 

Test Trials Required 

Two (2) trials for each of six (6) subject~ under each of the three (3) 
conditions . Total number of test trials~ 36. 

Study #2 ]):)eki ng Targets and Optical Devices 

The Nominal overhead docking techni que as derived in Study #1 is to be 
used, with all other vehicle conditions nominal. 

(a) Target Conditions 

(1) No target marki ngs and no reticle. 

(2) Reticle only ; no target marking . 

(3) Target marking scheme #1 (present nominal s cheme)* with reticle . · 

( 4) Target marking scheme #2 ( alternate scheme) with -reticle> 

(b) I nitial fucking Conditions 

(1) Nominal IC position (h and z = O, velocities nominal ) 

(2.) Off- nominal IC position (+h, ..:z., excessive velocities) 

(3) Off- nominal IC pos ition (-h , +z, excessive velocities) 

Test Trials Required 

Two (2) trials flown by each of six (6) sub jects under each of twelve (12 ) 
conditions. · 

Total number of test trials estimated~ 144. 

Study #3 Abort at Separation 

This study provides fo r variations i n inertia by varying the point at which 
the abort is i nitiated following separ ation . The target mar king and ret icle 
comb i nat i on would be t he opti mum one deter.ni ned i n Study #2 along wi th nomi nal 
vehicle configuration and over head docki ng techni que. All other condit i ons 
would be nomi nal. 

*Marking schemes #1 and #2 entail the use of 2 inch wide painted strips in one 
case and a "bulls-eye" target in the other as illustrated in Enclosure (2) 
to LLR-480-30, dated 13 August 1964. 
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(1) Immediate Abort After Separation 

At 15 f eet distance from CSM, following separation; LlM turns around 
and completes docking (i . e . , dock with full ascent and descent stages) . 

_(?) Abort Just Prior to Powered Insertion 

Abort at 500 feet, turn around and return for overhead dock with full 
ascent and descent stages (this also provides data for the nominal separa­
tion profile up to the point of abort). 

(3) Abort and Stage Descent Engine 

Separate to 500 feet as in #2 above and abor~ staging descent engine. 
Retur n for overhead dock with full ascent stage . 

· Test Trials Required 

Two trials would be flown by each of six (6) pilots under each of the 
three (3) condit ions . 

·Total nu_mber of test trials estimated~ 36 . 

Study #4 CG Offset Evaluation 

Nomi nal overhead docking maneuver would be used from an i nitial range of 
175 feet . Vehi cle initial position should be off nominal (+s , + z) . All other 
conditions should be nominal . 

(1) No CG offset . 

(2) CG offset - (residuals in as cent t anks ) 

(3) CG offset - (1/2 RCS propellant unbalance ) 

(4) CG off set - (full RCS propellant unbalance ) 

(5) Doubl e control weight CG values . 

Test Trial s Re quired 

Two (2 ) t rials flown by each of six (6) pilots under each of the five (5) 
conditions . 

Total number of test trials estimated= 60 . 

Study #5 

Us e worst case(s) CG offset as derived from St udy #4. All other veh i cle 
conditions and procedures nominal . 
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(a) Flight Control Modes 

(1) Direct (pitch axis only, 2 jet rotational authority) 

(2) Direct (all ~xes, 2 jet authority) 

(3) Rate command (all axes) 

(4) Pulse (pitch axis only) 

(b) I nitial Conditions 

(1) Mi nor off nominal ( +h, . +z and lows) 

(2) Major off nominal (+h, +z and high s) 

(c) RCS System Failure 

(1) No failure . 

(2) RCS System A-failure. 

Test Trials Required 

Two trials flown by each of six (6 ) pilots under each of 16 study condi - . 
tions, results in a tota l of 192 trials. 

The total number of trials required ·for the first 80 hours of s imulator 
flight time would be a maximum of 468 trials . 
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PART IX 
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Figure 1. Equations Of Motion For III - B Docking Study 
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Figure 2 . 

2. Rotational Equations 

3. Specific Impulse And Fuel Consu.r:iptiori Equations 

, 

Specific Impulse 

T ;.·· /-2. = I sp. h'Hy'. - E­
I .. p S-(,. = I s;p ,41/1),}I ~ f 

, -TW,-2 I 02,4 1 
! • / 

.- TW5-6 /. 024) 

1 sp 3 _,,/, = I sp ,,1,ai\/ - ( 

I sp /.5-lt = J SP ,,11,,1,/ I - ~ 
Ar.;( I TIIR[f8) ,,,, _T Sf) f--/{. ~"'= I :;p ,1/41 /-:- ( 

I Sp 8---/2 = 1· s;p .N/4~ I - <::: 

