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Subsystems.

The attitude reference, attitude control, and thrust vector control

subsystems are described in the following paragraphs. The description

covers the purpose and functions of each subsystem, and the integrated

association with other systems. Figures Z.3-3 and Z.3-4, provide simpli-

fied block, and flow diagrams of the three subsystems and figure Z.3-5

shows the switching logic and functions which affect the three subsystems.

Attitude Reference Subsystem.

The purpose of the attitude reference subsysl:em (figures Z.3-4 and

Z.3-5) is to relate the S/G attitude in terms of its geome_:ric X, Y, and Z

coordinate system to an arbitrarily chosen coordinate system with a fixed

reference f_arne. The relation between the two coordinate systems repre-

sents inertial attitude and is presented to the astronauts by visual display.

Visual observation of inertial attitude is necessary to perform manual

maneuvers or for monitoring automadc operations. The flight director

attitude indicator (FDA!), located on the S/G main display conso].e, displays

the information required for the manual and auto_c:atic operations. The

information displayed includes S/C total attitude, attitude error in three

axes, and rotational rates in three axes. The information displayed by the

FDAI is obtained from either the G&N system or the SGS.

There are two attitude references associated with the attitude

reference subsystem: primary and backup. The primary reference is

obtained through the mechanization of subsystems within the (]_lq system.

The backup reference is mechanized within the SCS. Each of the attitude

reference loops contain three basic elements: a computer, an inertia].

reference device, and a visual display.

Attitude Reference/G&N_ To obtain an inertia], reference using the

G&N system, the astronauts, the G&N optics subsystem, the inertial and

computer subsystems, and the MSFN are integrated to forrn a closed loop

system.

The G&N system is used to determine inertial attitude and position

and initiates alignment of the stable element of the IMU to the desired

inertial reference initially established by optical sightings.

After IMU alignment, the IMU in conjunction with the AGC can

provide inertial-referenced attitude hold and, if required, inertial-

referenced velocity changes. Translational velocities are sensed by

accelerometers mounted on the IMU stable e!e_nent. The A(]G processes

the accelerometer signals to update velocity and change information for

TVG functions.

In addition to the optical alignment of the IMU, the astronauts can use

the computer subsystem to establish ]MU alignment.
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Inertial reference data may also be received by the astronauts via the

MSFN voice link for AGC updating and/or for IMU alignment. With the com-

puter subsystem in the G&N loop, automatic ma_)euvers and/or G_N-

controlled velocity changes are possible.

The FDAI receives total att{tude and attitude error information from

the G&N system. The FDAIindicates S/C total attitude (S/C reference

attitude) and attitude error. Total attitude represents the gimbal angles of

the IMU; and attitude error is the difference between the IMU gimbal angles

and the desired attitude. The desired attitude is obtained by maneuvering

the S/C either manually or automatically in the directions that null out the

indicated errors, This establishes S/C attitude to the desired inertial

reference. The FDAI also displays rotational rates obtained from the SCS

rate gyros. The SCS rate gyros supply rate information for all G&N and

SCS control and display functions.

In G&N modes, the FDAlbali is contimlous!y controlled by signals

from the IMU gimbal angle resolvers. In SCS modes, the ball is controlled

by the AGCU total angle resolvers_ AGCU signals are applied to the bali

only during manually initiated attitude changes (assuming none of the BMAGs

are rate caged) and in the SCS entry mode after 0.05 G switching. Atallother

times, the ball remains stationary, The ball is always driven with reference

to the IMU axes with the AGCU providing the conversion for the ]3MAGS from

body axes to IMU axes.

Attitude Reference/SCS. If the IMU cannot be used for attitude refer-

ence, a backup or strapdown attitude reference comprised of assemblies

contained within the SCS will. provide inertial attitude reference. The

strapdown reference is mechanized within the following:

Attitude Oyro Accelerometer Assembly (AGAA)

Contains the body.-imounted attitude gyros (BMAGS), X-axis acceler-

ometer, and self-contained electronics. Provides attitude error signals

for the attitude control subsystem, AGCU, and FDAI. The BMAGS are also

a source for backup rate signals, if required.

Rate Gyro Assembly (RGA}

Provides angular rate signals to the attitude control (ACS) subsystems

and to the FDAI.

Attitude Set/Gimbal Position Indicator (AS/GPI)

The AS section provides a capability to set in desired reference

attitudes and align the ARS to those attitudes, The GPI section allows the

astronauts to manually position the SPS engine gimbals to a trim position

prior to a delta V maneuver.

STABILIZATION AND CONTROL SYSTEM
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Display/Attitude Oyro Acceleromcter Assembly Electronic Control

Assembly (D/AGAAECA)

AGAA section: Contains electronics required to operate the IBMAGS

and to interface with th e AGCU
,17! 

DEGA section: Provides the interface electronics between all sensors"

and corresponding displays

• _ Auxiliary Electronic Control Assembly (AECA)

AGCU section: Performs the mathematical computations and contains

the transformation matrices required to display

attitude and attitude errors of the S/C. The AGCU is

the primary control device for the SCS ARS.

The remainder of the AECA contains circuitry for the

SPS engine thrust ON/O]PF control function.

Flight Director Attitude Indicator (FDA!)

The FDAI (fig'_re .Z. 3-1Z) provides the •visual displays for S/C attitude;

included is total attitude readout (FDAI ball) gimbaled in three axes:

roll, pitch, and yaw.

Pitch and yaw total attitude is rea_ from either the body axes index

•(") or the navigation axes index (©). The indices are fixed to the

instrument faceplate. I<oll is indicated by a roll bUg (indicator needle

driven by the roll gimbal through a gear mechanism). Roll attitude is

read by comparing the roll bug position with reference to a scaled

bezel ring about the instrument periphery.

Attitude errors are indicated by three fly-to needles.

Angular rates are indicated by three fly-to needles.

A + roll rate or + roll error will cause those needles to deflect left.

A - roll rate or - roll error will cause the needles to deflect right.

A + pitch rate or + pitch error will cause those needles to deflect

down. A - pitch rate or - pitch error will cause the needles to

deflect up.

The yaw rate and error needles deflect in the same directions as the

roll needles.

To correct the error, the S/C is automatically or manually r'otated

in the direction of needle deflection.
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The SCS attitude reference subsystem is mechanized such that it is

used primarily for monitoring S/C attitude. Consequently, automatic
maneuvering is not possible when SCS modes of operation are selected.

However, by using the FDAI as a monitor and by proper selection of con--

trols, precision manual maneuvers can be performed.

The subsystem, acting as a strapdown reference, will supply all of

the attitude data normally available from the IMUo These data are subse-

quently applied to lhe FDAI for presentation of S/C attitude. The IMU is a

three-gimbal platform and therefore will achieve a gimbal lock condition.
The rniddle and outer gimbals become parallel and the output is not pre-

dictable. The AGCU has a similar function, which creates an effective girn-

hal lock. This occurs in both systems for a 90-degree yaw displacement

with respect to "the navigation base. The t;'DAI and yaw attitude set control

provides markings that will serve as a warning prior to achb_ving a girnbal-

lock condition.

Basically, the bodv-mom_ted atti£ud_e gyros (I3MACS), attitude gyro

coupling unit (_AGCU), and the IFDAI are the primary inertial sensing, com-

puting, and display elements of the strapdown system. Attitude errors in

roll, pitch, and yaw body axes are sensed by the bod'/-n-_ou_ted attitude

gyros. The error signa]s are conditioned and subsequently directed to the
FDAI for display of totgl attitude and attitude error. The major part of the

conditioning takes place in the AGCU which provides signal inpui_s to the

FDAI comparable to that of the IMU.

The AGCU section of the an=iliary electronic control assembly is the

primary control or computing device for tl_e SCS attitude _;eference subsys-.
tern. It performs n_ost of the inertial refe_'ence computations and performs
the _nathern.atical conversions and transform'nation, s required to display total

attitude and attitude error. The attitude gyro torquing loop, that the AGGU

eiectrornechanicai ele:men_s are a pa_t o[, perform the following:

Generate a pulse train that is equivalent to the total change in S/C

attitude

Provide two-direction.al control of resolver shaft angles

Provide torquing current for the attitude gyros

Provide forward and reverse conversion of tyro and attitude set

error signals to appropriate axes representation for ]7'DAI display,

and for gyro torquing.

The SCS rate gyros sense vehicle angular Velocity, and supply angular

rate signals to the system for rate stabilization and to the FDAI rate indica-

tors. The proper selection of sv¢itches wil] place the BMAGS in a backup-
rate condition, and provide rate signals to the FDAI rate indicators. When-

ever manual thrust vector control is selected, the _3MAGS will automatically

be placed in the backup-rate condition.

