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1-1 INTRODUCTION 

Section 1 

INTRODUCTION 

The P':lrpose of this document is ~o provide a description of the. displays 
' . 
and controls (D &: C) associated with the Apollo Guidan~e and Navigation 

· {G &: N) system -in the Command Module. 

The information contained herein is primarily concerned with the dis­

plays and controls associated with the Block I; Series 100 guidance and 

navigation systems. However, specific references have been made to 

AGE 12, the Block I, Series 50 system that will be utilized on the firsJ 

manned flight. References to AGE 12 have been specifically labelled as 

such. 

The illustrations and photographs in this document represent the latest 

configuration of the Series 100 systems. For purposes of clarification, the 

differences between the D &: C on the Series 100 systems and those of -~GE 12 

have been illustrated and described. 

1-2 DESCRIPTION 

The purpose of the Apollo G &: N system is to provide the _astronaut- · 

navigator with t he equipment necessary to navigate from·the earth to . t,he 

moon and return. A ·second ·function of the G &: N system is to generate 

the steering signals necessary for course correction.·. To accomplish ,the 
'. •, ' ' f 

above purposes the G &: N system compriseE? the three major _substemf! · 

' .. . . 

1 



• 

. . 
essential to astronautical navigation: 1) an inertial subsystem 

(ISS) to provide measurement of vehicle attitude . and acceleration,· 2) an . . . 
optical subsystem for angle measurements to stars and landmarks, and 

3) a computer subsystem (AGC) whic}:l se~ves _as the central da~a processor.. 

These subsystems and other su_pplementary equipment are integrated with · 
. . 

the G & N displays and controls for system status monitoring and operation 

by the astronaut navigator. 

The primary location of the G & N displays and controls is at the navi­

gation station wh~re they ar·e arranged in ·functional groups about a naviga~ · · 
' ' ' j 

tion base which incorporates the optics and the IMU (see Figs. 1-1, 1-~ · , . : · : 

and 1-3 ). Attitude controls functionally related to the G & N syste.m are 

also · located at the navigation station for use by the navigator in the per_- ·· 

formance of the navigation tasks. A computer display an.cl co_ntrol p~ef 

and G & N system power contro'is requiring primary control by the pilot . 

·are located on the main display console (MDC). (See F ig.· 1 ... 4). 

The subsystems and the'ir ass9ciated displays and oontrqls are de.:. 

scribe_d in functional groups •in the foll<;>wing order: 

1. Inertial Subsystem 

2. Optical Subsystem 

3. Apollo Guidance Compute1; 

4. G_&N System Power C_ontz:_ols 

5. G & N Condition Lights 

6. Illumination Controls 

7. Clocks 

8. Power and .Servo Assembly . 

9. Attitude Controls 
2 
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Section 2 

INERTIAL SUBSYSTEM 

2-1 INERTIAL SUBSYSTEM 

During thrusting phases the inertial subsystem provides attitude 

references, processes steering commands from the computer. to the auto­

pilot, and provides the velocity ·increment signals which are counted by 

the computer and used for thrust termination. During nonthrusting phases 

the inertial subsystem is used to hold or control changes in spacecraft 

attitude at the direction of the navigator or the computer. Use of the ~ 

inertial subsystem during nonthrU:sting phases is optional within the 

limitations of available electrical energy. 

The major components of the inertial subsystem are (1) the inertial 

l'D:easurement unit, (2) three coupling data units, (3) an IMU control panel 

· (4) part of the G&N indicator ·control panel and part of the power and servo 

assembly. A description of these components follows. 

2-1. 1 INERTIAL MEASUREMENT UNIT. The inertial measurement·:·. 

unit is the primary inertial sensing device of the G & N system. The . IMU 

consists of a three-degree-of-freedom gimbal system containi_ng three. 

pulsed int.egrating pendulum accelerometers (PIPA) and three inertial 
:·:. 

· reference integrating· gyroscopes (!RIG). The inertial components are 

mounted on the innermost gimbal, or stabilized member, which is hel~ . 

~onrotatipg with respect to inertial space by tqe action of: error signai~ ·: 

from· the three gyroscopes. The outer axis of gimbal freedom is mourited _· · 

7 
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parallel to the reentry control wind axis so that the high angular rates. ·. . . 
. '. 

during reentry roll control of lift. are "unwound" by the outer . gimbal. :' · 
, .. 

This places the outer gimbal axis 33 degrees from the spacecraft sym':- . 
. ' 

metry axis. To avoid dange~ of gimbal lock, the inner gimbal axis is ; , · · ·: · : 

positioned normal to the plane of any planned trajectory or attitude turn­

ing maneuver. 

The !MU produces two major outputs: 1) vehicle ori~ntation signals 
. . 

·. ' ' 

, • 'I 

from the gimbal angle transducers (or . resolvers) mounted on each gimbal' 
' I 

axis, and 2) velocity increments .from the accelerometers which measur_e 
' • . 

. . ' 

the specific fqrces applied to the ~e.h.icle by ~erodynamic for.~es and thrust. ,. 

A functional and schematic diagram of_ the IMU is• shown in' Fig. · 2-1. ·\· 

2-1. 2 !MU DISPLAYS AND CONTROLS. The controls for the !MU are 

located on the IMU control panel at th~ upper left of the navigators panel 

(see Fig. 2-2). The IMU control panel contains the IMU-CDU difference 

meter. the transfer switch, the manual align button and the ~ix mode _c·on­

trol buttons. The controls. and their functions are described in the pa~a- ,· .' ·. 

graphs that follow . . 

2-1. 2. 1 IMU-CDU Difference Indicator. The IMU-CDU DIFFERENCE 

indicator provide~ a 3-axis display of the angular difference between t})e ... 
' . ' ' .,.' . ' 

!MU gimbal angles and the angles set on the coupling data units (para . . : · 

2-1. 3). (See · Fig. 2-3). 

± 5· degrees. 

. l 

The maximum angular difference displayed is 
. ~ 

.1 
" :} '.' 

,,,, I 
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Fig. 2-2. IMU control panel. 
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2-1. 2. 2 Transfer Switch. A two-position (COMPUTER-MANU~L) ·transfer 

switch is provided for selecting either manual or computer control of the 

six IMU modes. In the COMPUTER position, mode selection is a.econ{-
. . " 

plished by the AGC ·using programs. · rn· the MANUAL-po_sition, the ast':r.o ·-. ' . . ' 

n·aut selects the ·operating mode by means of the IMU mod.e control but~ons. 
',! • 

" 
2-1. 2. 3 Manual Align Button. In the CDU manual mode (para. 2-1.2.4.6) 

holding in the , MANUAL ALIGN button causes ~he IMU gimbals to be· ddven 

into alignment with the CDUs. 

2-1. ·2. 4 IMU Mode Control Buttons. The IMU MODE control buttons iµ-e 
'.,,- . 

momentary contact, internally lighted, pushbutton switches· which provi_de 

manual selection of the six operational IMU modes. The mode buttons~ 

· will function after: · 1) TRANSFER switch is turned to MANUAL position, 

2) IMU switch is turned to OPERATE and 3) the IMU gyros are at oper-atin_g· 

speed (a 40 second time delay is provided for this purpose after the IMU 
' . ~' 

,· 

is turned from STANDBY to OPERATE). Actuation of a mode button will 
. ~ 

send a discrete signal to the computer· to . indicate· the operating mode. ? In • 
·"!! 

either MANUAL or COMPUTER operation, the appropriate button will : · 
\ . 

illuminate to indicate the . current operating mode. Th_e functions of the 
. ', 

I 

mode buttons are as follows (see Fig. 2-4). 

2 -1. 2. 4. 1 Zero Encoder Button. Acutating the ZERO ENCODER butt~n 

actiyates a relay to place a reference voltage on the CDU resolvers which 
. ~:-

drives the C_DU's (and their associated gimbal angle displays) to their :: 
,, 

electrical zero. Simultaneously, discrete signals are sent to the compµter 

,. 

'l. 4- • 

The computer clears the registers . ' indicating zero encode and fine align. 
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after 30 seconds, thus zeroing the CDU angles stored in the computer_. 