] £p 7--2 = ]" SP ,,t//JJ I -0. 
TSp//.,-= T :;pP,/• •' ( /- (~ 

- /,' ' /.J - · "1/.: I ~ I Isp 

-1 ,\lr- .,o I 024-\ - . , ,. ·; 
-T1·'1:_-14 /, tl2 ·17 
-1'1•./.:. 11,,/'. 02A) 

- Tlvc-12 ( 0241 
I 

-Tl-\ 1.- 3 I 02 1\ 
• ,. I ' / 

- ,V,r- 1s / , D:24) 
I 

/.·'/A X 

Equations Of Motion For III-B Docking Study 
Page X- 3 

Inertial 
Euler 
Rates 

Bx6 vBz 
-; -· 

r---v --
( :f = I - - - I fo ) 

]' .5,P (-/ Tl./ 12 LI e>) 

Mx = f-S[ 
My= 6- S[ 
MZ= 9 s [ 

Direction Cosines Initial Body 
Ax.es To Instantaneous Body Axes 

P-ropellant Cons"i.1Inption 

- Tz -Ti + Z-& -1,;- + ".!"' -T2_ + !:1 -T/3 Tl c(_.,t_ 
J.5 p l ··l .L..sP s-~ 26/'J -/'5 ·. .J.._;f-';3 - 1-1-'"-' 

- I· //~- - °;,::;_ -/ Z]/ - T~ u ; ✓-
- .Z5P,;>/? £5 /-' 8 -/Z a..,,,__ 

--
1 

/,'7 - TI_ + T) / -TIS_ r d..e,,. 
-- ,£.:5/" 3-7 L:sp;l•I/ .c.J 

my = -L-5 ' . CJ l -- :::;, +:r,2. -+- z:s..,-l~ + L2_-l-7'iO + U3+-T✓✓- j / . 
- I .::5;D /-2 ..Z:S/c;-5-0 . fs17 '3 .:./.o f.sr 13 c-ltf . c-cL 

,... 
/ ) my-=v [ 

v,f.- 7'7 :' ..J- Ti->rl/.c"- ] . (c-
. ' - C . 

b / 4 -J 0 -2 .s r B -12 

mz- / _ \·r 
--~ CJJ' l 

- ;:,·;;, + T 7 -J_771+1,S J d,_-L 
_ 1-:=:-;;;, ]-/ 1 J..Sj"'/j- /..f . A..,. 

Direction Cosines - LEM Loca l 
Vertical To Instantaneous Body 

/ Sr m4 = --::;-· l - - / 2. 1 74 _, _r3· +· T 8 -t //6l _J 0/-1-7)_5 , . ;-,/..3 . - , IL-
--- ---~ ~ - 7 -. . .. ,- T 0---Z,_, 

-/..:5/"i-2. · .Z..:;P-f..1,< ~Ey:,s-0 z.:::;:,s-;?:- £ 7 :,y-.1,,, h ,?//-A.( J .:s/;13-11,_ . · 

rn4 m_g 

mt;=-6-S I 
k1l/ ,= _ _(_ r. 
- --'fl .. - n,-r, 

- 7-✓✓ ·+- ~ -r- rz + _re:- + !-9 + _z/;,. + ,r;,;~ ~- Td/ 
-:: £ -:5/c:;; /-.2. _l..::y:.:,J-J _l..sps-t:- fi/ ; 9-11 ~ ,;:.. q-lZ .£.:5? 13--1( £➔,:: 1 -1? ] cL-f.:.. 

)[lf3x 1+1 By l·+lczn elk ~ 

q Rev. 
LEf/4 D'ynami ss 8/10/64 

REPORT: LED- 570 -10 
·DATE : 23 October 1964 



/ 

7 
z 

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

\ 

)f CS l"\ -l-: \'\ P -1... 1 1 1 E 

3 _ - 'c. Qr\ i: I ?, ·1' : -,~ A ' ', I , \I ') ~I,".\.. ,- Q '-), \\'J , 1 · Or M ') I ' RfP('.,..-



,,.GE X-5 

- ri c::-t/t?t= .Y G E 0 / 4 Gr/? Y o r /?AO~A' 

AZ/ / -/(/ T H ,,1/✓0 l:=-LE Y.,,-/T/O,;V 

I 
I , 
1 X'&· 

'V"------'----i;.,-Y"--- - - -

t_,,. "-

A); fa 
J. & - ,,017.c r/ 
2 ~ - IC'c7£t.. 

3 (? - Y:.,./tU 

REPORT LED- 570 - 10 
DATE 23 October 1964 



' . 
I 
l 
I 

I 
i 
r 
I 

i 
' ' I 
t 

I 
I 
l 
' 

. i 
f 

I. 

C,. 