Attitude Reference Control. After a maneuver or a series of maneu-

vers, the STC attitude (body axes) is, each time, different with respect to
the inertial reference frame. Therefore, the requirement exists for a

method of resolving the ra_ations about the different body a__es, and

E

E

[

L
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establish a relationship between tile body axes and the axes of the fixed

- {_eference frame. This relationship is established through an Euler angle

- f_ ::ansformation process obtained from either the lh_U (stable element)_or

{.i$_estrapdown attitude reference subsystem. The Euler angle, then, is the

• resolved difference between the S/C body axes coordinates and the coordi-

hate's of the fixed inertial reference. The Euler angle attitude of the S/C,

as displayed on the FDAI, is with respect to the coordinates of the fixed

reference frame.

_-- - .• % i, ," • •_i_I

i! Lt
:1

:n •

i. ..

The conversion from body axes to Euler angle readout on the FDAI,

basically, consists of a forward transformation and a reverse transforma-

tion. (See figure Z.3-3.) The forwa_;d transformation is essentially body-

to-navigation axes conversion, then navigationaxes-to-Euler angle trans-

formation by resolvers in the AGCU. The reso].vers and gimbal servos in

the I_'DAI position the total attitude displays, resulting from the Euler

errors. The reverse transformation is essentially Euler angle-to-naviga-

tion axes transformation by resolvers in the AGCU, then navigation-to-body

axes conversion for signal application to the attitude gyro torquing ampli-

fiers. After amplification, the signals are demodulated and applied to the

gyro torquing coils which torque the gyros to null the original error.

After initial alignment to the IMU reference, the BMAG/AGCU loop

is opened by relay action and further positioning of the FDAI ball is pre-

vented, However, if the rotation control, for example, is displaced, the

loop will be closed and th.e FDAI ball will fol]ow S/C motion until the con-

trol is neutralized. The BMAG/AGCU loop will open and the ball will again

be stadonary. If in G&N mode, the ]TDAI beAl is always coupled to repre-

sent and follow !MU gimbal angles.

Attitude Errors. The FDAI attitude error indicators represent the

difference between actual S/C attitude and the inertial reference. The

error is referenced to the S/C body axes in all modes of operation, except

for G&N entry mode.

Signals that position the attitude error indicator of the FDAI come

from three possible sources. (See figures Z.3-3 and Z.3-4. ) In SCS modes,

either the BMAGS or the AGCU provide body axes error signals to the error

indicator meter movements. AGCU signals are applied when ATT SET is

selected on the attitude set section of the AS/GPI. This applies the body

axes equivalent of the difference between the attitude set resoIver shaf[ and

the AGCU resolver shaft.

When ATT SET is not selected, the outputs of the three BMAGS are

applied to the attitude error meter movements of the FDAI. Whether

from the BMAC]S or the AGCU, the error signals are directed to the metor

.::.__ STABILIZATION AND COl,Yf'ttog SYSTEM
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movements through scal ing,  ranze  ad jus t ,  demodul ,a tor ,  and ampl i f ie r  
c i i -cui ts .  The fo1low;np chart  provides mode v e r s u s  full - s ca l e  e r r o r  ind i  - 
cations as read Gn the FDAI. 
A- 

--- 

-.-_- 

M.onitor 

SCS and G&.N En t ry  

All  other modes 

JYllen G & N  I I ; O ~ ~ S  a r z  selected,  the  e r i*o~:  s i g n a l s  z r e  directed t o  the 
FDA1 via tht: irle?:tisl. coupli-ng displa-,r u n i t s  iCl3U;) and tile attitude re fe r -  

cnci: con.r..ersiol.l circ~litry-, The ~ o l l  i;nd yaw channel. s ignals  a r e  reference6 
to e i ther  t h e  navigation base a res  o r  thc S / C  body axes. C o n v e r ~ i o n  i.11 the - 
pi tch ciiannei is n o t  required. The rapability Lo rcferrn-ce the rol l  and yaw 
cilarn~el s i g r a i a  to  e i t i ~ c r  tile navig-tion base of S / C  body a x r a . i s  required 
to  facilit.ate 1-031 and y a w  channel c ross-coapi ing  cont rc l .  This i s  r cqu i r zd  

when GBrN e l l t r y  nlaneuvers a re  periorrrred; in which case,  reference  i s  
to +he n.avigatio:l base a.xes. 

SCS Attit i lde Refererlce Alignment .  Alignment of the a t t i tude  re fe r -  _-_ - - - - -  -- 
ence snbsvstem is pe r fo rmed  by comparj.ng ihe outputs  ol' the total  attitu.de 

Rates. The follo\ving chart: pro.,rides mode versus  ful.1- s ca l e  r a t e  -- 
indj.c;ltions as read on the FDAP: 
____--__I__ -- r-----.r-py-- -- 

- 
Modes I R" ll I- ';li a-fi7 

--- ---- 

Mc) ~l i t . ( . .~  1.  ! I 

s e t  r e s o l v e r s  i n  tiie AGCU with tile atti tude s e t  1~eso1vc . r~  of thz AS/GPE. 
The a t t i t . ~ d e  s e t  l e s o i ~ e - ? .  shait can  be positioned by u s i n g  thc attitude set 
d i a l s  (tllctn-ibv~heels) on the frorlt of t h z  pAS/G-l-II. ?'he dials indicate Euicl. 
a n g l e  of tile a t t i t ude  s e t  r e so lve r  sha i t ,  arid the output  of tile r e so lve r  is  
t h e  Eules  a12gle difference betvieen tbe a t t i l u d e  s e t  r?so!\rers and  the total 
at t . i tude resolvers i n  the AGCU. 

+5" /se.c & S o  / see  SCS E n t r y  
G & N  Entry  

SCS LClL V e r t  o r  
SCS ATT Cont or 
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When the FDAI ALIGN switch oi_ the AS/GPI panel is pressed, the

AGCU resolvers will align to the _ttitude set resolvers. ]Euler-to-

navigation axes transformation, and navigation axes-to-body axes

conversion takes place for the FI)AI attitude error display functions. In

SCS control modes, the attitudes indicated on the attitude set dials will be

indicated on the FDAI with respect to the navigation axes symbol and the

roll index.

Attitude Control Subsystem.

The attitude control subsystem (ACS) (figures 2. 3-4 and Z. 3-5),

essentially, provides the means for controlling spacecraft n:lotion. Control

is eitLer manual or alutomatic whe__._us[ng controlled inputs from the G&N

system. Spacecraft motion, other than drift, is initiated d_rough the use of

the S/M RCS jets prior to C/M-S/M separation.. After separation (ent#y),

the C/M fIGS jets are used. An attitude control logic chart is presented in

figure Z. 3-6.

There are four types of controls that the ACS contends with which to

satisfy missior± requirements. (See figures 2. 3-4 and g. 3-_7.) These are

rotation, translation, attitude hold, and rate damping only. Rotational

motion is required to establish navigational sightings with the G&N optics,

subsystem telescope and sextant for S/C alignmer, t prior to a veloci_y

change for TVC functions, for antenna orientation_ for T/C transmission

and reception, And for lift vector control (roll control plus pitch and yaw

rate stabilization) during entry.

Translation control for the ASZ04A mission is required for the

ullage function prior to SPS engine ignition.

Holding attitude (attitude hold) to a fixed reference (established by

the ARS) is necessary for navigational sightings, preparing for a velocity

change and ullage maneuvers. After establishing attitude hold, the S/C

mo_ion involved is the amount of drift tha_ the S/C _s allowed to rotate

about its axes. The drift is limited to a selectable minimum or maximum

deadband about all three axes.

Rate damping only provides rate stabilization during enImy or in the

event of an abort prior to launch escape system (LES) jettison. The

motions involved here are the finite firings of the RCS jets when rotational

rates exceed certain limits. The RCS jet firings will decrease the rates

to within predetermined limits. The rates are limited to 0. Z degree/see

for all modes, except SCS and Gg_N entry modes when the rates are

increased to Z degrees/second.

The ACS includes the roll, pitch, and yaw electronic control assem-

blies (ECAs), the delta V indicator, attitude impulse section of the G&N

optics control panel and, in addition, utilizes all of the physical elements

and functions of the attitude refere_ce subsystem.

STAI3ILIZ,,XTION AND CONTi.<OL SYSTEM
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i SCSClRCUII
BREAKERS m

I[ SCS CHANNELPITCH AND YAW

l[ SWITCHES

_ ZTAIZ _-2

PITCH ROlL ROLL PITCH RAO&I_L YAW

........Roll ROLL]" !,_OLLI ____][.... L_.... I.... 1......

..... _-7--F_--_----r-Tr-<-d__t_,_ H_

UANEUVt:SNOT]_J,_!

APPLICABLE TO I l

ZZ.r-r
Dr ,-![<i"w Tir, .mw__IX°LLI ___L_LZ_I_._L

B&D IIpITGI41YAWiBS. fPITC,IIYAWl ...

"_°LLJL__I___L__I2 2L.