While the encoders are zeroing, the ZERO ENC light remains illuminated. 

2-1. 2. 4. 2 Coarse Align Button. The COARSE ALIGN mode is used fo 

set the IMU gimbals to _some desired orientation with respect to the 

navigation base. Normally the computer sets the CDU's to the desired 

gimbal angles by program instruction~. Actuating the COARSE ALIGN 

button activates a relay which causes error signals, representing the 
' 

difference between IMU gimbal angles and CDU angles, to drive the gim­

bals into alignment with the CDU's. The IMU-CDU difference meter-will · 

indicate when the gimbals are aligned. 

2-1. 2. 4. 3 Fine Align Button. Actuating the FINE ALIGN button caus:es 

the CDU' s to follow and repeat the IMU gimbal angles. The incremental 

encoders attached to the CDU motor . shafts transmit IMU gimbal angu+ar 

changes to the computer. In this mode the navigator uses the optics t? 

. obtain two star sightings. A simultaneous reading of star direction-angles 

by means of optics CDUs, ar;id IMU gimbal angles, by means of IMU CDU' s, 

is fed into the computer. The computer derives the necessary angular . 
. ·\ 

corrections which_ are then used to torque the IMU gyro~ . until the required -

IMU orientation is obtained. 

' . 

2-1. 2. 4. 4 Attitude Control Button. Actuating the ATTITUDE CONTROL . 

button ca~ses the G&N system to provide signals for the SCS sy~tem for 
. ' ' 

control of spacecraft orientation. In .this mode the computer dr~yes the 

CDU' s to the desired angles with respect to the IMU, and er.ror. signals, 
' , • c.' 

14 



representing the difference between IMU gimbal angles and CDU angles, 

are sent to the SCS system. The error signals operate on the SCS sys­

tem as steering signals to drive the spacecraft to the desired orientation. 
' 

2-1. 2. 4. 5 Entry Button. The ~NTRY button permits steering signals to 

be transmitted to the SCS system for control of spacecraft attitude during 

entry into the earth's atmosphere. In this mode, the gain of the roll con-
' 

trol loop is increased by a factor of 16 to provide increased roll rate 1 

capability during entry. 

2-1. 2. 4. 6 CDU Manual Button. The CDU ma-nual mode provides a backup 

capability for the ·manual alignment of the IMU without the use of the AGC. 

Actuating the CDU MANUAL button .energizes a relay which removes the 

CDU motor amplifier excitation to lock the CDU' s in position. The CDU 

angles may then be set to any desired value by using the slew switches,· 

which restore the -amplifier excitation, or by use of the thumbwheels . .. The · 

gimbal angles can then be coarse aligned to the CDU angles by qoldin·g 

the MANUAL ALIGN button in until the IMU-CDU difference meter indi­

cates zero (±1. 5°) . 

. 2-1. 3 IMU COUPLING DATA UNITS (CDU). There are five (5) . CDU's 

' three of which are associated .with the IMU. The IMU CDUs, one for .· 
' ·{' 

each gimbal angle of the IMU, are used to transfer. angular information . • 

. . . . . . . ' . ' .. 

/ 
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. .. 
between the IMU, the computer (AGC), the stabilization and control system . . · 

(SCS) and the astronaut. Each cnu' conta'ins a gearbox, . motor, resol~ers~ .. · . . . 

inc.remental digital encoders·, a drum type angle displa y, slew switch ~nd· 

thumbwheel. .· The incremental digital ·encoders provide a pulse to. the :· 
',' I' 

computer for each increment of angular change of the CD1J. 
,,, 

CDU angles ·may be set either automatically by the ,·AGC.or manu~.lly, · ; ·; 

by use of the slew switch an:d the thu~bwheel. A single axis. schematic ·. 

of the IMU-CDU-AGC operation is shown in Fig. 2-5. 

2-1. 4 CDU CONTROLS. The controls associated ·with' the l ·MU CDUs' 

· are described in the follow,ing paragraphs~ 
. ' 

2-1. 4. 1 Slew Switch. The CDU slew switch provides excitation to th~ . 

CDU motor servo amplifier and supplies in-phase or out-of-phase aoq 
-,;;,.. 

cps v~ltage to the CDU servo amplifier to drive the CDU shaft to the ; 

desired angle. 

~ 

2-1. 4. 2 Thumbwheel. The CDU thumbwheel provide.s a mechanical drive • 
•'.t • 

, / 

to the CDU shaft for fine positioning of the CDU shaft. 

2-1. 4. 3 CDU Angle Display. The CDl.! angle display is a drum type ·;: 

display mechanically connected to the CDU shaft drive. · .It is calibrat<;?d · 

in q.egrees and decimal parts of a degree on three drums. The first drum 

displays 360° per revolut~on in 10° increments; the second drum disp~:ays , 
, } 

10° per revolution in O. 1 ° increments; the· third drum displays O. 2 degrees · 
. •.. '.' ·, 

per revolution in O. 001 degree increments. 
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2-1. 5 IMU TEMPERATUR~ ·coNTROL SYSTEM. The IRIG's and PIPA's 

within the IMU are maintained at their normal operating temperatures : . 

(135° ± 1 °F and 130°· ± _1 °F respectively) .by the IMU temperature control 

system (see Fig. 2-6). Basically, this system comprises a temperature . 
. . . 

control circuit, a temperature indicating circuit and asso~iated heaters . 

and blowers. Normally, the temperature control circuit' controls _the tern- · 

perature by means of heaters and blowel:'s while the temperature •indicating· 

circuit monitors IMU temperatu:re. The i_ndicating -circuit. has th~ additional · 
.. 

capability of controlling the heaters and blower:s in the event of. malfunction· · . · . 

of the normal temperature control circuit. 

The temperature control _circuit includes the following elements: 

1. Two control ·sensors mounted on each IRIG. 
-r 

2. A temperature cont:rol bridge which incorporates· all the serie~ 

connected sensors in' one leg· of the bri_dge, 

3. A temperature control ·amplifier. 

. The temperature indicating circuit includes: 

1. 

,2. 

3. 

Two temperature s~nsors mounte_d in each IRIG and one in 

each PIPA. 

PIPA and IRIG temperature indicat~ng bridges. 

PIPA and IRIG temperature indicating bridge amplifiers. 

4, A temperature alarm and back~p control amplifier .. 

5, Temperature alarm re~ays . . · 

6, IMU TE MP warning light (in IMU condition light group). 
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The system includes the following heaters and blowers: 

1. Two control heaters and two emergency heaters mounted on 

each IRIG. 

2. An emergency heater, a control heater and a fixed heater 

:, . , 

mounted on each PIPA. The fixed heaters are on whenever · · • 

the !MU powe r switch on the main instrument panel is in the 

OPERA TE position. 

3. Two cooling blowers .mounted on the outer gimbal. Blower 

4. 

' ,l 

speed is inversely proportional to control heater and emergenc_~- _ 

heater current • . 

Safety thermostats in the emergency heater circuit and · in the 

heater circuit. These thermostats are set to open. at 156 ~F . 

and close at 144 ° F. 

J 
·: ·t.. 

·.' 

. --... i - .... _,.,., •;~--
5. Two heate rs mounted on the stable member which remain on 

when the ISS is in STAND.BY. 

'· -t ... 

2-1. 6 TEMPERATURE CONTROL SYSTEM CONTROLS. To provide ,, 

maximum reliability, temperature control can be accomplished in four ; 

different modes using combinati_ons of the above circuitry'. . The controls'. • 

and indicators provided in the temperature control syste~ are: · ·a 4-
• ~ tl ~ ' 

' I_ 
position rotary mode selector,· ·.a ZERO _button, an IRIG GAIN but_t?n, a __ _ 

PI PA GAIN button, and an IMU ·TEMPERATURE coriditiori light. 

Fig. 2-7. 

See 

2-1. 6. 1 Temperature Control Mode Selector. The IMU TEMP MODE 

selector is a 4-pos ition rotary switch. The four positions and their 

functions are as follows: (see Fig. 2-8). 
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. . 
2-1.'6. l. 1 Auto /Override . . The AUTO/OVERRIDE s witch position is t he 

normal operating position. In this mode, both the temperature control 

circuit and temperature indicating c~rcuit are utilized. T emperature .. · 

_control is furnished by the temperature control amplifier us ing the IRIG 

temperature control sensors. 