D --,.. .. 
' \ \ 7" 

-v -

Ll:;l) - 570 -10 

i 
I 

I 
' 

I 
I 
I 
I 

I 

23 October 1964 



/1 

() 
0 
p. 
Cb 

N 
0-­
Vl .... 
N 

E 
I 
N 
w 
> 

GRU MM AN 

PAGE X-7 

/ 

X--r •m· 

-- 1,-
---

t' 

" • c " " , mou LED " · NG I NEER ING DATE - :;,..,Q - lQ 
CO R p OR AT 23 Qn ..:.. , 

1 
o N '- ,ooer 1964 



. I 

.. n,.g e .1,. - u 

Figure 8 . III - B E'ATEB .• "J'.JAL VISUAL DISPLAY DRI"VE EQUATI ONS 

__,I 

D JTER[M I NTERIM DI SPLAYS 

I 

FROM 

E~UATIONS 

OF 

MOTION 

____;;,,_____~
1
1 he " h + ), Xc/(6 

:z _ Sc::: S + Yg X C/CG 

Zc = Z + )z X (/c(i 

+ )T) 1 Y c/c~ 

+ )t) 3 Y c/c~ 

+- mz Y c/cG 

-1-- 'rl, Z c/a; 

+ h3 2 c/a , 

+ YJz. Z c/ce; 

Om 
Gr ::: - e~ cos (/JR - <Im :5 /n t./JK 

¢-,. =- + ¢ m cos t/)R. - B'm sm cf;~ 

m·1, z :r 

ni 2 1 

Xe/cc, · Ycfcc, Z c/c.y 

TO MODEL DRI VE 

f .R\' 

L = &m,4, 

FROM 

EQUATI ONS 
01', 

MO'I'ION 

L, :. ( 0 5 to Cos Ro """ S /11 Eo .:Sin Ao ...5 1 (7 ,fo 

L2: cos A0 .:m Po 

[ 1: (' 

Y /17 

nf 2 3 

Ao ;,, l 3 :: -C DS Ka ~ tn Ee + COS Co :Srn fJo :5M Ro 
11,:;; -co~ ·Eo -:::-1n fo + ~OS 1G .:5rn Co ~,n Ao 

~ Mz = CC5 Ao C.DS RQ 
M~=- Sin Ea ~ / fl Ra · cc:;, Eo .:5/r? 4~ CC..5 R:;) 
/Y, = ;;i,n t o cc :;, /;r; 
N2. =-01n Ao 
1\13 = cos Eo co s A~ 

I 
l z. 111, 

I 

'12.. = L, Jz' 
}172 :: M,J; 
Y] t = N, J,I 
.._ 

N, )z' nz~· 
?· I~ - /\I; _). I 

3 

N, 
l✓z 
; I 
l 'i •, .,. 

+ L 3 '02
1 

-{· Mz rn; 
1· N2 

I 
l"'() I 

-t N2. ,,,, I 
. '2 

,. N I 
;-- 2 Yr73 

Zc 

{JI( :: fan-1t'1/nf ) <I~ 9
1 

= ()I + G1:_ - ¾ .. 
~ -I * {JR 

R. =- - .s; n nz 
v)R_ :: tan-1P21mr) I q},& 

l 

(j/;; dJ I r/JR 

(//::, cj)?-

J / = cos[;' co::; rj/ · S!fl ()' .sm d/ ..s,n (j/ 

121 

= ( 05 ¢' -5 ;n J/ 
J/ = - cos cj; ' ,5/(7 ()' + cos 9

1 

S in d '.S !/7 ✓) ' 
-m,1:: - ( QS e' .S/n I I I+ ( QS if/ .j/n Q' S/n¢/ 

m; = cos <I/ cost}) ' 
m/= .Sin 0

1

_s 1n (p 1 
+ Co.:5(:J'sm 1) 1 

C0.5 (// .., 

'rl/ = 0/n {} I ( OS <b ' 
·nl = - sin cf/ 
'(); : C05 t) 1 

C0..5 q; 1 

.£.' rn,' I 
Y), 

Jl 
I I mz.. l 

~ I , 3 fl) ~ Y) ~ 

.f L--i. 'fn ?, I _'1.2. ..sin e~: -Y/ , I co.5 etc 
I ) } }1 Co.5 e~ = + M3 l12 

I 

-1 N3 n/ .IL 2 ~ 0 1n CJ,.c. = 

cos <bc = 
+Ni r/ ).I 

V 2: S !O (/;c = 
+t\ i; rr/ 

V :, 
(05 00~:: 

,13 / co.s <Pc. 

- n .....'..J..I..; ____ 

✓ 2 I / - )7-,._ 
't I I l! (05 (/;c 

r,~ I , ,z cos <$c.. 

~ __ I¢M DYNAMICS 8/18/61. 
REPORT : LED- 57O-1O 

DATE: 23 Octobcp r 1964 

e, 
C 

TO OPI'ICAL HEAD DRIVE 



GUI DA, ' CE 
Co-n MA t~ DS f---------, 

J_ 

R 

RoT ATIO r--1 
CO NT P,Ol.. \...E R. 

p 

ATT \ 1<JDE 

Moo£ Sw. 