NOTES: 1.

2.

3.

CIRCUIT BREAKER TABULATION IS APPLIC,_BLE TO RCS ENGINES

AWOMATIC COIL OPERATION ONLY. FOR MANUAL DIRECT

COIL OPERATION, POWER IS APPLIED FROM SCS DIRECT COb'IT

CIRCUIT gREAKERS MN A OR MN B BY ACTUATION OF THE

PILOTS OR CO-PILOTS HAND CONTROLLER, RESPECTIVELY.

Combinations of translation and rolatlon maneuvers r_-.7uirlng lhe

simultaneous firing of identical S/M RCS er,glnes is proh!blted by

jet selection logic circuit design.

Minimum impulse operation is accomplished in the roll axis by two

eng'.,nr¢s only. Remaining engines are disabled by setting the A&C

ROLL CHANNEL switch to OFF and pulling one B&D ROLL circuit

breaker; or setting the B&D ROLL CHANNEL switch to OFF ard

pulling one A&C ROLL circuit breaker.

Fuel conservation and/or consumption balance behveen quads may

be accomplished by using ,_pplicoble SCS CHAI"JNEL ._witct-,es and

circuit breakers to select single-engine opemtlon in each direction.

SM-2A-782D

Figure g. 3-6. SCS Attitude Control Logic Chart
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The attitude control subsyste:a_ electronics is contained within the

roll, pitch, and yaw ECAs. The ECAs accept the manual and automatic

inputs, conditions them, and directs on-off electrical command signajs

through jet selection logic to appropriate.. automatic (normal) coils of the _ 7_'

RCS jets The output of the jet selection logic will be either a time- _ _: ,

modulated signs! or a steady-state +Z0-vdc signal. _!is,,,

There are basically two types of inputs to the attitude control sub-

system: manual and inertial sensor (.AGA.A, iIGA, fir|U). Manual inputs ara

pro_d.ded by the rotation and translation controls, switches on the SCS

control panel, attitude _rnpulse switch on the attitude in,pulse section of

the G&N optics control panel, and th.e direc[ ullage switch on the delta V

display panel. These cc.n.trols can be used for re_anua] ullage maneuvers or

as abackup during automatic delta V functions. The attitude impulse switch

commands inputs to th_ ACS and subsequent!y to the RCS jets for small

anguJ ar accelerations.

The inertial sensor inputs are provided by tl_e AGAA, IlGA, and the

IMU via the G&N system. The AGA.A (]3MAG) and rate gyroi-" (RGA) inputs

are used for attitude h.old, rate s_u.bi!ization_ and manual rotation control.

The IMU inputs provide G&N attitude hold and command rate signals for

_nanua] or automatic rotational maneuvers.

Rotation Maneuvers. Rotation rnaneuvers can be performed by using

four different types of manual controls or automatically by using the G&N

eom_.uter subsystem. Manual roi:_A:ion n_aneuvers are accomplished by

using [he rotation con_roi_ commonly called con_roi stick steeri:ag (CSS):

direct or emergency control which is a function o{ the rotation control,

attitude impulse control; and positio_ing of the inertia] CDUs. Automatic

n_aneuvers result frown s.stronaut inputs to the AGC via. the DSHY. The

AGC, according to con_puter program, auton_atica.ily positions the CDUs

and will con]n_and S/C n%otion to the progranu_ed attitude.

Normal CSS is a proportional manual function and is available at any

time in all operational modes. The n_aximun_ CSS propertioi_al rates that

can be con]_anded are as follows:

19 degrees per second (roll axis) entry n_ode

5 degrees per second (pitch and yaw axes) entry mode

0.79 degree per second (all axes) all. other triodes.

Even though CSS commands greater rates, the SCS dectronics will

limit the rates to those values given. Proportional control [s obtained by

using the rate gyro output to cancel the output of a transducer within the

rotation contro]., CSS proportional co_nnnands are ahvays directed to the

auto_natic solenoid coils of the RCS engines,
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When the rotation control (stick) is displaced, a transducer within

the stick wi!! command a rotation proportional to the amount of stick

displaceme:i,.t. The rotational rates are limited to predetermined values,

depending o.n the operational mode.

When in SCS attitude control, mode and as the stick is displaced

approximately Z. 5 degrees from neutral, breakout switches within the

stick close causing the BlviAG a_d the A GCU to become closed loop. It

also.inhibits BMAG error signals to the SCS electronics. As the S/C

rotates, the AGCU applies torquing current to the BNIAG torquer coils.

The gyros, then, are torqued at a rate proportional to the magnitude of

BMAG error, keeping attitude error at approximately zero. Thus, the

AGCU will follow S/C motion and establish a new attitude reference when

the stick is returned to neutral.

When in G&N attitude control mode, a G_lq SYNC switcl_ must be

energized to enable the attitude hold function when the control stick is

returned to neutral. The C,_N sync function provides IMU/CDU closed

loop operation which keeps attitude errors at approxi_nately zero during

the maneuver. Consequently, the S/.C will hold the new attitude when tile

stick is returned to neutral. If G&N sync is not enabled, the S/C will

return to the attitude established before stick displacement.

NOTE For the ASZ04A n_ission the G&N SYNC switch will remain

OFF for the entire mission.

The computer program will control the actual n_aneuver rate, but

the SCS will limit the maximum. The rnax.imun_ _-,on-entry rnaneuver rate

is 10°/second and entry ma_euver rate is 17°/second in all axes.

Direct rotation control is a nonproportional function whereby initiated

commands are applied directly to the RCS direct coils. To accomplish

direct rotation, the DIRECT RCS/OFF switch (MDC-8) is set to DIRECT

RCS; the SCS-CHANNEL switches (MDC-8) a.re set to OFF; if high rates

are to be maintained, and the control stick is rotated about the desired axis

or axes to hardstops. Just prior to engaging the hardstops, a switch, closes

and applies a direct command to the RCS direct coils. Rate feedback is not

used to cancel stick movement. The breakout switches, however, close

the BMAG/AGCU loop, and attitude error output to the SCS electronics is

inhibited. With proper control and sv,'itch configuration, direct control is

available at any time.

The attitude impulse control (G_zN optics control, panel) provides the

capability for commanding low-rotational rates about all three axes.

Attitude impulse control is available only it, SCS or G&N attitude control

modes a_d is used primarily for precise attitude maneuvers during naviga-

tional or star sighting periods. After the control is enabled and displaced,•

a switch closure in the control and an RC network combination generate one
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pulse, which is applied to the RCS jet selection logic. One pulse is

generated for each attitude impulse switch closure (control displacement),

It is not a proportional control and attitude hold is not available when the

control is returned to neutral, When the control is enabled, relay action _'_

removes all rate, attitude error, and rotation control inputs to the SCS

electronics. _:_

Automatic positioning of the CDUs is accomplished by using the

DSI<Y. This method of control is primarily used during G&N entry.

Translation ManeUvers. There are three methods of initiating trans-

lation maneuvers: normal• translations, using the translation control;

direct ullage, using the direct ullage buLton on the delta V control panel;

and separation ullage, using the translation control.

Trar, slation commands are nag proportional; operation is through

switcll closure only and is available during all modes o:[ operation prior to

C/M-S/b{ separation. During normal translation, switch closures within

the translation control provide cornn-_ands to the jet selection logic which

fire the appropriate jets for the desired direction of translation. The

corn_mands are directed to the auton_atie RCS engine coils. A primary

function of normal translation is the ullage maneuver, which is necessary

in preparadon for a velocity change. Ullage Fnaneuvers require translation

along the +X-axis.

]3irect ullage is accon_plished by using dm DIRECT ULLAGE push-

button en the delta. V control pane!. When pressed, switcl- closures

eo_m_mand the appropriate direct ]%CS coils to initiate translation along the

+X-axis. Direct ullage is available at any time prior to C/___4-S/h4.

separation. Upon C/IvJ.-S/M separation, the direct ullage function to the

C/Wi pitch and yaw direct coils is inhibited by deadfacing. It is primarily

a backup operation in the event of normal trans].ation failure. Ullage will

continue as long as the DIRECT ULLAGE pushbugton is pressed.

The separation ullage function requires a CCW rotation of the trans-

lation control into a detent position. Ullage commands are directed to the

direct RCS coils. The separation ul]age maneuver is performed when

SPS aborts are necessary or when S-!VB separation is required. If the

LES has been jettisoned, the signal from the translation control in CCW

detent will command the sequential events control system (SECS) to

sequence the separation ullage and consequent separation from the S-IVI?,.

If the LES is attached to the S/C, the same command will initiate a LES

abort.

In G&N and SCS rncdes: a clockwise rotation of the translation control

into a detent generates a CSS logic signal _hat inhibits attitude gyro signals

from the SCS electronics, and provides BMAG/AGCU closed loop oi)eration.

It also initiates m_4nual thtust vector control (MTVC).

