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PREFACE

The purpose of this document is twofold. The first is
to provide a functional description (operationally oriented)
of the CSM GNCS hardware and software and its interfaces with
other SC systems. The level of detail is that required to
identify and define the telemetry outputs. Also included are
functional flow diagrams of the Sundisk 282 programs and rou-
tines together with the lists of verbs, nouns, option codes,
and checklist codes for this flow.

The second purpose is to provide the operational pro-
cedures for this hardware and software including malfunction
procedures, and program notes. The nominal airborne expanded
and condensed checklist for Sundisk appear in the Guidance

System Operation Plan, R547.

WILLIAM W. SCHMIDT, Author
AC Electronics Resident
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SECTION I

GENERAL DESCRIPTION OF THE GNCS
1.1 FUNCTIONAL DESCRIPTION

The guidance, navigation, and control system (GNCS) consists of the
sensing, data processing, computational, control, and display devices
necessary to accomplish spacecraft guidance, navigation, and control. The
system's primary task is to obtain CSM orientation, position, and velocity data;
and thereby, calculate any steering and thruét commands necessary to fulfill

the flight objectives.

The system's navigation function consisfs of determining the location of
the spacecraft and calculating pertinent trajectory information related to the
present location and predicted locations so that the guidance function can be
performed. Using a computerized dead reckoning process, the last known
position of the spacecraft is updated to p‘resent position by keeping track of
incremental changes in velocity and time. The predicted present position is
revised whenever fix information from communications or optics is entered
into the computation loop. The fix information is used to derive deviations of
position and velocity which are added to the vehicle position and velocity esti-
mates to form a new orbit estimate. This procedure is repeated for each
navigation measurement until orbital uncertainties are reduced to an accept-

able level.

The guidance function interrelates the navigation function to the flight
control function. Navigation information is employed to determine what
commands should be issued to maintain desired flight control. A velocity

to be gained concept results from a comparison of the actual velocity and the



velocity required. Steering equations are used which force the difference be-
tween the actual velocity and the velocity to be gained to zero by issuing the
appropriate commands to the flight control subsystems. Thus, the GNCS is
capable of performing an autopilot task or an augmentation task. In addition,
a fully manual piloting task is available by the crew's use of navigational dis- |

plays.

The functional subsystems contained within the GNCS are the inertial
subsystem, optical subsystem, and computer subsystem. A radar trans-
ponder is provided on the CSM for use with the LM rendezvous radar sub-

system.

1.1.1 Inertial Subsystem Functions

The inertial subsystem (ISS) senses spacecraft acceleration and changes
in attitude and provides incremental velocity and attitude data to the computer
subsystem. The ISS sensor is the inertial measurement unit (IMU) which con-
gists of a stable member mounted in a three-degree-of-freedom gimbal sys-
tem. Three gyroscopes and three accelerometers are mounted on the stable
member. Each gyroscope has a stabilization loop associated with it to main-
tain the stable member nonrotating with respect to inertial space. Thus, each
stabilization loop maintains one axis of an orthogonal reference system; where-
by, the spacecraft yaw, pitch, and roll orientation is definable. The stabili-
zation loops measure the spacecraft orientation by producing signals propor-
tional to the changing orientation of the gimbals relative to the stable member,
The three accelerometers are pendulous mass unbalanced devices with each
maintaining one axis of another orthogonal system parallel to the gyro

orthogonal system., Hence, each accelerometer and its associated



accelerometer loop permits measurement of changes in velocity along its axis

relative to the inertial reference frame.

1.1.2 Optical Subsystem Functions

The optical subsystem (OSS) provides directional data of a selected tar-
get to the CMC. The OSS allows direct visual sightings to be made and pre-
cision measurements to be taken on celestial objects'by means of the SCT
and SXT. The angular data developed is transferred by the CDU into the CMC,
which uses this data to calculate spacecraft position and trajectory. In addi-

tion, the results obtained are used to align the IMU to an inertial framework.

Establishment of a LOS to selected celestial targets generally requires
use of the SCT and/or SXT together with spacecraft positioning controls. The
astronaut changes spacecraft attitude to direct the optics field of view toward
the celestial target area. Direct viewing through the wide 60 degree field
of the SCT enables target search and recognition., The SXT is then used to

take precise measurements.

After target acquisition, the optical angular measurements and the time
of sighting are transferred to the CMC. Data pertaining to the location of
targets and programs for navigational calculations stored in the CMC are
then compared. The results of the comparisons are used to. align the IMU

and determine spacecraft position and trajectory.

In case of failure in the optics electronics, the astronaut can operate the
SCT manually with a universal tool and read the angles off the SCT counters.
In such emergencies, the astronaut will calculate, with possible assistance
from the ground, a navigational fix to determine position and required

velocity corrections.



The OSS includes a sextant (SXT), a scanning telescope (SCT), two
channels of the coupling data unit (CDU), and displays, controls, and other

ancillary equipment.

The OSS performs three functions., It provides star sighting data for IMU
alignment and midcourse navigational fixes; it provides landmark tracking data

for orbit determination; and it provides LM tracking data for rendezvous.

1.1.3 Computer Subsystem Functions

The computer subsystem (CSS) performs data processing, storing and
monitoring; maintains a time standard; performs computational programs;
provides central control ability; and performs limited malfunction diagnosis.
The subsystem consists of the CM guidance computer (CMC) and two display

and keyboard (DSKY) assemblies.

The DSKY is the interface device between the astronaut and the CMC.
It permits the astronaut to enter data into the CMC and to receive data from

the CMC.

The CMC processes data from the astronaut and the other spacecraft
subsystems to solve navigation and guidance equations. The computer per-
forms a control function by issuing command pulses to the ISS and flight con-
trol subsystems. Malfunction diagnosis is performed by monitoring certain
operational discretes and issuing appropriate discretes to the caution/ warning
subsystem when an irregularity occurs. The CMC also supplies timing sig-

nals to synchronize and control GNCS operations.



1.2 GNCS COMPONENTS

The components of the GNCS and their major functional interfaces are
illustrated in Fig. 1-1. The sensors of the system are the IMU, SXT, and
SCT. The CMC is the interface component between the subsystems. The
communication link between the astronaut and the CMC is the DSKY which
permits loading of data by a keyboard into the CMC and provides information

to the astronaut from the CMC by its displays.

The OSS is manually controlled by the astronaut or automatically by the

CMC. Optical data is entered into the CMC through the optical CDU's.

The coupling data unit (CDU) is an interface device between the CMC and
the ISS and between the CMC and the OSS. Its primary function is to convert
analog data to digital data and digital data to analog data. Three channels

of the CDU are contained in the ISS and two channels in the OSS.

Support electronics are contained in the PIP electronics assembly (PEA)
and power and servo assembly (PSA). The PEA supplies inputs to and pro-
cesses outputs of the IMU., The majority of ISS and OSS power supplies are
contained in the PSA which also contains such support items as the moding

relays and the stabilization loop servo amplifiers.
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SECTION II
DETAILED DESCRIPTION OF THE GNCS
2.1 INERTIAL SUBSYSTEM

During thrusting phases the inertial subsystem (ISS) provides attitude
references, processes steering commands from the CMC to the flight control
system, and provides the velocity increment signals which are counted by
the CMC and used for thrust termination. During nonthrusting phases the ISS
is used to hold or control changes in spacecraft attitude at the direction of the
astronaut or the CMC. To accomplish these taéks, the IMU stable member
must maintain a predetermined inertial reference system. Thus, each time
the ISS is energized the stable member must be aligned. Since use of the ISS
during nonthrusting phases is optional within the limitations of available elec-
trical power, the system may be reenergized several times during a flight

and require realignment,

Before launch the IMU stable member is aligned to and held to a pre-
determined orientation with respect to an earth referenced coordinate sys-
tem. Immediately after lift-off, the IMU is released to an inertial reference
which provides a starting point from which to measure velocity, position,
and attitude. During flight the established inertial reference system is
accurately aligned by sightings of the OSS on celestial objects. This fine
alignment procedure, using the OSS, is the prime method used throughout
the flight for establishment of the inertial reference system. Once the IMU
is aligned, the stable member remains essentially in a fixed spatial ofien-
tation and rotational motion of the spacecraft is sensed by resolvers

mounted on the gimbal axes.



2.1.1 ISS Theory of Operation

Operational tasks of the ISS are implemented by combinations of func-
tional loops (see Fig, 2-1). The three stabilization loops hold the stable
platform at a fixed orientation which permits acceleration measurement by
the three acceleration loops. In addition, each gimbal movement about the
stable member changes the phase and amplitude of the associated resolver
output to convey attitude information. The CDU loops provide data conver-
sion and interface capability between the CMC, the stabilization loops, and
displays. To align the IMU stable member, the CMC provides coarse align-
ment signals into the CDU loops and fine alignment signals into the gyro

torquing electronics.

2.1.1.1 Stabilization Loops

The stabilization loops block of Fig. 2-1 represents three loops that
maintain the IMU stable member at the spatial orientation to which it was
aligned; and thereby, isolate the stable member from roll, pitch, and yaw
motions of the vehicle. The CMC retains in memory a record of the refer-
ence coordinate system established by the stable member. Hence, when
movement of the spacecraft produces IMU gimbal movement about the stable
member, representative electrical signals of this movement are trans-

mitted from the 1X and 16X gimbal resolvers (see Fig, 2-2).

A block diagram of the stabilization loops is shown in Fig., 2-3. Motion
of the spacecraft produces a torque on the stable member tending to move it
from its inertially fixed orientation. Each ViMU IRIG (inertial reference
integrating gyro) senses a component of this torque about its input axis and

produces an error signal. Since the Y-gyro is mounted with its axis parallel
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to the inner gimbal axis, it detects the full component of torque about the
inner gimbal .axis represented by signal E(Yg). However, movement of the
stable member about the inner gimbal axis changes the relationship of the X
and Z gyro input axes to the middle and outer gimbal axes. Hence, the detect-
ed E(Xg) and E(Zg) values must be first resolved into their correct represen-
tative value of gimbal axes displacement. The three resultant signals E(Yg),
resolved E(Xg), and resolved E(Zg) are amplified and provide drive to the

torque motors for counteracting the components of torque.

The 1X and 16X resolver outputs are transmitted to the CDU and the
stabilization and control system (SCS). Each resolver has a sine and cosine
output by an 800 cps suppressed carrier voltage analog. The outputs to the
CDU are converted to digital representations that are sent incrementally to
the CMC so that it is continuously aware of the present gimbal angle dis-
placements. The output to the SCS provides a total attitude display on the

flight director's attitude indicator (FDAI).

2.1,1,2 Analog-to-Digital Conversion

Analog-to-digital (A/D) conversion is accomplished by resolving an un-

known gimbal angle 6 about a preselected angle { by the expression:
sin (0 - Y) = sin § cos Y - cos @ sin Y

When the equation goes to zero, 6 = ¢ and as a consequence Y/ is a representa-
tive value of §. The value Y is sequentially selected in incremental steps
within a binary counter. A value for 6 is obtained by the CMC accumulating

the number of binary steps required to null sin (6 - ¢).

An analog-to-digital circuit is associated with each of the three gimbals

(two A/D are also associated with the optical subsystem). Figure 2-4 illustrates
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a functional block diagram of one of these circuits. The CDU receives sin 6
and cos @ signals from the 1X and 16X resolvers., The BGAinformation is con-
tained in the 'amplitude of the sin § and cos # signals and their phase with
respect to the 800 cycle reference. The value of { is accumulated in a
16-stage counter called the read counter. A binary one value contained in a
stage of the counter energizes transistor switches that accumulate, by

means of ladder networks (voltage dividers) and summing networks, analog
attenuation values for nulling the input resolver voltages and the 800 cycle
reference. As long as the equation is not nulled, the phase and amplitude of
the difference signal out of the error detector circuit produces a count up or
count down signal for incrementing the read counter, The amplitude of

the error signal (sin 01 + €) determines the rate (either 800 pps, 6.4 kpps, or
12, 8 kpps) at which the digital pulses, equivalent to 19, 8 arc seconds of gim-
bal displacement, are generated. The phase of the error signal determines a
count-up or count-down condition. By counting the number of steps until a
null takes place, the CMC obtains a digital representation of the gimbal angle.
The AGG counts to the CMC gimbal angle register are the output of the least
significant stage of the read counter and are each equivalent to 39,6 arc

seconds of gimbal angle change.

The functional nulling takes place in two loops, coarse and fine nulling,
Wheny is within 22,5° of 6, a nulling ladder from 0 to 22,5° in steps of
2.81° is used to provide a coarse null for sin ¢,- The fine null is utilized
to repeat the gimbal angle within approximately 1 bit (19. 8 arc seconds). |
An overlapping between the coarse and fine nulling circuitry provides a
smooth transition. Thus, the Y/ selection logic for both loops is selected
simultaneously with 180 electrical degrees of the 16X resolver rotation being

equal to 11,25 degrees of the 1X resolver angle. The w16 selection logic
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develops a linear approximation of the gimbal angle within + 11, 25° of the
fine null, The phase and amplitude of the sin 91 + ¢ signal develops é com-
plete count-down or count-up for a Value:K(]f)i;G'to obtain a null, “Subsequent
changes in gimbal angle continue the pro'cnesgi and produce incre‘mental pulses

to the CMC so that the computer is _contiriuoﬁsl-y aware of the gimbal angle.

2.1.1.3 Digital-to-Analog Conversion -

Digital-to-analog conversion (DAC)iris used to provide attitude error in-
formation to the FDAI and coarse align error information to the éimbal servo
amplifiers. Five DAC loops exist and t%heir function is dependent'upbn the
ISS mode of operation. Three of these loops are associated with the IMU gim-

bal angles and the other two are part of the optical subsystem.

A block diagram of a typical DAC loop is shown in Fig., 2-5. Assuming
that the loop is one of the three associated with gimi)al angles, the pulses
entered into the error counter from the CMC provide a binary-coded repre-
sentation of a desired gimbal angle change (A QC). Each bulse is equivalent
to 160 arc seconds of gimba_blpa'ngl‘e displacement., The binary stages of the
counter activate transistor swivtc_"'hés in the voltage ladder decoder. The
switches set a Voltage_.divide‘r”irit'_o. a configuration which provides a voltage
output with an amplitude propof‘;ional to the binary count of the error counter.
This output voltage is an 806 cpé“signal with its phase determined by whether
a poSitive or negative value has been entered into the error counter. It
serves as an input into the servo amplifier demodulator (see Fig. 2-3)‘ or an

attitude error display signal.

During coarse alignment, the read counter provides count-down pulses

into the error counter as the value within the read counter accumulates
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changing gimbal angle (A GG) due to coarse repositioning of the gimbal., These
pulses are accepted from the third Stage of the read counter for decrementing
the error counter, The error counter tends to null as GG approaches OC. Rate
limiting pulses are also received from ‘thé* analog-to-digital conversion cir-
cuit to be summed with the voltagé ladder decoder output and limit gimbal
driving rate. A signal out of phaSe with the ladder voltage and with an ampli-
tude proportional to the difference between the gimbal angle and the angle in

the read counter provides gimbal rate limiting.

If attitude error is to be displayed, the error counter accumulates the
AQ pulses from the CMC and maintains this é.ccumulative value until the
CMC counts the binary-value down. Thus, three separate signals from the
three digital-to-analog conversion circuits are available to the FDAI attitude
error needles., Each signal is a + 5,06 volts rms maximum, 800 cps sup-
pressed carrier voltage analog of each é.xis at a scaling of 3.3 degrees per

volt,

2.1.1.4 Gyro Torquing Electronics

The gyro torquing elect.ronics (see Fig. 2-1) is used only during the fine
alignment mode. It permits the stable member to be aligned within 65 seconds of
arc to a coordinate framé détermined by optical measurements, Control is
maintained by the CMC which computes fhe difference between .the' angle of
the gimbals at an instant of time and the desired gimbal angles. This differ-
ence is transposed into a number of pulses, each eduivalent to 0. 618 arc

seconds, necessary to drive the gimbal through this difference angle.

Figure 2-6 illustrates a block diagram of the gyro torquing electronics. -

The gyros are torqued on a time shared basis., The CMC sends to the fine
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align electronics four types of pulses: torque enable pulses, gyro select
pulses, torque set pulses, and torque reset pulses. The torque enable pulse
train is first sent to a relay driver to activate the circuit. The CMC then
sends gyro seléct pulses (+Afx or 'AGI};, +A0y or -Afy, and +Afz or -Afz)
which select a particular gyro and'the direction it is to be torqued by means
of a transistor switch network that closes the current path through the proper
torque ducosyn coil. The third and fourth tybes of pulse trains are the torque
set and torque reset commands which control a binary current switch to start
and stop the current flow through the selected coil. The amount of current
flow (T+ or T-) through the torque ducosyn coils is precisely controlled at a
fixed value by the precision power supply and regulating differential amplifier.
The duration of application is controlled by the length of time that set pulses
are applied. The ducosyn winding appears to the circuit as a pure resistive

load due to the effect of the load compensation network.

2.1.1.5 Accelerometer Loops

The accelerometer loops .bloc’kh of Fig., 2-1 cvonsists of three loops. Each
loop measures a component of linear acceleration felt by thé stable member
alongvtrhe axis of the acceierométer Within the loop‘.‘ Since the axes of the
three accelerometers or PIP‘ (buiéed int_egrating pendulum) are mutually
perpendicular and parallel to the gyro axes, the three measured components
of acceleration are representative of the acceleration on the stable member

(Fig. 2-17).
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A block diagram of a typical acceleration loop is shown in Fig. 2—8." The
accelerometer pendulum is maintained in oscillatory motion about its null
point., That is, with no spacecraft thrusting a constant input to the torque
ducosyn (TD) will hold the pendulum cycle constant. The signal ducosyn (SD)
output phase changes as the pendulum passes through its null and the clock
pulses from the CMC interrogate the ac differential amplifier output to
determine the phasing. The frequency of the clock pulses is 3200 pps and
with no acceleration acting on the stable member, the frequency of the accel-
erometer pendulum is 533-1/3 pps, | which approaches its natural frequency. |
Hence, a complete pendulum cycle occurs during six clock pulses. The binary
current switches use the TM+ and TM- set pulse outputs to generate acceler-
ometer torquing current. The TM+ set pulse occurring for three clock pulses
and the TM- set pulse for the next three clock pulses. A TM+ set condition
produces a plus torque condition and a TM- set condition produces a minus

torque condition to the accelerometer TD maintaining the pendulum at 533-1/3

pPps.
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To regulate the balance of the plus and minus torques, the load compensa-
tion networks compensate for the inductive load of the accelerometer genera-
tor ducosyns. Thus, the generator coils appear as pure resistive load to the
binary current switches. Therefore, as long as no acceleration acts on the
loop, three P pulses and three N pulses are generated to the CMC forward-
backward counter causing a count up of three and then a count down of three.

The CMC, in effect, is then recognizing a condition of no acceleration.

When an acceleration acts on the stable member, the equilibrium of the
loop is interrupted. Each accelerometer feels a linear component of this
acceleration as an additional torque that aids or opposes the torque genera-
tor forces. Because the torque current from the binary current switches is
constant, a longer application of plus or minus current application is neces-
sary to keep the pendulum in its oscillatory motion. The change in time
required for the float to be torqued back through null, results in an unequal
number of P and N pulses sent to the CMC. The CMC synchronizes its
sampling of each of the three forward-backward counters to once every
1/533-1/3 seconds which is equivalent to a pendulum period. Thus, the dif-
ference of the accumulative count of P and N pulses [X2(P) - £(N)], is pro-
portional by a constant (K) to the magnitude of a component of acceleration,
Since the CMC performs its calculations with discrete values, the formula
a = (dv/dt) becomes a = (AV/At) [that is, AV = aAt]. Hence, the CMC
calculations for solution of a change in velocity (AV) can be summarized

as follows:

AV = K[ Z(P) - Z(N)] At
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2.1.2 ISS Modes of Operation

The ISS modes of operation are normally initiated automatically by the CMC
or by the astronaut selecting a CMC program through the DSKY. Mode control
is regulated by the issuance of CMC discretes to the CDU.

The ISS is in a standby state when the IMUHTR circuit breaker is closed and
either the IMU circuit breaker is open or the G/N POWER, IMU switch is off. During
the standby state, +27.5 dc prime power is supplied only to the IMU heater cir-

cuit. The remaining portions of the ISS are deenergized.