I 
I 
I 
I 
I 

0. -------r--~· 
R - ----- --,------;::_-:..~---, 

TR A l-\ S\.. ATt cn.1. 

C o t-ff R OLL.E.f<.. 

I 
Col'<'\P:) TE: R 
$v.Ji TC.I-\ 

0 
1------,r-, --C-CZ.+-----:)).:.• _ _;__ _ __ _;__ _______ _ ~----------, 

" I 
I 

0 I 

D t: AO'i3AND 

StL Ec..T Sw. 

I 
I 

Gu1DA t-lC E 

THRoTTL.i:. 

A\JTO 

T1-+ROTT LE 

Cor-.TP. OLLE:R 

THROT•l-E. 

..,.,c· :... <:: , •1-cu \ l 't.- c... .._.~..- , , . 

I 
r---- _ . __ I 

P A P/\ LLEL------

8 Put..SS 
R1'.T1 o ,-__,,...V [ H\ LE 

J c.T \1 o DU L AT 0RS 

I 

1' / 
I I ~ / 
to 
" 

I "' o-,;--~>---"'--i- H --H-+----c-- ---~----~ 
0 ~ ----o 

" '\. 
. 0-~-0·--+-~-t 
0 

'-"-------0 

FIGURE #9 

FLIGh7r C011TROL SYSTEM . 

DIAGRAM 

REPORT: · LED-570-10 
DATE : 23 October 1964 



m~ "--Vw nrrv --' l!..:.J 

FIG. JOL E ~A DISPLAY CONS OLES 

b9ct.~J ­
G!Jcrtl 
1.,.- 1z,3 ,,:~1 
(=72--:5 .;-;~ 
[-1-1 2 3>1~-1 

-t 

Report Ifo.: LED-570--lCi 
Section: · I 
Date: 23 Octobe!- 1961-

GRlJ1'4MJl.N AL'tCRAFT · EllTGINEERING CORPORATION 



r 

IMAGE GENERAT 10~ ROOM 

.. 