/
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The CW rotation enables capability for manual roll control by the

rotation controller during G&N entry. This is normally an automatic

function of the G&N system and entry program.

Attitude Hold. Attitude hold is a capability of the ACS to hold S/C

attitude within selected deadband limits of a fixed reference attitude. The

deadband (amount S/C is allowed to drift either side of reference attitude)

is selected by setting the ATT DEADBAND switch on MDC8 to either MAX

or MIN. In the G&N or SCS entry modes, however, the deadband will be

maxiiYmm regardless of deadband switch position.

The ACS accomplishes attitude hold by inputting summed attitude

error and rate gyro signals to the jet selectio1_ logic, which will turn on

appropriate jets to keep the S/C within the selected deadband. The attitude

error signal is conditioned by a deadband circuit and rate limiter before it

is summed at the input of a sm_-_ming amplifier with the rate gyro signal.

When the summed input to the s.rnplifier is greater than its threshold, the

amplifier will cause a switching an_plifier to pulse the jet selection logic.

The lower the angular rates; the close} the S/C is allowed to drift [o the

deadband limits. As a_gular rates increase, the summed error/rate

signal increases in magnitude proportionate to time. Therefore, the sooner

the threshold of the summing amplifier _s reached_ the sooner the jets will

fire, damping the oscillation.

A limit cycle swftch on iVLDC8 can be used to,provide tim.e rnodulated

pulses to the jet selection logic. Limit cycle is primarily used for fuel

conservation purposes. The limit cycle swi£ch ei_.__bles a psuedo rate _ -_

back c{rcuit at the output of the switching annplifier previously discussed.

The psuedo rate, and consequently the time-n_odu/ated pulses, is a function

of signal magnitude at the switching amplifier input. For large signal

inputs, the output pulses will cause the RCS jets to pulse at a higher

frequency and for longer periods. As the error decreases: the pulse

widths and frequency decrease proportionately until the error is hulled.

The psuedo rate loop is normally used at all times (limit cycle on)

when an inertia], attitude is being maintained.

Attitude hold is available at all times in three axes, except during

monitor mode and SCS entry mode after the 0.05 G switching. During

G&N entry after 0.05 G switching, roll attitude hold is still enabled.

Yaw and pitch attitude hold is inhibited.

Rate Dampin$i__0n_z In addition, to. attitude control and maneuvering

capabilities, the ACS provides a rate damping only capability. Although

rate damping is a normal function during a_:titude control modes, rate

damping can be used to limit S/C rotational rates (rate stabilization) when

attitude hold is not being used. Normally, when S/C rotational rates

exceed 0. Z degree per second in any axis, the rate gyros or the Bk4J_G in
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backup rate sense the angular acce]ezations. The signals, conditioned

via the roll, pitch, and yaw ECAs and through jet selection logic, are

applied to applicable RCS engines to keep the S/C rates within the

0. Z-degree-per-second rate deadband. If in SCS or GSzN entry mode,_ __-!!!

the rate d.eadband is increased to Z degrees per second. Rate stabilization, .i<

in addition to the attitude cozitrol functions, is available when any of the _ii_.:.._::ii:_

folidwing condition s exi,_ t:

Selection of monitor :node after S--IVI3 separation

Selection of monitor mode for LES aborts

Clockwise rotation of translation control after S-IVB separation

_ SCS entry mode after 0.05 G switching

GSzN entry mode after 0.05 G sh, itching (pitch. and yaw axes only},

Thrust Vector Control Subsystem.

The purpose of the thrust vector control (T_VC) subsystem (figures

Z. 3-4 and Z. 3-5) is to align, or position the gimbaled SPS engine to a trim

position prior to SPS thru_tin.g ann maintain ti_is trim durh_g the accelera-

tion period. The S/C experiences a changing ce_%ter of gravity (c.g. }

caused by the consum.ption of fuel and oxidizer a,ar_.ng acceleration. The

TVC subsystem maintains the S}°S engin.e thrust vector through the c. g.

and holds S/C attitude so that the thrust vector will remain in the

desired direction. This compensa'_tes for undesirable forces that affect

S/C stability because of the shifti>,.gc.g. Thrust. vector centre], in addi-

tion.to the TVC subsysten% utilize e_the functions of the GhN cystem, the

prooulsJon svstex_s and the SCS attitude reference and at_itu_,e control

subsystems.

The TVC subsystem essenti_l]y con.trols the SPS engine gimbals, and

consequently the thrust vector, by energizing the gimba.! actuators; one for

pitch an.d one for yaw.

The nori_al method for controlling thrust is through the G_N delta V
" -_: th e

mode. This provides the most accurate control. The accelerome_e_., on

IMU stable element and the AGC provide steerSng comm_.nas to the SPS

engine giml_als and continuous trajectory corrections to compensate for
undesired accelerations. The AGC also corn_ pensates :for the near-body

orbital and gravity affects on the S/C. So, the actual versus required

velocity change will result in a curved trajectory.

Normal!f, bothG&N delta V and SCS delta V modes operate by dri.ving

No. ! and No. Z serve electronics. If a failure occurs in No. 1, an auto-•

matic switchover to drive No. 2 serve electronics and No. Z gimba! motor

will occur. Or, No. Z will drive if No. i is switched off or if manual thrust

vector control is initiated.

<i
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A zT_anual method of thrust vector control is provided to control the

position of the SPS engine gimbal. When operating manually, inputs from

the rotation control, translation control, and the BM_A_Gs are directed to

redundant servo electronics No. Z and the No. Z gimbai actuator motor.

The nominal authority from either rotation controller is _6 degrees of SPS

gimbal engine deflection.

The gimbal position display section of the AS/GPI panel, the delta V

display, SCS control panel, rotation control, translation control, and the

SPS switches on MDC-3 are the principle controls and displays associated

with TVC. They provide the capability for control and monitoring of

system perforrnance.

Thrust Vector Control. When G&Ndelta. V rhode is selected, auto-

matic thrust on-off, attitude, and ste.ering con_rnands initiate in the G&N

system. However, before the ullage maneuver and thrust-on, the g_n_bal

position trim control thun_.bwheels on the AS/GPI are used to position the

engine gimb_!s. The engine position is verified on the AS/OPI visual dis-

play. The gimbals are aligned such that, at the mo._._ent of thrust-on, the

thrust vector will be through the S/C c.g. This is necessary before any

delta V to prevent undesirable rotational movements about the c. g. when

thrusting begins.

In addition to initial positioning of the gimbals, the amount of accel-

eration required for the velocity change less tailoff is set into the delta V

remaining counter on the delta Vdisplay. This allows the crew a method of

monitoring delta V remaining and, when in SCS._V n_ode, pr(_des auto-

marie thrust-off capability. A coincidence switch in d_e delta ¥ display

will, by inhibiting the thrust on logic, automatically terminate thrust when

the _V remaining counter indicates zero. The acceleron_eter in the AGAA

senses +i acceleration., and supplies acceleration signals to tbT_ing and out-

put logic which subsequently drives the delta V remaining potentiometer

to zero. The accelerometer thrushold is 1 × 10 -4 g, but the AV counter will

only step once for each 0. Z5 +t/sec velocity change.

NOTE it is possible, but not recommended, to have SPS engine

ignition without ullaging when in SCS zXV mode.

Prior to SPS ignition, the G_N system inputs attitude error informa-

tion to the ACS to hold the S/C at a constant attitude in all three axes.

Attitude errors from the G&N system and rate information frorn the SCS

rate gyros are also applied to the SPS gimbal servo loops. Upon engine

ignition, the combined attitude error and rate gyro inputs, conditioned by

the servo electronics, reposition the gimbals as necessary to rotate the

S/C to compensate for c.g. shift. The girnbal position is also modified by

steering commands from the AGC so that the thrust vector will point in

the right direction for the curved trajectory.
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The BMA.G/AGCU loop remains open and follows IMU changes so that

the SCS will have the same inertial reference in the event a switch0ver to

SCS deita V mode is necessary.

Normally, G&N delta V mode utilizes the primary gimbal serve and

actuator motor No. 1. If the gimbal motor switches on MDC-3 are acti-

vated, a TVC monitor signal generator (over-undercurrer:t sensor) in the

actuator will sense a failure of motor No. 1. If motor No. 1 fails, the

sensor will automatically cause a switchcver to motor No. Z in the

actuator. Since the No. g serve electronics are driven simultaneously

with No. l, an interruption during the velocity change will not occur. Motor

No. Z a!so contains a TVC monitor signal generator, but is' not used. In

the event of motor No. g failure, causj.ng an excessive curr.ent drain on

the d-c bus, a 70-ampere circuit breaker in the line will disconnect the

motor from the d-c supply bus. Motor ,_o. Z has no switcbover or warning

light capability.