2.1.2.1 IMU Turn On

The IMU turn on mode is entered only if the IMU circuit breaker is closed
and the G/N POWER, IMU switch is set to the on position. This mode drives
the IMU gimbals to their zero position and holds them there. It also clears
the CMC gimbal angle registers and the ICDU read counters. By establishing
this zero reference coincident with the spacecraft attitude, the CMC knows the
gimbal angles and is prepared to obtain incremental changes in gimbal orien-
tation from the read counters in any subsequent mode.

Figure 2-9 illustrates the circuit configuration for one of the three
gimbals during the turn on mode. Application of ISS operating power,
through deenergized ISS turn on relay, energizes the IMU cage relays
which in turn energizes the coarse align relays. In addition, the initial
application of power routes to the computer an ISS turn on delay request
discrete which provides a 90-second period for mode completion, which
permits the gyro wheels to run up to full speed. TUpon reception of thié
delay request, the CMC issues the coarse align enable and CDU =zero

discretes. The coarse align enable discrete provides a redundant
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means of energizing the coarse align relays. The CDU zero discrete clears
the three read counters, clears the CMC gimbal angle registers, and inhibits

any incrementing pulses to the read counter.

The relay configuration is such that an 800 cps reference is applied to
the gimbal servo amplifier enabling the 800 cps sin ¢ signal from the 1X re-
solver to be converted to a dc drive signal. The gimbal torque motor drives

the gimbal to its zero position where the sin 6 value is now zero.

After the 90-second delay is completed, the CMC issues the delay com-
plete discrete. This discrete causes the latch relay to be energized. This
energizes the ISS turn on relay which removes the turn on delay discrete to
the CMC and deenergizes the cage relay. The CMC can then remove both
the CDU zero discrete and the coarse align discrete allowing the ISS to go
into the inertial reference mode or it can remove the CDU zero discrete and
issue an error counter enable discrete (while maintaining the coarse align
discrete) allowing the ISS to go into the coarse align mode. The latch and
turn on relays are kept energized by 28 vdc ISS standby power applied seri-
ally through both relays to the latch relay coil.

2.1.2.2 1ISS CDU Zero

The purpose of the ISS CDU zero mode is to clear and inhibit the three
ISS CDU read counters. The mode is initiated by a CDU zero discrete from
the CMC. This discrete clears the read counters, clears the CMC gimbal
angle registers, and inhibits any incrementing pulses to the read counter.
The discrete remains present for as long as the read counters are to be

held at zero.
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2.1.2.3 IMU Cage

The IMU cage mode is an emergency mode used during CMC failure or
to stop a tumbling platform. It drives the gimbals to a known reference with
respect to the spacecraft axes. When the IMU CAGE switch is set to the on
position, the IMU cage relay and the coarse align relay are energized to
feed the sin 0 signal from the 1X resolver into the gimbal servo amplifier
(see Fig. 2-9). The switch is held until the gimbals settle at the zero posi-
tion (five seconds maximum). The gimbal position is observed on the FDAI.
When the IMU CAGE switch is positioned off, the CMC allows the read
counters to zero and then places the ISS in an attitude control mode. During
the read counter settling period, the IMU cage discrete is present and the
NO ATT lamp on the DSKY is lighted. Setting the switch off releases the
IMU to inertially stabilize at an attitude within 1 degree bf the attitude at

the time that the switch is set to the off position.

The IMU cage mode may also be used to establish an inertial refer-
ence while the CMC is deenergized or in a standby state. However, the IMU
cage mode is an emergency backup mode and should not be employed unneces-
sarily at any time, because of the lack of CDU rate limiting which could
cause gimbal rates sufficient to drive the gyros into their rotational and

radial stops. Such action could cause gyro bias shift.

2.1.2.4 Coarse Align

The coarse align mode is entered when the CMC has issued the ISS error
counter enable and coarse align discretes. The purpose of this mode is to
change IMU gimbal orientation according to CMC computations to provide a

more desirable orientation for inertial measurement.
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When the mode is entered by issuance of the discretes, the CDU read
counters are in the process of repeating gimbal angles and supplying this in-
formation as A()G pulses to the CMC (see Fig. 2-10). By incremental
storing up-and-down counts in the gimbal angle registers, the CMC is
aware of total gimbal angles and calculates the necessary change in angles
to bring the gimbals to the desired orientation. Hence, the CMC computes
the number of pulses that must be entered into each error counter to produce

the desired analog drive signal.

The coarse align enable discrete energizes the coarse align relays to
disengage the fine align electronics and produce an input into the servo ampli-
fier from the digital-to-analog conversion circuit where the error counte;
has been enabled by the error counter enable discrete. The CMC sends
bursts of pulses (iAGC) at 3200 pps to the DAC with each pulse equivalent to
a desired angle change of 158. 2 arc seconds on the IMU 1X resolver. Suppose
for example, the CMC desires an 11, 25 degree change in a gimbal angle with
respect to the spacecraft. Since 11,25 degrees is equivalent to 40, 500 arc
seconds, the CMC sends a burst of 256 pulses (40,500 =+ 158, 2) to the DAC.,
The value in the DAC error counter is converted to an analog value for servo
amplifier input. The resulting torque motor drive moves the gimbal to
produce a new resolver angle in the read counter which transmits the in-
cremental change to the CMC and the error counter., The pulses sent
to the error counter subtract from the original binary value so that the_ error
counter ultimately contains a zero value when the gimbal has moved to the

commanded position.
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To prevent damage to the gyros and to assure that the read counter tracks
the gimbal angle accurately, the rate of gimbal drive is limited. A fine error
signal performs rate limiting by being mixed with the decoded error counter
output. This error signal is out of phase with the output of the ladder decoder
and has an amplitude proportional to the difference between the actual gimbal
angle and the angle in the read counter. During the coarse align mode, the
read counter is limited to a high counting speed of 6. 4 kpps and a 1ow counting
speed of 800 pps. If the gimbals are moving at a faster rate than thgt which
the read counter is counting, the fine error signal increases, causing a re-
tarding torque to be developed by the gimbal servo amplifier. If the gimbals
are moving at a rate slower than the rate at which the read counter is count-
ing, the fine error signal decreases, causing the gimbal servo amplifier to
apply an accelerating torque to the gimbals. The gimbal drive rate is _1imited
to either 35.5°/second (at the 6. 4 kpps counting rate) or 4.5°/second (at the

800 cps counting rate).

2.1.2.5 Thrust Vector Control

During the thrust vector control mode, the CMC controls the SPS engine
gimbals by sending steering control signals to the SPS engine gimbal ampli-
fiers through the optics CDU. The thrust vector control mode is initiated
by setting the SC CONT switch to CMC and setting either of the AV THRUST
NORMAL switches to NORMAL. The closure of the AV THRUST NORMAL
switch enables the CMC thrust on discrete to energize the engine solenoids.
In the CMC position, the SC CONT switch routes a +28 vdc discrete to the
optics CDU where it arms a set of relays which, when energized, connect

the dc outputs of the optics CDU DAC's to the SPS engine gimbal

2-23



amplifiers. The +28 vdc discrete is also routed to the CMC. Receipt of this
discrete by the CMC enables the CMC to issue the thrust véctor control dis-
crete. The thrust vector control discrete energizes the previously armed control
relays which connect the optics CDU DAC dc outputs to the SPS engine gimbal
amplifiers. The CMC issues the optics DAC enable discrete 60 milliseconds
after the thrust vector control discrete. With the optics error counters en-
abled and the optics CDU DAC dc outputs connected to the SPS en-

gine g.imbal amplifiers, the CMC can send steering control signals to position
the SPS engine gimbals. The CMC calculates the amount of pitch or yaw
required for proper trajectory and then determines the amount of +AAC pulses
to be sent to the error counters. The error counters receive the +A C pulses
and count up or down as required until all pulses have been received. The
error counters send this digital information to the DAC's where it is
converted to a dc signal and routed to the SPS engine gimbal amplifiers. The
CMC monitors spacecraft response to the engine gimbal steering signals
through the ISS CDU read counters and the GNCS PIP's. During this mode,
the digital feedback signals from the read counters to the error counters

are inhibited.

Prior to the CMC issuing the thrust vector control discrete, the CMC
checks to see if the optics CDU error counters are in use. If the error
counters are being used, the CMC removes the optics DAC enable discrete
which inhibits and clears the error counters. The CMC then issues the

thrust vector control discrete.

2-24



2.1,2.6 Inertial Reference

The ISS is in the inertial reference mode during any operating period in
which the CMC does not issue moding commands. The inertial reference
mode provides a fixed coordinate reference system for attitude and velocity

measurements,

During this mode, the stable member is held at a fixed orientation by the
stabilization loops (see Fig. 2-11). The fine align electronics are inhibited be-
cause the fine align command pulses are not present and the error counters are
cleared and inhibited. The read counters provide the CMC with changes in
gimbal angles with respect to the stable member and the binary current
switches provide the CMC with changes in acceleration with respect to the
stable member. The six signals from the 1X gimbal resolvers (sine and

cosine windings) are sent to the FDAI total attitude display.

2.1.2.7 Fine Align

The fine align mode precisely repositions the stable member to a co-
ordinate frame determined by optical measurements. It is essentially a gyro
torquing submode of the inertial reference mode. Command discretes are not
issued, but this submode is entered by the CMC activation of the fine align
electronics during the inertial reference mode. Upon deactivation, the ISS

returns to the inertial reference mode.

Figure 2-11 illustrates the operating configuration of the fine align mode.
The error counter is cleared and inhibited. The read counter continues to
supply gimbal angle data to the CMC. Line-of-sight data from the OSS
is transformed by the CMC into stable member coordinates. From the

difference between the actual gimbal angle and the desired gimbal angle, the
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CMC computes the angular rotation about each stable member axis necessary
to change the stable member to the desired coordinate frame. Thus, the dif-
ference (GG - GC) determines the necessary number of set pulses to be sent
from the CMC to the torquing electronics. The pulses are generated by the
CMC in bursts at a bit rate of 3200 pps. Each pulse is equivalent to 0.615 arc
seconds of gimbal displacement. The CMC simultaneously supplies a torque
enable command to the IMU, selects the gyro to be torqued, and gates the
required number of pulses through the fine align electronics to each gyro.

The number of set pulses to each gyro determine the duration of a constant
current that is applied to the torque generator coil which results in a reposition-
ing of the gimbal to the desired angle. Upon completion of torquing, stable

member orientation can be checked with another set of star sightings.

2.1.2.8 Display Attitude Error

The ISS is in the display attitude error mode during the CMC autopilot
program. The mode permits attitude error display on the FDAI and changes
in attitude and velocity to be supplied to the CMC. The ISS enters this mode
of operation whenever the error counter enable discrete is the only mode

command discrete issued by the CMC. (See Fig. 2-12,)

The CMC through its autopilot program controls maneuvering and thrust-
ing of the spacecraft by issuing commands té the stabilization control system
(SCS). During the display attitude error mode, the error counter is enabled
and the read counter continues to supply actual attitude information to the
CMC, The autopilot program computes desired attitude associated with
the present time and position of the spacecraft. The difference between
actual attitude and desired attitude (in each reference axis) is an attitude

error, The CMC transmits (9G = BC) pulses that are representative of
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attitude errors into each error counter., These pulses are generated at a bit
rate of 3200 pps with each pulse equivalent to 158. 2 arc seconds of error, ex-
cept for roll axis during boost monitor and entry for which the scaling is 632, 8
arc seconds per pulse. The output of each error counter is developed into an
analog error signal and fed to the FDAI. The error counter is incremented or
decremented only from the CMC as the digital feedback from the read counter

to the error counter is disabled.

Changes in spacecraft orientation are sensed by the IMU stabilization
loops which result in gimbal angle resolver outputs being transmitted to the

DAC and to the FDAI for total attitude display.

2,1,2,9 Attitude Control

The GNCS attitude control mode uses the RCS digital autopilot (DAP)
to maintain spacecraft attitude. The ISS stabilization loops maintain an
inertial reference from which spacecraft attitude can be determined. The
spacecraft attitude is compared to a desired attitude by the DAP. If an
error exists, the RCS jets are used to change the spacecraft attitude. Atti-

tude errors are displayed on the FDAI,

During the attitude control mode, the error counter is enabled. The‘
computer sends the desired change in gimbal angle orientation to the error
counters. The output of the error counters is developed into an analog
error signal (attitude error signal) by the 800 cps ladder network and fhe
output is fed to the FDAI. The computer develops discretes that control the

firing of RCS jets and, therefore, change the orientation of the spacecraft.
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The change in spacecraft orientation is sensed by the IMU stabilization loops
and results in changing IMU gimbal angles. The gimbal resolver output is
sent to the FDAI to display total attitude and to the summing logic and coarse-
fine mixing circuit. Resulting digital information is sent to the read counter.
The read counter supplies the changing gimbal angle pulses to the CMC. The
CMC uses the information to determine when to stop firing the RCS jets,

The FDAI error counter is pulsed to zero, nulling the attitude error signal

on the FDAI.

2.1.3 IMU Temperature Control

The IMU temperature control circuitry maintains the temperature of the
stabilization gyros and accelerometers within their required temperature
limits during both standby and operating modes of the IMU (see Fig. 2-13).
Heat is supplied and removed to maintain the IMU heat balance with minimum
power consumption. Heat is removed by convection, conduction, and radia-
tion. The natural convection used during the IMU standby state changes to
blower controlled, forced convection during IMU operating modes. The IMU
internal pressure is maintained between 3.5 and 15 psia to enable the re-
quired forced convection, To aid in removing heat, a water-glycol solution
at approximately 45. 0 degrees Fahrenheit from the spacecraft coolant sys-

tem passes through the coolant passages of the IMU support gimbal,

2.1.3.1 Temperature Control Circuit

The temperature control circuit maintains the gyro and accelerometer
temperature. The temperature control circuit consists.of a temperature
control thermostat and heater assembly, a temperature control module, three

gyro end mount heaters, three gyro tapered mount heaters, two stable member

2-30



5 1 ' |
TEWMP ALARM LO LIMIT TEMP ALARM MODULE ASSY IMU | ! psa s s e
I | THERMOSTAT B HEATER ASSY : | - | INNER GIMBAL I l | lf_ cMe j'
| 1. i ' TEMP_WITHIN LIS | l | Teme in LnaTs !
| gusnrn L | i | Ir (CH 30-19) :
I | | 28 VOC 14U
ANTICIPATORY l ' |
I _—1_? HEATER | { STANDBY : :
! | - I | 26-30 VOC l L 4
|  SRSPRINNS, F SAFETY 4 ) ov_IMu I
THERMOSTAT '
l ] 1 |
A9
| s vt 1 |
‘ IRIG IRIG HR?2
l * } | END TAPERED Me:g?én |
BIAS MOUNT MOUNT H +28VDC |
I } HEATER | HEATER HEATER | can |
ANTICIPATORY ‘ K l SUBSYSTEM |
' HEATER ' | SUPPLY
{ | I h l | FILTER I
l R9 l— === o _—] ~ : I 0 vbe |
L ¢ i | R
4
R = |
I RIO [aie 1 4
1 TEMP CONTROL | l I
l THERMOSTAT B HEATER ASSY | | h l
RS
| | L f.oo CPS 28V 5% l
| BIAS 1 | | , | PHasE® |
[ PEsiEe | 1 i L 900 CPS 28V 5%
ANTICIPATORY ! | PHASE A |
I | HEATER | ' |
T | ] = ]
! I
| L 1 HRI 2 .. POWER
MR e - ACCEL A | l |
l R4 .- HEATER = F2 ! | |
L 800 0PS 28V 5% '
S —————— " i e
I BLOWER CONTROL I W I | scA 1.
| THERMOSTAT & HEATER ASSY | — L1 COMTROL HEATER _SIGNAL -| HEATER CURRENT ce2302X |
3 | ey SENSORS [ R_Si BLOWER CURRENT C62303X |
' 1 BIAS f TO GYRC WHEELS PIP_TEMP SENSOR HI | | o ' | pip TEMP CB2300T |
I HEATER | SENSOR _COMMON P ® | ! _SENSOR COMMON
I - ANTICIPATORY - IRIG__SENSOR _HI | U | e TEMP ce230iT |
I AN HEATER SENSORS | | l ’L_ —}
s . 5 {  xv ik ke e
SAFETY | l
I THERMOSTAT |
. 3 |
| ' I
HR6 HR4 HR9 I e
I STABLE IRIC IRIG
MEMBER TAPERED END | T 6SE
' HEATER MO:YNL no;:rmﬂ CONTROL HTR W 1 X
| HEATE HEATE CONTROL HTR LO ; F

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
I
l
I
|
I
|
|
|
|
I
I
|
|
|
I
I
I
|
l
I
|
I
I
L
[
|
I
I
I
I
|
|
I

Fig. 2-13. IMU Temperature Control System

2-31/2-32




heaters, and three accelerometer heaters (see Fig. 2-13). The therméstat
and heater assembly is located on the stable member and contains a mercury-
thallium thermostat, a bias heater, and an anticipatory heater. » Except for
the bias heater, all heaters (a total of 12) are connected in parallel and are

energized by 28 vdc through the switching action of Q2.

When the temperature falls below 130 (+ 0. 2) degrees Fahrenheit, the
thermostat opens and transistor Q1 conducts and drives transistor Q2 to con-
duct. When transistor Q2 conducts, current flows through the twelve heaters.
Because of the large mass of the stable member, its temperafure increases
at a relatively slow rate as compared to the gyros. The anticipatory heater
improves the response of the thermostat to insure that the magnitude of the
temperature cycling of the gyros and accelerometers is as small as possible.
When the temperature rises above 130 (+ 0. 2) degrees, the thermostat closes
and the base of Q1 is shorted to ground, cutting off Q1 and Q2. The tempera-
ture control circuit maintains the average gyro temperatures at 135 (£ 1. 0)
degrees and the average accelerometer temperatures at 130 (+ 1. 0) degrees

under normal ambient conditions.

The 28 vdc heater power is applied to the heaters through the contacts
of a safety thermostat which provides protection against an extreme overheat ‘
condition in case a malfunction occurs in the temperature control circuit,
The safety thermostat contacts open at 139.5 (+ 3. 0) degrees and close at

137 (£ 3. 0) degrees.

2.1,3.2 Blower Control Circuit

The blowers maintain IMU heat balance by removing heat. They are

supplied 28 vdc, 800 cps power, which is also supplied to the gyro wheels
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(see Fig, 2-13). Fused phase shift networks are associated with each blower

so that excitation and control current can be supplied from the same source.

The contacts of the blower control thermostat close at 139 (+0, 2) degrees
and remain closed at higher temperatures. The amount of heat supplied by the
bias heater is a constant. If the duty cycle of the temperature control circuit
exceeds 50 percent, enough additional heat is provided by the anticipatory
heater to increase the temperature of the blower control thermostat to 139
degrees. When the thermostat contacts close, transistor Q1 conducts and
relay K1 is energized to remove the power from the blowers. The normal
duty cycle of the temperature control circuit is approximately 15 to 20 per-
cent, Under this condition, the blowers will operate continuously. Only a

very low ambient temperature will cause a blower off condition.

2,1,3.3 Temperature Alarm Circuit

The temperature alarm circuit monitors the temperature control (see
Fig, 2-13), If a high or low temperature is sensed by the temperature alarm
t‘hermostat located on the stable member, the temperature within limits dis-
crete to the CMC and PSA is removed., When the temperature is within the
normal range of 126, 0 to 134, 0° F, the low limit thermostat contacts are
closed and the high limit contacts are open. Transistor Q1 is then properly
biased for conduction through a grounding system in the CMC, At tempera-
tures above 134, 0 (0, 2) degrees, both the low limit and high limit thermo-
stat contacts are closed, At temperatures below 126.0 (+0,2) degrees, both
contacts are open, In either case, transistor Q1 is not able to conduct,

Nonconduction of transistor Q1 signals the CMC of an alarm condition,
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No differentiation is made by the CMC between a high or low tempera-
ture alarm. When the CMC senses a temperature alarm, it causes the TEMP
lamps on the DSKY's and the PG.NS lamps on the LEB panel and the main panel
to light., When the PSA receives a temperature alarm, it sends the informa-

tion to telemetry,

2.1.4 ISS Power Supplies

Four power supplies convert the +27,5 vdc prime power into the various

voltages required by the ISS. The power supplies employed in the ISS are:

a. Pulse torque power supply
b. 800 cps power supply
c. =28 volt power supply

d. 3200 cps power supply

The power supplies are located in the PSA, Closing of IMU circuit breaker and

the G&RN POWER, IMU switch supplies the prime +28 vdc to these power supplies.