COMPUTER FACILIT IES 
OOCK 1."G, ,,,_,.OOEL 

f' 151 GUNNEA't TI\A.lNER 
A:ANGESEO 

(ma INT.-INT. DISPLAY O><L~ 
I OEG Cf f~EOO'I 

TR,ANSLATIOH 

(z RO TU ION-'!. DEG. l ___ :_tEOO~) A 

~ m •;:;~• @ ~:,:I~-« 

LIGHTING OPTICAL MEAD (3 AOT~T IONAL orn. FREE DOM) 

~~~.c=1~0) J 

TV C ..... ERA (,on LIO€) 

, ... ~ . , ci 
,;o, ,o, _. \~ 

ltB 
c~ ooc~1Nu wooE t. A 

~ I MI T CYC !.t"'G) t ~l 

FUNCTIONAL SCHE'1ATIC OF 

VISUAL DISPLAY PRESENTA"xION 

o o •• ., :, I .. ,, o 

_ j 

COCKPIT T. V . ..,NITOA 

. . 

l 
El~-105' LK<.€ { l 

r.v. • j I. I 

f· 

• [">-;:;:=;;:,,.;; -~ · ! O. Ta ACUIJI'-' TC. 

l 

T 

.. 
~-:~-Z} .. ~L::~. ·2.~Z: -~~;~_-::-: . . ~ ;~J=~··: \~/ ~- ~ 

na SIW UlA TCA 
ma SIMUL 4 f0R 
►(CESTAL POWER SUPPL Y 
t.1E OtC AL (Q U1?~£ NT 

~ut>OA r E.O 

Page X-11 

• r.:>o<, (rro) 

TR4 1(HlK.( NT CURVED SCQ([-

IMAGE DISPLAY ROOM 

\ 
\ 

\ 

E~!'lG 1 -ro omv 

FIGURE #11 

REPORT: LED-570-10 
DATE·: 23 October 1964 



tJ ~ 
pl (1) 
rt- '"O 
~ 0 

'i 
N ;; 
vJ 

0 t"' 
n M 
rt- tJ 
0 I 
Ci' Ul 
(1) --J 
'i 0 
,_. I 
--D ..... 
cr-0 
~ 

., 
" ~ N N C R 

t,l 

•• -· . . .. 

__ ,_--.J, . 
a:t::J 

~ ! I J • ' f T c•• 

I 

111111 + 

.I 
I 
• .. 

·\ 
I 

I I • 

I 

e l 

I e ~ 
~ l!LI I 
rd -- ~ . 

Figure # 12 Monitor Console 

. \ l l l l 
~ ~ l 
LLLLI 
\ l 1 l 1 

• • 

"d 
pl 

(JQ 
(1) 

t-J 



fL 

"IUll I 10 100 200 OFr 

c' T i° ., ◄ I ~ 6 1 (",,:T 

hi' I , 

e e 

.I 
e 

I 
e 

Page X-13 

r 

--

Report: LED-570-10 
Date: 23 October 1964 

Q 
0 

•,-I 
-1-1 
(.) 
Q) 

Cl) 

"O 
Q 
(1j 

:r: 
.:::: 

Q) 

~ 

Q) ...... 
0 
Cl) 

Q 
0 
u 
"" 0 

-1-1 ..... 
Q 
0 

~ 
('<") ..... 
::jj:: 

Q) 

"" ::, 
00 ..... 
~ 



t::J !:d 
Ill ro 
rt- 'O 
~ 0 

Ii 
N ft 
<..,) 

0 t"' 
ri M 
rt- t::J 
0 I 
cr' Ul 
ro --J 
Ii 0 
...., I 

'° ..... a- 0 
.i:,. 

~--------ATTITUDE----------, -------LINE OF SIG HT--------, 
DOCK ING/SEPARATION 

Figure # 14 Monitor Console - Upper Right Hand Section 

1-cJ 
Ill 

O'Q 
ro 
X 
I ..... 

.i:,. 



0 t-4 
o M 
C) t1 
C"' I 
Cb u, 
Ii ...J 
,_. ;o 
...0 I 
CJ' ..... 
~o 

RATE GYRO 
OPEN CIRCUIT 

RAT[ GYRO 
BIASED 

rwo PATH 
OPEN 

ATTITUOE 
AUTO 
MOO[ 

ATTITUDE 
HOLD 
MOOE 

rwo PATH 
HARD OVER 

CONTROLS MALFUNCTIONS 7 
AUTO ATT HOLO RATE COM 

--- SYSTEM MALFUNCTION S ---

I RCS .. ; RCS MA. l tt • . 

j A :. "f,. B PRPL.fi ALI' \ --- '-...::.-. - . 

ROLL PITCH YAW 

OIRECT 

·- --, -· -- - ' - ~-- -
RGAft RG.0 2 ~-A • 

i__ - .;..._;. ----- _, 
1 •• 
L ' - - -- --~ 

... OPEN .. llo .., 
NOR MAL 

• CLOSED • • 
- -- -- - --- - - -

-- - -------- • • 0 OPEN • • • 
~ORMAL 

~ ~ .. • • CLOSEO • 

Figure #15 Monitor Console -: Lower Right Hand Section 

• -
• 

• r 
• 

---- INTERCOM----

---- - --- -
--- beS n-=-;.,,-
,u t'C ~ --- ---

lAL ... I~,., _ •, 

! ~~ 

VOL 

f"(j 
p., 

(IQ 

Cb 

X 
I ..... 
u, 



,.
 

.. 

F
ig

u
re

 #
 1

6 
D

ig
it

a
l 

D
a
ta

 A
c
q

u
is

it
io

n
 S

y
st

e
m

 

II I . . 
. 

ff
 

f-c:
J 

Ill
 

IQ
 

Cl
) :x: I .....

 
C

J'
 



APPENDIX A 

DEFINITION OF SYMBOLS FOR EQUATIONS OF MOTION 

REPORT 

DATE 

GRUMMAN AIRCRAFT fNC1NffR I NG CORPOR ATION 

, ... GE A-1 

LED -570-10 
23 October 196¼ 



() 
0 
p., 
~ 

N 
0-
v, .... 
N 

g1 
CA 

I 
N 
l,J 
I .... 
> 

I 

I 

~ ,: 

I 

I 
I 

; 

i 

SYMBOL 

A 

B 
X 

B 
y 

B z 

E 

F 
el 

F 
e2 

F 
e::3 

h 

h 
0 

. 
1: 

• h 
0 

I 
X 

I y 

I z 

I xy 

I yz 

I 
xz 

I 

Table I - Defini tion of Symbols 
DEFINITION 

Azimuth Angle - Measured between LOS vector 