In SCS delta V mode, the gin-_bai serve loops fu:.'mtion the same as in

G&N delta V mode. Attitude error information, however, is derived from

the BIVLAGS. The rate loop is identical, unless in backup rate condition.

SCS delta V wiit not function if the BMAGS are required for backup ra1:e

because of the loss of attitude error information.

, t: ')i'

SCS delta V keeps the thrust vector through the c. g. by first com-

paring the trim. position commands set by the timbal position thumb-

wheels a_d the position, tral._sducer feedback signals. The difference,

combined with attitude error information from the BMAGs, conditions the

serve electronics to energize the actuator clutches.

Except for mode selection and thrust-on requiremen.ts_ the san_("

prerequisites for thrust-on, and the control and display functions are the

same as for G&N delta V. The SCS system does not provide automatic

thrust-on. A thrust-on switch on the delta V display provides the thrustJon

corn:nand for SCS delta V _od.e. Thrust-off, however, is auton_atic by

closing of the coincidence switch. A. NORB4AL-OFF-DIRECT--ON switch

on the delta V display is also provided for manual thrust-on and serves as

a manual backup for all automatic thrust-off con_mands.

If the translation controller cannot be used for the u!]age n_aneu_,er

prior to thrust-on, a DIRECT ULL.AGE switch on the delta V display pro-

vides a manual backup to initiate u.lage.

A. manual delta V can be performed, providing a delta V mode has

been selected and the t_,'a.nslationcontrol is rotated CW into detent. This

ten, eves all norn_al i?_.puts into the TVC serve loops, al]o\vs connmanded

inputs fron_ the rotation control, aud rate data from the I_,]vI.iGsin back(q)-

rate condition, into the redundant No. Z serve electronics and n_otor 9_o. Z

of the gi_<qbal actp.ators. This provides rate-stabilized manual control of the

thrust vector. Thrust-on is initiated by the momentary thrust-0n switch

located on the delta V display.

q
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The rotation control mus t  be held to a given displacement to c o ~ t r o l  

thc gi:i?bal,~ a .bo~i t  t h e  ini t ia l  t r im p o s i t i ~ l i  estab:.ished b y  t h e  settings of the 
AS/GPI.  The G P I  provides the only indication cf the  position of the gimbal  
angles  wi th  rcspeci:  to the S /  C body arks. 

2 ,  3 ,  3 FLIGHT CONTROL PROFILES. 

Therc  a r e  th ree  basic f l iplr t  control  p r o f i l e s  assoc ia ted  with miss ion  
AS204A. These  include powered f l igh t ,  coas t ing  f l i gh t ,  a n d  entry.  Within 
t h e s e  profi les ,  var ious  n o d e s  ol' operatio11 a r e  esl.ab1ishr.d e i t he r  wi thin  the 
a t rnospher r  o r  in ea r th  orh;tal envi ro i l r~cnt .  l i e c a l ~ s c  cf tile d iv i s io l~  of 
powercd flight, i .  r .  , asccnt and e a r t h  orbiral e n v i r o u m e n l ,  the d c s c r i p t i o x ~  
is divided as follows: 

Q., A s c e ~ ~ t  (inclu.di.mg aborts)  . 
B C o a ~ t i n g  .flight ( e a r t h  o r b i t a l )  
B I? ewer cd f!igbt ( c s r t h  orbital)  
A Entry (nonpov,~cr  cd a t r n o s p h a ~ i c  f l ight) .  

As  the various operational modes a r e  d i s c ? l ~ s c d ,  r c f e r c ~ ~ c e  will be 
made to  f igures  2. 3 - 4 ,  2. 3-5, and 2. 3 - 6 .  A t y p j c a l  control  channel yzw 
is shown in f igure 7 .  3-4,  sheet  2;  therefore, di f fe rences  n o t  typical to the  
yaw channel wi l l  be c lar i f ied .  

It shou1.d be ~ ~ o t e d  that r e l ays  in fig;tre.s 2 .  3 - 4  2. 3-5 ,  and 2.  3-7  a r c  
n o t  relays of the actual systorn by  nomhe,r. H o u ~ e v c r ,  thc r e l ay  no:nencla- . ? .. . 
cure system oriented and il-lay be c r o s s  -rcici-:need by ::sing tr.c I l i l o \v i r i r j  -a 

chart .  

- "---------.ll "." -.YPmr.YIY" .--I..- ... "--UYY---=-.- 

ST'LE~IJ'I%AT.T~N A N D  CON'TROL S YS3'1;1\4 

. - _ -  _- -- -- 
F i g .  2 .  3 - - 4 ,  2. 3-5, SCS System 

Function Re1 ay 2. 3-7 Relays  
---- 

K l  ORBIT R A T E  24A14K3  
K2 FDA1 ALIGN 24A14Kl  

24P, 14K2 
K 3  

K 4  

L< 5 

G & N  ROI-,I-,, P I T C H ,  YAW 
ATT SIN A N D  COS 

AGCrJ CAGED 

r l t i  CU ALlG N 
s 

2243 I 6A 3K4 
223 1 O A  31C6 
2%A17A3K4 
2ZAl'?A3Kb 
22A18H3K4 
22A18A3K6 
2ZA8.K: 
22A8K2  
22A8LC4 
22A87(5 
22A81C6 
22A8K-7 
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r."_o. -'_3-4, Z._a-5,

Z. 3-7 Relays [ Function

1<6

K7

K8

K9

K10

KIi

KI Z

KI3

KI4

K15

KI6

KI7

KI8

KI9

KZ0

K21

KZZ

KZ3

tIZ4.

AGCU P/Y ERROR

R G&N ERR/A.GCU INll

G&N P ERR

Y ERR GhN BODY

G&NP, Y_ ERR S.E.

ROLL_ PITCH, YAW ERR

AGAA

MONITOR + G&.N .&V + GhN

ATT CONTR [ G&N ENTRY

q, 05G MANU/_L + _,5]

YAW B/U RATE

ROIJL, PITCH, YAW, B/U

RATE

IvlTVC RT OUT

ROLL, Pii Ci!, YAW

RATE

Y/P RT SF

R-Y RT CPLG

RT IN TRANS

EN 7} GAIN

G &N A'r T IN

AGA.A ATT IN

D-B CHG

RJC ATT SW

G&N MIN IMP ENABLE

PSU]ItDO RT CO

RCS LATCtt!NG RELAY

ARMFD

(frET DVRS ENABLED)

SAFE

(JET DVRS DISABLED)

1.8 SEC LATC]I

SCS System

Relay

ZIA3K2

2ZA3K3

ZOA3K3

ZIA3K3 !

ZZAZOA3KI

ZZAZ1A3K!

ZZAZOA3K4

22AZIA3K4

22AZ3A. 3K2

ZZA9KI

ZZA9]<Z

ZZA13K1

ZZA13KZ

ZZAI!Ki

ZZAI ii<2

ZZA9K3

ZZAI l}i3

ZZA 1 ZK 3

ZZAZOA.3

ZZAZ]A3K

2ZAZZA3

Z3AI IK2

Z3AI9KI

Z3AI9K]

19AZ6K ]

Z3AISKI

23A15KZ

23A17KZ

23At9KZ

Z3A19K3

Z3A15K3

Z3A1 !K1

Z3A13K

Z3A] 3K

MESC Z19

MESC Z8

[{ST[::

i}.,
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Fig. Z. 3-4, Z.3-5,

Z. 3-7 Relays

fig5

KZ6

KZ7

KZ8

KZ9

K30

K31

K3Z

1433

K34

K35

K36

K38

Function

MAIN DEPLOY

AUTO CONT INTER

ENG IGN

SYS GRD CK

SCS AV MODE

ENG IGN

MTVC ENGAGE

TVC ELEC TRANS

SERVO NO. 1 DISENGAGE

SERVO NO. Z ENGAGE

ENTRY

AV INI-i

TPtRUST ON LAMP

SCS System

Relay

MESC ZIg

g3Al IK 3

Z3AZIKZ

Z3AZIK3

Z3AZIKI

Z3AZ7I< i

Z3AI8KZ

Z3AZ5K 1

Z3AI4K]

Z3AISKI

ZZASKg

ZZAZ _--_%31<_6

ZZAZOA3Ko

Ascent.

mode with all subsysiems active,
During the ascent phase, capability exists for monitoring boost

vehicle stability. The SCS is in a n_onitOrol purposes for the f!rst 61 seC

but supplies no active cornn_ands for contr
-A_ _ ;l{ght After 61 seconds, if aborts are required, the SCS will be

used to supply signals for S/C stab11).zaclon and con:_ ....

Monitor Mode.