In addition to prime power, the ISS power supplies require clock pulses
from the CMC for synchronization, The dc power supplies utilize multivi-
brators as ac sources for synchronization, If CMC clock pulses are lost, the

multivibrators free run at a lower frequency.

2.1.4.1 Pulse Torque Power Supply

The pulse torque power supply provides +120 vdc to the three binary current
switches and three dc differential amplifiers in the accelerometer loops and the
binary current switch and dc differential amplifier in the stabilization loop fine
align electronics, It also supplies three 28 vdec outputs to the accelerometer
loop precision voltage reference, and +20 vdc and =20 vdc to the differential
amplifiers, integrators, and binary current switches in the accelerometer
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The -20 vdc output is derived from the -28 vdc power supply by using a
zenor diode as a voltage divider and regulator. (See Fig. 2-14.) The output
is regulated at -20 (£0. 8) vdc. The +20'vdc is'derived from +27.5 vdc prime
"~ power by the use of a transistor series regulator which maintains the output

at +20 (£0. 55) vdc.

A synchronizing frequency of 12, 8 kpps originates from the CMC and after
being amplified and inverted is applied to a multivibrator-chopper causing
it to be synchronized at 6, 400 cps. A transistorized time delay circuit is
incorporated into the emitter circuits of the multivibrator to provide a turn
on delay of approximately 350 milliseconds. During the 90-second IMU turn
on mode, 0 vdc is applied through the turn on circuits to the time delay circuit

which inhibits the +120 vdc and +28 vdc outputs.

The multivibrator output is applied to the primary of a transformer
which has prime power applied to its center tap. The secondary of the trans-
former is coupled to a two stage push-pull power amplifier which operates
from prime power. Each of the rectifier regulators obtains full wave rectifi-
cation. The precision voltage reference time delay circuit inhibits the opera-

tion of the regulators to provide a 6 to 8 second delay in the 28 vdc outputs.

2.1.4.2 800 cps Power Supply

The 800 cps power supply provides 800 cps, 0 phase power for IMU gim-
bal resolver excitation, gimbal servo amplifier demodulator reference, and
FDAI and autopilot reference. The two 5-percent outputs provide gyro wheel

excitation, IMU blower excitation, and accelerometer fixed heat power,.
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Zero and pi phase, 800 cps pulse trains from the CMC synchronize the
multivibrator at 800 cps. (See Fig. 2-15.) In absence of the CMC pulses,
the multivibrator free runs between 720 and 800 cps. The multivibrator
output controls the operation of the chopper and filter circuit. A feedback from
the 1 percent amplifier is detected and added to a dc reference signal. The
positive sum is filtered and provides a dc bias to the multivibrator driven
chopper for amplitude control. Each of the 5 percent amplifiers perform a
-90 degree phase shift to achieve the output voltage phasing. A power factor
correction is maintained by the IMU load compensation network for regulating

the three output voltages.

2.1.4.3 -28 vdc Power Supply

The -28 vdc power supply provides input power to the three gimbal servo
amplifiers in the stabilization loops and to the pulse torque power supply to
generate -20 vdc for use in the accelerometer loops. (See Fig. 2-16.) The
25.6 kpps synchronization pulse input is amplified and inverted for use in
synchronizing the multivibrator-chopper at 12. 8 kcps. The output of the
power amplifier is transformer coupled to a full wave rectifier and filter

whose positive side is reference to ground to provide a -27. 0 (+1. 0) vdc output.

2.1.4.4 3200 cps Power Supply

The 3200 cps power supply provides excitation voltage for the signal
generator and the magnetic suspension portions of the gyro and accelerom-
eter ducosyns. The 3200 cps output is also used as a reference for the

demodulator in the gimbal servo amplifiers.

The excitation voltage to the signal generators requires both voltage

stability and phase stability. (See Fig. 2-17.) To accomplish this stability,
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the excitation voltage power transmission to the stable member is through a
step down transformer on the stable member which reduces the slip ring cur-
rent and, therefore, voltage drop effects due to slip ring, cable, and connector
resistance. In addition, each wire connecting the output of the transformer to
the input terminal of each accelerometer is cut to exactly the same length.

The voltage level at the primary of the transformer is fed back to the power

supply and is compared to a voltage reference.

The 3200 pps pulse train inputs synchronize the multivibrator which con-
trols the operation of the chopper circuit. The 28 volt rms output of the
amplifier is transmitted through the slip rings to the transformer on the
stable member where the voltage is stepped down to 2 volts for the accelerom-
eter ducosyns and 4 volts for the gyro ducosyns. A sample of the 28 volt
level at the primary of the transformer is fed back through the slip rings to
the automatic amplitude control circuit. The positive peaks of the feedback
signal are detected and added to a dc reference signal. The sum is filtered
and provides a dc bias to the chopper circuit. The dc bias controls the

amplitude of the chopper output to the filter.
2.2 OPTICAL SUBSYSTEM

The OSS consists of an optical unit (including a sextant and a
scanning telescope), two CDU channels, portions of the G & N control -
panel, and portions of the PSA. The control panel contains the controls and

indicators that are used to establish OSS operating modes.

Figure 2-18 is a functional block diagram of the OSS. The diagram shows
the flow of data for the various modes of operation selected by mode switching
and the functional relationship among the various blocks. Each functional

block is described in subsequent paragraphs.
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2.2.1 Scanning Telescope

The scanning telescope (SCT) is a one-power, 60-degree field-of-view optical
instrument, capable of changing the line-of-sight (LOS) of the viewing field.
The LOS is positioned by rotation of a viewing prism about its trunnion axis
and by rotation of the outer telescope tube assembly about its shaft axis.
Trunion and shaft are rotated by separate servos, each commanded from the sextant
(SXT). The SCT is able to scan a conic viewing area of 110 degrees. The SCT
wide field of view is used for general celestial viewing and recognition of tar-
get bodies for sighting setups and measurements. In addition, it is used to

track landmark points during earth and lunar orbits.

The SCT has two axes of rotational freedom, defined as the shaft and
trunnion axes. Rotation about the shaft axis defines increments of shaft
angle movement (AS). Rotation about the trunnion axis defines increments

of trunnion angle movement (At).

The prime element of the SCT is a double dove prism, mounted in the head
assembly. (See Fig. 2-19.,) The prism introduces the target image into the
SCT optical system. The prism is positioned about the two axes interpreted as
AS and At' Mechanically, this is accomplished by rotation, through a differ-
ential, of the complete head assembly and driving of the prism on its mount.

A differential gearing system enables independent positioning of AS and At'
The independent positioning enables the LLOS established through the prism
to traverse within the following limits: zero degrees (parallel to shaft axis)
to £60 degrees at At elevation, unlimited 360 degrees in As' When the SCT
is slaved to the SXT, rotation is limited to 270 degrees due to limit stops

along the SXT shaft axis. Due to obstructions created by aperture limitation
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in the spacecraft heat shield, the LOS along the trunnion axis has a useful
range of approximately 45 degrees. Therefore, the aggregate maximum field
that can be viewed by rotating the trunnion and shaft withintheir respective

limits is 90 degrees.

The optics hand controller controls the shaft and trunnion drive rates.
The drive rates are integrated by SXT servos which position the SCT LOS.
The shaft and trunnion angles can be read directly from the SCT by counters

mounted in the face of the optical panel,

The SCT contains an optics head assembly, a rotatable outer telescope
tube assembly, a stationary inner telescope tube assembly, an eyepiece prism
housing assembly, and an adjustable focus eyepiece assembly. The optics
head assembly contains a double dove prism and mount assembly, mount,
support, cam-follower and spring assembly, and trunnion worm shaft. The
outer telescope tube assembly contains the objective lens assembly and the
reticle. A housing and lamp assembly, used to illuminate the SCT reticle,
is mounted in the optical base around the outer telescope tube assembly. The
inner telescope tube assembly contains a pechan prism and relay lens assem-
bly. Contained within the eyepiece prism housing assembly are two right-
angle prisms. The adjustable focus eyepiece assembly.contains an objective
lens assembly. The objective lens assembly and reticle in the outer tele-
scope tube assembly and the pechan prism and part of the relay lens assembly
in the inner telescobe tube assembly form the optical complex of a minus
4. 6-power telescope. The portion of the relay lens assembly in the inner
telescope tube assembly, the eyepiece prism housing assembly, and the ad-
justable focus eyepiece assembly form the optical complex of a plus 4. 6-power

telescope.
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2.2.1.1 SCT Optics
The SCT optics (Fig. 2-20) consists of a double dove prism, a minus

4. 6-power telescope, and a plus 4. 6-power telescope.

2.2.1.1.1 Double Dove Prism. The double dove prism contains two

optically matched dove prisms. The prisms are aluminized and cemented to-
gether at the hypotenuse and accurately positioned and clamped toa mount.

The double dove prism is the first optical element in the SCT optics to pick

up the target image. Each dove prism inverts and transmits an image to the
objective lens assembly. Optically the prism functions as a compact, wide-
angle mirror that is rotatable about two axes, trunnion and shaft. The rota-
tional limitations of the prism about the trunnion axis arefrom -5 to+50 degrees.
At zero degrees, the reflective surface of the prismis parallel tothe shaft axis and
to the selected target LOS, when the selected target is centered on the reticle
crosshairs. The images of the targets passthrough the angular entrance face of
the prism, are refracted toward the prism's reflective surface, and are re-
flected off the prism's mirrored surface at the angle at which they were re-
ceived, toward the exit face of the prism. At the angular exit face, the

images are refracted again and the now inverted image is transmitted parallel
to the shaft axis. When the prism is rotated about the trunnion axis, the
selected target increases in angular position to the prism' s reflective sur-
face. With an increase in angular position of the selected target, the images
entering the prism become increasingly inclined to the prism's angular face.
As the images entering the prism increase in inclination to the angular face,
the degree of refraction caused by the prism decreases until, at perpendicular-

ity, there is no refraction. However, in use, the prism field-of-view is
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limited by the SCT head assembly, the command module optics opening, and
the size of the objective lens. These limitations restrict the useful field-of-
view to 45 degrees and the conic scan to 90 degrees. At all useful positions
of the prism, the images reflected off the mirrored surface of the prism are

transmitted parallel to the shaft axis by the objective lens assembly.

A worm gear and worm shaft drive the double dove prism and mount.
The worm shaft is driven by a motor generator in the SCT trunnion drive
gearbox, An angle counter, seen through the SCT panel window, displays

the trunnion angle and is mounted in the trunnion drive gearbox.

2.2,1.1,2 Minus 4.6-Power Telescope. The minus 4.6-power telescope

consists of an objective lens assembly, reticle, pechan prism, and part of the

relay lens assembly. (See Fig. 2-20.)

The objective lens assembly consists of three cemented doublets, made
up of a positive and negative lens, fitted into the upper end of the outer tele-
scope tube assembly. This objective cluster collects light from the double

dove prism and produces an image at the reticle plane.

The reticle (Fig. 2-21) is adjacent to the objective lens assembly and is accu-
rately positioned in the focal plane of the objective lens assembly. The inverted
images transmitted by the objective lens assembly are focused onto the reti-
cle. The reticle crosshair intersection is the reference target for the image

transmitted from the double dove prism and objective lens assembly.

The reticle is lighted from the edge by four incandescent lamps located

in the housing and lamp assembly.
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Fig. 2-21. SCT Reticle Pattern.
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The pechan prism erects the inverted images. The prism is in the optical
path between the reticle and the relay lens assembly; The pechan prism con-
sists of two sections separated by an air space. This design-achieves the
erecting of the images and increases the axial length of the opticai path and

decreases the physical length of the SCT.

The relay lens assembly consists of a group of relay lenses fastened to
the end of the inner telescope tube assembly opposite the end holding the
pechan prism. The relay lenses receive the erected image from the pechan
prism and transfer it without distortion to the relay lenses of the plus 4. 6-

power telescope.

2.2.1,1.3 Plis 4. 6-Power Telescope. The plus 4.6-power telescope
consists of part of the relay lens assembly, an eyepiece window, an eyepiece

prism assembly, and an adjustable focus eyepiece. (See Fig. 2-20.)

The relay lenses receive the images transmitted by the minus 4. 6-power
telescope relay lenses and transfer them through the eyepiece window to the

eyepiece prism assembly.

The eyepiece window acts as a seal between the eyepiece prism assembly
and SCT components exposed to environmental conditions outside the command
module. The eyepiece window has no optical effect and transmits the image

directly from the relay lens assembly to the SCT eyepiece prism assembly.

The eyepiece prism assembly is fastened to the front of the SCT panel
assembly. It transfers the image from the relay lens assembly to the eye of
the observer. The eyepiece prism assembly contains two right-angle prisms,

one small and one large., The small prism is mounted iﬁ-lihe”with the shaft
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axis and receives the images from the relay lens assembly and reflects the
images 90 degrees into the large prism; The large prism is mounted in a
manner that corrects for this 90 degree image orientation by reflecting the
images 90 degrees into the adjustable focus eyepiece parallel to the SCT
shaft axis, The prism mountings enable the adjustable focus eyepiece to be
mounted in a position that provides the astronaut with the most viewing com-
fort. Enlarged thumb screws are provided which allow the astronaut to

quickly disconnect and remove the prism assembly while wearing gloves.

The adjustable focus eyepiece is mounted to the eyepiece prism assembly.
This assembly contains three telescope objective lens doublets, heater, thermo-
stat, insulation, and connector. The objective lenses are optically identical
to the minus 4. 6-power telescope objective lenses. The heater, thermostat,
and insulation maintain the adjustable focus eyepiece assembly at a constant
temperature to preveﬁt moisture condensation .on the eyepiece components.
Heater current is provided through.the connector whenconnected to the harness
plug on the eyepiece storage unit. Focus adjustment compensates for astro-
naut sight differences and enlarged thumb screws allow the astronaut to quickly
disconnect and remove the adjustable focus eyepiece assembly while wearing

gloves.

A SCT eyeguard is fastened to the end of the eyepiece and is adjustable in
an axial direction to allow for differences in facial contours of the astronauts.

The SCT long eye relief (LER) can replace the SCT adjustable focus
eyepiecé for use while Wearing a helmet. It contains a lens assembly, a posi-
tive lens, heater, thermostat, insulation, and connector mounted into a SCT

eyepiece housing,
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2.2.1.1.4 SCT Optics Light Transmittance. The optical efficiency of

the SCT allows 38 + 1 percent of the light impinging on the double dove prism
to be transmitted to the éyepiece. Light losses in the SCT are held to a

minimum by the use of multiple anti-reflection coatings which increase the

efficiency of all transmitting surfaces.

2:2:1.2 SCT Mechanical Drive

The single speed SCT obtains rotational drive about shaft and trunnion
axes through two motor generators, one for each axis. Reduction gearing,
motor generators, resolvers, and angle counters for shaft and trunnion axes

are assembled in two separate gearboxes located in the optical base.

SCT shaft and trunnion axis drives are linked by a differential gear
assembly. The differential gear assembly permits trunnion axis positioning
independent of shaft axis, and shaft axis rotation without introducing errors
in the trunnion axis. The As trunnion drive gear and the trunnion positioning
planetary gearing system are pinned to the differential drive shaft, while the
A ¢ trunnion drive gear and the trunnion positioning gear can rotate about the
differential drive shaft. The SCT shaft axis drive motor restricts rotation
of the As trunnion drive gear and the trunnion positioning planetary system
then permits the trunnion positioning gear to rotate about the differential
drive shaft when the At trunnion drive gear is rotated (SCT trunnion axis po-
sitioning). Likewise, the SCT trunnion axis drive motor restricts rotation
of the A ¢ trunnion drive gear and the trunnion positioning planetary system

then permits the trunnion position gear to rotate with the differential drive

shaft when the As trunnion drive gear is rotated (SCT shaft axis positioning).
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Two identical counters displaying SCT shaft and trunnion axis angles are
located in the optical base. The counters are viewed through lighted bezel
windows in the SCT panel. A flip-up counter shade is geared to the drums
to permit continuous numerical display. The counter is calibrated to display
readouts from 0 to 359. 98 degrees with graduations in 0. 02 degree incre-
ments. Counter rotation is continuous in either direction. One revolution of

the counter input shaft results in a one degree change in counter indication.

2.2.1.3 SCT Servo Loops

Shaft and trunnion servo loops are used to position the SCT. The shaft
and trunnion servo 1oops function as single speed repeater servos. Trunnion
servo loop operation is determined by mode switching.

2.2.1.3.1 SCT Shaft Servo Loop. A single speed positioning servo loop

(Fig. 2-22) is used to rotate the SCT optics about the shaft axis. The electrical
input to the SCT shaft 1X resolver is the sine-cosine output signal from the SXT
shaft 1X resolver in the SXT shaft servo loop. The SXT shaft 1X resolver
generates an error signal proportional to the mechanical rotor displacement
from electrical null. The SCT resolver error signal is applied to the MDA
summing network. Feedback from the motor-generator is applied through a
feedback compensation network of the MDA summing network. The amplifier
circuit generates the motor drive signals in the phase and magnitude required
to drive the rotor of the SCT shaft 1X resolver to null and to position the SCT
shaft at a new angle. The SCT shaft movement is thus slaved to SXT shaft

movement.
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2.2.1.3.2 BSCT Trunnion Servo Loop. Rotation of the double dove prism

and mount assembly about the trunnion axis is controlled by the SCT trunnion
servo loop (Fig. 2-23). This servo functions as a single speed, positioning
servo. The SCT trunnion 1X resolver generates an error signal proportional
to the mechanical rotor displacement from electrical null. The electrical input
to the SCT trunnion resolver is determined by the configuration of the SCT
trunnion relays, K2, K3, and K4. These relays are controlled by the position
of the TEL TRUN switch.

When the TEL TRUN switch is in the 0° position, the 0° and
SLAVE relays, K2 and K4, are energized. This disconnects the input sine-
cosine signals from the SXT trunnion 1X resolver; applies a fixed 28 volt,
800 cps, 0 phase reference signal to the sine winding of the SCT trunnion 1X
resolver; and shorts out the cosine winding to establish a zero electrical
reference.

When the TEL TRUN switch is in the 25° position, the 25°
and SLAVE relays, K2 and K3, are energized. This disconnects the input
sine-cosine signals from the SXT trunnion 1X resolver; applies a fixed
28 volt, 800 cps, 0 phase reference signal to the sine winding of the SCT
trunnion 1X resolver; and applies a fixed reference voltage from the
secondary of a transformer tothe cosine winding to establish an electrical ref-
erence which causes the SCT to move to afixed 25° trunnion angle offset,

When the TEL TRUN switch is in the SLAVE to SXT posi-
tion, relays K2, K3,and K4 are all deenergized to connect the sine and cosine
windings of the SXT trunnion resolver transmitter to the sine and cosine wind-

ings of the SCT trunnion 1X resolver.
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The error signal from the SCT trunnion 1X resolver is applied to the MDA
summing network. The feedback from the motor-generator is also applied to
the MDA summing network. The amplifier circuit generates the motor drive
signals in the phase and magnitude required to drive the rotor of the SCT trun-

nion 1X resolver to a null and to position the SCT trunnion at a new angle.
2.2.2 Sextant

The SXT is a highly accurate, dual LOS, electro-optical instrument with
28 power magnification and 1. 8 degrees field of view. It is capable of sight-
ing two celestial targets simultaneously and measuring the angle between them
with 10 arc seconds accuracy. One LOS, called landmark LOS (LLOS) is fixed
along the shaft axis normal to the local conical surface of the spacecraft. The
LLOS is positioned by changes in spacecraft attitude. The other LOS, called
star LOS (SLOS), has two degrees of rotational freedom about the shaft and
trunnion axes. Variation about the trunnion axis is represented by movement
of an indexing mirror. SLOS positioning is controlled by electromechanical
integration loops consisting of servos, tachometers, and associated electron-
ics. The SLOS movement is independent of the fixed LL.OS. Measurements
are made by first sighting into the SXT eyepiece and adjusting spacecraft
attitude until the LLOS irﬁage is centered on the SXT reticle. Subsequent
positioning of the SLOS to locate the star image coincident with the LLOS is
done to satisfy requirements necessary for measurements to be taken between
the two images. (Coincidence must be as.near the reticle center as possible.)
Positioning accuracies of the SXT trunnion and shaft axes are within 10 and 40

arc seconds, respectively.
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The SXT is divided into the index head assembly and the base section.
(See Fig. 2-24.) The SXT index head assembly contains the indexing mirror,
SXT right angle mirrors, beam splitter, and trunnion drive electromechanical

components,

The SXT portion of the optical base contains the shaft axis assembly,
shaft drive electromechanical components (motor-generator, shaft drive
gearbox, and resolvers), and SXT eyepiece. Rotating components, mounted
on the shaft axis assembly include the SXT telescope tube assembly (with
objective and intermediate lens), the SXT reticle, and the shaft resolver
rotors. The SXT panel assembly covers the underside (face) of the optical
base. This assembly contains the eyepiece window and has provision for

mounting the SXT mirror housing and eyepiece assembly.