Normally, heating is accomplished by the control heaters and emE!r­

gency heaters ope.rating in parallel. If the IMU exceeds normal temperature 
. . . 

' 
t olerances (± 5° F ), the system will aut omatically switch to the emergency . 

m ode and the IMU TEMP light will illuminate. When t his occurs, the temp­

e rature alarm relays turn off the contr ol heaters. The e m e r gency heaters 

c.ontinue to operate under the control ~f an emergency me r cury thermostat. 

When the tempe rature returns to within ± 1° F of norma l, t he IMU TEMP 

temperature light will be extinguished and the system will switch back -to · 

t he normal control mode. The system will continue to cycle between ·auto. 
' 

override and e mergency modes with an attendent cycling _of the IMU T1tMP 

light as long a s the malfunction exists and the selector swit ch remains · in 

the AUTO/OVERRIDE position. In this event, the navigator should select , 
' .,. ) 

a nother mode. The mode sele.cted will depend on whet her t he malfunction 
' .~ 

exists in the control circuit or indicating circuit as determined by ground 

telemetry. 

2-1. 6. 1. 2 Proportional. The PROPORTIONAL mode is used if a mai.-
. . . 

function occurs in the temperature indicating circuit causing cycling to . 
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the EMERGENCY mode. In the proportional mode, temperature control 

is furnished by the same heater control circuitry used in the auto/ ove~ride 

mode. The temperature indicating circuitry is not used. Abnormal tem­

perature will cause the !MU TEMP light to illuminate, but will not switch 

the system to the emergency mode. 

2-1. 6. 1. 3 Backup. The BACKUP mode is used if a i;nalfunction occurs , 
I 

in the normal control circuit. Temperature control is then furnished _by 

the temperature indicating circuits. In this mode, the IMU TEMP lig~t 

will illuminate when the heaters are off and wi'll extinguish when the ~ 
-- - -~ 

heaters are on. The na:vigator must monitor the lMU temperature 

' ' ' 

·and manually switch to the emergency mode if the temperature be-

comes excessive. 

2-1. 6, 1. 4 Emergency. In the EMER_GENCY switch position, !RIG 

. ... ·, 

I . 

temperature is controlled to approximately 135° ± 3°F by means of an:­
·:1 

emergency mercury thermostat and the emergency heaters. A safety ·· 

thermostat provides overheat protection for the IMU by opening the 

emergency heater circuit when the stable member temperature exceeds 

156°F, When this temperature drops below 144°F the thermostat clos·es _ 

the circuit to r e activate the heaters. 

2-1. 6. 2 Zero Button. The ZERO pushbutton is a momentary contact 

pushbutton used for checking the calibration of the temp'erature monitoring 

devices. Depre ssing this button· replaces the IRIG and PIPA temperature 

indicating sensors in the bridge with standard resistances equ~ to the . 

resistance of the indicating sensors at their normal operating temperature, 

thus providing a calibration point for the condition of normal tE:mperature. 

When the ZERO button is pressed, · the IMU TEMP light should not illuminate. 
' ,.-J 
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.2-1. 6. 3 !RIG Gain Button. The !RIG GAIN pushbutton is similar in func­

tion to the ZERO button. Depressing t he IRIG button replaces the !RIG 

temperature indicating sensor in the bridge with a stan,?ard resistance 

equal to the resistance of the temperature indicating sensor when it is: 

operating at 5 ° F below normal. Depressing the !RIG button also tests; 

the temperature alarm circuit and will light the IMU TEMP light. 

2-1. 6. 4 PIPA Gain Button. 
"( 

The PIP A GAIN pushbutton performs the. 

same function as the IRIG GAIN button with the exception that the resist-

ance used ·is equivalent to PIP A indicating sensors operating at 5 ° F 

above normal. 
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Section 3 

OPTICAL SUBSYSTEM 

3 - 1 0 PTICA L SUBSYSTE M 

, . . 

) 

The optical subsystem compris~s two optical inst rum ent s: a scanr1:ing 

te lescope which is used for general viewing and orbital m easurements . 

and a sextant which is used for mid - course navigation m e asurements a nd 

IMU a lignment. See Fig. 3-1. The optical instrument s a nd the IMU <;1-re 
. ' 

m ounted on a com mon navigation base so that angle data measured by them 

_can be referenced to one rigid structur e. Fig~'re 3-2 s hows a cutaway_ view 

of th~ two sighting instruments. ., 

Normally, t he navigator will not be helmeted while using the optics. 

In this condition, _he places his eye dir ectly against the eyepieces _when 

s ighting. Under pressurized condition s he must wear his helmet with ·the 

fa ceplate closed, necessitating a large gap between his eye and the optics. : 

. Two long eye r e lief eyepieces have been provided whic h the navigator may 

s_ubstitute for the normal eyepieces . T hese enable him to s ight through 

t he optics while helmeted. However, t his advantage i s gained at a sacrifice 

in m a gnification. When the long eye r e lief eyepieces a re installed, optic.s 

magnification is approximately halved. 

Two of the five CDU's are associa ted with the opti cs.. The two optics 

CDU' s, one fo r t he sextant trunnion ax is and one for t he s extant shaft ~xis, · 
,..:, 
··! 

a re · used to tra nsfer angle information between the sextant and the other 

major G&N subsystems. See Fig. 2-3. 
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At the navigator's discretion a protective cover is fas tened to the 

optics shroud to prote_ct the alignment between the optics · assembly and 

the navigation base. 

3-1. 1 SCANNING TELESCOPE. The scanning telescope is a single-line- .. . 

of-sight, iow power, 60° field of view instrument used for making navig8:­

tion measurements in earth or lunar orbit, or for general use such as • · . , 

acquisition of landmarks and stars for sextant sightings . The telescope 

has two degrees of mechanical freedom to deflect the line-of ,sight with 

respect to the navigation base: 1) a shaft axis,' normal to the local co:r'iical .. 

surface of the spacecraft, permitting unlimited rotation of the optics 

assembly, and 2) a trunnion axis perpe;ndicular to the . shaft axis permitting 

unlimited rotation of the line of sight away from the shaft axis. Due to 

interference between the line of sight and the optics well, the, useful rota­

tion about the trunnion axis is limited t o less than· 70°. The telescope· : 

shaft axis is electrically coupled to the sextant shaft axis. Figure 3-3 

shows the relation of the optics axes systerri to the spacecraft axes system.' 
., 

The telescope line of sight may be dire cted as follows: 1) fixed along the 
·, 

shaft axis, 2) fixed at 2 5 ° trunnion ,angle with shaft axis slaved to the sex-

t ant, or 3) slaved to the sextant star line of sight, in which case it is _qm­

trolled by the .hand controller, the A.GC, or the tracker. 

A back-up mechanical control for each axis •is provided by means <of 
,,1 

a gearbox which is driven by the universal tool. 
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Telescope line-of-sight angles with respect to the navigation base 

are read ori mechanical counters through viewing windows on the telescope. 

base. The telescope shaft angle is normally repeated on the sextant sh~t 

axis CDU. When the telescope is slaved to the sextant star line of sight 

the telescope trunnion angle may also be read on the sextan~ trunnion . 

axis. CDU. 

3-1. 2 SEXTANT. The sextant is a precision, two-line-of-sight, high- .• ,· 

power instrument used to make star-to-plariet angle measur.ements for 

navigation purposes and to make star direction measurements for orienting 

the IMU and the spacecraft in inertial space. 

This instrument is a 28 power, 1. 8 degree field of view telescope 

containing a beamsplitter, redirection n:iirror elements, and an articulating 
'j 

mirror. all outboard of the objective element of the telescope. .T .he beam­

splitter divides the .entering light to the 'telescope and directs approxi­

mately 20 percent along the focal axis of tne instrument and 80 percent ~f .. 

the light is reflecte d by the articulating mirror. These ~wo light paths 

constitute the landmark and star lines of sight respectiyely. Measuremept 

of the angle the reflecting mirror element makes with respect to the head . 

of the instrument and navigation base ·when the ' star is coincident with thi 

landmark in the field of view constitutes the navigational sighting desired. 