The monitor mode provides the capability of monitoring deviations

from prograrnrned launch vehicle attitude prior to S-IB separation and

CSM attitude after S-IVB separation. The S--IVB utilizes a different gu id'-

ance technique and monitoring C/M instruments relative to S-IVB operation

provides no useful purpose. Monitor mode alsoprovides rate stabilization,

when required, any time during the rnissiono

Normal Ascent. At time of launch, RCS )atching relays in the SECS system

will be open to inhibit cornn_ands to the RCS jets. Relays K4 and K5 will be

closed, providing BMAG/AGCU closed loop. The FDAI will be fo].iowing

IMU gimbal angle changes. The rnotor odriven switch 5 (figure Z. 3-7) is

set to the S/M position when the RFJACTON CONTROL S _ZS-'rRANs

C/M-S/M switch on MIDC - 16 is set to S/M.

Total• attitude and attitude error signals from the iMU and inertial

CDU (figure Z. 3-4, sheet 1) are applied to the FDAI through relays K3,

KT, and KS, respectively. Attitude error signals represent deviations

from the trajectory for the first stage booster only. The SCS rate gyros

apply attitude rates to the SCS electronics directly and to the FD.Ai via

r ela1_ KIZ.
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The X-axis _ccelerometer will be active, but its output will be used

only if an abort delta V is required. The TVC subsystem is activated to

hold the SPS engine thrust vector through the e.g. 5n the event of an SPS

abort, and _o keep the nozzle centered and stationary within the adapter.

The SPS engine gimbals are aligned to null offset (pitch +0.4 degrees and

yaw +3.6 degrees) prior to launch. Quiecsent current o:_ the gimbal

motor clutches maintains these angles during ascent.

LES Abort. If an LES abort is initiated (61 seconds or more after lift-off)

requiring SCS operadon, the SCS is enabled one second after LES ignition.

The SCS is enabled by the arming of the RCS latching relays in the SECS,

and the S/M-C/iX.,[transfer switch will be driven to the C/M position. The

RCS latching relay will open by the operation of a barometric switch at

approximately Z4,000 feet during descent and will disable active commands

to the C/Ni RCS. Besides rate stabilization, specific comrn-_nd inputs to

the SCS above Z4,000 feet will depend on altitude a_-_dother factors.

SPS Abort. An SPS abort would be initiated after the LES jettison. The

translation control is rotated CCW into detent and "d_e switch closure will

cause the MESC" to command a +X translation (separation ullage) via the

direct coils of the S/M RCS. The direct coils are activated through the

RCS transfer switch.

Before separation from the S-IVB, a de]is V h_ode must be selected.

For an SPS abort, alignment of the SPS engine gimbals is not required

since d_e/ we_e prese¢ prior to launch and _o propellant has been consumed
A+ _ .... _,+_,_ _,or + can. h_ ._s.de _o e_r_J_ orbit or to a downrange

landing site.

Coasting Flight (Earth Orbital).

The coasting flight profile ranges from a free-drift configuration

(no control) to monitor mode (passive) to attitude hold (active control).

The following paragraphs describe the various modes re].ative _:othe earth

or bits! envir onto ont.

G& N Attitude Contr o1..

GS_N attitude control will provide inertially stabilized attitude by

utilizing the attitude reference and attitude control subsystems. Attitude

data is obtained from _he inertially referenced IMU. Relays K4 and !<5

provide BM/_G/AGCU closed ].oop so that if SCS attitude control is selected

the AGCU will have the same reference as the IMU for control, and display

purposes.

Attitude errors frmn the inertia] CDU through relays K7 and }<8 a_.'e

applied to the .FDAI and SCS electronics for attitude error display, and to

provide attitude corrections. The errors from the CDU are the difference

between the IMU girnbal angles and the corn:_.anded output of theAGC.

Total attitude from the IMU is applied to the FDAI via relay Ii3. The

.<i Mission
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attitude rates from the SCS rate gyro and relay KIZ will drive the FDAI rate

indicator at a scale range of :kl degree/second.

The maximum deadband limit is normally set for G&N attitude control. _

If navigation sightings are required; the minimum deadband may be

selected. The G&N system and SCS attitude control subsystem will main-

tain attitude within the selected deadba.nd limits.

Maneuvering_: Automatic maneuvers may be executed by inserting
commands into the AGC via the DSI<Y. The S/C will automatically maneuve_

to the computer.-commanded attitude. The SCS will follow the attitude error

signal inputs from the C_U in response to AGC inputs for maneuvering to

the commanded attitude. Manual maneuvers can be co_-nmanded with or

without attitude hold.

In G&N mode, relay I<18 (figure Z. 3--7) is open. Relay KI7 is closed.

Relay KI8 inhibits BMAG inputs and allows O&bI attitude error signals into

the jet selection logic for the attilude hold function. [When the rotation con-

trol is displaced, the breakout switches open K17, inhibiting GhN signals

and allowing proportional command (rotation control plus rate gyro)

signals into the jet selection logic_ \Vhen the control is returned to neutral,

relay KI7 closes and the G&N attitude hold function is restored, provided

G&N sync is active.

Translation in all axes can be commanded by the tra.ns!ation control.

As shown in figure 2. 3-5, switch closures, within tl,._control apply con_-

_.re_,t_y to the selection logic _>,_,4 _-b_,_o-_l_r> to l:bem_,n)d signals _' - ' jet ............. : ........ ..
auto RCS coils. Attitude hold is a normal function when translations are

initiated, using the trans].ation control.

The direct ullage switch on th 9 delta V display is a backup for +X

translations. When this switch is activated, the signal is applied directly

to the RCS direct coils. Attitude hold is not a function of direct _d]age.

Attitude impulse control (panel 105, LEB) is a manual control

capability for G&N and SCS attitude control modes only. Each displacement

of the attitude impulse control (figure Z. 13-4, sheet 3) provides an output

attitude impulse command to two RCS engines for a duration of 18_-4 ms.

The pulses command body angular rates of approxi_nately 3 arc rain/see.

G&N Local Vertical.

The G&N local vertical mode is an extension of O&N attitude control.

The purpose of this mode of operation is to accurately maintain the S/C

]<-axis at a fixed angle with respect to the local vertical (relative to the

earth surface) while maintaining the S/C Y-axis normal to the orbital plane.

The O&N local vertical mode is an AGC-comrnanded function. A computer

program (not available for ASZ04A mission) is called by the astronaut by

DSI<Y entry. After IMU alignment, with the s/C X-axis in the 8irection of

the desired orbital path, the computer program provides an orbit rate

f,
;:t

.<

]

STABILIZATION AND CONTROL SYSTEM

Basic .'Oa_e 12 Nov. 19.6(, Cl_ange Date Page
Z° 3-46



I

(I

( !_!:3

SMZA-03-SC0I 2

APOLLO OP}EI<ATIONS ]-t &-.I_Q!)I3OO!<

r r,S_S_ ElvIS DATA

i

:i [11
: <

, [j

[i{,t_

:i L,,J

iii:_!
::i

::ii:))

|

!i

: )!

E?
1

Z.3.3 Z. 3

source to command torquing of the IMU at a rate that wil] maintain the local

vertical attitude. This mode may be used to make navigational sightings of

earth landmarks by keeping the G&N optics within the area of the earth

surface.

SCS Attitude Control.

SCS attitude control mode will hold the S/C at an inertial-referenced

attitude and will limit S/C drift to the selected deadband limits, normally,

15 degrees in earth orbit. If SCS attitude control is selected after a G&N

at:titude control function, the attitude reference subsystem is aligned to the

IMU (/_MAG/AGCU closed loop). If not, an FDAI/AGCU align function, is

required.

When SCS attitude control is selected, G&N inputs are removed from

the FD_.! and SCS electronics. The following relay contacts (figure Z. 3--4,

sheet Z) are ac_ivated to supply SCS-generatedcomn-_ands for display and

co_.tr o! purposes.

Relay Ii4 open--lZDAI ball stationary

Relay K]Z--Applies body rates to FDAI

Relay K3 closed to AGCU--AppIies attitude errors to FDAI

Re]ay KllB--App_ies attitude errors to SCS electronics

F!0AI/AGCU AIJ.__: If the AGCU has not been aligned to the IMU or if a

new attitude reference is desire@ w]_ile in SCS attitude control mode, the

ast_'onsut w_]! determine S/C attitude from star sightin_s or from the

MS]_'N. Inertial angles are dialed ir_to the AS/GPI with the ATTITUDE SET

dials and the I_DAI ALIGN pushbutto:_ is pressed. Relay KZ closes and the

AGCU and FDAI ball will drive to the selected attitude.

Manual Maneuvers. After AGCU reference has _oeen established, the S/C

can be maneuvered i:o the desired attitude reference by flying out the

errors, using CSS. The ATT SET/OFiF switch is activated, relay 1(Z3 is

activated, _he RCS latching relays are closed to the S/M RCS, relays K6

and _K9 close, and I(Z0 will open. Attitude error, equal to the difference

between __TTITUDE SET dial position and AGCU resolver shaft position,

is then applied to the FDAI from the AGCU through I(6. Attitude error

from the ]3M_G is removed from the IPDAi when I_9 activates. When the

rotation control is moved out of detent, CSS commar_ds are applied through

the A.CS to t_e jet selection logic and auto coils of the RCS engines. At

the same time, relays 1(4: and K5 close providing BMAG/AGCU closed loop.