2.2.2,1 SXT Optics

The SXT optics consists of SXT indexing mirror, right angle mirrors,

beam splitter, SXT telescope lenses, and eyepiece assembly.

2.2.2.1.1 Indexing Mirror. The SXT indexing mirror (Fig. 2-25) is

used to pick up and direct a target star image onto the right angle mirrors.

The indexing mirror is mounted on the sextant head and rotates in the trunnion
axis. For every one degree of indexing mirror movement, the SLOS moves

two degrees.

2.2.2.1.2 Right Angle Mirrors. Two mirrors (Fig. 2-25) are fixed at

right angles to each other. They are used to reflect the star image, from the

indexing mirror, onto the reflecting surface on the underside of the beam

splitter.
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2.2.2.1.3 Beam Splitter. The SXT optics provides two distinct lines of

sight with different degrees of light transmission for two simultaneously viewed
images. This capability is provided by the beam splitter (Fig. 2-25). The
beam splitter is more properly termed a beam combiner since its function is

to reflect the SLLOS into the same path as the transmitted LLOS.

The landmark image is brighter than the star image, therefore it is
necessary to transmit the image intensities at different levels to keep the
landmark image from obscuring the star image. The beam splitter provides
the required variations in transmission by its surface reflectivity character-
istics.

2.2.2.1.4 SXT Telescope Optical Complex. The SXT telescope optical

complex (Fig. 2-25) consists of an objective lens, the intermediate lens, and
reticle. A triplet and a single lens form the objective lens assembly at the
upper end of the lens holder. The intermediate lenses are mounted at the
lower end of the lens holder assembly. The objective and intermediate lens
assemblies form a telephoto type lens system. The reticle (Fig. 2-26) is positioned
in the forward vacuum focal plane of the SXT optics. This position provides
optimum focus of the reticle vacuum pattern etched on the forward face of the
reticle assembly. When operating in the earth atmosphere, the reticle
vacuum pattern becomes indistinct due to a shift in the focal plane of the SXT
optics. An air pattern is etched on the rear face of the reticle and an air
focusing shim is inserted between the SXT plate and eyepiece assemblies to
compensate for the shift. The air focusing shim is removed prior to launch
for vacuum operation of the SXT. The edge illumination of the SXT reticle is
‘ provided by four lamps which light three transmitting rods spaced evenly
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Fig, 2-26. SXT Reticle Pattern,



around the reticle. The eyepiece window serves as a seal in the SXT panel.

The SXT eyepiece window is similar in function to the SCT eyepiece window,

2.2.2.1.5 Mirror Housing and Eyepiece. The SXT mirror housing and

eyepiece assembly consists of the mirreor housing and heater assembly, and

the eyepiece assembly. Enlarged thumb screws allow the astronaut to

quickly disconnect and remove the SXT mirror housing and eyepiece assembly

while wearing gloves.

The mirror housing and heater assembly (Fig. 2-25) consists of the relay
lens assembly, two mirrors, heater, thermostat, insulation, and connector,
The relay assembly contains two lens doublets which relay the image to the
primary of the two mirrors. The mirrors reduce the length of the system and
transfer the image into the eyepiece assembly. The heater, thermostat, and
insulation maintain the SXT mirror housing and heater assembly along with
the attached eyepiece assembly at a constant temperature to prevent moisture
from condensing on components. Heater current is provided through the con-

nector when connected to the harness plug on the eyepiece storage unit.

The SXT eyepiece contains two lens doublets, a single lens, and an ad-
justable polaroid filter. The polaroid filter provides landmark (LLOS) image

brightness adjustment without affecting star image (SLOS).

In effect, the SXT eyepiece assembly represents a telemicroscope of
0. 34 inch focal length and contributes to the SXT 28 power magnification by
providing 3.4 power magnification from the relay assembly. Focal length of

the eyepiece equals one inch, which results in a total magnification of 28 power.

A SXT eyeguard, fastened to the SXT eyepiece, adjustable in an axial

direction, allows for differences in facial contours of the astronauts.
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2.2.2.1.6 SXT Optics Light Transmittance. When a beam of light passes

from one medium to a different medium, the intensity will decrease. This loss of
intensity is due mainly to absorption. With respect to the SXT SLOS, incident light
impinging on and emerging from the trunnion mirror is reduced by a factor of
approximately 4 percent. The resulting 96 percent is passed on to the first
fixed mirror, which causes a further reduction of 4 percent passing on 92 per-
cent of the light to the second fixed mirror. The second fixed nﬁrror further
reduces transmitted light by 4 percent, leaving approximately 88 percent to
be reflected by the beam splitter. The beam splitter will reflect approxi-
mately 82 percent of the light principally in the shorter wavelength of the
visible spectrum. Light loss in the objective lens assembly and through the
eyepiece results in total light transmissions of approximately 25 precent for
the SLOS.

The total light losses in the LLOS amount to approximately 97 percent,
with 89 percent occurring at the beam splitter. The remaining 11 percent
emerging from the beam splitter is further attenuated through the objective
and eyepiece assemblies. This results in an overall transmittance of 3.2

percent.

2.2.2.2 SXT Mechanical Drive

The SXT obtains rotational movement about shaft and trunnion axes
through two motor generators. Reduction gearing, motor generators, and
resolvers are contained in two separate gearboxes. One is located in the
optical base; the other is located in the index head assembly.

In trunnion axis, positioning of the indexing mirror is restricted me-

chanically to a range of -5 to +50 degrees through the use of a limit stop.
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2.2,2,3 SXT Servo Loops

Shaft and trunnion loops are used to position the SXT. Either loop may
function as a two-speed positioning servo or as an integrating servo loop.

The loop function is determined by mode switching.

2.2.2.3.1 SXT Shaft Servo Loop. Rotation of the SXT index head about

the shaft axis is controlled by the SXT shaft servoloop. This loop may func-

tion as either a precisiontwo speed positioning servoloop or as anintegrating

servo loop. In manual and computer modes it is used as an integrating loop;

in the zero optics mode the servo loop is set as a two speed positioning servo.

When the ZERO switch is placed in ZERO position, the two-speed switch,
Zero felay (K5), and auto-optics and zero relay (K7) are energized. (See
Fig. 2-27,) The output of the secondary windings of the SXT 16X resolver
(fine) and 1/2X resolver (coarse) are applied to the two-speed switch. Relay |
K5 disconnects the direct tachometer feedback from the MDA input summing
network and applies it through the compensation network as required for the

positioning servo configuration.

Relay K7 places the rate input to the MDA summing network at zero,
Consequently, the error input to the servo is taken from the two speed switch
and is proportional to the SXT shaft displacement from the zero electrical
reference. The zero reference for 1/2X coarse resolver is obtained from
the 28 volt, 800 cps stator excitation supply. The error reference for the
16X fine resolver is more precise and is established by the 28 volt, 800 cps
rotor excitation. The two speed servo loop drives the SXT gear train into

accurate alignment with the zero reference.
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In system modes of operation, other than zero optics and CMC, relays
K5 and K7 and the two speed switch are deenergized. This sets up the servo
as an integrating loop and places the two speed inputs to the MDA summing
network at zero. Deenergizing relay K7 removes the zero input to the MDA
summing network and switches in the rate error. The rate error is obtained

from one of two drive rate sources depending on mode switching.

When the system is in manual resolved mode (Fig. 2-28), the resolved
mode relay (K6) is energized. The optics hand controller drive rate signal
is applied through closed contacts of the relay to the SXT shaft 1X resolver,
The output of the SXT shaft 1X resolver goes to the cosecant generator and,
through relays K6 and K7, to the MDA summing network. The cosecant func-
tion generator output also goes to the 2X computing resolver in the SXT trun-

nion servo loop.

In the manual direct mode (Fig. 2-29), all the relays are deenergized.
The source of the drive rate error signal then is the optics hand controller,

The signal is fed through relays K6 and K7 to the MDA summing network.

In the computer mode (Fig. 2-30), the CMC mode relay (K10) is energized.
This connects the CMC to the MDA summing network through the DAC in the

CDU. Relay K7 disables manual control of the loop.

2.2.2.3.2 SXT Trunnion Servo Loop. Rotation of the SXT indexing mirror

about the trunnion axis is controlled by the SXT trunnion servo loop. This
servo is similar to the SXT shaft servo in that mode relays select a precise
two speed positioning servo loop in the zero optics mode (Fig. 2-31) and an

integrating servo loop in the remaining modes (Figs. 2—32; 2-33, and 2-34).
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The same series of input relays switch the input to the MDA summing network
from one of two sources: (1) the SXT trunnion hand controller during direct
manual 'mode;' (2) the résolv_ed drive rate from the shaft 1X resolver during

resolved manual mode. All relays are energized as explained previously.

_:SXT trunnion and shaft angles are obtained by interpreting displacement |
of the SXT indexing mirror about both axes. Two pancake resolvers,
mechanically linked with the SXT indexing mirror and SXT head assembly,
sense and transmit analog equivalents of SXT mirror displacements about

trunnion and shaft axes.
2.2.3 OSS Moding

The OSS incorporates multiple modes of operation to facilitate the taking
of precise measurements within short time increments. The specific mode
selected effectively adapts the system to fit the needs of the astronaut under
varying situations prior to sightings. The OSS operates in one of three prime
modes and can be controlled in either of two control modes. Each is selected

by switches on the indicator control panel. The modes are:

(1) Zero Optics

(2) Manual
(a) 0°
(b) 25°

(c) Slave to SXT
(d) Direct
(e) Resolved

(3) Computer
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2.2.3.1 Zero Optics Mode

In zero optics mode, relays convert the SXT trunnion and shaft loops into
two speed null sensing servos. The positioning servos then drive the SXT
optics into alignment with zero reference inputs. This mode of operation is
normally established as a part of a preliminary procedure for taking optical

sightings.

The zero optics mode (Fig. 2-35) is selected manually by setting the
MODE switch to ZERO, which energizes the two-speed switches. The CMC
is notified of the zero optics mode by a signal when the MODE switch

is in the ZERO position.

Entering the zero optics mode causes relays K5 and K7 to be energized
and K10 and K11 to be deenergized. This configuration disconnects the SXT
loops from all data source drive rate inputs and switches in zero alignment

reference inputs and serves to mechanize each loop as a positioning servo.

The OSS is mechanized so that the CMC may command zero optics mode,
This is done by CMC issuance of an enable zeroing discrete and a disengage
DAC discrete. The enable zeroing discrete from the CMC energizes relay
K9, which provides energization to the two-speed switches if the MODE
switch is set to CMC. The disengage DAC discrete energizes relay K8 which
in turn deenergizes relay K10, to disconnect the DAC from the MDA, and
energizes relay K11, to connect the compensation network into the tachometer

feedback loop to the MDA. This capability is not used on spacecraft 101,

In the SXT trunnion loop, the 1X and 64X resolver transmitter outputs

are switched back to the MDA by a two-speed, coarse-fine switch., The

2-87



resolvers are mechanized as control transformer error detectors for the
trunnion integrating loop circuit and generate error signais pfoportional to

the displacement of the mecharﬁcal shaft from the electrical zero reference. i
These error signals are used tb drive fhe mechanical shaft until it is preciséiy
aligned to the zero reference. "VI‘he zero optics relay, K5, reconnects the
tachometer 'genefator from direct to Vcompensated feedback so that the servo

assumes the characteristics of a positioning servo.

The SXT trunnion 1oop Iaccuracy is determined by the 64X resolver.
However.,‘ siriéé the 64X resolvér passeé through 64 nulls.in 180 degrees of
trunnion rotation, the 1X resdf‘lv'e'f output overrides the 64X resolver output
and drives the SXT trunnion near zero. When the SXT trunnion angle is with-
in 2, 8 degreées of zero (5. 625 degrees SLOS), the 64X resolver output is
switched into the' MDA to drive the SXT trunnion to zero. The SXT trunnion

CDU read counter is then cl‘elai'ed"by the CMC CDU zero discrete.

The SXT shéft int'e‘grating loop is mechanized identically to that of the |
trunnion loop.” In the SXT shaft loop, the 1/2X and 16X resolvers serve as

error detectors for the two-speed, shaft positioning servo.

2.2.3.2 Manual Modes

rI{‘he ;I}Anual .rnc;.des.are enébled by setting the
MODE swi_tch to MAN _ In manual modes of operation, the direction and rate
of image motion viewed on the SCvT and SXT eyepiecés are manuall& controlled.
The optics hand controller and speed selector are used for manually acquiring
the landmark and star targets. .Displacement of the optics hand controller

and A )..
s

generates SXT trunnion and shaft arigulér dfives (At

The manual mode provides three modes of operation associated with the

SCT: 0°, 25°, and Slave to SXT; and two modes pertaining to the relative
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movement of the target image: direct and resolved. The SCT trunnion modes
are selected by the TEL TRUN switch which controls the configuration of

the SCT trunnion relays K2, K3, and K4. (See Fig. 2-36.)

2.2.3.2.1 0° Mode. In this mode, SCT trunnionrelays K2 andK4 are ener-
gized. Relay K2 applies 28 volt, 800 cps power directly to the SCT trunnion
1X resolver cosine winding and relay K4 shorts out the sine winding, This
causes a zero output from the 1X resolver thus preventing SCT trunnion

movement,

2.2.3.2.2 25° Mode. In this mode, SCT trunnion relays K2 andK3 are ener-
gized. Relay K2 applies 28 volt, 800 cps power directly to the SCT trunnion
1X resolver cosine winding and relay K3 applies 28 volt, 800 cps power through
the 25° offset transformer to the sine winding. This causes the SCT trunnion
to be displaced 25° from the zero position, permitting the scanning of a

110 degree cone by rotation of the SCT shaft.

2.2.3.2.3 Slave to SXT Mode. In this mode, all three SCT trunnion relays

are deenergized. The configuration applies the SXT trunnion 1X resolver
sine and cosine outputs directly to the sine and cosine windings, respectively,
of the SCT trunnion 1X resolver, This drives the SCT trunnion to follow the

SXT trunnion,

2,2.3.2.4 Manual Direct Mode. The manual direct mode (Fig. 2-37) permits

image movement in a coordinate system.

In manual direct mode, the SXT trunnion and shaft servos are mechanized
as rate integrating servo loops. The trunnion and shaft angular drive rate
signals (At and AS) are fed through deenergized switching relays K6 and K7

directly into the MDA of their respective servos.
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s Aims an

The trunnion drive rate signal (At) causes the trunnion servo, located in
the SXT optics, to drive the SXT indexing mirror around the trunnion axis in a
direction and at a rate proportional to the direction and displacement of the
optics hand controller. Similarly, the shaft drive rate signal (AS) causes the

shaft to rotate the entire SX'T optics around the shaft axis.

The sine and cosine error signals from the SXT trunnion 64X resolver
and the SXT shaft 16X resolver are applied through the CDU A/D converter to
the read counters. The A6, and :tAGS pulses sent from the read counters
to the CMC represent the amount of SXT trunnion and shaft angle rotation,

The CMC can use this data to display the SXT angles on the DSKY and to

determine spacecraft position and trajectory.

2.2.3.2.5 Manual Resolved Mode. The manual resolved mode (Fig. 2-38)

permits independent movement of the image coordinates relative to a rectangu-

lar system.,

In manual resolved mode, the SXT trunnion and shaft servos are mechan-
ized as rate or integrating loops. Drive rate resolution and variable gain are
added to the shaft servo loops to make the rate and direction of the image

motion independent of the shaft axis and trunnion angle.

Switching relay K6 directs the drive rate signals (up-down and left-right)

from the optics hand controller to the 1X resolver in the SXT shaft. The

95

N
[



rotor of the 1X resolver is positioned to the shaft angle (AS). The voltages
induced in the stator windings are a function of the two rotor input voltages

and the shaft angle. The R and M coordinates drive rate signals are resolved
by the 1X resolver into shaft and trunnion signals. The trunnion signal is fed
directly to the MDA, while the shaft signal is fed through the cosecant generator
to the 'MDA. This servo causes the SXT indexing mirror to rotate around the
trunnion a?{is at a rate and direction proportional to the drive rate signal

causing the image to move up or down for an up-down drive rate signal.

The left or right drive rate signal from the 1X resolver is fed to the SXT
shaft through the cosecant generator, which is connected in the input circuit
by switching relay K6, The cosecant generator functions as a variable gain
device between trunnion angles of 10 to 60 degrees. It employs a 2X comput-
ing resolver in the SXT trunnion servo as a minor loop. The effect of this
cosecant generator is to make the rate of image motion (angular velocity)
independent of changes in trunnion angle, by decreasing the shaft speed as
trunnion angle increases. The reduction in shaft speed enables a constant
rate of trunnion peripheral velocity to be achieved regardless of trunnion
angle., The pﬁrpbse of this is to prevent the optics LLOS from sweeping past

the target before recognition.

i 'One input to the summing network of the cosecant generator is the drive
rété along the Y axis, which is obtained after resolution by the 1X resolver in
the shaft servo, The motion along this axis increases at a rate proportional
to the sine of the trunnion angle (At)' To compensate for this effect, an in-
verseé 'sine factor (the cosecant) is introduced. A computing resolver in the

SXT trunnion gear train is employed to yield the function 0. 5C sin At to
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compensate for the gear train ratio. The controlled electrical variable (C)
drives the SXT shaft integrating loop so that its angular velocity is independent
of the trunnion angle. In this way, a uniform sweep rate along the Y axis is
achieved throughout the range of trunnion angles. The resolution of the drive
rates onto the Y axis is used as a direct input to the shaft integrating servo

loop.

2.2.3.3 Computer Mode

The computer mode (Fig. 2-39) is initiated by setting the  MODE switch to

'CMC. The CMC then controls and drives the OSS loops.

When the MODE switch is in the CMC position, relays K7 and K10 are
energized and relays K5 and K11 are deenergized. Relay K7 disconnects the
hand controller from the MDA's, Relay K10 connects the DAC outputs to the
MDA's. Relays K5 and K11 remove the compensation network from the
tachometer feedback loops. Mechanization for a CMC commanded zero

optics mode is described in paragraph 2. 2, 3. 1.

During CMC driving mode, the CMC issues the enable error counter
discrete which enables the error counters to receive :tAHCT and A HCS
pulses from the CMC, These pulses represent the desirved angle of the optics
as computed by the computer, | The output of the error counters are fed to the

DAC's where it is converted to an ac signal and used to position the SXT
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loops through the MDA. As the SXT is driven, the CDU read counters receive
the trunnion and shaft resolver error signals and register the SXT angles. A

feedback circuit from the read counter to the error counter reduces the error
counter contents as the read counter increases. . This feedback nulls the error

counter; and the SXT stops driving. The CMC receives the iA@T and :tAGS pulses

from the read counter and determines when the optics are at the desired angles.