The sextant, like the telescope, has two degrees of mechanical ·free..: ::: 
. . f . " 

tlom to deflect the line of sight with re?lpect to the navigation bas~: .· 1) a·. 
' . •. 

shaft axis which permits ±270° rotation of the optics as.sembly and 2) a . 
') 

trunnion axis perpendicular to the shaft axis which pe·rmits rotation of the ... 
' ,. ' ' . ' . . . . 

31 

,· '' 



line of sight from -10° to +90° of useful rotation. However, actual naviga­

tional sightings are limited to 58 ° between landmark and star as vignetting 

of the star line of sight occurs beyond t his angle. 

I 

The sextant star line of sight may be controlled by the AGC or manually 

controlled by use of the optics hand controller. Star line of sight angle s . 

with respect to the navigation base can be read on the sextant CDU' s. The 

sextant shaft angle CDU is read directly; the sextant t runnion angle CDU 

displays twice the actual trunnion angle (para. 3-1. 3 ). The sextant shaft 

angle is also displayed on the telescope mechanical counter since the shaft 
:, 

axes are electrically coupled. The star line of sight trunnion angle is .also 

displayed on the telescope counter if the telescope is slaved to the star 

line of sight. In normal operation the CDU should be read in lieu of the 

mechanical counte r due to greater accuracy of the CDU. 

A horizon photometer and star tracker are mounted on the sextant · 

· head for use in automatic tracking of a star and for determining the true 

horizon in navigation measu_rements. AGE 12 does not incorporate a ' 

photometer-tracker. 
3-1. 2. 1 Photometer-Tracker. The horizon photometer and star tracker 

enable the navigator to measure the angle subtended bet we·en a target ~tar 

and a point of relative illumination on the earth's horizon. This capabilitY.° 

is necessary to supplement star-landmark sightings or to_. substitute. for . 

star-landmark sightings when landmarks are not available or a~e· obscu,red,' 

• f 

The photometer and tracker are mounted on the sextant head and .•7-

operate in conjunction with the appropriate computer pr ogram: .·· Both the'. 

tracker and photometer rotate with the sextant shaft. 
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The photometer is a fixed-line-of- sight, light-sen sing instrument 

which detects and measures the · variab le light intensity of the earth's ; 

horizon . . The photometer line of sight is fixed in trunnion at -5. 625~ .... 

. . 
The star tracker i~ a narrow-field-of-view (1/2° X 1/2°) instrum_ent 

which detects and tracks a preselected star. Tracking is in itiated by 

centering the target star in the telescope and pressing th ~ TRACK button. 

·The star tracker line .of sight uses the sextant mirror for trunnion motion. · 

As the sta r is tracked, the navigator pitches the c raft so that the :sex- . 

tant, and thus the photometer, scans through the earth 's ~orizon in a plane 

normal to the horizon. This plane should be along an imaginary radius 

line from the cent er of the earth to the target .star. T he a m ount of light 

entering the s extant is sense~ by the photometer and, at .a pr_edetermined 
. ·, 

I' 

i llumination level, an automatic mark signal is sent to the computer. 'The 

c omputer then records the angle between the target and the hor~zon 

level sensed by the photometer .. 

'j '· 

. ' 
•,• 

3-1. 2. 2 Track Button. When the phot o:r:neter/tracker i s us·ed and a sta:r 

has been acquired and centered in the t elescope, pr~s s ing the TRACK ·; 

button initiate s tracking of the star by t he sextant. 

3-1. 3 OPTICS COUPLING DATA UNIT S. The optics coupling data unit~ 

c ouple information from the sextant to t he computer a nd t he astronaut .': 

When the sextant is driven by the hand controll~r through t he_ ._integrator 

.,·,. 

,, . 

, · ' t 

loops, the CDU' s follow and re eat the sextant shaft and tr1:1nnion ' osit~o~s. ·, ·. 
. ' ' . ·i ,., ' · .. ' 
A 'drum-type disp1ay (para. 2-1. 4. 3) p r ovides a visual p·r e senta.tion of ,shaft • ·: · 

1 • • ' :I I 

and trunnion angles to the astronaut. T he incremental enc9ders within· the· 

CDU's send incremental angular changes to the AGC. To achieve the . .; . -- - - ' • '.;,• ·· ,·i 
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t 
·, . 

proper encode r granularity, the trunnion CDU encode r shaft is driven ·,.: 

at 1/ 4 the speed of the sextant shaft. Due to mirror gain thi.s facrtor i's 
' . ' 

·' 

doubled to 1/2. As a result, the trunn'ion angle displa yed is twice. the · 
' ' 

actual trunnion angle . Any readings from .the 2X . t .runnion CDU. mu.st be ·· 

halve.d to obtain the actual trunnion 'angle . 

3-1. 4 OPTICS COUPLING 'DATA UNITS (AGE 12). In AGE 12 the opttcs 

CDU's provide control and display of the sextant shaft and trunnion angles. - -
Normally, in the manual mode, the CbU's are c ontrolled by the o tics -

,• I I 

hand controller. Thumbwheels adjacent to ~he CDU displays •provide oackup.·. 

control over the sextant, if required. 

Since the CDU ' s were originally designed for ·use with the IMU, it' was 

necessary to adapt them for use with the optics in such a manner that ; 
·' 

interchangeability would not be affected. ·The necessity for th~ 2X trunnion 

angle display is a· result of the mechanics of CDU gearin,g ·of the optic~ . 

drives as described below. 

Displacing the optics hand controller in trunnion activates the 2X' 

trunnion CDU drive motor. The drive motor •in turn simultaneously drives 
... ' 

the display drums and a position command resolver. The position co_~ -

man.d resolver is driyen through a 4: 1 gear pass which positions the rt-· . 
solver shaft to an angle of 1/ 4 that displayed on the CDU. · The sextant 

mirror is electrically slav~d to the command resolver shaft and is ddven 
✓ 

to the same angle as the resolver shaft. Since· the. sextant line of sight 

is reOected from the mirror at an angle of twice the mirror. angle, the 

4: 1 ratio between the CDU display and the mirror angle is halved. 

the CDU displays two time.s the actual trunnion angle. 
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3-1. 5 OPTICS CONTROLS. All the optics controls with the exception of . 

the optics power switch and the focus and attenuation c·ontrols are locat.ed 

on the G&N indicator control panel at the navigation station. (See Fig. • ,, 

3-4) . . A brief description of each control and its function follows. 

3-1. 5. 1 Optics Power Switch. Two optics power .switches are located . on 

the main instrument panel right-hand circuit breaker panel. (See Fig • . '. 1-4). 

The switches are labelled A and B. Each switch controls power from ~ · 

separate 28 VDC bus . Placing either or both switches in the ON position 

provides the powe r to operate the optics. 

3 -1. 5. 2 Focus Control. 
'I- ' 

Focus control is provided for the se ant only. 

Focusing of the reticle is accomplished by rotating the knurled portion 

of the sextant eyepiece until the desired focus is obtained. 

3-1. 5, 3 Attenuation Control. Variable attenuation of the landmark lin~ 

of sight is accomplished by means of a polarizer which may be installed 
' 

at the discretion of the navigator. Th<=; polarizer is inserted in a slot . 

provided in the· sextant eyepiece and is rotated to obtain the light balance .... 

desired. When not in use, the Pc:>larizer is stored in a slot provided ori 

the side of the eyepiece housing. 

3-1. 5. 4 Optics Door Control. The optics door cover, which protects the 
1 

optics on the outside of the command module, is operated manually wUp 

the universal tool. The engagement socket is located to the left of the :". 

optics control panel. 