The BM_(]s follow S/C rotation and repositions the FDAi ball. When the

rotation control is returned to neutral, tl_e BMAG/AGCU loop is opened,

relays 1(4 and I(5 open, and the new attitude will hold \_,ithin the selected

d eadband.

_[.i b i:
L :
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When the ATT SET/OFF switch is OFF, relays K6andK9 de-energize

and attitude error signals from the BM_Gs are now applied to the FDAI and

ACS. If further attitude changes are desired, they can be accomplished by

using CSS. The BM_AG/AGCU loop will be closed, and opened when the rots-

tion control, is returned to neutral. The attitude error needles will indicate

the difference between the AGCU and the S/C attitude. The error needles

are fty-to needles and will be at full scale if the error is greater than

5 degrees. To fly out the error, the astronaut must fly-to the needles or

use the FDAI ball markings until the needles come off full scale, and then

fly-to the needle to null the remaining error.

Free Drift. Free drift is normally used duringextended periods of time

_,hen power and RCS propellant conservation is desired. Free drift can be

established in either attitude control mode by plS.cing the SCS CI-L%NNEL

switches to OFF, inhibiting all command signals to the RCS auto coils.

With an. SCS attitude mode selected and an SCS CHANNEL switch to OFI_"

(PITCH or YAW or A&C ROLL a_sd ]3&D ROLL), relay action closes the

BMAG/AGCU loop and updates the ARS while drifting. However, if one

BMAG is placed, in backup rate and a channel switch is off, relay action

rat e cages the rernaining.BMAGs and opens the BMAG/AGCU loop, thus,

preventing the ARS from being updated.

SCS Local Vertical.

SCS local vertical mode is an extension of SCS a'gtitude control. Its

purpose is to maintain S/C attitude with respect to the local vertical. When

the LCL VERT/OFF switch on M_DC-8 is set to LCIb VERT, relay ]il e__er-

gizes and an orbit rate source with a preset level is applied to the ]3NiAG/

AGCU servo loop. At present, the preset level established for the orbit

rate source is most accurate for a 100-r, mi circular orbit and will maintain

the attitude reference system at the local vertical wifh torque rates of

Z46 degrees/hour, or 4. 1 degrees/minute. It will maintain an approximate

attitude when the AGCU is aligned to represent S/C attitude when the S/C

XZ plane is parallel to the orbital plane at the time LCL VERT is selected.

All three RCS channels must be enabled for the local vertical mode.

Modifications of the local vertical attitude can be made using CSS. The

transl.atior_ control is also active and available during this mode of operation

Powered Flight (Earth Orbital).

Powered i,_g t includes those modes that provide the capability for

velocity changes using the SPS engine. Included in the following discussion

are the G&N delta V, SCS delta V, and the manual delta V modes.

G&N Delta V.

G&N delta V mode is the normal method for velocity changes. Prior

to engine ignition, however, G&N attitude control mode must be cstahlished.

E
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System relays apply the foi]owing (G&N/SCS switch on MDC-8 set to G&N

and ATTITUD][;/IviONITOR/ENTRY switch set to ATTTTUDE (figure Z. 3-5,

sheet l) )"

Relay }<7 and K8--Attitude error from CDUs to FDAI _{.:::_._r

Relay l<9--Attitude error fro,-n CDUs to SCS electronics I!2,,ii:_

o Relay I<3- Total attitude from IMU to FDAI ball

Body rates to ]FDAI and SCS electronics
t

e RCS latching relay in MESC closed to RCS system

The FCSM-SCS-RESET/OVEI_.I<IDE and G&N-RESET/OVERRI]DE

switches on M.DC-Z may be se_ to SCS and G&N positions. These switches

provide an automatic monitoring of SPS engine combustion performance.

If rough combustion occurs, the SPS ROUGH ECO warning light on MDC-10

will light and engir_.e thrust will terminate. A restart can be made by

resetting the FCSM switches and then setting them back to SCS and G&N.

Or, the monitor can be bypassed by setting theFCSM switc._es to

RF.SET/OVERRIDE.

Attitude in'formation from the IMU is displayed on the EDAI bali.

Attitude errors from the CDUs are also applied to the I:']DA! (±5-degree

scale) and are used by the SCS to control attitude in response to _._,_,corn

mands, l_otationai rates are displayed by the FDAI rate indicators with a

scale range of _:5 degrees/second. The computer-c'ontrolled velocity

change will be monitored on the delta V d_splay. The required velocity

less tailoff will be set into the delta V display by d_e Z\V SET switch, using

ve]ocJ/y J.nforn__ation obtained frem the O&b T system or MS!_'N. L_,.nin-,um

deadband is set on MDC..8: the girnbal motor switches, and the inject

pre-va].ve switches on N4_DC-3 are activated.. The SPS gi_mbal trin_ angles

are determined, set into the AS/OPI by the giznbal position thunnbwheels,

and gimbal position verified on the GPI. The NORMAL/OFF/DIR 'ECT

switch on the delta V display is set to nor_nal.

Approximately 15 seconds prior to ignition, after the digital event

timer (ivLDC-5 and 8) has been set for countdown, the astronaut •will com-

mand a +X ullage using the translation con.trol. A.t T : 0, the AGC will

command a signal through the thrust on-off logic and enable the solenoid

drivers of the TVC subsystem. The so].enoid drivers wii]. then activate the

SPS engine ignition coils and SPS thrusting will occur. The ]amp portion of

the THI<UST ON switch on the delta V display will light, verifyir.g the

automatic computer command.

System delay (AUTO CONT INTER) logic will terminate the RCS

ullage approxhnately one second after SPS ignition. The compuier will

command pitch and yaw attitude of the SPS gimbals via the TVC to control

the thrust vector. Roll commands \rill be applicd to the roll RCS during

the rnaneuvc r.

STAI3ILIZ.'kTION AND CONTROL S%o.[E,,
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When the delta V remaining counter indicates zero, thrusting will

terminate and the THRUST ON light will go out. The NORMAL/OFF/

DIRECT ON switch will be set to OEF and the SPS motor switches, inject

pre-valves, and the TVC electronics will be de-activated. Approximately

one second after thrust terminates, pitch and yaw control i.s transferred

back to the SCS for the attitude control function.

If a malfm_ction occurs during the maneuver, a switchover to SCS

delta V will allow continuation of the velocity change. If there is no response

from the translation control at ullage initiation, the DIRECT ULLAGE

pushbutton on the delta V display may be used. for the ullage maneuver prior

to ignition of the SPS engine. Also, if au.tometic thrust-on does notocc_:,r at

T = 0_ the THRUST ON pushbutton on the delta V display wil] provide engine

ignition.

SCS Delta V.

SCS delta V mode is a prh-nary backup for the G&ixl delta• V. Pre-

liminary to engine ignition, SCS attitade control is established by setting

the G&N/SCS switch on MDC-8 to SCS° After SPS engine ignition, the SCS

uses S/M RCS roll jets to maintain roll attitude and applies commands to

the SPS engine gimbals to control the thrust vector. Relays in figu,"e Z. 3--4

apply the following (RCS latching relay in the SECS is closed to the S/M RCS

throughout the nqaneuver):

Relays 149 and Kl0--Attitude errors from BlviAGs to FDAI

Relay l<llB--Attitude errors fron-_ BMAC.s to SCS elect:<onics

Relays K4 and I<5 open--l,'DAI ball stationary

o body rates to IPDAI and SCS electronics (RGA).

The control and display activation p¢'ocess that was performed for the

G&N delta V will be performed for SCS delta V. The major differences.are

as follows:

Control of attitude and the thrust vector is through the SCS.

At T = 0_ ignition is initiated manually by pressing the TI-IRUST ON

pushbutton on the delta V display.

Thrust is terminated automatically when the ZXV remaining counter

(delta V pot,) indicates zero.

As in the G&N delta V mode, if the required command responses to

not occur, the same backup controls can be used to perform the delta V.

F
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In SCS delta. V mode, if engine ignition does not occur when the THRUST ON

switch is pressed, the NORMAL/OFF/DIRECT ON switch can be set to

DIRECT ON. This applies a command signal directly to the SPS engine _._ ....

ignition coils and will initiate thrusting. The NORMAL�OFF� DII<EC_F ON ii!
switch must be set to OFF to terminate engine thrust. _ !..""

Manual Delta. V (MTVC).

A manual delta V will be perfor_ned only as a backup to a G&N or SC_

delta V. Manual thrust vecto-_ control is initiated by a CW rotation of the

translation control i=to detent. At this time, relays I_14 and tZ5 will close,

providing ra'te caging of all three BMAGs; and relays IZl0 and Xil12- will

open removing rate gyz'o ox:tputs frm-A the FDA.I and SCS electronics. The

rate-caged BIvLAGs through relay and t_IZ will switch _MAG backup-rate

signals into the SCS electronics.