2.2.4 OSS 800 CPS Power Supply

The OSS 800 cps power supply consists of three modules: an automatic
amplitude control, filter, and multivibrator; a 1 percent amplifier; and a
5 percent amplifier. The 1 percent amplifier provides resolver and tachometer
excitation and the input to the 5 percent amplifier., The 5 percent amplifier pro-
vides SXT and SCT motor excitation. The outputs of the 1 percent amplifier and
5 percent amplifier are applied to their respective loads through the optics load

compensation network which provides power factor correction,

The operation of the OSS 800 cps power supply is identical to the operation
of the OSS 800 cps power supply (paragraph 2, 1. 4. 2) except that it has only

one rather than two 5-percent amplifiers.
2.3 COMPUTER SUBSYSTEM

The computer subsystem (CSS) is the control and computational center
of the GNCS. It consists of the CMC and the two DSKY's, The CMC is a core
memory, parallel digital control computer with two types of memory, fixed
and erasable. The main task of the CMC is to execute the programs stored
in the memory, Programs are written in a digital machine language called

basic instructions. A basic instruction contains an operation (order) code
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and a relevant address. The computer logic decodes the order code to obtain
the data flow within the CMC and uses the address code to select the data
that is to be used for computations. With the DSKY keyboard the astronaut
can load information into the CMC, initiate programs stored in memory, and

retrieve and display information contained in the CMC,

The CMC stores data pertinent to the flight profiles that the spacecraft
must assume in order to complete its mission. This data includes position,
velocity, and trajectory information and is used by the CMC to solve the
various flight equations. (Spacecraft position and velocity is maintained withr
in the CMC in the form of a six-dimensional vector called the state vector.)
The results of these equations can be used to determine the required
magnitude and direction of thrust required. Corrections to be made are
established by the CMC. The spacecraft engines are turned on at the cor-
rect time, and when required, steering signals are controlled by the CMC to
reorient the spacecraft to a new trajectory. The ISS senses acceleration and
supplies velocity changes to the CMC for calculating the total velocity. Drive
signals are supplied from the CMC to the ISS for alignment of the IMU and to
the OSS for optics positioning. Error signals are fed to the CDU to provide the
capabilities to steer the spacecraft. CDU position signals are fed to the
CMC to indicate changes in gimbal angles, which are used to keep cognizant of
the gimbal positions. The CMC receives angular information from the OSS to

calculate present position and orientation and to refine trajectory information.
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2.3.1 CMC Language

The CMC uses the binary ones complement number system. In this sys-
tem, a negative binary number is the complement of the corresponding positive
binary number., Functional operations occur through the processing of words.
All words are 16 bits long in the CMC and are of two basic types: data words
and instruction words. The format of the words depends on where the words
are located, Figure 2-40 shows the word formats in memory and in the central
processor. In memory, data words contain a parity bit, fourteen magnitude
bits, and a sign bit. In the sign bit, a binary one indicates a negative number and
and a binary zero indicates a positive number., When located in the
central processor, bits 1 through 14 are the magnitude bits, bit 15 is the un-
corrected sign bit, and bit 16 is the sign bit as before. The uncorrected sign
bit is used to enable an overflow detection without destroying the sign bit when
two numbers are manipulated. Parity bits are only included in words that are
stored in memory.

1514131211 .1¢ 9 8 7 6 5~ 4 3 2 1 0

L LT LT LT T LT IP] DATA WORD IN MEMORY

<—MAGNITUDE

L

16 15 14 13 1211 10 9
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2,.3.1.1 Instructions

An instruction word in memory contains a 12 bit address code and a 3 bit
order code. Bits 10 through 12 are sometimes used to extend the order code
when transferring to the SQ register. The address code normally calls out a
word location in memory or in the central processor. The order code repre-
sents an operation which is to be performed on the data whose location is

defined by the address code.

The CMC has three classes of instructions: regular, involuntary, and
peripheral. Regular instructions are programed and are executed in what-
ever sequence they are stored in memory. Involuntary instructions are not
programable, with the exception of one instruction which may be programed
to test computer operations. Involuntary instructions have priority over
regular instructions and are executed at the occurrence of certain events
during normal operation. The peripheral instructions are used when the CMC
is connected to ground test equipment and are therefore not used during a

flight.

2.3.1.1.1 Regular Instructions. Fourtypes of instructions comprise the

regular instruction class., They are the basic, channel, extracode, and
special instructions. Basic instructions are the most frequeﬁtly used in-
structions. The instruction words stored in memory are called basic in-
struction words. As shown in Fig, 2-41, these words contain a three bit
order code field and a twelve bit address field. The content of the order
code field defines the instruction and is represented by a single-digit octal
number with the octal point at the right. The content of the address field

defines a location and is represented by a four-digit octal number with the
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octal point at the left. An instruction word in memory therefore may be
written as a five digit octal number (e. g., 2.0314). The order code field is
extended an additional bit when the basic instruction is transferred from mem-
ory to the central processor. Therefore, the instruction word used in the
example changes to 02. 0314 in the central processor. This additional high
order bit is always zero for basic instructions., When the CMC is switched

to the extend mode, the high order bit is one, indicating that an extracode or

channel instruction will be executed next.

Computer logic permits the use of the three high order bits (one octal
digit) of the address field to further lengthen the order code field. A typical
instruction can then be represented as 02. 0 numerically. This encroach-
ment on the address field limits the use of some instructions to a certain
portion of memory. The high order bits of the address field may be used
this way because of the differences between fixed and erasable memory.

The instructions which apply only to erasable memory do not copy the two
high order bits of the address field into the address register. However, the
address register receives the entire address field for those instructions

which apply to fixed memory.

The editing or special instructions are address-dependent basic instruc-
tions which have predefined addresses and order codes whereas basic instruc-
tions have only predefined order codes. The order codes are represented as
00. 0006 numerically, Those address—dependent instructions which may be
combined with any order code are represented, for example, as 0, 0021

which is the entire content of the address field.

The special instructions are used to control certain operations in the
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CMC. For example, one special instruction, as mentioned previouély; o
ig fus:ed ”tOVSWitch the CMC to the extend mode of operation. This mode |
éxtendsl'the length of the order code field and converts basic instruction
word‘s: to channel or extra code instruction words. Channel instructions éari
only Be ‘used with input/output channel addresses. Extra code instructions

pe;r;'fo'rm' the more complex and less frequently used arithmetic operatioﬁs.' '

2.3. 1., 1.2 Involuntary Instructions, The involuntaryinstruction class

contains two types of instructions = interrupt and counter. The interrupt
instr“i:lc‘t‘ions use the basic instruction word format just as the regular instruc-
tions 'd’o. However, the interrupt instructions are not entirely programable,
Theﬂéon:tents of the order code field and the address field are supplied by
computér 1ogi¢ réther than the program. The counter instructions have no
instruction word format. Signals which function as a decoded order code
specify the counter instruction to be executed and the computer logic suppiie"‘s
the address. The address for these instructions is limited to one of 29

counter locations in memory.

There are two interrupt instfuctions. One instruction initializes ‘the
CMC when bpower is first applied and when certain program traps occur.
The 'é%fiier interrupt instruction is executed at regular intervals to indicate
time, receipt of new telemetry or keyboard data, or transmission of data by
the CMC This interrupt instruction may be programed to test the

CMC.

There are several counter instructions. Two instructions will either
increment or decrement by one the content of a counter location using the

ONE's complement number system. Two other instructions perform the
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same function using the TWO's complement number system. Certain counter
instructions control output rate signals and convert serial telemetry data to

parallel CMC data,

2.3.1.2 Programs

The CMC performs such tasks as solving guidance and navigation pro-
blems by means of a set of instructions called a program. A program con-
sists of a group of program sections that are classified according to the
functions they perform. These functions are defined as mission functions,

auxiliary functions, and utility functions.

Mission functions are performed by program sections that implement
operations concerned with the major objectives of the mission. These opera-
tions include aligning the IMU stable member and computation of spacecraft
position and velocity during coasting periods of the flight by solution of
second-order differential equations which describe the motions of a body

subject to the forces of gravity.

Auxiliary functions are executed at the occurrence of certain events,
requests, or commands. These functions are performed by program sec-
tions that provide a link between the CMC and other elements of the GNCS.
This link enables the CMC to process signals from various devices and to
send commands for control and display purposes. In addition, the auxiliary
functions implement many and varied operations within the CMC in support

of the mission functions.

Utility functions are performed by program sections that coordinate and
synchronize CMC activity to guarantee orderly and timely execution of re-

quired operations. These functions control the operation of the mission
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.funétidns and schedule CMC operations on either a priority or a real-time
basis. The utility functions also translate interpretive language to a basic
machine language which allows complex mathematical operations such as
matrix multiplication, vector addition, and dot product computations to be
performed within the framework of compact routines. In addition, the utility
functions save the contents of registers A and Q during an interrupt condition
and enable data retrieval and control transfer between isolated banks in the

fixed-switchable portion of fixed memory.

2.3.2 CSS Theory of Operation

The CMC consists of nine functional sections as illustrated in Fig. 2-42,
The sequence generator controls data flow. The order code of each instruc-
tion is entered into the sequence generator, and the sequence generator pro-
duces a different sequence of control pulses for each instruction. The execu-
tion of each instruction sets the conditions for the execution of the next in-
struction. In order to specify the sequence in which instructions are to be
executed, the instructions are normally stored in successive memory loca-
tions. By adding the quantity one to the address of an instruction being
executed, the location of the instruction to be executed next is derived.
Execution of an instruction is complete when the order code of the next in-
struction is transferred to the sequence generator and the relevant address

is in the central processor.

The central processor consists of several flip-flop registers. It per-
forms arithmetic operations and data manipulations on information accepted
from memory, the input registers, and priority control. Arithmetic opera-

tions are performed using the ONE's complement number system . Values up
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to 14 bits (excluding sign) can be processed with an additional bit produced for
overflow or underflow. All operations within the central processor are per-
formed under control of pulses generated by the sequence generator (indicated
by dashed lines in Fig, 2-42), In addition, all words read out of memory are
checked for correct parity, and a parity bit is generated for all words written
into memory within the central processor., Odd parity is used; therefore, all
words stored in memory including the parity bit contain an odd number of
ONE's. The central processor also supplies data and control signals through

the output registers and interface to the various spacecraft subsystems.

TheACMC has provision for ten program interrupts. These ten interrupts,
with their order of priority are: T6RUPT, TSRUPT, T3RUPT, T4RUPT,
KEYRUPT 1, KEYRUPT2, UPRUPT, DOWNRUPT, RADARRUPT, and HCRUPT.
The T3RUPT, T4RUPT, TS5RUPT, and T6RUPT routines are initiated by
counter overflows in the CMC. The DOWNRUPT routine is initiated at the
completion of every parallel-to-serial conversion for telemetry downlink oper-
ation, The remaining priority interrupt routines are initiated by external in-
puts to the CMC. The KEYRUPT 1 routine is initiated when a main panel DSKY
pushbutton is pressed. The KEYRUPT2 routine is initiated when a LEB DSKY
pushbutton is pressed or when priority control receives a mark signal from the
OSS. Thé UPRUPT routine is initiated upon receipt of each uplink word.

RADARRUPT is used only in the LM computer. HCRUPT is not used.

Before a priority program can be executed, the current program must
be interrupted; however, certain information about the current program must
be preserved, This includes the program counter and any intermediate re-
sults contained in the central processor. Priority control produces an inter-

rupt request signal, which is sent to the sequence generator., This signal
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acting as an order code, causes the execution of an instruction that transfers
the current contents of the program counter and any intermediate results to
memory. In addition, the control pulses transfer the priority program ad-
dress in the priority control to the central processor, and then to memory
through the write lines. As a result, the first basic instruction word of the
priority program is entered into the central processor from memory, and
execution of the priority program is begun. The last instruction of each
priority program restores the CMC to normal operation, provided no other
interrupt request is present. This instruction transfers the previous pro-
gram counter and intermediate results from their storage locations in mem-

ory back to the central processor.

Certain data pertaining to the flight of the spacecraft is used to solve
the guidance and navigation problems., This data, which includes real time,
acceleration, and IMU gimbal angles, is stored in memory locations, called
counters. The counters are continuously updated as new data becomes avail-
able. An incrementing process implemented by priority control changes the
contents of the counters. Data inputs to priority control are called incre-
mental pulses. FEach incremental pulse produces a counter address and a
priority request. The priority request signal is sent to the sequence gener-
ator, where it functions as an order code. The control pulses produced by
the sequence generator transfer the counter address to memory through the
write lines of the central processor. In addition, the control pulses enter
the contents of the addressed counter into the central processor for in-

crementing.

Real time plays a major role in solving guidance and navigation problems.
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Real time is maintained within the CMC in the main time counter of memory.
The main time counter provides a 745. 65 hour (approximately 31 days) clock.
Incremental pulses are produced in the timer and sent to priority control for.
incrementing the main time counter. The Apollo mission requires that the
CMC clock be synchronized with the Eastern Test Range (ETR) clock.

The CMC time is compared with AMR time once every two seconds by downlink

telemetry.

Continuous drive pulses originate in the timer as fixed-frequency timing
and strobe signals. The timing signals strobe the outputs from the output
registers and the resulting continuous drive pulses are sent to the spacecraft.
Rate signals, which are bursts of drive puises, originate in the output sec-
tion and are sent to the gyros and the ISS portion of the CDTU, and to the OSS
portion of the CDU, Rate signals are also used for controlling the attitude of
the spacecraft. The number of pulses in each burst and occurrence of each’ |
burst are controlled by a program. The program is dependent on incremental
pulse feedback to priority control from the IMU. The destination of the various
rate signals, as well as the type of rate signals (incrementing or decrement-

ing), are also selected by this program.

The downlink operation of the CMC is asynchronous to the spacecraft
telemetry system. The telemetry system supplies all the timing signals
necessary for the downlink operation. These signals include start, end, and

bit sync pulses. The end pulse is also sent to priority control.

A key code is assigned to each DSKY keyboard operation. When a key-
board pushbutton is pressed, the keycode is produced and sent to an input

register. The same keycode is also sent to priority control, where it
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~ produces both the address of a priority program stored in memory and a

priority request signal, which is sent to the sequence generator. An inter-
rupt request functions as an order code and initiates an instruction for
interrupting the program in progress and executing the priority program
stored in memory. A function of this program is to transfer the keycode,
temporarily stored in the input register, to the central processor, where it
is decoded and processed. A number of keycodes are required to specify an
address or a data word. The program initiated by a keycode also converts
the information from the DSKY keyboard to a coded display format. The
coded display information is transferred by another program to an output
register and sent to the display portion of the DSKY. The display notifies
the astronaut that the keycode was received, decoded, and processed properly

by the CMC,
2,3.2.1 Timer

The timer portion of the CMC generates all of the timing signals required
for operation of the computer and also supplies timing signals to other space-
craft subsystems. The timer is divided into the functional areas indicated in
Fig. 2-43. The oscillator is a crystal controlled modified Pierce oscillator
that generates a source frequency of 2. 048 mec for the clock divider
logic. Temperature compensated components in the oscillator circuit main-
tain a high degree of stability and assure an extremely accurate output fre-

quency to the divider logic.

The 2, 048 mc input from the oscillator is applied to the main divider
logic. This circuit divides the input frequency by two and generates the

following outputs: clear, write, and read control pulses which are applied to
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the central processor to produce the signals necessary to clear, write into,
and read out the flip-flop registers; 1. 024 mc gating pulses which are used
throughout the CMC; the master clock signal which is used to synchronize
other spacecraft systems; and a signal which is applied to the oscillator
alarm circuit in the power supply to indicate oscillator activity. In addition,
the main divider, by further freguency division, supplies 512 kc signals to

drive the ring counter and signals to the time pulse generator.

The ring counter generates pulses of 5 microseconds at a 102. 4 kc rate
which are used for gating and for deriving other timing functions in the CMC.
Ring counter outputs also provide the strobe pulses of 2 and 3 microseconds

at a 102. 4 kc rate.

The scaler consists of 33 identical divider stages (flip-flops) which are
cascaded so that frequency division is successive. The outputs include
timing and gating pulses, and the real time word which indicates time inter-

vals up to 23. 3 hours.

The time pulse generator consists of 12 flip-flops which generate a
sequence of 12 timing pulses (TO01 through T12). This sequence of timing
pulses defines one memory cycle within the CMC or a period of 11.7
microseconds in which word flow takes place. The STOP signal is used
during preinstallation testing to inhibit the time pulses from being generated,

and thereby preventing CMC word flow.

The ring counter, strobe pulse generator, and the scaler supply inputs
to the sync and timing logic. These inputs are used to derive gating and
strobe signals for the input and output channels, pulse outputs for the pro-

gram time counters in memory, and synchronization signals,.
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During standby operation, the oscillator, clock divider logic, and the
scaler are operative. The only outputs, however, that have functional sig-
nificance at this time are the real time word from the scaler and the syn-

chronization signals to other spacecraft systems.

. 2.3.2.2 Sequence Generator

The sequence generator contains the order code processor, command
generator, and control pulse generator (see Fig. 2-44). The sequence
generator executes the instructions stored in memory by producing control
pulses which regulate the data flow of the computer. The order code proces-
sor receives signals from the central processor and priority control. The
order code signals are stored in the order code processor and converted to
coded signals for the command generator. The instruction commands are
sent to the control pulse generator to produce a particular sequence of con-
trol pulses depending on the instruction being executed. At the completion
of each instruction, new order code signals are sent to the order code pro-

cessor to continue the execution of the program.

2.3.2.2,1 Order Code Processor. The register SQ control portion of the

order code processor is regulated by special purpose control pulses from
the c_qntrol pulse generator. These control pulses produce cleaf and write
signals for register SQ and initiate a read signal for register B. The clear,
read, and write signals place the order code content of register B onto the
write lines and into register SQ. The order code signals from the priority
control portion to instructions start, interrupt, and transfer contrdi to speci-
fied address. These order code signals cause the register SQ control to pro-

duce the clear signals. If the order code signal is start or transfer control to
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specified address, no further action occurs because the order code for each of
these instructions is binary 0 000 000. If the order code is interrupt, register

SQ is setto 1 000 111,

Register SQ is a seven-bit register with only six of its bit positions (16
and 14 through 10) connected to the central processor write lines. The seventh

(high order) bit position is the extend bit which is a zero for basic instructions

and is a one for other instructions.

The stage counter is a three-state gray counter. Most instructions are
several memory cycle times (MCT's) long. The stage counter controls the
length of each instruction. Most instructions use the two low-order bits of
the stage counter. The stage counter always starts an instruction with count
000. Then it may be advanced to 001, 010, or 011 by special purpose control
pulsés STi and ST2 from the control pulse generator. The gray code count is
used for the divide instruction. Control pulse DVST advances the counter
through the states 000, 001, 011, 111, 110, and 100. The control pulse ST2
sets the stage counter to 010 to complete the divide instruction. The content
of the stage counter is decoded into the ST code signals. Some of the ST code
signals réflect the standard binary count from octal 0 through 3, and others
reflect the gray code count of octal 0, 1, 3, 7, 6, and 4. The order code sig-
nals from the priority control sets the stage counter to a particular state in a
manner similar to that in which the SQ register is set. The interrupt order
code signal sets the stage counter to 000, the start order code signal sets it
001, and the transfer control to specified address signal sets it to 011. The
outputs of the SQ and stage decoders are sent to the command generator where

they are used to produce subinstructions and instruction commands.
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2.3.2.2.2 Command Generator., The subinstruction coder receives SQ

and ST code signals from the order code processor. These signals represent
the order codes of all machine instructions and are decoded into subinstruc-

tion and instruction commands.

The instruction decoder receives the coded signals from the order code
processor in addition to certain subinstruction commands. It produces signals
called instruction commands., An instruction command is used for two or
more subinstructions as compared to a subinstruction command which is

only used for one subinstruction.

The counter control receives instruction signals from the priority con-
trol. These signals are applied to separate circuits which control the individ-
ual counter instructions. The instruction signals from the priority control

pertain to counter locations and the instruction(s) associated with the location,

2.3.2.2., 3 Control Pulse Generator. Subinstruction and instruction com-

mand outputs of the command generator are used by the control pulse generator
in conjunction with time pulses TO01 through T12 to produce action pulses. The
crosspoint generator produces an action pulse when a command signal and a
time pulse are ANDed. This is called the crosspoint operation. The branch
commands are used to change the action pulse that normally is produced at a

given time,

The control pulse gates perform the Boolean NOR function. There is one
gate for each control pulse. These gates split the action pulse into as many
control pulses as are required for a particular operation. Some of the control
pulses produced by the control pulse gates are used by the sequence generator.