3-1. 5. 5 Optic s Hand Controller. _The optics hand controller is a two- : 

degree-of-freedom control stick which is used to control the sextant · .r 

· shaft and trunnion angles. The angular rate of travel of the line-of-sii~ht . 

is proportional to the stick displacement. Refer to Para. 3-1. 5. 10 for, · 
' 

a description of the controls associated with the optics hand controller./ 
' ' ·_;, 

,. 
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3-1. 5. 6 Optics Mode Control Selector • . The opti~s mode control selector 

is a three position rotary switch which provides the following modes of 

9perations: 

3-1. 5. 6.1 Zero Optics. In the ZERO OPTICS mode, fixed refe.rence .ex- . 

citation is applied to the sextant resolvers. The servo loop driv:e·s the 

sextant to zero and the CDU' s follow. A discrete is supplied t_o the A9'C . 

to clear the registers. 

3-1. 5. 6. 2 ·zero Optic·s (AGE 12)_. In the ZERO OPTICS mode, excitation. 

is applied to the CDU resolvers to close the CDU resolver f eedba.ck loop · 

and drive the CDU resolvers and optics to zer?· The optics follow to a 

mechanical zero within the accuracy ·of the coarse resolver loop. 

discrete is supplied to the Aqc to ciear the registers . . .·. 
··' 

3-1. 5. 6. 3 Manual. The MANUAL mode is the normal operating position in 

which the sextant and telescope are controlled by the optics hand contr~Uer.·· 
I 

3-1. 5. 6. 4 Computer. In the COMPUTER mode the sextant a;nd telescope 
. ·1 

are positioned by signals from the AGC • . 
•'. 

' 
. ~' 

3-1. 5. 7 Telescope Manual Drive. If necessary, the telescope can be: 
: \ 

\ ' . 
manually driven by means of the universal tool and two drive .. sockets • .', ·.• 

.· ' ' 

The sockets are located adja9ent to the· telescope mechanical counters · and · . .. 
' ' 

, 
are labelled SHAFT and TRUNNION. See Fig. 3-5. 

Before mechanically operating the• telescope, the optics pow~r switch ··· 

on the main instrument panel must be turned off and telescope , eyepieces· . ,. . . 

removed. 

3-1. 5. 8 Telescope Mechanical Count.ers. Two mechanical counters on ·the 

base of the tele s cope (see Fig. 3-5) display the telescope shaft and trunnion . . 
,. 

. \ ~ ~ 

angles with respect to the navigation base. Nor-mally, the SHAFT ANq LE 
·~ .· 
" 
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Fig. 3-5. . Telescope ~echanical counters. 



displayed is the same as that displayed on the sextant shaft angle CDU 

due to the electrical coupling of the telescope ·and sextant shaft axes. · ' 

The TRUNNION ANGLE displayed is the telescope trunnion angle ·: 

only, except when the telescope is slaved to the sext~nt star line of sight. ,.· . .' 
• • I '• , ' I I 

In this condition, the telescope and sextant trunnion angles are identic_al. · 

However, the tel~scope trunnion angle displayed is the ~ctual trunnion
1 

... 

angle and will t herefore rea·d one~half, of the angle d_isplay_ed _ori the sex­

tant 2X TRUNNION CDU. 

The mechanical counters are · d_tur:n-type indicators which present a 
' ' t ' ,t I I 

digital display in four winqows. The_ first three windows indicate degrees • 

of arc; the fou rth window indicates ~enths of a· degree in 0. 02 degree incre- ·. 

ments. 

i> 

3-1. 5 .. 9 Slave Telescope Switch. · The SLAVE TELESCOPE. switch is a 

three-position toggle switch which affects the telescope trunnion angle 

control. It provides the following functions: · 

3-1. 5. 9. 1 Landmark LOS O 0 • In the LANDMARK LOS O 0 switch position 
' ,''t 

the telescope trunnion is positioned at zero and the line of sight is along the 
·• 

. ' . 
shaft axis. · A l andmark is acquired by sighting through t he telescope while 

controlling spacecraft attitude with the rotational hand controller. W,hen . }. 

the landmark has been positioned in the center of the telescope field o,'f 

view, the switch should be placed in the STAR LOS position. 

3-5. 9. 2 Offset 25 °. If, in the STAR LOS position, the t a rget star 

is ~ot in the t e lescop~ field of view, the· OFFSET 25° position should t.· • . 
be selected. · In this position the telescope trunnion drive· is offs~t -.-~ · 

25 degrees from the shaft ~xis. A ·360° rotation of the shaft axis will 

then permit acq~isition o_f all targets within a 110° cone~ In this 
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·, 
mode the landmark is held in the 1. 8° reticle circle by the 1/2° deadbahd 

control of the SCS or by the navigator using the impulse controller. 

s haft axis is rot a~ed until the target star appears on the reticle line. 

ST AR LOS position is then selected, 

3-1. 5. 9. 3 Star LOS. In this position, the telescope t r unnion axis is 

The 
!:. 
The · 

s laved to the s extant star line of sight. In this mode, t he -navigator sights 
. ,. 

t q.rough the teles cope and uses the opti cs hand controller to center the ,_ star ,. 

i n the field of view. He then sights thr ough the sextant and uses the optics 

hand controller t o superimpose the star on the . landmark or position both · .. 

images parallel t o an M (reticle) line. 

3-1. 5. 10 Hand Controller Switches. The following optics control swi~ches . 

are associated with the optics hand controller. 

3-1. 5. 10. 1 Optics Speed Switch. The op'tics SPEED s witch is a three 
.. 

position toggle s witch which selects three different ranges of speed control 
' 

(LOW, MED, HI) for the optics hand controller. The m aximum control 
.. 

rate for each s peed is O. 1, 1. 0, and 8. 6 deg/ sec respe ctive ly. 

solved mode, s haft speeds up to 17. 2 deg/sec are obtainable. 

In the ~e - · · . 

3-1. 5. 10. 2 Mode Switch. The MODE switch is a two-position (DIREC,T­

RESOL VED) toggle switch. In the DIRECT mode the s haft and trunnion 
,'--\ 

axis servos are commanded directly by t he cont ol stick m ot ion. L Righf-- :;r,,...,A:t~ . - - 1 

left stick motion comma·nds i:: lockwise - counterclockwis e s haft rotation ' . 
c,.j, ~ ·' 

r espectively an fore- ft stick motion ~ommands · •-" c ~ s - decrease of 

t runnion angle re spectively. 
·t 

In the RE SOLVED mode the r ate inputs t9 

t he command s e rvos are resolved such that -left aft stick 

motion results in~ right up m otion of the reti cle. 

G .... ttJ rr .... 't- t i1ck .. ( . C 
( for + -{, <4lo\~1•1'1) ..---... -.... 

. .·,t 

f(r s t,~t -1> Ledi. ve t1c./i . 
Fovr. stt.k --1il'"" Do"""" r~1\1l:e .· 

·';lj . 

IZ+. -l \~"t R ,o:; H .... vc.l 1 



3-1. 5. 11 Tra cker Power Switch. The TRACKER POWER switch is an 

ON-OFF toggle switch which controls 28 VDC power to the photometer­

tracker electronics. 

3-1. 5. 12 Optics Hold Switch (Age 12). The OPTICS HOLD switch is 

an ON-OFF toggle switch. In the ON position this switch removes power 
' ' 

from the CDU drive motors to prevent the optics from creeping. 

3-1. 5. 13 Mark ·Button. The MAR~ button is a momentary contact push­

button switch which supplies an interrupt sigµal to the AGC to note optics 

angles, time of measurement, . and, if the IMU is operating, the IMU;gimbal 

angles. It is a ctuated, for example when star-landmark. superimposition · 

is achieved. 

On AGE 12~ the operator must indicate the completion of a successful 

. mark by .entering Verb 52 (Mark Accept) into the compu_ter. ·He may 

make several MARK' s to achieve a successful one before he enters mark 

accept. It is not necessary to depress the ENTER button after :enteI_'ing ·. _·· 

Verb 52. 

3-1. 5. 14 Mark Reject Button. The MARK REJECT button allows th¢ 

navigator to reject ·an unsatisfactory mark.- _When a mark is rejecteci', . . 
it is not entered into the computer. The MARK REJECT _button is lo.~ated 

•• • ... 1 

adjacent to the MARK button on the indicator control panel. · ·There iff no 

mark reject button on the AGE 12 s:ystem. 
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Section 4 

COM:?UTER SUBSYSTEM 

4-1 APOLLO GUIDANCE COMPUTER (AGC) 

1' I• 

.. •" 

' 
The Apollo guidance computer is the central d~ta 'processipg sy~te~. · ·. 