In the G&N and SCS delta V modes, TVC servo electronics No. 1 and

SPS gimbal drive motor No. I was used. When MTVC is initiated, relays

.K3Z, K33, and. K34 activate. This closes the servo loop for commanding

SPS gimbal drive motor No. Z.

Gi_bal tx.-;.mcommands are applied through re!z.y K31. When the

rotation control J.s moved out of detent, pitch &_d yaw commands are

applied to motor No. 2,through.relay I_3]. and gin_bal position feedbaclc is

through r elayl(3Z.

The sun_nation of backup zate and proportional CSS commands ir_;_o

the TVC provides a rate-dan_ped manual co__trol of the engine gimbals.

The astronaut must keep the rota.tion control at a given displace_w_ent to

keep the thrust vector through the e.g. and to fly the correct trajectory.

If CW switches of the translation control are engaged while in G&N

delta V, G&N attitude contro]., or G&N entry mode, attitude errors are _)ot

removed from the FDAI. This allows the astronaut to monitor and, if

necessary, fly a G&N programmed maneuver using CSS.

Entry.

The entry profile consists of the various n_.ethods of controlling the

S/C for the entry phase of the mission. The entry mode is normally

selected after S/M-C/M separation. At separation, the motor-driven RCS

transfer switches are closed to the C/Ivl RCS.

G&N Entry.

G&N manual mode is the primary method of control for entry inte the

atmosphe.re for the ASZ04A mission. A.ul:omatic entry may be us'ed in lieu

of GS_N manual mode.
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G&N Manual. This is normally a backup for the G&N entry automatic

mode. The translation control is rotated CW into detent. This removes

inertial CDU attitude errors from the SCS electronics. Normally, the

astronauts will call up the entry program via the DSKY shortly after

S/M-C/M separation.

The entry angle, required pullout angle, and other required entry

data is presented on the computer displays. The astronaut can manually

perform a controlled g-level entry by using CSS to fly out the commanded

attitude errors displayed on the FDAI. The BIvLA.G/AGCU has been closed

loop for backup reference in case switchover is necessary.

After .05 g: aerodynamic forces build up sufficiently to stabilize the

S/C in the pitch and yaw axes. At this time, CSS will be effective in the

roll channel only. The SCS will rate-.damp the pitch and yaw channels, and

the astronauts will have steerzng capability by using roll CSS to control the

lift vector.

Automatic Entr_: The FDAI rate display seale range changes to 'J:25degrees/

second in roll, and 15 degrees/second in pitch and yaw. Deadband is

maximum. The rate deadband is ±Z degrees/sec.

Prior to .05 G switching, attitude error from the inertial COUs is

applied to the FDAI error indicator through relays K7 and I_8, and to the

SCS electronics through relay K9. The R.GA applies rate gyro body rates

to the FDAI and SGS electronics. Relay K3 applies total, attitude to the

FDA.I bail.

At .05 g, the .05 G ENTRY/OFF switch on MfDC-8 is se_ to .05 O

ENTRY. The SCS pitch and yaw channels perform rate stabilization only.

The roll channel is still subject to computer-controlled roll commands.

The AGC will fly the S/C according £o a pre-es£ablished entry program°

SCS Entry.

The SCS entry mode is a primary backup to G&N entry mode. When

selected, total attitude information to the FDAI is supplied throughout the

entry. Prior to .05 g, the BMAGs apply attitude errors to the ]FDAI and

SCS electronics through relays 1<3 and K9. After .05 g, relays K3 and li9

remove attitude errors from the FDAI and SCS electronics. Relays I<4 and

K5 close, providing ]3MF_G/AGCU closed loop. For the remainder of entry,

attitude errors are not displayed. There is no attitude hold capability.

The rate gyros, however, provide rate signals for rate stabilization. The

SCS electronics increase rates to a Z--degree/second rate deadband. The

FDAI displays total attitude. The astronauts will initiate the necessary

comn_ands using CSS to fly a controlled g-level entry. After aerodynan%ics

stability in pitch and yaw, steering capability will be in the roll channel

only.

:
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If, after . 05 g, it is necessary to place a BMAG in backup rate, only

the BMAG selected by the rate gyro select switch will have _ts inputs in the

SCS for rate stabilization. When backup rate is selected, relays K9, K!0,

KIZ, and-Kl-5 activate, providing backup rate to the FDAI and SCS else- _i:-_"_

tronics. Loss of FDAI ball reference will occur. Relay K1Z removes rate _t :

gyro output from the FDAI and SCS electronics. The astronauts will control [_.a_

the lift vector with the CSS roll cha_mel, if they wish to d-crease the g

level, they will roll the S/C to keep the lift vectorup, if they wish to

increase the g level, they will roll the S/C so that the lift vector is down. ,

M_JOR COMPONENT/SUBSYSTEM DESCRIPTION.

The SCS consists of the following major components: .

¢ Rate gyro assembly (RGA)

e Attitude gyro accelerome_er assembly (AGAA)

Pitch electronic control assernbly (pitch ECA)

¢_ Roll electronic control assembly (roll ECA)

e Yaw electrop_ic control assembly (ya\_ ECA)

Amxiliary electronic control, assembly (aux ECA)

_. Disp].ay a._._d attitude gyro acceleron_-etcr assen_b!y electronic

control assembly (DISPLAY-AGAA ECA)

e Rotation control

e Translation control

Flight director attitude indicator FDAi)

Attitude set/gimbal position indicator (AS/GPI)

e Velocity change indicator (2xV display).

Rate Gyro Assembly,

The rate gyro assemb!y contain.s three idenLical rate gyros, nnounted

orthogonally along the spacecraft body axes, and assocSated tyro elec-

tronics. No provision is made for heaters or temperature control of the

gyros. Each gyro is a singie-axis unit, with the input axis determinedby

the gyro mounting fixture. Self-test capabilities are provided by torquing

coils which enable the gyro to be displaced at a known rate and by' spin

motor rotation detection circuits which allow monitoring of the gyro spin

motor speed, All self-test circuits are completely isolated frown opera-

tional circuits to prevent a failure in the fornner from affecting gyro

_;•i:i
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operation. The gyro outputs are used by the SCS as primary damping or

stabilization signals and, in addition, as negative feedback to null rotational

control commands and provide a proportional maneuver rate capability.

The rate gyros also provide an indication on the FDAI of the rate-of-

attitude change in pitch, roll, and yaw axes, An attitude change about any

of the axes results in an outpuc signal which is representative of the rate

of displacement.

Each miniature rate gyro assemb'ly consists of a spin motor, damping

system, gimbal assembly, quadrilever spring, and self-check circuitry.

The gyro spin motor is a 400-cps 3-phase synchronous hysteresis motor

powered by Z6 vo]ts ac. ]7.he r,;aximum time allowed for the gyro to come

up to operating speed is 17 seconds. Damping is accomplished by- positive

displacement of the damping fluid through temperature-controlled orifices.

The quadril.ever spring provides the torsional restraint required by the

gyro, together with radial su,:port for the gimbal assemb!y. Some

important rate gyro characteristics are as ioiluws:

30°/see
Full-scale range

Input range (to limit stop) 30°/sec

Maximum r ate without da nnag e 600 c / sec

Attitude Gyro Accelerometer Assembly.

The attitude gyvo acceleroD3eter agsembly cot&rains three body-

mounted attJtu.de <__vros (BMAGs) and art accelerometer. Electronic control

circuits for the gyros and accelerometer are contained in the display and

attitude gyro accelerorneter assembly electronic control assembly.

Body-Mounted Attitude Gyros.

The three BMAGs are identical units, m.ounted orthogonally along the

spacecraft body axes, to sense attitude displacement a].ong the pitch, roll,

and yaw axes. Each gyro is a single-axis unit, with the input axis deter-

mined by the physical mounting in the S/C. A spin motor detection circuit

is included in each gyro to allow monitoring of gyro spin _,motor speed.

This will be telemetered data only.

The BNaJkGs provide information denoting the angular displacement

of the spacecraft from a preset attitude. They are initially set to a specific

space-stabilized orientation; thereafter, any displace_mnt from this initial

setting results in output signals which are representative of the amount of

angular displacement. The output signals are used to F.roduce attitude

error signals for an attitude-bold mode or for display on the flight director

attitude indicator. The outputs may also be applied to tl_e attitude gyro

coupler unit (AGCU) for attitude change storage and for conversion to
inertial measure_nent unit (IMU) axes. i,'v[[]axes differ from the spacecraft

body axes. The AGCU and }3MAGs are used as a substitute or backup

inertial reference unit for the IMU during the periods when the IMU is

[
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