These include the special purpose control pulses which control the operation of
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the order code processor and the test control pulses which are applied to the
branch control. The other control pulse groups, namely the read, write, and
direct’ exchange control pulses are used in the central processor and the pri-

ority control,

"The branch control is connected to the write lines of the central proces-
sor., “Data placed onto the write lines by read control pulses are tested
in the branch control. The branch control contains two stages. Branch 1
normally tests for sign and branch 2 tests for full quantities such as plus or
minus zero., Both branches test for positive and negative overflow and have
the overflow bits written directly into the branch register. Positive over=-
flow is 01 where branch 1 is the high order bit. Negative overflow is 10,
The branch commands sent to the crosspoint generator affect the action pulses

at given times.

2.3.2.3 Central Processor

“All data and arithmetic manipulations within the CMC take place in the"
central processor (see Fig. 2-45). It primarily performs operations indi-
cated by the basic instructions of programs stored in memory. Communica-
tion within the central processor is accomplished through the write amplifiers.
Data flows from memory to the flip-flop registers or vice-versa, between
individual flip-flop registers, or into the central processor from external
sources. . In all instances, data is placed on the write lines and routed to a
specific register or to another functional area under control of the write, clear,
and read logic. This logic section accepts control pulses from the sequence
generator and generates signals to read the content of a register onto the

write lines, and write this content into another register of the central processor
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or to another functional area of the CMC. The particular memory location is
specilied by the content of the memory address register. The address is fed
from the write lines into this register, the output of which is decoded by the
address decoder logic. Data is subsequently transferred from memory to the
memory buffer register. The decoded address outputs are also used as gating

functions within the CMC.

The memory buffer register buffers all information read out or written
into memory. During readout, parity is checked by the parity logic and an
alarm is generated in case of incorrect parity. During write-in, the parity
logic generates a parity bit for information being written into memory.v The
flip-flop ‘registers are used to aécomplish the data manipulations and arith-
metic opérations. Each register is 16 bits or one computer word in length.
Data flows into and out of each register as dictated by control pulses associ-
ated with each register., The control pulses are generated by the write, clear,

and read control logic,

External inputs through the write amplifiers include the content of both
the erasable and fixed memory bank registers, all interrupt addresses from
priority control, control pulses, which are associated with specific arithmetic
operations, and the start addres's for an initial start condition. Information
from the input and output channels is placed on the write lines and routed to

specific destinations either within or external to the central processor.

2.3.2.4 Memory

Memory consists of an erasable memory with a storage capacity of 2, 048
words, and a fixed core rope memory with a storage capacity of 36, 864 words.

(See Fig. 2-46). Erasable memory is a random-access, destructive-readout

2-124



N—— WORD RETURN
FonTER @ ERASABLE S%E:IIOSN ERASABLE
ADDRESSES L MEMORY
WRITE LINES MEMORY CORE
SELECTION be 3
DECODED ADDRESS
1 ADDRESS DECODER — 8
] TIMING STROBE SENSE
PULSES | SIGNALS SIGNALS
)
|
- ERASABLE My ERA:S:LE WORD
ADDRESSE g MEMORY
SRS et se [ e cesson
TIMING AMPLIFIERS CENTRAL ,
TIMING
CENTRAL b PULSES WORD
PROCESSOR l
|
STROBE
FIXED FIXED
ADDRESSES MEMORY i MEMORY
CYCLE SENSE
TIMING AMPLIFIERS
) STROBE SENSE
{ " SIGNALS SIGNALS
1 \
ADDRESSES
SELECTION
FIXED
ADDRESSES FIXED SIGNALS MEMORY
WRITE LINES MEEM&R:)N s
SELECT!
DECODED ADDRESS ROPES
ADDRESS DECODER —

Fig. 2-46,

Memory Functional Block Diagram.

2=125



storage device. Data stored in erasable memory can be altered or updated.
Fixed memory is a nondestructive storage device. Data stored in fixed mem-

ory is unalterable since the data is wired in and readout is nondestructive.

Both memories contain magnetic-core storage elements. In erasable
memory the storage elements form a core array; in fixed memory the storage
elements form three core ropes. Erasable memory has a density of one word
per 16 cores; fixed memory has a density of 12 words per core. Each word

is located by an address.

In fixed memory, addresses are assigned to instruction words to specify
the sequence in which they are to be executed, and blocks of addresses are
reserved for data, such as constants and tables. Information is placed into
fixed memory permanently by weaving patterns through the magnetic cores.
The information is written into assigned locations in erasable memory with

the DSKY's, uplink, or program operation.

Both memories use a common address register (register S) and an address
decoder in the central processor. When register S contains an address per-
taining to erasable memory, the erasable memory cycle timing is energized.
Timing pulses sent to the erasable memory cycle timing then produce strobe
signals for the read, write, and sense functions. The erasable memory
selection logic receives an address and a decoded address from the central
processor and produces selection signals which permits data to be written into
or read out of a selected storage location. When a word is read out of a
storage location in erasable memory, the 1ocafion is cleared. A word is
written into erasable memory through the memory buffer register (register G)

in the central processor by a write strobe operation. A word read from a
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storage location is applied to the sense amplifiers. The sense amplifiers are
strobed and the information is entered into register G of the central processor.

Register G receives information from both memories.

The address in register S energizes the fixed memory cycle timing when
a location in fixed memory is addressed. The timing pulses sent to the fixed
memory cycle timing produce the strobe signals for the read and sense func-
tions. The selection logic receives an address from the write lines, a decoded
address,and addresses from register S, and produces selection signals for the
core rope. The content of a storage location in fixed memory is strobed from
the fixed memory sense amplifiers to the erasable memory sense amplifiers

and then entered into register G of the central processor.

2.8.2.5 Prierity Control

Priority control is related to the sequence generator in that it controls
all involuntary or priority instructions. Priority control processes input-
output information and issues order code and instruction signals to the se-
quence generator and twelve-bit addresses to the central processor. (See

Fig. 2-47.)

Priority control_ consists of the start, interrupt, and counter instruction
control circuits. The start instruction control initializes the CMC if the
program works itself into a trap, if a transient power failure occurs, or if
the interrupt instruction control is not functioning properly. The CMC is
initialized with the start order code signal, which not only forces the sequence
generator to execute the start instruction, but also resets many other CMC
circuits., When the start order code signal is being issued, the T12 stop sig-

nal is sent to the timer. This signal stops the time pulse generator until all
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essential circuits have been reset and the start instruction has been forced by

the sequence generator.

The interrupt instruction control can force the execution of the interrupt
instruction. This is done with the interrupt order code signal which is sent
to the sequence generator and the twelve bit address sent to the central pro-
cessor. There are ten addresses each of which accounts for a particular
function that is regulated by the interrupt instruction control. The interrupt
instruction control links the keyboards, telemetry,and time counters to pro-
gram operations. The interrupt addresses are transferred to the central
processor by read control pulses from the sequence generator. The source
of the keyboard, telemetry, and time counter inputs is the input-output cir-
cuits. The interrupt instruction control has a built-in priority chain which
allows sequential control of the ten interrupt addresses. The decoded
interrupt addresses from the central processor are used to control the pri-

ority operation.

The counter instruction control is similar to the interrupt instruction
control in that it links input-output functions to the program. It also supplies
twelve-bit addresses to the central processor and instruction signals to the
sequence generator. The instruction signals cause a delay (not an interrup-
tion) in the program by forcing the sequence generator to execute a counter
instruction. The addresses are transferred to the central processor by read
control pulses. The counter instruction control also has a built-in priority
of the 29 addresses it can supply to the central processor. This priority is
also controlled by decoded counter address signals from the central pro-
cessor, The counter instruction control contains an alarm detector which

produces an alarm if an incremental pulse is not processed properly.
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2.3.2.6 Input-Output

The input-output section accepts all inputs to, and routes to other sub-
systems all outputs from the CMC. Most of the input channels and the
output channels are flip-flop registers similar to the flip-flop registers in the
central processor. (See Fig. 2-48.) Certain discrete inputs are applied to
individual gating circuits which are part of the input channel structure. Typi-
cal inputs to the channels include keycodes from the DSKY, from other GNCS
subsystems, and other spacecraft systems as shown. Input data is applied
directly to the input channels; there is no write process as in the central
processor. However, the data is read out to the central processor under
program control. The input logic circuits accept inputs which cause inter-
rupt sequences within the CMC. These incremental inputs (such as, acceler-
ation data and SXT shaft and trunnion angles) are applied to the priority con-

trol circuits and subsequently to associated counters in erasable memory.

Outputs from the CMC are placed in the output channels, and are
routed to specific systems through the output interface circuits. The opera-
tion is identical to that in the central processor. Data is written into an out-
put channel from the write lines and read-out to the interface circuits under
program control., Typically, these outputs include outbits to the reaction
“control system, the DSKY, the ISS, and OSS. The downlink word is also
loaded into an output channel, and routed to the spacecraft telemetry system

by the downlink circuits,

The output timing logic gates synchronization pulses (fixed outputs) to
the other GNCS subsystems and the spacecraft. These are continuous out-
puts since the logic is specifically powered during normal operation of the

CMC aand during standby.
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2.3.2.7 Display and Keyboard

The display and keyboard (DSKY) allows the aétronaut to exercise control
of the CMC. The DSKY consists of a keyboard, power supply, decoder, relay
matrix, status and caution circuits, and displays (see Fig. 2-49).

The keyboard contains the key controls with which the astronaut operates
the DSKY. Each of the key controls is lighted by 115 vac, 400 cps. Inputs to
the CMC initiated from the keyboard are processed by the program. The re-
sults are supplied to either the decoder and relay matrix or to the status and
caution circuits for display. Each key when pressed produces a 5-bit code.
The keycode enters the CMC and initiates an interrupt to allow the data to be
accepted. The key reset signal (+28 vdc) is generated each time a key is re-
leased, and conditions the CMC to accept another keycode. The reset code
and signal (+28 vdc) is used when the astronaut wishes certain display indica-
tors to go out. It also checks on whether a particular indication is transient
or permanent. The clear code is used when the astronaut wishes to clear
displayed sign and digit information. Key release turns the control of dis-
playing information on the DSKY over to the CMC. The proceed signal com-
mands the CMC to continue the program without further crew action. It also is
used, after an enter keycode, to command the CMC to the standby mode.

The power supply utilizes +28 vdc and +14 vdc from the CMC power sup-
ply and an 800 cps sync signal from the timer to generate a 250 volt, 800 cps
display voltage. The display voltage is applied to the displays through the
relay matrix and status and caution circuits.

The decoder receives a four bit relay word (bits 12 through 15) from

channel 10 in the CMC. The decoded relay word, in conjunction with relay
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bits 1 through 11 from channel 10, energizes specific relays in the matrix.
The relays are energized by the coincidence of a selection signal from the
diode matrix in the decoder which produces a row selection signal, and re-
lay bits which produce column selection signals. Relay selection allows the
display voltage (250 vac) from the power supply to be routed to the proper
sign and digit indicators. Relay selection also allows the alarm common

(0 vde), or +5 vde from the GNCS, or +5 vdec from the spacecraft to be routed
through the relay to the GNCS, or the spacecraft (caution signals), or the
proper status and caution indicators, respectively. All relays associated

with the relay matrix are the latching type.

The status and caution circuits receive all CMC status and caution sig-
nals. Each signal is applied to a driver circuit and to an associated relay.
When a relay is energized, it allows the voltage from the DSKY power supply
(250 vac) or +5 vdc or 0 vdc from the GNCS or spacecraft to be routed to the
proper display indicators or equipment. The voltage from the power supply
is routed through a relay to the computer activity indicator (COMP ACTY).
The +5 vdc is routed through relays to the following status and caution indi-

cators: UPLINK ACTY, RESTART, OPR ERR, KEY REL, and TEMP.

The displays consist of sign and digital (operational and data display) and
“status and caution indicators. The sign and digital indicators allow the astro-
naut to observe the data entered or requested from the keyboard. The status
and caution indicators present an indication of any variance from certain

normal operations.
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2,3.3 CMC Power Supplies

The CMC power is furnished by the switching regulator power supplies,
+4 volt and +14 volt. (See Fig. 2-50,) Primary +28 vdc power is applied to
the power input circuit of the +4 vdc power supply, filtered, and applied to
the power output circuit. A second filter supplies output +28 COM to both the
CMC and the DSKY. A zenor diode regulator in the power input circuit sup-
plies +9. 2 vdc to the voltage regulator. The voltage regulator is a parallel
regulator which operates on a 50 kc sync signal from the timer. The 50 kc
signal triggers a multivibrator circuit in the voltage regulator, the output of
which is of sufficient duration to provide 4 vdc to the power output circuit.

The 4 vdc output is regulated by feedback from the power output circuit.

Operation of the +14 volt power supply is identical to the +4 volt power

supply with the exception that a 100 kc sync signal is used instead of 50 kc.

Standby operation, which is initiated by the PRO button on the DSKY, after
an enter keycode, allows the CMC to conserve power by operating in a low power
mode. (Retention of stored data is maintained during the standby state.) Signal

SBYREL disables the +4 SW and BPLSSW outputs during the standby mode.

2.3.4 CSS Modes of Operation

The mission is divided into programs. The currently active program is dis-
played as a two-digit, decimal number in the DSKY program display. A few pro-
grams are automatically entered upon termination of a previous program: e.g.,

entry programs. Most programs are initiated by the crew through the DSKY,
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Submodes which consist of routines or a component of a routine are
normally performed in succession automatically or semiautomatically. Some
subroutines may be specifically called for by the crew by selecting the specific
keyboard combinations. Upon completion of any subroutine, the entire routine

may be halted by DSKY entry,

A CMC standby state is entered by pressing the PRO pushbutton on the
DSKY (see paragraph 2,3.3). During this state, the maximum average CMC

power dissipation drops from 100 watts to 10 watts.

2.3.5 CMC Monitoring

2.3.5.1 CMC Alarm Detection Circuits

The alarm detection circuits perform monitoring and conditioning of some
key CMC signals. These circuits do not particularly belong to any of the func-
tional areas described in paragraph 2, 3,2, but monitor and provide alarm

signals to many of these circuits (see Fig. 2-51),

The voltage alarm circuit monitors (by means of differential amplifiers)
the +28 COM, +14 vdc,and +4 vdc outputs from the CMC power supplies and
generates a signal VFAIL for an out-of-limits condition or complete failure of
any one of these power supplies. Signal VFAIL, conditioned by timing signals,
generates signal STRT1 from the logic circuits, provided it is not inhibited
by interface signal NHVFAL, Signal STRT1, when épplied to priority control,
prevents counter instructions from being executed, Simultaneously, if the
computer is in the standby mode, an input (FILTIN) is issued to the warning

integrator. This input is controlled by signal STNDBY.
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The oscillator alarm circuit generates signal STRT2 if the CMC 2. 048
megacycle oscillator should fail or if the CMC is in the low power mode
(standby). A delay circuit in the oscillator alarm assures signal STRT2 is
applied to priority control to prevent the counter instructions from being
executed. This condition remains until the oscillétor starts running., Signal
STRT2 also causes the generation of signal OSCALM from the logic circuits

to input channel 33, bit position 15,

There are two scaler alarm circuits in the CMC: scaler alarm and double
frequency scaler alarm. The scaler alarm provides a check on the timer,
scaler stage 17 and generates signal SCAFAL when stage 17 fails to produce
pulses. Signal SCAFAL generates signal CMCWAR directly from the
logic circuits to the input-output channels that interface with relays in the
DSKY. Double frequency scaler alarm generates signall 2FSFAL if the 100 pps
scaler signal (signal SCASIO from the logic circuits conditioned by timer sig-
nals) should fail, Signal 2FSFAL provides an input to signal FILTIN which

causes signal CMCWAR to be generated,

The warning integrator initiates the generation of warning signal CMCWAR
from the logic circuits. Input signal FILTIN, conditioned by timing signals,
represents restart or counter fail signal (DOFILT), voltage fail in standby

mode, alarm test signal (ALTEST), or double frequency scalar alarm,

If either CMC power supply is out of limits or fails completely or if the
CMC is in the standby mode, the MYCLMP circuit output inhibits access to
memory. Operation of the MYCLMP circuit is identical to that of the voltage

alarm circuit. It employs a differential amplifier that has a threshold voltage
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applied to it. If the +4 volt input veltage falls below this threshold signal,

MYCLMP goes high indicating an alarm condition,

The incorporation of a +5 ‘vde source within the alarm detection circuits

eliminates the need for more semiconductors, and components normally used

where a reference voltage is required.

The IMU stable member temperat’ure is also monitored by the alarm
circuits. Signal TEMPIN, an indication that the stable member temperature
is outside its design limits, ‘causes signal TMPCAU to be generated and

routed to the DSKY for display (TEMP).

2.3.5.2 Caution and Wafﬁing Indications

The caution and warning indicators associated with.the CSS are the
CMC and’ ISS warning lamp,.sl on the MDC and LEB G & N panels; and
RESTART, TEMP, GIMBAL LOCK, PROG,and TRACKER on the DSKY.
Whenever a failure is sensed,. one or more of these lights come on, the
MASTER ALARM lamp lights, and an audible tone is introduced into the head-
sets of all crew members. The tone may be stopped and the MASTER ALARM
light put out by pressing th¢ MASTER ALARM pushbutton, but the abpropriate

warning light remains on until the trouble is cleared up.

Each of the caution and warning indicators are actuated by relays con-
tained in the DSKY. A generalized logic diagram of CMC and DSKY circuits
is contained in Fig, 2-52. Each OR gate immediately preceding an indicator
is a representation of DSKY feléy légic. (Table 2-1 .describes some of the

caution and warning signals.)
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Signal I " =% Descript'io'n" o

"4 ¥ ¥

4

Rupt Lock : Occurs 1f 1nterrupt is tob Iong or too in-
frequent The criterion’ fotr “too long"
phase dependent varying from '140 ms to
300 ms., Likewise, the crlterlon for "too
infrequent' varies from' 140 ms to 300 ms,
TC Trap Occurs if too many TC or TCF (transfer
control) 1nstruct10ns are run-or are too
infrequent. The criterion for "too many -
varles ‘from 5 ms to 15 ms duratlon and
for "too 1nfrequent" if varies fom 5 ms

- to 15° ms absence

Oscillator Fail ,Occurs it CMC 2, 048 me oscﬂlator stops.
»A 250 -millisecond delay keeps the fail

signal present after the ‘'os c111afcgr starts,

Parity Fail i 'Occurs when parity test falls CMC uses .
odd parlty and tests every word read out of

memory above address octal 10,

Night Watchman Occurs if the computer- should fail to access
address 67 within a perlod whose duratlon

varies from 0, 64 seconds to 1. 92 seconds

Restart o y : Occurs when any of the precedmg s1gnals

| are present and the CMC,],S in the operate

" mode (not in standby). Also is caused by
certain program alarms and can be forced
by DSKY entry. It causes the CMC to
return to a prior point in the program and
lights the RESTART indié’ato‘r It is reset

by an alarm reset or program reset

Alarm Test - Test input for checkmg CMC alai“m circuits

Counter Fail > ' Occurs if counter 1ncrements happen ‘too

_ frequently or else fail to happen following

Table 2-1, Description of Caution and Warning Activation Signals (Sheet 1 of 4)

2-142



Signal ey Description

an increment request, ''Too frequently"
means continuous counter request and/or

incrementing for from 0,625 ms to 1,875

ms,
Double frequency Occurs if the 100 pps scaler stage operates
scaler fail at a pulse rate of 200 pps or more,
V Fail Occurs if the CMC voltages (28, 14, 4) are
’ out of limits, The following criteria apply
for V fail:

4V supply > 4,4V 14V supply > 16V
4V supply< 3.65V 14V supply < 12,5V
28V supply < 22,6V

Standby Turns off the switchable +4 and +14 vdc,

' thus putting the CMC into a low power mode
where only the scaler, timing signals, and
a few auxiliary signals are operative, |
Standby is initiated by first setting the
ENABLE STANDBY outbit (Channel 13,

bit 11), and then pressing the PRO button

on the DSKY for a time, which varies from
0.64 seconds to 1, 92 seconds, All CMC
alarms are inhibited during the standby
mode with the exception of CMC warning,
which can be caused by a prime voltage
failure or scalér fail; and TEMP caution,
which can be caused by temperature

alarm issued when IMU temperature is |
out of limits,

Scaler Fail Occurs if scaler stage 17 (1,28 sec, period)
fails to produce pulses, This provides a

check on the timing for all logic alarms,

Prime PbWer Fail Occurs if +28'vdc prime power falls
below 23 volis,

Table 2-1, Description of Caution and Warning Activation Signals (Sheet 2 of 4)
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Signal GRS Description

ISS CDU Fail . _Occ‘ur.s under t.hev following conditions
7 ’(but not during CDU zero moding):
1) ZXCDU fine error in excess of
L0 vrms ]
2) CDU coafse error in excess of
2,5 vrms o
3) Read counter limit cycle in -
excess of 160 cps
4) ~ Cos (6-@ below 2.0 volts
5) +14 volt supply decrease to

' 50% of nominal level

IMU Fail ’ | " Occurs under the following conditions
' (but not during coarse align or the 5
second interval following coarse
align):
1) 1G Servo Error - Greater than
2,9 milliradians for 2 seconds
- 2) MG Servo Error - Greater than
© 2,9 milliradians for 2 seconds
- 3) OG Servo 'Errof - Greater than
© 2,9 milliradians for 2 seconds
. 4) 3200 cps decrease for 50% of
.. nominal level
5) 800 wheel supply decrease of
50% of nominal level

PIPAVFail | Occurs if no puvls'es arrive from an

e ' accelerometer during a 312, 5 micro-
second period, or if both plus and min-
us pulses occur, or if a long duration

" (L.28s to 3. 84s) without at least one
plus pulse and one minus pulse arriv-
ing, The CMC only generates the fail .