' ' ' 

The AGC is a core memory, variable speed digital ·computer with two types 

of memory: fixed and erasable. The fixed memory permanently· stores 
' ' ' . , .. 

navigation tables, trajectory par.ar:neters, programs and constants. ' The .,. 
~~· 

erasable memory stores intermediate informatfon. 

The AGC receives inputs from the inertial and optical subsystems 

' ' 
and the navigator, processes the inf0rmation, and furnishes an output in 

' ~ 

the form of command signals and/ or a data display on the computer ; on­

trol panels. The computer also supplies timing signals to synchronize 

and ~ontrol the operation · of components in the inertial and opti.cal sub~ 

systems. The computer di~play and control panel (DSKY) provides the 

interface between the navigator and the AGC and contains the di' splay~ ~-
and controls nec.essary for selecting programs and ins.erting or calling~ 

·up data (see Fig. 4-1). A slightly modified version operating in parallei 
' ' 

with this panel is located on the main ,instrument panel between the center · 

and left astronauts see Fig. 1-4. The main panel DSKY and navigation 

station DSKY are electrically similar and essentially operate in parallel. 
!, 

' ' 

While one computer is operating, an input signal will be accepted frO:m th:e • 

second DSKY. This ·will result in a false input which may. produce atj . 
, . 

. erroneous readout. Thus, during DSKY operation close corrimunicat.{on 
.,· ,, 

between the pilot and navigator is ne_cessary. -l.: 
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Fig. 4-1. AGC DSKY, navigation station. 
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Fig. 4-2. AGC DSKY, main panel. 
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Any change in computer display is reflected on the numerical display 

on both DSKY' s . Simultaneously, telemetry up-dates the display on a 

ground-based DSKY. Information may be transmitted from the ground to . 

the airborne computer by means of UPLINK telemetry (Para • . 4-1. 1. ~). 

·'' 
4-1. 1 AGC DISPLAYS AND CONTROLS. The following paragraphs · ., 

describe the displays and controls associated with the AGC. 

·,·: 

4-1. 1. 1 Computer Power Switches. Two COMPUTER power switches · •
1
..,d 

. : ~p.fJ 0 
are located on the main instrument panel right-hand circuit breaker :· s- • ~ 
panel (See Fig. 1-4). The switches ~re labelled A and B. Each swit~h 

· controls powe r from a separate bus. Placing either or both switches :: 

fn the ON position applies 28 vdc power to the computer. 

4-1. 1. 2 Computer Keyboard. The computer keyboard is .used to manually · 

insert or call up data from the computer. The keyboard ~onsists .of io 

digital pushbuttons, 2 algebraic sign bushbuttons, and 4 instruction. push- . , 

buttons. Code numbers for inserting or calling up data ·are stored in the 
' . 

map and data viewer or on a placard. . 

4-1. 1. 3 Numerical Display. A numeri'cal display is associated -with the 

computer keyboard for display of called-up data and verification of inser~ed · 

data. Three 2-digit decimal readouts identify the current program 

(PROGRAM) being processed by the ·computer and varfables (NOUN-VER~-) ._. 
' ' 

' ' 
being displayed or entered into the computer. Three rows of data, (REGIS-

TER 1, 2 and 3) each with five digits and an algebraic sign are display~d. 
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. . . 
4-1. 1.4 Computer Activity and Uplink Indicator. Two ACTIVITY lights ·: ' 

·, 

on the computer control panel illuminate to indicate e ither COMPUTER · 
•, ·1 

activity or UPL INK activity. The COMPUTER activity light is ·oJ?. wh~n­

ever the AGC is .solving a meaningful program. The UPLINK activity·; . 

light ·indicates t o the operator when computer data is being transmitted. · 

to the AGC by ~he telemetry UPLINK. 

4-1. 1. 5 Computer Alarm Lights. The computer alarm lights at the top . . . 

of the navigation station DSKY are the primary AGC failure indicators '. , 

Each light is labelled with the condition it r _epresents and will illuminate 
. . . 

if that conditon occurs. The main panel DSKY (Fig.4-2) has only two alarm ·: 

lights which indicate a computer malfunction. The specific alarm conpi.- . ·.· · 
' . ; ,' . 

tion is displayed on the navigat_ion stat ion DSKY. All comput'er alarm ;· 

lights are telem etered to ground stations. 

functions are described in Table 4-L 

The alarm ligp.ts ·and their ~ 
. ! 

Table 4-I. AGC A~arm Lighti;; 

ALARM 

A. Program Word Errors: 

PROGALM 

PARiTY FAIL. 
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FUNCTION 

Indicates that the computer 

program on operation ~as failed . · 

to pass a check point test 

Ensures that ·a number stored in _.:. . 
the memory is read out corre•ctly: 

j) 

... : ~ . 
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Table 4-I. AGC Alarm Lights (Cont) 

ALARM 

CHECK FAIL 

B. Logic Failures: 

RUPT LOCK 

(Interr upt Lock) 

TC TRAP 

(Transfer Control Trap) 

SCALER FAIL 

--- -----------. 
F UNCTION 

Indicates an ille gal DSKY Opera­

tion. (Usually caused by opera~: 

tion error) 

) 

. Indicates that the AGC is in an ·( 

interrupted state longer than 2 0 . 

milliseconds. Indicates that the·· 

interrupt priority or counter in- ·· 

c rementing circuits have mal -

functioned. Detects a failure 

of the computer to interrupt a 

program within 40 microseconds_. 

Indicates that t he computer is 

" hung" in an endless loop of 

instructions. (May also be con­

sidered a type of Program erroi; r ) 

Indicates some failure of the 
• r 

computer timing circuitry. Dir.- . · 
·' . . ' 

ectly mo~itors operation of the •: · -
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T able 4:..1. AGC Alarm Lights (Cont) . '., 

ALARM 

COUNTER FAIL 

FUNCTION 

100 pulse per s econd source. 

Lights when the re is a failure in · 

the normal sequence of input pu~se 

counting (either the interrupt or· 
' . . ' 

the circuitry itself). 

Although not an alarm, the alarm m atrix also contains: 

KEY RELEASE Used to .tell the ope_rator that al). 

internal program •wishes to dis~-' · ·· 

' play information on the DSKY r · 

but has found the keyboard in 

use by the operator. 

The · main panel DSKY displays the following indications: · 
.; . .' 

COMPFAIL 

KEY RELEASE 

48 

Computer fail indicat~s the 

occurrence of a ny ·of the follow- .: 

ing failures; 

PROG ALM, PARITY FAIL, 

CHECK FAIL, RUPT LOCK, 

TC TRAP, SCALERFAIL, 

COUNTER FAIL. 

, -~ 
~ 

., 

Used to tell the operator that ari , 

internal program wishes to dis-· .. 
play information on the DSKY, 

but has found the keyboard in 

use by the operator. 

., 
'.f, 
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4-1. 1. 6 Test Alarm Button. The TEST ALARM button tests the computer 
i:,,! 

alarm lights circuit on the top of the computer control panel. 
,,I, 

4-1. 1. 7 Error Reset Button. The E·RROR RESET button resets any •~ 

computer alarm light that may have illuminated. 

4-1. 1. 8 Key Release Button. When. an internal computer program })as 

attempted to us e the noun-verb subroutine and has found the DSKY 
' ,,; 

busy, depressing the KEY RELEASE button frees the DSKY for use by . 
the internal program. 

, .. 
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Section 5 

'G&N SYSTEM POWER CONTROLS 

5-1 G&N SYSTEM POWER CONTROLS 

The following G&N circuit breaker switches are located on the r~ght­

hand circuit breaker. panel of the main instrument panel (See Fig. 1-4). 

These switches provide power, protection and isolation to the G&N equip-
•·.·/ 

ment. 