and its projection on x.,.., : z.,... plane 
.u -

Appli ed fo rce along LEM X.... - -Body axis 
~ 

Appli ed force a long LEM YTI - Body axis 
-

Applied force along LEM z -'TI Body axis 
-

Elevation Angle - measured bet. Zn axi s and 
-

proj . of LOS vector on X,.., - Z.,...Plane - -
LEM l ocal horizontal fo r ce -positive onoosite 

to direction of moti on of CSM 
r-. 

LEM local ver tical force -posit ive away from 

lunar center 

LEM l ocal horizontal fo rce-completes 

Rt . Handed Svstem with Fe1 and FM, 
~ 

LEM- CSM relative radia l displacement 

Initial relat ive radial displacement 

Relative radial veloc ity 

Initial relative radial velocity 

Moment of inertia about X.,.., - axis -

Moment of inertia about Y~ - axi s 
~ 

Moment of inertia about z,.., - axis 
-

Product of inertia in X-Y plane 

Product of inertia in Y-Z plane 

Product of inertia in X-Z plane 

REPORT 

OATf 
LED- 570-10-
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. ". 

RANGE 

--: 1\/3 

: 4oo 

: 200 

+200 

:: 1'/3 

::500 

~500 
--

::500 

::500 

::500 

::20 

~20 

1000 
t o 23000 

1000 
to 23000 

1000 
to 23000 

200 
t o 300 

200 
to 300 

200 
t o 300 

GRUMMAN AIRCRAFT ENGINEERING CORPORATION 

UNIT 
' 

RAD 

LBS . 

LBS. 

LBS . 

RAD 

LBS. 

L, 

LBS. 

LBS. 

FT. 

FT. 

FT·. /SEC. 

FT_. /SEC. 

SillG-FT.
2 

J 

SillG-FT . 2 

SillG-FT.
2 

SIBG-Ft .
2 

SillG-FT.
2 

SIBG-FT . 2 



I 
I 

0 
0 
i:... 
(1) 

N 
v' 
'J1 ..... 
N 

M 
~ 
n 

I 
N 
v,J 
I 

H 

r1 
t 
f 
'· l 
ii 
i 

t 
~ 
~ 

~ 
fl 

( 

~ 
~ 
l'4 

J 

t 

SYMBOL 

L 

M 

N 

p 

. 
p 

q 

. 
<i 

r 

. 
r 

R~ 

RyB 

Rz 
B 

s 

so 

. 
s· 

T. 
J 

j == 1 :-16 

u~ 

Uy 
B 

DEFINITION - RANGE UNIT 

Applied moment about JC,., - axis 
~ ::3000 FT. - LBS . 

Applied moment about Y.,.., - axi.s - "!:3000 FT. - LBS . 

✓ 

Applied moment about z.,.., axis - :3000 Fl' .-LBS 
" 

Angular rate about xn - axis 
- ::0 .5 IRAD/SF.C . 

~ 

Angular accelerat ion about the ¾ - axis -
RAD/SEC. 2 :1.0 

-
Angular rat e about .Y.,.., - axis -

RAD/SEC.
2 

~ :!:_0.5 
( 

Angular Acceleration about YD ~~; ~ 
::1.0 RAD/SEC . 2 

Angular rate about ZD - axis 
= :1.0 RAD/SEC . 

Angular acceleration about Z.,., - axis 
RAD/SEC . 2 - ::2 . 0 

CSM - LEM relative position i n body axis 
::500 FT . 

xn - direction -
CS!-1 - LE:{ relative position in YD - body - -::: 500 FT . 
axis direction 

~ 

CSiil- LEM re l ative position in Z.,.. - body ..____ - ::500 FT . 
axis direction -

Relative di splacement in c~~ orbital directior. 
-:::500 FT. 

- posit ive LEM behind CSM 

Initial relative displacement in CSM 
::500 FT . 

orbital direction 

Relative velocity in CSM orbital direction 
"±:20 FT . / SEC':, . 

. . 
Reaction Jet Thrust Magnitudes 

+100 LBS . 

CS.~ - LEM Relative Velocity in¾ - body 
~20 FT . 

axis di rection 

CS'.1 - LEM Relative Velocity i n y"P - body 
~20 FT. 

axis direction ' 

-4·---
REPORT LED - 570-10 . 
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M 
::s 
~ 

I 
N 
l.,.J 
I 
..... 
:> 

I 
J 
I 
I 

I 

l 
~ 
! 

,I 
!, 

~ 
I 

t ., 
,! 
• 

,.\ 

SYMBOL 

uz 
B 

vs 

v . 
h 

vz 

XCG 

YCG 

z 
CG 

YT . 
l 

YT3 

z 

z 
0 

. 
z 

z 
0 

-z 

1* 
1,2,3 

* m 1,2,3 

n*-
1,2,3 

-:,-.A 

. 

PAG( A-4 

r 

DEFINITION RANGE UNIT 

' ---, -
CSM- LEM Relative Velocity in Zn - body 

· ~20 [FI' . 
axis direction \_.,.r 

,J -, 
CS?,1 - LEM Relati v~ Velocity in ID1 weal 

~20 !TI' . I SF,C . ' horizontal direct ion 