- signal during CMC controlled translation

or thrusting maneuvers,

Table 2-1, Description of Caution and Warning Activation Signals _(Sheet 3 of.4)
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Signal

Description

Gimbal Lock

Temp out of limits

OSS CDU Fail

Program Caution

Light Test

Alarm Reset

Program Reset

Occurs when the IMU middle gimbal angle -
(MGA) exceeds 70°, (When the MGA ex-
ceeds 850, the ISS is downmoded to coarse
align and the NO ATT indicator on the DSKY
is activated). Gimbal lock is defined as a
condition in which the IMU middle gimbal
has moved to a position such as to make
the outer and inner gimbal axes colinear,
When the middle gimbal angle reaches 700,
the CMC issues a warning of the impending
gimbal lock (in excess of 85°, where the

stabilization loops become unstable).

Occurs when stable member temperature
is outside the range 126, 3°F to 134, 3°F,

Occurs under the following conditions
(but not during CDU zero moding):
1) CDU fine error in excess of 1, 0 vrms
2) CDU coarse error in excess of
2.5 vrms
3) Read counter limit cycle in excess
of 160 cps
4) Cos (@-#) below 2.0 volts
5) +14 volt supply decrease to 50% of

nominal level

Caused by a program alarm, (See para-

graph 2, 3.5, 3 for description,)
Tests RESTART and STBY lights,

Furnishes a reset from the DSKY for
RESTART and OPP ERR indicators.

A reset for the RESTART indicator irom
the program, issued if the problem which

caused the restart nas gone away,

Table 2-1, Description of Caution and Warnin‘g Activation Signals (Sheet 4 of 4)
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2,3.5.3 Program Alarm

The program alarm is a program-controlled alarm that is issued
when program check has failed, The program alarm lights the PROG

alarm indicator on the DSKY.

Upon issuance of the program alarm, the CMC also issues a
five-digit error code, This error code indicateé the specific con-
dition that caused the alarm, and thereby, vprovides diagnostic data
to an information level at which the crew can make effective deci-
sions, The alarm codes are listed in Table 2-2, Main alarms
(indicated by # in Table 2-2) display the error codes on the DSKY
when the alarm occurs; side alarm codes are displayed only by

keying V5NIE,

If only one alarm has occurred since the last reset, its code
appears in DSKY register one, If two alarms have occurred since
thexlast réset, the first aiarm code appears in register one and
the second in register two, If more than two alarms have occurred
since that last reset, the first and second alarm codes are displayed
in registers one and two, respectively, and the last alarm code is

displayed in register three,

Some computer alarms also initiate a computer restart, These
alarms are called aborts and are mostly intended for program de-
bugging and ground checkout, They are indicated by an asterisk

in Table 2-2,
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ALARM
CODE

00110

00112

00113

00114

00115

00116

00117

00120

DESCRIPTION

NOQ- MARKS SINCE LAST MARKS REJECT
INDICATES THAT OPERATOR PRESSED
MARK REJECT BUTTON UNNECESSARILY.

MARK REJECT WHILE MARKS NOT

REING ACCEPTED.
INDICATES A MARK REJECT WAS MADE
WHILE CMC WAS NOT ACCEPTING MARKS.

NO INBITS IN LOW SEVEN BITS OF
CHANNEL 16,

NOT VERY LIKELY TO OCCUR,

CAN ONLY OCCUR IN MARKRUPT PRO-
GRAM WHICH IS ENTERED BY MARK,
MARK REJECT, OR DSKY KEYCODE,
EACH OF WHICH SETS ONE OF THE
LOW SEVEN BITS OF CHANNEL 16.

MARK MADE BUT NOT DESIRED.
INDICATES THAT AN UNNEEDED MARK

WAS MADE (F. Gey MORE MARKS THAN
NEEDED) «

OPTICS TORQUE REQUEST WHEN OPTICS
IS NOT IN CMC MODE.

OPTICS SWITCHED FROM ZERO MODE
BREFORE 15 SECOND ZEROING TIME
HAS ELAPSED. .

OPTICS TORQUE REQUEST WHEN
OPTICS NOT AVAILABLE.
OCCURS WHEN V41 N91 IS

"ATTEMPTED WHILE CMC HAS RESERVED

OCDU'S FOR OTHER USE.

OPTICS TORQUE REQUEST WITH OPTICS
NOT ZEROED,

TABLE 2-2. COMPUTER ALARMS
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CORRECTIVE ACTION

KEY RSET.
CONTINUE NORMAL OPERATION.
KEY RSET.

CONTINUE NORMAL OPERATION.

KEY RSET.

REATTEMPT THE ENTRY INTO
MARKRUPT PROGRAM WHICH FAIL-
ED (MARK, MARK REJECT,y OR
KEYCODE)

IF ALARM RECURSy DESIRED
ENTRY IS NOT POSSIBLE.

KEY RSET.

CONTINUE NORMAL OPERATION.
SET OPTICS MODE SWITCH TO CMCe.
SET ORPTICS ™MODE SWITCH TO
LERO.

KEY RSET.

WAIT 15 SECONDS AND CONTINUE
NORMAL OPERATION.

KEY RSET.

(V41 N91 CANNOT BE PERFORMED
AT THIS TIME.)

SET OPTICS ZERO SWITCH TO
ZERO.

KEY. RESET.

"WAIT 15 SECONDS AND CONTINUE

NORMAL OPERATION.

(SHEET 1 OF 9)



00121

00122

00205

00206

00207

00210

00211

CDUS NO GOOD AT TIME OF MARK.

INDICATES A CDU SWITCHING TRAN=
SCIENT OCCURRED WHILE MARKING.

MARKING NOT CALLED FOR,
INDICATES A MARK WAS MADE
WHILE CMC WAS NOT IN THE
MARK PROGRAM. -

PIPA SATURATED.

OCCURS DURING AVERAGE G ROUTINE
IF A PIPA REGISTER EXCEEDS 6400
PULSES IN TWO SECONDS. THIS IS
EQUIVALENT TO AN ACCELERATION OF
OVER 19 G'S.

MOST LIKELY WILL OCCUR WITH AN
ISS WARNING LIGHT.

ZERD ENCODE NOT ALLOWED DURING
COARSE ALIGN WITH GIMBAL LOCK,
IN THIS CONDITION, ZERO ENCODING
CAN ONLY BE DONE BY FIRST COM-
MANDING COARSE ALIGNMENT TO

ZERD BY V&4l.

ISS TURN=ON NOT PRESENT FOR 90
SECONDS .

IMU NOT OPERATING.

OCCURS WHEN ICDU ZEROING IS
ATTEMPTED AND ‘TMU OPERATE BIT
IS NOT PRESENT.

COARSE ALIGN ERROR.
OCCURS WHEN GIMBAL ANGLES ARE

NOT WITHIN TWO DEGREES OF COM-

MANDED POSITION AT COMPLETION
OF COARSE ALIGNMENTS.

MARK REJECT AND REPEAT MARK.

KEY RSET.

CONTINUE NORMAL OPERATION.
SWITCH TO SCS CONTROL.
FOLLOW MALFUNCTION PROCEDURE
FOR ISS WARNING LIGHT.

IMU PROBABLY ‘UNUSEABLE FOR
VELOCITY MEASUREMENTS

" KEY RSETe

KEY V41 N20E AND LOAD
00000E
00000E
00000E

KEY V40 N20E.

KEY RSET.

REINITIATE ISS TURN ON SEQUENCE.
KEY RSET.

PERFORM ROUTINE ROO AND ISS
TURN=ON SEQUENCE.

REINITIATE DESIRED PROGRAM.

TO DETERMINE MAGNITUDE OF
ERROR KEY VO6 N20OE FOR
DISPLAY OF GIMBAL ANGLES.

IF IN P51, P52y P53y, OR P54
CONTINUE ALIGNMENT. RECORD
GYRO TORQUING ANGLES. DO FINE
ALIGN CHECK IN P52 0OR P54,

IF DOING V41N20, TERMINATE
V41l. ALIGNMENT MUST BE DONE
BY AN ALIGNMENT PROGRAM.

TABLE 2-2. COMPUTER ALARMS (SHEET 2 OF 9)
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00212

00213

00214

00215#

00217

0040 1%

00404

PIPA FAILURE WHILE PIPA'S ARE
NOT IN USE.

IMU NOT OPERATING WITH TURN
ON REQUEST

1SS TURNED OFF WHILE IN USEs

IMU ORIENTATION NOT SPECIFIED
AND PREFERRED ORIENTATION HAS
BEEN SELECTED.

BAD RETURN FROM STALL ROUTINES,
INDICATES ISS MODE SWITCHING
FATLURE.

DESIRED GIMBAL ANGLES YIELD
GIMBAL LOCK.

TARGET OUT OF VIEW (90 DEGREE
TEST) .

DCCURS DURING AUTO OPTICS
POSITIONING IF THE COMPUTED
TRUNNION ANGLE IS GREATER
THAN 90 DEGREES.

TABLE 2-2.
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KEY RSFT,
PERFORM PIPA BIAS CHECK.
IF ALARM PERSISTS GNCS TVC

AND ENTRY CAPABILITY MAY
BE LOST,

KEY RSET.

PEREORM 1SS TURN ON SEQUENCE

AND REINITIATE DESIRED

PROGRAM,

SEF ALARM 00213.

KEY RSET.

PERFORM EITHER A OR B:

A) KEY V32E AND SELECT
NOMINAL ORIENTATION OR
REFSMMAT OPTION.

R) KEY V34E AND PERFORM
PROGRAM (P40 OR P41)

TO DEFINE PERFERRED
DRTENTATION.

KEY RSET,

REINITIATE CURRENT PROGRAM:

IF ALARM RECURS, TERMINATE

USE OF 1SS,

KEY RSET,

EITHER SELECT NEW GIMBAL

ANGLES DR MANEUVER SPACECRAFT

TO AVOID GIMBAL LOCK.

PERFORM A OR B:

A) MANUALLY MANEUVER SPACE-
CRAFT UNTIL OPTICS CAN
ACOUIRE TARGET.

KEY PRO.

KEY RSETe

COMPUTER ALARMS (SHEET 3 OF 9)



00404

(CONT,)

00405# TWO USEABLE STARS NOT- AVAILABLE

00406

00407

3

RENDEZVOUS NAVIGATION PROGRAM
NOT DPERATING.

- OCCURS IF RENDEZVOUS: TRACKING

DATA PROCESSING ROUTINE (R22) IS
REQUESTED WHEN:  RENDEZVOUS NAVI-
GATION PROGRAM .(P20) IS NOT
RUNNING.

TARGET OUT OF VIEW (38 DEGREE
TEST)e OCCURS DURING AUTO
OPTICS POSITIONING IF COMPUTED
TRUNNION ANGLE EXCEEDS 38
DEGREES.

TABLE 2-2. COMPUTER ALARMS
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S ATTITUDE,

B) TERMINATE AUTO-OPTICS

POSITIONING ROUTINE BY
SETTING OPTICS MODE SWITCH
TO MAN. ACOUIRE TARGET
MANUALLY «

KEY PRO.

KEY RSET«
PERFORM A OR B:

A) MANEUVER SPACECRAFT UNTIL
TWO USEABLE STARS ARE
MANUALLY ACQUIREDs THEN
KEY PRO.

B) MANEUVER SPACECRAFT UNTIL
TWO USEABLE. STARS MAY BE
AUTOMATICALLY ACOUIRED,
THEN KEY V32E.

KEY KEY RELe.
KEY RSET.

(R22 CANNOT BE PERFORMED.)

DURING STAR  OR LANDMARK
TRACKING EITHER MANUALLY
MANEUVER SPACECRAFT UNTIL
TRUNNION ANGLE IS LESS THAN
38 DEGREES OR RESELECT TARGET

FOR STAR CODEs KEY V21 N70E.

FOR LANDMARK COORDINATES,
V25N89E.

KEY

DURING LM TRACKING,y EITHER
MANUALLY MANEUVER SPACECRAFT
BACK TO PREFERRED- TRACKING
OR ALLOW AUTOMATIC
MANEUVER BY SETTING SC CONT
SWITCH TO CMC AND/OR KEYING
V58E.

KEY RSET.
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00421

00607

00611#

00700

01102

01103

01104%

W MATRIX OVERFLOW.

INDICATES THAT W MATRIX HAS
BEEN INTEGRATED  FORWARD WITHOUT
NEW NAVIGATION UPDATES FOR SO
LONG A TIME THAT TERMS 1IN THE
MATRIX EXCEED THEIR SCALE
FACTORS . ; '

HYPFRBOLIC SOLUTION TO LAMBERT
ROUTINE OR NO SOLUTION TO CONIC
INTEGRATION,

GNCS TvC IS AUTOMATICALLY

TERMINATED BUT THRUSTING IS NOT.

NOTE: IN P40 AND P41, V5N9E MUST
BE KEYED FOR ALARM CODE
DISPLAY.,

GETI (TPI) DOES NOT EXIST FOR
GIVEN ELEVATION ANGLE (E).

CHANGE IN STATE VECTOR EXCEEDS
DELTA V OR DELTA R THRESHOLD.
OCCURS IN R22.

SELF TEST ERROR.

UNUSED CCS BRANCH,
INTENDED FOR PROGRAM DEBUGGING;
NOT LIKELY TO OCCUR IN FLIGHT,

DELAY ROUTINE BUSY.
INTENDED FOR CMC CHECKOUT 3
NOT LIKELY TO OCCUR IN FLIGHT.

TABLE 2-2.
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KEY RSET.

GET STATE VECTOR UPDATE FROM
GROUND (P27) e

IF ALARM OCCURS IN P40 0OR P41
CMC WILL AUTOMATICALLY ENTER
ROO$

TERMINATE THRUSTING

KEY RSET AND RETARGET WITH NEW
PARAMETERS

IF ALARM OCCURS IN P34,
P74y OR PT75:

P35,

KEY V32F.

KEY RSET.

REDD TARGETING PROGRAM.

KEY V32F AND RELOAD ELEVATION.
KEY RSET.

EITHER ACCEPT UPDATE RY KEYING
PRO, OR REJECT BY KEYING

V32F.

REINITIATE SELF TEST. IF
FAILURE RECURS, SELF TEST HAS
FAILED. CMC MAY NOT RE
USEARLE.

KEY RSET.

TERMINATE AND REINITIATE
PROGRAM.

IF ALARM RECURS, PERFORM CMC

SELF CHECKe.

SEE _ALARM 01103.

COMPUTER ALARMS (SHEET 5 OF 9)



01105 DOWN TELEMETRY TOO FAST, KEY RSET.
OCCURS WHEN END OF WORD PULSE

RATE OF DOWNLINK FXCEFDS - NOTIFY MSFN.
100PPS,
01106 UP TELEMETRY TOO FAST. REQUEST MSFN TO RETRANSMIT UP
LOCKS 0OUT UPLINK WHEN INCOMING TELEMETRY DATA.
BIT RATE EXCEEDS 6400 BITS PER

SECOND KEY RSET.

IF ALARM RECURS, PERFORM CMC
UPDATE BY VOICELINK.

NOTE: ALARMS 01107 THROUGH 01404 ARE INTENDED FOR CMC TESTING
AND DERUGGING. THEY ARE NOT LIKELY TO OCCUR IN FLIGHT.

01107 PHASE TABLE DOFS NOT AGREE AFTER CMC DOES AUTOMATIC FRESH
RESTART « START.

REINITIALIZE ERASABLE MEMORY. !

01110 RESTART WITH NO ACTIVE PHASE. KEY RSET.

INDICATES CMC RESTART WHEN CMC
WAS NOT ENGAGED IN AN ACTIVE NO ACTION NECESSARY ’

MISSION PHASE OR -RENDEZVOUS
TRACKING. (SEE NOTE PRECEDING
ALARM 01107.)

01201% NO VECTOR ACCUMULATOR AREAS TERMINATE AND REINITIATE PROGRAM,

AVAILABLE. DOCCURS WHEN MORE THAN
FIVE JOBS REQUIRING VAC AREAS KEY RSET.
ARE REQUESTED AT THE SAME L (3 ,
TIME. (SEE NOTE PRECEDING IF ALARM RECURS, PERFORM CMC
ALARM 01107.) SELF CHECK.
01202% NO CORE SETS AVAILABLE. SEE ALARM 01201,

OCCURS WHEN MORE THAN SEVEN
JOBS ARE REQUESTED AT ONE
TIME. (SEE NOTE PRECEDING
ALARM 01107,

01203*% WAITLIST OVERFLOW =TOO MANY TASKS. SEE ALARM 01201«
OCCURS WHEN MORE THAN SEVEN
TASKS ARE REQUESTED AT ONE |
TIME. (SEE NOTE PRECEDING ‘ |
ALARM 01107,)

01206% SECOND JOB ATTEMPTS TO GO TO SEE ALARM 01201,
SLEEP VIA KEYBOARD AND
DISPLAY PROGRAM. (SEE NOTE ‘ -4 |
PRECEDING ALARM 01107.)

TABLE 2-2, COMPUTER ALARMS (SHEET 6 OF 9)
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01207*% NO VECTOR ACCUMLATOR AREAS SEE ALARM 01201.
AVATLABLE FOR MARKS,
NCCURS IF A MARK IS RECIEVED
WHEN ALL FIVE VAC AREAS ARE
"FILLED. (SEE NOTE PRECEDING
ALARM 01107,

01210%  TWO PROGRAMS ATTEMPTING TO USE SEE ALARM 01201,
STALL ROUTINE. CERTAIN PROGRAMS
USE STALL ROUTINE TO WAIT FOR
COMPLETION OF INPUT/OUTPUT OPER=-
ATIONS, ALARM (CCURS IF A SECOND
PROGRAM TRIES TO USE STALL
ROUTINE BFFORE FIRST PROGRAM
IS DONE WITH IT.

01211% ILLEGAL INTERRUPT OF EXTENDED SEE ALARM 01201,
VERB. OCCURS WHEN AN INTERNAL '
PROGRAM REQUESTS MARKING WHILE
MARKING SYSTEM IS ALREADY IN
USE OR AN EXTENDED VERB IS
ACTIVF. (SEE NOTE PRECEDING
ALARM 01107.)

01301% ARCSINE, ARCCOSINE INPUT TOO SEE ALARM 01201.
LARGE. (SEE NOTE PRECEDING
ALARM 01107,)

01302% SQUARE ROOT ROUTINE CALLED SEE ALARM 01201
WITH A NEGATIVE ARGUMENT,
(SEE NOTF PRECEDING ALARM

01107.)
01401 TEST INDEX TOO LARGE IN TERMINATE INTEGRATED TEST.
INTEGRATED TEST. V6T NOT INTENDED FOR INFLIGHT
USEe.
01402 ILLEFGAL QUANTITY LOADED IN JET SEE ALARM 01401.