5-1. 1 !MU POWER SWITCHES. Two two-position (STANDBY-OPERATE) 
. ' 

!MU power switches are located on the right-hand side console of, the main 

instrument panel. Placing either or both switches in the OPERA TE position 

supplies 28 vdc to the inertial subsystem. When both switches are irt the 

STANDBY position, power is supplied to the !MU heaters only. • 

5-1. 2 COMPUTER POWER SWITCHES~ There are two, two-position 

. (ON-OFF) COMPUTER power switches. They are labelled A and B . . Each 

· switch controls 28 vdc power from a separate bus. Placing either or both . 
. ' ' . 

switches in the ON position supplies ·power to the computer. 

5-1. 3 AGC MODE SWITCH. The AGC MODE switch is a two-position, 

(STANDBY-ON) toggle switch located on the front 'of the computer. See 
' ~ : ' ',: 

Figs . 1-1 and 9-1. Normally, the switch remains in the ON positiou'_; · 

In_ the STANDBY position pa~t of the AGC power supply load·s are ·de~ ·; 
..... ' 

energized and some circuits deactivated. Before STANDBY is selected, 
• ' I 

the AGC must be prepared through the keyboard. 

5-1. 4 OPTICS POWER SWITCHES~ . The re are two, two-position 

(ON-OFF) OPTICS power switches; · They are labelled A c3:nd B. Eadh .' 
switch controls 28 vdc power from a separate bus. 

. ·'i . 
Placing either or·,. 

both switches in the ON position supplies power to the optics. 
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Section -6 

CONDITION LIGHTS 

6-1 CONDITION LIGHTS 

G&N condition lights, located on the CONDITION ANNUNCIATOR:· 
. . ) 

.assembly (see Fig. 6-1), are provided to inform th~ navigator of sub_: 
. . ' 

system status and detected subsystem errors~ Error detectors at · 

critical points throughout th~· equipment monitor error signals which ·:.·: 

are combined by logical "or" into groups · of master erro.r detection .. ,, 

signals. See Fig. 6-2. 

The G&N condition lights inclu~e eig~t ye.llow · warning. lights 

(including 1 spare) which indicate• a .·condition requirini caution, and '.: 
' ' ' . ·.• 

· two white lights which indi~~te a normal time delay period. 

The condition lights provide two t ypes of failures indications 
. \ ~ 

"hard wire" indications·. (IMU TEMP, ·GIMBAL LOCK, G&N ERROR 
'\ 
,> 

COMP PWR FAIL) and those processed by the computer (CDU FAIL, '_1, 
. • 4 . . • • 

ACCEL FAIL, IMU FAIL, G&N FAIL). 

. . ) . 
Also locate d with the G&N condition light group are a master 

caution and a master warning light which are associated with the space - . . 

craft Master Caution ·and Warning System·. 

6-1. 1 G&N ERROR ALARM' LIGHT. The G&N ERROR lamp _will light 

if a_n error is detected by any of the G&N error monitors. 
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C l N ERR.OR 

COMP PWR FAIL . 
,1 

.· ' ' 

IMU FAIL 

. CDU FAIL 
j 

I ACCEL FAIL 

' G&N FAIL I 
'. 

·, J -~ 

' 

' . i GIMBAL ,LOCK ,, .. 

IMU TEMP · 

I 
l 

ZERO ENCODER I 
i 

\ 

t ' IMU DELAY 

<, MASTER WARNING 

MASTER CAUTION 

Fig. 6-1. 0 & N Condition lights. 
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THIS SCHE MATIC TO BE PROVIDED WHEN AVAILABLE ·, 

Figure 6-2 Condition Lights Schematic 
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6-1. 2 COMPUT ER POWER FAILURE ALARM LIGHT. The COMP PWR 

F AIL lamp will light if there is a failure in the +3, ·f1 3 or 28 v power supply 

within the computer. 

6-1. 3 IMU FAILURE ALARM LIGHT. The IMU FAIL lam p will light py 

computer program. Inputs to the program are from t he IMU fail gate 

(see Fig. 6-2) and the inertial subsyst em mode status . Inputs .to the IMU 

fail gate are a n abnormal IMU gimbal servo error, m i cro syn power supply 

loss or gyro wheel power supply loss. This mechanization permits the 
:,. 

AGC to filter the transient conditions generated through normal system 

operation. This light gives positive indication of gimbal lock. 

6-1. 4 CDU F AIL URE ALARM LIGHT. The CDU FAIL lamp will light_ by 

computer program. Inputs to the program are from t he C DUfail gate ; 

. (see Fig. 6-2) and the inertial subsystem ·mode status. Inputs to the ,: 

CbU fail gate a r e digital encoder excitation power supply loss, CDU motor 

power excitation supply loss or a CDU servo error. T his :mechanization 

permits the AGC to filter the transient conditions generated through · 

normal system operation. 

6-1. 5 ACCELEROMETER FAILURE ALARM LIGHT. The A.CCEL FAIL 

lamp will light by computer program. Inputs to the progra m are from the 

a ccelerometer fail gate and the inertial subsystem m ode·· status. · Inputs t~ 
. . ' . 

the acceleromete r fail gate are abnorm al acceleromete r errors. 'This· 

· mechanization permits the AGC ~o filte r the transient ·conditions gener~te~ · 
' { . 

t hrough normal system operation. 
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6-1. 6 GIMBAL LOCK CAUTION LIGHT. The GIMBAL LOCK lamp will 

light when the middle gimbal angle becomes greater than ±60° with re~pe<?t ·. 

to the outer gimbal thus indicating a potential gimbal .lock. 

6-1. 7 IMU TEMPERATURE CAUTION LIGHT. The IMU TEMP lamp 

will light when the IMU temperature deviates greater than ±5 ° frorri · · · 

normal. 

6-1.8 ZERO ENCODER CAUTION ;LIGHT. The ZERO ENCODER lamp 

illuminates to indicate that the system is in the process of synchronizing 
• • 1; 

the computer counters to the CDU shaft positions. 

. . ' 

6-1. 9 IMU DELAY LIGHT. The white IMU DELAY light illuminates:·-

for 40 seconds following IMU turn-cm. During the time_ delay period the · · .. · .. 

IMU gyros are attaining operating speed. During this time the IMU CJLn-- . · · _. · : 

not be commanded manually or by the ·computer since 2 8 vdc pow_er is 

not supplied to the TRANSFER switch uritil the time:..delay relay _closes.-. . . , · 

6-1.10 MASTER CAUTION AND WARNING LIGHTS. The MASTER ; : 

CAUTION and MASTER WARNING lights are associated with_ the spac;~ : 

craft master: caution system. These lights are duplicated on _the main 
,:lj 

instrument panel. A tone generator activate<;:! in · conjunction with thes'e·· . 

lights provides an audible alert over the intercom system .. . ' ' ' 

~.~ 

6-1. 11 G & N FAIL LIGHT. The G & N FAIL LIGHT is a master failure 

indicator which will light by, computer program. Input s .to the progra~ 

are from the three fail gates (IMU, CDU and accelerometer) and a 

,• '' 

computer failu re itself. This mechanization permits the AGC to filte?, the · 
, . . ~A . 

' . 
tr_ansient conditions generated through normal sy'stem operation. 
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.Section ·7 

ILLUMINATION CONTROLS 

7-1 ILLUMINATION CONTI{.OLS 

., ... 
'· 

... 
.. :1 
~~- ' . 
~.l ' ., 
' 

't 

Illumination controls are provided at the navigation station for control · 
' .' . . ' 

of display illumination and testing .of condition lamps for the G&N equipment. 

See Fig. 1-2. . ,-3 

. 1 . 
7-1. .1 ; PANEL BRIGHTNESS. A PANEL BRIGHTNESS thumbwheel ·controls 

I ) 

,.:!,' 

the illumination intensity orfhe following:.- - ~ -·.-· 

Optical reticles J· 

7-1. 2 

. IMU-CDU difference indicator 

Six IMU mode buttons 

Five CDU displays 

Track button 

Telescope mechanical readouts 

.:,. ' .... 
CHECK MODE LAMPS SWITCH. A CHECK MOPE LAMPS ptish- · · 

button switch is provided to test the lamps in the six CDU MODE buttons and 

the tracker butto:Q.. 