CSM- LEM Relative Velocity in LEM weal ~ 

::20 WT . /SEC . 
vertical direction 

,. CS>I - LEM Relat ive Velocity Perpendicular 
::20 [FT . /SF,C . ,) to the CSM orbital plane 

LN-1 CG Location in the JC.,., direction WRT 
.,_, ::o. 2_? FT . 

the fixed Reference Point 

LE-1 CG Locat i on in they_ direction WRT +0 . 25 to -0 . 6 FT . ~ 

the fi xed Reference Point 
-

LEJJ CG Location in the Z~ direction WRT +l. 7 to -0 .25 FT . .,_, 

the fixed Reference Point 

Distance between L axis and RCS Jets 3, 4, 5 . 0 FT . .,_, 

7, 8, 1±-, 12, 15 16 

Distance between Y.,.., and Z~ axes and RCS .I 

.,_, .,_, 5 . 5 FT . 
Jets 1, 2, 5, 6, 9, 10, 13, 14 

Relative normal displacement to CSM 
~'.500 FT . 

orbital plane 

I nitial Relative I"ormal Displacement to· CS,-1 
::500 FT . 

orbital plane C 

Relative Veloc ity normal to CSM. orbital ' 
::20 FT . /SEC . 

plane -

Initial Relative Velocity Normal to 
FT . /SF,C . J ~20 

cs:.i orbital nlane 

Relat ive acceleration normal to CSM 
::2 FT . /SFiC. 2 

orbital plane L ~ 

Direction Cosine relating LD! JC.,., body axis to 
_, ~l 

LEM i nstantaneous body axes 

Direction Cosine relating LE.•1 Y~ body axis to 
.,_, ::1 

1£.: instantaneous body axes 

Direction Cos ine relating LE>1 Z.,., body axis to 
_, ~l . 

LE!. instantaneous body axes 

cs:1 Longitude rate east to west g . 54716794 ~ 

X 
10-4 RAD/SEC--:-

. ·" . . 
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("') 
0 
0.. 
(l) 

N 
v' 
u, .... 
N 

M 
:, 

°" I 
N ....., 
I .... 
> 

--
--

SYMBOL DEFINITION RANGE 
_J 

f Line of Sight CSM- LEM position vect or 
0 - 500 

• Line of Sight CSM- LEM veloc i ty vector - 5 to +20 ,__. 
-

h Re l ati ve CS:vi - pilot eye pos i t i on i n h 
C -:!:500 

dir ection 

Relat ive cs:'. - pilot eye- pos i tion i n s s : 500 C direction -
-

z Relat ive cs:.1 - pilot eye pos i t i on i n z . 
-:!: 500 C direction 

-

.._,.. 
Relat i ve CS'. -1 docking hatch p6siti on i n I 

13n 
-

~500 
t s direction 

Re l ati ve cs;._ - docki ng hatch pos i tion i n ' 

8D -:!:500 
s di rectiep 

ZD 
Relative CS11 - docki ng hatch position i n 

r ±500 
' z direct i on 
ij I Specific . 1 \ f unct i on of output of i~u s e - 0 - 270 r SPl -2 

modulator fo r~ jet s 1 - 2 

ISD Specific i ILpul se - f un·ct i on of output of 
0 -270 

J. 5- 6 
modulator f or j ets 5-6 

I Specifi c i:-:::pulse - funct i on of output of 
~270 SP9- 10 

modulator for jet s 9 - 10 

1
J ISP Specific i r.:uulse - f unct i on of output of 

0 -270 
f l3 - l 4 j modulat or for jets 13 - 14 r-~ ---------

I Specifi c ir:pulse - funct i on of out put of 
0 -270 SP '-- -

4 -16 m~dulator ~or jet s 4 - 16 

I Specifi c i :::pulse - funct i on of output of 
0 -270 ) SPS -12 

modulator for jets 8 - 12 

l 
~ 

I Spec i fic ir.:pulse - f unction of output of 
0 -270 SP7 - 3 '-

modulator for ,jets 7 - 3 . 
j I Specific iYT-:pulse - function of output of 

0 -270 fl SPll -15 
1 modulator f or .jets 11 - 15 

i T Maximum value as RC S specific i mpulse 

' 
-spll-15 270 

·~ RCS propellant used for translat i on wi th 
0 - 4 

:l 
M 

X .iets X -
I• 

·- · , .. ___ , 

IIEPO IIT LED- 570-10 
o•n ?3 October· 1964 

GRU M MAN AIRCRAFT ENGINEERING CORPORATION 

UNIT 

Fr . 

Fr . / SEC . 

Fr . 

FT . 

-
FT . 

Fr. 

FT. 

Fr . 

SEC . 

SEC. 

SEC . 

SEC . 

-,_SEC. 
. 

SEC . 

SEC . 

SEC . 

SEC. 

SUJGS 
-

-



() 
0 
p.. 
Cl) 

N 
0--
u, ,_. 
N 

M 
::l 
l"l 

I 
N 
c.,, 

' ,_.. 

> 

-

I 0 

fa_YMBOL 

M 
y 

M z 

MT 

I p 

qi 

J r 

' 
0 . 

l . 

~ 
<f i 

'·i ,J. 
¢i ) • 

Lj i 

f 
! l/1 i 

l 
j ~-l 
i 

G 
L 

►i r· 
L 

i u : 
¢1 

~ 
01 ·' ; 

,} 
,1 . 
~ f 1 

ti :~ ¢1 . 

A-6 

DEFINITION RANGE UNIT 

f or : t_r anslation with ~ 

\ RCS prope~lant ~sed .0 -4 SIDGS t------ --·-

V - iets 

RCS uropellant used for trans"3._ation with 0 -4 SIDGS 
z - .i ets 

Total IE•; mass 100 to 1000 sw9s -

/.,... 

Anirular rate about X axis WR rr . LEM 
~0 .5 RAD/SEC. .D 

local vertical 

Angular rate about Y~ axis W. R.T. LEM 
: 0 .5 RAD/SEC. ~ 

local ver t ical 

Angular rate about z~ axis W.R.'I'. LEM I 

RAD/SEC . :1. 0 JJ 

local vertical 

I nertial pitch angle 
:: 1f RAD 

Inertial r oll angle : 1\/3 RAD 

-
I nertial yaw angle 

+ 7T RAD -

I nertial pitch rate 
tl RAD/SEC . : 

I nertial r ol l rate 
~2 RAD/SEC . 

' 
Inertial yaw rate 

:1 RAD/SEC. 

Local vert ical pitch angle : v RAD 
-

Loca1. vert ical roll angle 
: lf/3 RAD 

Local vertical yaw angle 
7: 7T RAD . 

Local vertical pitch rate 
!l RAD/SEC . 

Local vertical roll rate 
-:!:2 RAD/SEC . 

RAD/SEC . 
Local vertical yaw rate 

't_l 
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0 
0 
p, 
Cl) 

N 
0' 
V, ..... 
N 

M 
;l 
"Q 
I 
N 
uJ 
I 

)> 

I 
f 

~ 
I 

t: 
I 
t; 
' I 
i 

11 

~ 
I 

i 
~ 

1 

I 
I 
ri 

t 

SYMBOL 

m -X 

m 
J 

m 
z 

IDA 

mB 

n v 

RA 

g 

BID 

¢ID 

* R 

-0.c 

Lj' _ 

A 
z . c 

) 

, 

PAC,( ·:A-7 

-
DEFINITION RANGE UNIT 

'T'otal RCS :Qrope llant used with x - jets 0 - 4 SIDGS 

rrn~ ~1 P~S pr opellant used with y - jets 0 -4 SIDGS .. 

'T'otal RCS pr opellant used with z - jets 0 -4 SIDGS 

'T'ot a l uronellant used hv RCS system A 0 -4 SIDGS 

'i'nt al nro-pellant used bv RCS system B 
0 -4 SIDGS 

b V used f or transl at i on with RGS jets 
0 -30 FT/SEC . 

6 . 188484 . 2 CSM orbital altitude 
xl06 FT . 

Earth gravitational constant -
32 . 174048 FT/SEC .

2 

Pitch model drive RAD 

Yaw model dr ive RAD 

Range mo del drive 0 - 500 FT . 

' 

Opti cal head elevat i on drive RAD . 
Ontical head derotation drive RAD 

Optical head azimuth drive RAD 

,......_ 

I 

-

-- . .. 

REPO RT LED- 570-10 : 
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PAGE B-1 

DEFINITION OF SYMBOLS AND VAll.JES 

FOR FLIGHT CONTROL SYSTEM 

.1 deg gimbal command deadzone 

.2 deg/sec gimbal actuator speed 

"t5.5 deg maximum gimbal angle 

100 rad/sec rate gyro natural frequency 

rate gyro dampi ng 

.1 deg 

.1 deg thrust peri od attitude control deadzone 

. 1 deg 

5 deg 

5 deg coast period attitude control deadzor,~ 

5 deg 

. 01 sec 

== • 01 sec error s i gnal filter time con9tant 

. 01 sec 

REPO RT 

DA TE 

GRUMMAN A I RCRAFT ENG1NEER ING CORPORATIOP,1 

LED- 570 -10 
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... 
"' "' ;;; 

~l 

KQ 
1 

KR 
1 

~2 

K'½ 

-~ 
. 2 

p 
max 

~ax 

R max 

Fl 

F2 

F3 

Sl 

s2 

s3 

84 

s5 

s6 
) 

= 

.____, 

= 

= 

= 

= 

= 

= 

= 

= 

= 

-1 
.., 

1.5 se~ 

1.5 -1 sec 
) 

descent stage rate 

1.5 -1 sec 

...... 

.35 -1 sec 

. 35 -1 ascent stage rate sec 

. 35 -1 sec . 

5 deg/sec 

10 deg/sec ~ rate comm.and limit 

5' deg/ sec .) 

5% of full stick mot ion to either side 

75% of full stick motion to either side 

90% of full stick motion to either side 

rAGE B-2 

gain 

.J 

gain 

in automatic mode 

voltage levels necessary for the required logic and jet con:mands 

. 3 sec throttle servo time constant 

mou LED- 570-10 
DATE 23 October 1964 
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