7-1. 3 CHECK COOLANT SWITCH. The CHECK COOLANT SWITCH is 

a momentary contact pushbutton switch which applies power to the floo_d 
'I~ 

lamps located behind the panel to illuminate the IMU quick disconnect ·, -
-,, 

couplings. The couplings are viewed through two windows provided in •:the 
. -~ 

.-:-~ 

G&N control panel. 
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7-1. 4 CHECK CONDITION LAMPS SWITCH. A CHE CK CONDITION .: 
' -~ 

LAMPS SWITCH is provided to test t he IMU condition lights on the map 
,'; 

and data viewer panel. ··1 

7-1. 5 PANEL F LOODLIGHT CONTROLS. The navigation station 

floodlight controls are located on the F LOODLIGHTING CONTROL panel. 

See Fig. 7-1. A PRIMARY rheostat a nd a SECONDA RY t oggle switc~ 
' '· 

control the two floodlights which illum inate the navigation s tation dis ·, . 
plays. The r heostat permits t he navigator to vary the intensity of one 

of the floodlights as desired. The rheostat also contr ols i llumination ;. of 

the clocks. The SECONDARY toggle switch controls t he second flood ~ 

light. Placing t he switch in the ON position turns the floo dlight on at 

full intensity. , 

7-1. 6 CONDITION LAMPS SWITCH. The CONDITION LAMPS switch 

is a two-position (ON-OFF) toggle switch which norma lly remains in t he 

ON position. When placed in the O FF: position, this switch turns off any 

condition light which has illuminated with the exceptiol\ of t he MASTER 

CAUTION and MASTER WARNING _lights. This switch permits the 

navigator to extinguish the light while he is sighting t hrough the optics 

to prevent it fro m impairing his dark -adapted vision. 
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Fig. 7 -1. Floodlighting control panel. 
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Section 8 . 

CLOCK GROUP 

8-1 CLOCK GROUP. 

The clock group comprises tn.ree mechanical clocks: A Greenwich 

Meridian Time clock, • a Time-To-Event clock, and a Time-From-Event 

clock. See Fig. 8-1. 

. 8-1. 1 GREENWICH MERIDIAN ~IME (GMT) CLOCK. The GMT clock 

is an eight-day mechanical clock with a conveptional r ound dial and ari hour, 

minute, and s weep second hand. This clock displays· time-of-day on ~ ·24 

hour face. 

8-1. 2 TIME-TO-EVENT (TTE) CLOCK. The TTE clock displays the 

time to an event · which has been manually set into the clock by the navigator. . 

The clock counts down to zero. It can display up to 1 O hours in one sec_ond . . 

. increments. 

8-1. 3 TIME-FROM-EVENT (TFE) CLOCK. The TFE clock is identical 

to the TTE clock except that it displays total elaspsed time from. a major· 

event up to 100 hou.rs. 

. . " ' ' . ~ 
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Fig. 8-1. Clock group. 

(suppled when available) 
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Section 9 

,_.' 

POWER AND SERVO ASSEMBLY 

9-1 POWER AND SERVO ASSEMBLY 

The power supplies required to ·operate the G&N subsystems are · con-:. 

tained in the power and servo assembly (PSA) located at the base of the 

navigation station. See Fig. 9-1. T he PSA ·provid~s various types of OC 

and AC power t o the rest of the G&N system and also serves .as the lo.cation . · 

of various other support electronics such as the servo control amplifiers 
. . ' ' ' 

for the IMU and optics drives. The · PSA consists of ten slide-in .block~ ·of .: . : 

electronics which are numbered and ~ounfod on a cold plate and.inter- : :• · .· · _:: . ' . 

connected by a junction box. Each block is identified by .a number. '.I'he . 

general contents of each block is listed in the table belo~. 

Table 9- I. PSA Trays 

Tray Contents 

1 Gimbal Servo Elecfronic's Assy·. 

2 Power Supply El~ctronic's Assy. 

3 Gyro-Accel. Electronics _ Assy. 

4 Gyro-Accel. Ele~tronics Assy. ,. 

5 CDU & Gyro .:.Accel. Electr'onics Assy. 

6 CDU & Power Supply Elect . Assy. 

7 Miscellaneous Electronics Assy. 

8 Optical Electronics Assy. 

9 Optical Electronics Assy. 

10 Power Die.des & Signal Conditioning Electronics · Ass_y. 
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Fig. 9-1. Power and servo assembly (a.nd AGCl · 



.. .,, 

. .... 
Section 10 I 

ATTITUDE CONTROLS 

10-·1 ATTITUDE CONTROLS 

The spacecraft attitude controls, located at the navigation station, 

include a spacecraft rotational hand controller, an attitude impulse 

controller and a n attitude impulse enable switch. Other controls, us~d 

for cqupling the G&:N system to the SCS system for spacecraft attitude· 

control, are located on the SCS control panel on the main instrument ; 

pan~l. The G&N system :rn,ay be selected to control vehicle attitude dur-

i'ng nonaccelerated phases of the mis ~ion as well as to control thrust magni·­

tude and direction (or lift forces durin_g re-entry) to achieve a desire~ 

trajectory. 

10-1.1 ROTAT IONAL HAND CONTROLLER. The rotational hand cqn­

troller is a 3 degree-of-freedom contr oller normally mounted on the right 

arm rest of the center couch. · For use at the navigation station it is re­

moved from the center couch and fastened to. a panel on the right side of 
' ' .... 

' the navigation station. The controller is operational for manual attitude 
., 

maneuvers whenever the controller mechanical lock is in the ARMED ~· . 
r 

position. A DIRECT- ENABLE switch on tre main panel provides for :: 
,;/ 

direct operation of engine solenoids by the hand controller in event of t 

SCS electronics failure. 

If the controller is to be used to maneuver to and hold a new attitude 

when in the G&N attitude control mode, the pilot must also place the ~ 

SYNC switch in the ON position. A detent switch in series with the SYNC 
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switch is incorporated in the rotational hand controller and is closed when 

the controller is op~rated. The SYNC switch is used to cause the CDU's 

to follow manually commanded spacecraft attitude changes and then to 

establish the attitude hold condition on termination of the manual commands · 
' . ' . 
The controller inputs are sent to the SCS system to provide spacecraft .· . 

attitude rates proportional to . stick displacement. Maximum control rates 
' ' 

are ±0. 5 °/sec except in the entry mode when maximum roll rate is i~-· 

creased to ±1 7° / sec and maximum pitch ·and yaw rate inc:Z.ea~~d to ±5 ~/sec • . 

10-1. 2 ATTITUDE IMPULSE CO~ROLLER. The attitude impulse ·con- . · ·. 

tr~ller is a 3 degree-of,.;freed.om stick controiler used to apply small im-. 

pulses to the spacecraft by means of the service module (SM) reaction jets. 

This controller has the same sensing as .the rotational hand controller. ·· It · 
', ' 

can be used to apply individual or any combiriation of roll, yaw, ?r p~tch . ' · 

impulses to give. spacecraft attitude rates of 1. 2 minutes of arc per second' • 

or less. Impul se control gi.ve.s the navigator a manual vernier contr'ol .of: 
,, 

spacecraft attitude and aids him in reducing drift rates to a minimum ·while 

making precision optical measurements. See Fig. io-1. 

10-1. 3 ATTITUDE IMPUL.SE ENABLE SWITCH. The· ~ttitude impuls.e 

· ENABLE switch is a two-position (ON-OFF) switch. In the ON position, 

it disables the SCS and G&N · attitude control and activates the atti'tude · im-:. 

pulse controller. The enable switch is spring loaded to .the OFF posi~ion · · . ·. · 

but, when turned on, is held i~ the ON position by a soien.oi~. The switch 

turns off automatically whe~ any SCS CONTROL MODE button other than 

9&N ATT CONT or SCS AT':f CONT is sel~cted, or it may ·be ·.turned off .. · 
' ~ 

' 
manually. See ·Fig.10-1. 
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Fig. 10-1. Attitude impulse controls. 