TASK/OR ENGINE TASK.

01403 ILLEGAL QUANTITY LOADED IN SPS ON SEE ALRAM 01401,
SATURN STEERING TASK,

01404 INTEGRATED TEST PLEASE PERFORM SEE ALARM 01401,
TASK 401, 402, OR 403 FAILED.

01405 ICDU'S BUSY DURING SATURN SEE ALARM 01401,
STEERING TEST.

TABLE 2-2. COMPUTER ALARMS (SHEET 7 OF 9)
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01407

01410 THRUST TOO LOW FOR CROSS PRODUCT SEE ALARM 01407
STEERING.
OCCURS WHEN THRUST DECAYS TOO
RAPIDLY (25% IN 2 SECONDS).
01411 IRIG SCALE FACTOR TEST ALARM, CANNOT 0OCCUR IN FLIGHT.
FOR GROUND TEST ONLY.
01412 CDUX OUT OF LIMITS TERMINATE AND REINITIATE PROGRAM,
INTENDED FOR GROUND TEST ONLY.
KEY RSET.
IF ALARM RECURSy PERFORM CMC
SELF CHECK
01413 COUY OUT OF LIMITS. SEE ALARM 01412.
01414 Chuz 0OUT OF LIMITS. SEE ALARM 01412,
0l426# IMU UNSATISFACTORY. KEY RSET.
NCCURS DURING ENTRY (P61 OR
P62) IF THE SPACECRAFT +Y 0OR IF THERE IS SUFFICIENT TIME,
=Y AXIS IS NOT WITHIN 30 DEGREES REALIGN IMU. IF NOTs THE
OF V X Re THIS CONDITION MAY CREW HAS THE OPTION TO
RESULT IN AN EXCESSIVE MGA CONTINUE WITH GNCS ENTRY O0OR
DURING ENTRY GUIDANCE CAUSING TO SWITCH TO SCS OR MANUAL
A GIMBAL LOCK ALARM. ENTRY CONTROL
01427# IMU REVERSED. KEY RSET.
OCCURS DURING ENTRY (P61 0OR
P62) IF THE SPACECRAFT =Y CONTINUE NORMAL ODOPERATION RUT
AXIS IS WITHIN 30 DEGREES 0OF NOTE THAT FDATI INDICATION IS
V X Re INVERTEDS T.Eey O DEGREES
ROLL IS LIFT DOWN AND 180
DEGREES IS LIFT UPs
01430 COMPUTED ANGLES YIELD GIMBAL TERMINATE V92 ROUTINE.

VELOCITY TO BE GAINED
INCREAS ING.

LOCK .
DCCURS ONLY DURING SYSTEMS
TEST (Vv92).

TERMINATE THRUSTING.

CHECK ORBITAL PARAMETERS AND
REINITIATE ORBIT CHANGE
TARGETING AND THRUST AS
NECESSARY.

V92 NOT INTENDED FOR INFLIGHT
USE.

TABLE 2-2. COMPUTER ALARMS (SHEET 8 OF 9)
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01501

01502

01520

01600

01601

01703

01704

01705

KEYBOARD AND DISPLAY ALARM
DURING INTERNAL USE.

INTENDED FOR GROUND CHECKOUT
NOT LIKELY TO OCCUR IN FLIGHT.

ILLEGAL USE OF FLASHING DISPLAY.
INTENDED FOR GROUND CHECKOUT 3
NOT LIKELY TO OCCUR IN FLIGHT.

VERB 37 NOT ALLOWED AT THIS
TIME. OCCURS WHEN PROGRAM
CHANGE IS ATTEMPTED WHEN IT IS
NOT ALLOWED.

OVERFLOW IN DRIFT TEST.
FOR GROUND TEST ONLY.

BAD IMU TORQUE.
FOR GROUND TEST ONLY.

INSUFFICIENT TIME TO INTEGRATE
STATE VECTOR,

OCCURS IF THE STATE VECTOR CANNOT
BE INTEGRATE TO GETI DEFINED IN
P40 OR P4l.

DAP CANNOT OPERATE UNLESS AUTO
MODE IS SELECTED.

OCCURS IN R61 IF CMC AUTO MODE
HAS NOT BEEN SELECTED.

STICK FLAG SET.

OCCURS IN R61 IF THE STICK FLAG
IS SET. THE STICK FLAG IS SET BY
USE OF THE RHC FOR RENDEZVOUS
AND DISABLES AUTOMATIC CMC
MANEUVERS.

# DISPLAYED AUTOMATICALLY WITHOUT KEYING

%* CAUSES RESTART.,

TABLE 2-2. COMPUTER ALARMS
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TERMINATE AND REINITIATE
PROGRAM,

KEY RSET.

IF ALARM RECURS,y PERFORM

SELF CHECKe.

SEE ALARM 01501,

KEY RSET.

DO NOT ATTEMPT TO CHANGE
PROGRAMS UNTIL ALLOWED.

CANNOT OCCUR IN FLIGHT.
CANNOT OCCUR IN FLIGHT.

KEY RSET.

CMC

GETI IS AUTOMATICALLY SLIPPED

TO A LATER TIME.

SET SC CONT SWITCH TO CMCe.

SET CMC MODE SWITCH TO AUTO.

KEY RSET.

INSURE RHC IS AT NULL.

KEY V58E.

V. 5N 9E.

(00401 MAY OR MAY NOT CAUSE RESTART.)
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SECTION 3
INTERFACE OF THE GNCS WITH OTHER CSM SYSTEMS

3.1 FLIGHT CONTROL INTERFACE

Primary attitude and thrust control, throughout all mission phases, is
performed by the GNCS through interfaces with the stabilization and control
system (SCS), reaction control system (RCS), and service propulsion sys-
tem (SPS). In case of GNCS failure, the SCS provides backup attitude and
thrust control. While the SIVB is attached the GNCS may also be used to
control the Saturn autopilot. Flight control operations of the GNCS are
performed'through the three digital autopilots (DAP's) within the CMC:
the reaction control system DAP, the thrust vector control DAP, and the

entry DAP,

For DAP operation the spacecraft must be under GNCS control (SC
CONT switch set to CMC) and the IMU must be in the inertial mode, except
for RCS DAP operation in the FREE mode. The crew controls DAP opera-
tion by the selection of the programs which use the DAP's and through the
capability of changing DAP coefficients., Changes to DAP data required
by normal operations are made through DAP data load routine R03.

This routine provides three nouns which display the following information:
Noun 46 - Vehicle configuration, deadba‘nd, rate, and quad fail codes.
Noun 47 - Moments of inertia and weight
Noun 48 - Pitch and yaw trim and SPS thrust moment

These parameters may be changed when necessary by normal DSKY opera-

tion.



3.1.1 Reaction Control System DAP

The RCS DAP controls spacecraft attitude and attitude rates through
commands fo the service module RCS jets. The CMC receives attitude
data from the IMU through the ICDU's and computes the attitude rates.

The CMC generates on-off commands to the RCS jets, based on the attitude

and rate errors. A jet selection logic then chooses the jets to be fired.

3.1.1.1 Aufomatic Control

In the attitude hold mode, vehicle attitude error and body rates are
used to compute jet firing commands to maintain the spacecraft within a
designated attitude deadband. This deadband is displayed with noun 46
in the bit D position (fourth from left) of register 1. A 0 in bit D desig-
nates a +0. 5 degree deadband and a 1 designates a +5. 0 degree deadband.
The attitude hold mode is in effect when the CMC is in the HOLD mode and
no manual attitude commands are present and in the AUTO mode when no
manual or CMC attitude commands are present. In the attitude hold mode,
the spacecraft is held about the attitude attained when the CMC MODE was
switched to HOLD or upon terminating a manual maneuver during the

hold mode,

The automatic attitude maneuver is similar to attitude hold, except
that the attitude is held about a desired attitude which is changing from thé
initial to the final vehicle attitude. This desired attitude is computed from
inputs of attitude error and error rate. Automatic commands can be gen-
erated only when the CMC MODE switch is set to AUTO and no manual -
commands are present. The deadband is selected as in the attitude hold

mode,
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Rate limiting takes place when a high attitude rate exists. Jets are
fired to oppose the high rate. When the proper rate limit deadband is

entered the attitude hold function takes over.

3.1.1.2 Manual an}mandis ,

The translation and rotation hand controls interface directly with the
CMC and have priority, at all times, .over automatic commands. In the
auto or hold modes, the vehicle moves in accordance with the manual
commands and returns to the attitude hold upon completion of the manual
maﬁeuver. To return to automatic maneuvering the crew must recall it
through the DSKY. In the au?:o_‘ar‘ld holq modes the rotational hand controller
provides fqr alfixed, rgte_ on .eva_ch axis. Wh_en.the difference between the
desired rgte _and thg_g\_»\ctual rate e_xc_gzgds a certain value, the proper jets

are fired to reduce the rate to within the desired rate deadband,

In the free mode, jet firing is:made only iﬁ response to the manual con-
trols. Both the rotation and translation controllers provide acceleration
commands. This is the only mode in which the minimum impulse controller

can be used, It fires a single rotational pulse of 14 milliseconds duration

‘each time the control is moved from ‘the' null position. It must be returned

to null before another pulse canbe fired.

The auto, hold, and free modes are selected by the CMC MODE switch

and require fhe‘ SC CONT éwitch'to be set to CMC.
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3.1.1.3 DAP Data Load *

The crew must select the deadband and rate for RCS DAP contfdlled
maneuvers and must indicate to the CSM the vehicle configuration and
failed thruster quads. The latter function permits the insertion of pseudo
quad failures to provide single jet maneuvers. These crew selections are
made by use of noun 46 in routine R03. This noun displays two 5-digit
code words in registers 1 and 2. . Table 3-1 defines each of tilte digits,

which are designated A through E from left to right.

The crew can also update the moment of inertia and vehicle weight
values used in acceleration prediction. This update is also accomiolished
in routine R03, by noun 47, Register 1 displays the moment of inertia
about thé X axis; register 2, the average of the moments of inertia about

the Y and Z axes; and register 3, the vehicle weight.

Noun 48 is concerned with the TVC DAP only.

3.1.1.4 Jet Selection Logic

The direction of thrust of the SM RCS jets is illustrated in Fig. 3-1. These
jets can be grouped according to their rotational effect, as shown in Table 3-2.
There is one pair of jets each for the plus and minus yaw and pitch rotations and
two pairs each for plus and minus roll (both pairs cannot be selected at the same
time). Similarly, the jets are paired for translations, two pairs for each X direc-
tion, and one pair for each Y and Z direction. A single jet firing results in both
rotation and translation. To conserve propellants, this combined type of maneuver

is used whenever possible.
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Table 3-1. Noun 46 DAP Data Code.
*
Register Digit Code Name Description
R1 A Vehicle 0 = No DAP
configuration 1 =CSM
2 = CSM/LM
3 = CSM/SIVB
B X translation, 0 = fail quad AC
quad AC 1 = use quad AC
C X translation, 0 = fail quad BD
quad BD 1 = use quad BD
D Deadband 0 = £0.5 deg
' 1 = 15.0 deg
E Rate 0 = 0. 05 deg/sec
1=0.2 deg/sec
2 =0.5 deg/sec
3=4,0 deg/sec
R2 A Quad AC roll 0 = fail quad AC (use BD)
1 = use quad AC (not BD)
B Quad A 0 = fail quad A
1 = use quad A
C Quad B 0 = fail quad B
1 = use quad B
D Quad C 0 = fail quad C
1 = use quad C
E -Quad D 0 = fail quad D
1 = use quad D

*Digits are lettered from left to right.
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+X QUAD D
A 8
10
QUAD A
3
13
7
\
& 2
9 2
6
+Y QUAD B

NOTE: ARROWS INDICATE THRUST DIRECTION
NOT BEXHAUST DIRECTION

Fig. 3-1. Thrust Direction of SM RCS Jets
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Table 3-2, Rotation and Translation Effect of SM RCS Jet Firing

Group Jet Quad Rotation Translation
Pitch 1 C + (pitch) +XK
Jets 2 A - +X
3 A 4 -X
4 C = -X
Yaw 5 D + (yaw) +X
Jets 6 B - +X
7 B .4 -X
8 D - = 2
Roll (BD) 9 B + (roll) +Z
Jets 10 D - +Z
11 D o+ =2
12 B - =Z
Roll (AC) 13 A + (roll) +Y
Jets 14 C - Y
15 B + =¥
16 A a ~¥
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Entire quads may be failed by the N46 load (see Table 3-1). . The CMC
does not fire jets in failed quads. Translation commands which would re-
quire use of a failed quad are commanded only if they do not interfere with
any rotational maneuver. When a rotation is commanded requiring use of
a failed quad, a single jet rotation is made by firing the remaining jet of
the rotation pair for a longer period of time. In the case of the roll quads,
if a quad is failed the other pair of jets is used. By loading in quad failures,
the astronaut has the capability of commanding single jet rotations for the

conservation of fuel.

All jet firings are limited to a minimum of 14 milliseconds. This is

to ensure at least a minimum impulse and a rate reversal in the limit cycle.

3.1.2 Thrust Vector Control DAP

The thrust vector control (TVC) DAP is used during SPS thrusting.
The CMC generates pitch and yaw attitude rate commands in body coordi-
nates. IMU-measured vehicle attitude (ICDU angles) is used to compute
vehicle rates. These are transformed into body coordinates and subtracted
from the CMC-generated attitude rate commands. The resulting rate errors
are integrated to provide pitch and yaw commands to the SPS engine gimbal

Servos.

The TVC roll DAP provides, by use of RCS jets, attitude hold within
a specified deadband throughout the SPS burn, The attitude and rate data is

obtained by processing the outer gimbal angle.
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Three independent control signals are generated by the CMC, one about
each body axis., Roll control is achieved by a separate roll program which
controls the firing of RCS roll jets. Pitch and yaw control is achieved
through identical independent pitch and yaw autopilot programs which com-

mand deflections of the gimballed SPS engine.

Uncertain initial conditions and different vehicle configurations greatly
affect TVC DAP performance. Errors in the_estimated position of the
vehicle center of gravity can produce a misalignment of the thrust vector
and a consequent torquing motion. Off nominal RCS performance during
ullage can create turning rates of up to one deg/sec at SPS ignition. There
are also uncertainties in the displacement of prépellant slosh masses.

The difference in characteristics between a CSM alone and a CSM/LM con-
figuration requires separate autopilot programs. The main differences
include: the much lower bending mode frequencies of the CSM/LM, the
difference in moment of inertia and moment arm from engine gimbal to
vehicle center of gravity, and additional vehicle mass and propellant slosh

masses of the CSM/LM configuration.

The initial parameters used by the TVC DAP are loaded in routine R03.
Noun 46 1dads the vehicle configuration; noun 47, the moments of inertia
and vehicle weight; and noun 48, the pitch and yaw trim angles and the SPS
thrust moment (the thrust magnitude times the distance from the center of

gravity to the engine hinge point).

The pitch and yaw autopilots perform identical functions consisting of a

dynamic filtering operation on the sampled attitude error and generating a
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suitable command to the gimbal servo. A digital to analog converter (DAC)
changes the Vgimbal servo command to an analog voltage which it maintains
for each sampling period. The DAC output is quantized with increments‘

of 0.0237 degrees. The command and feedback signals are quantized with
increments of 0. 011 degrees. For the LM attached configuration each
filter is updated every 80 milliseconds, for the CSM alone each is updated

every 40 milliseconds.

The roll autopilot maintains vehicle roll attitude by maintaining the
IMU outer gimbal angle close to a preselected value. - Prior to thrusting,
the vehicle may be rolled to a preferred orientation. The outer gimbai
angle 'c'brresponding to the orientation at ignition is maintained throughout
the thrust. The inner and middle gimbal angles are near zero at ignition,
under nominal conditions; thus, control of the outer gimbal angle is
equivalent to roll control. With a large initial middle gimbal angle some |

roll motion occurs but is not significant.

The maximum firing time of aﬁy one firing of the roll jets is 2.5
seconds. There is a minimum of 1/2 second delay between firings to
increase accuracy of rate estimation. Long maneuvers are, therefore,
broken into 2.5 second firings, 1/2 second apart. Two-jet firing is used
and for consecutive firing alternate jet pairs are fired. The roll inertia
is continually recomputed during firing. The roll limit angle rate is |

0.1 deg/sec and the roll deadband is +5 degrees.

The TVC DAP produces only roll commands to the RCS and no pitch or

yaw RCS maneuvers can be made during TVC DAP control. However, for emergency



purposes, turning the translation control clockwise, during a GNCS con-
trolled SPS burn, terminates attitude control by the TVC DAP, The rotation
control must then be used for TVC, Automatic control cannot be reestab-
lished for that burn, The thrust will continue until VG is nulled or thrust is

manually terminated,

3.1.3 Entry DAP

The entry DAP is initiated by DSKY entry after crew verification
of CM/SM separation and continues operating until drogue chute
deployment. During this time, it provides an attitude hold from start until
receipt of inputs from the crew of entry roll attitude commands to maneuver
the CM to the entry trim attitude from the separation attitude. The entry
DAP also holds entry attitude with respect to the relative velocity vector,
begins rate damping at 0. 05g, follows roll commands from entry guidance
beginning at 0.2g, and maintains attitude hold and rate damping until auto-
pilot is disabled. The entry DAP also provides a display on the FDAI error
needles consisting of roll, yaw, and pitch attitude errors prior to atmos-
pheric entry (at 0.05g) and only roll error thereafter. This display is
updated every 0.2 seconds. The entry DAP recognizes no mode except
automatic. Manual take over does not affect DAP action or its displays.

When SM/CM separation occurs, a delay is needed to obtain adequate clear-
ance between the CM and SM before starting a maneuver to reorient the CM to the

entry attitude. During the time from separation until entry DAP initiation by

DSKY entry, the CM attitude control is disabled to prevent any firing which could cause
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recontact of the CM and SM. After initiation, the entry conditions are
established by commanded attitude angles: roll as specified by DSKY entry,

zero beta, and trim angle of attack.

Outside the atmosphere the DAP controls attitude in all axes. Inside
the atmosphere only roll attitude control is used. Rate damping is used

for pitch and yaw.

The terminal phase of extra-atmospheric return to the earth at a
specified landing point is achieved by entry guidance, using atmospheric
aerodynamic lift., The guidance equations determine proper orientation of
the lift vector relative to the trajectory plane as the means of control in
achieving the desired landing point. The component of lift in the plane of
the relative velocity and the position vector controls the down range flight.
Cross range is controlled by the out-of-plane component of lift. By rolling
the C'M about the velocity vector, orientation of the lift vector is achieved
such that the desired in-plane component obtains. The out-of-plane com-
ponent of lift causes lateral drift of the vehicle. This sidewise motion is
used for plane changing, if any is needed. Otherwise lateral drift is an un-
wanted by-product of the steering, and is constrained by causing the CM
to roll so as to reverse the sign of the out-of-plane component of 1ift,

Since the in-plane component is the fundamental controlled quantity, it

is important that its sign be unchanged during lateral reversals or switchings.
In effect tﬁis demands that the CM roll predominantly through the smaller

of the two possible angles at lateral switching time. In an exceptional and

infrequent case entry guidance insists on rolling over the top without regard
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for the angle size and informs the DAP. Thus entry guidance provides a

single output quantity, commanded roll angle roll C, to be achieved by the CM,

Before entering the atmosphere, all attitude errors will be nulled.
When the 0. 05g level is sensed by entry guidance, a switch is set. The DAP
then changes from pitch and yaw attitude control to rate damping. The
roll system is already operating and is ready to accept commands from

entry guidance,

Inside the atmosphere the CM is aerodynamically stable. Since
stability is no prdblem, simple rate dampers are used in pitch and yaw.
Also aerodynamic forces can be used to do most of the work during a co-
ordinated turn, The roll axis torque is mostly inertia, having negligible
damping and cross-coupling terms, Hence a simple predictive autopilot

is used,

In entry guidance, control is based on components of 1lift in and normal
to the trajectory plane. These components are specified in terms of an
angle defined the same as the roll angle R but having the desired value
(Roll C). If the CM is to achieve the desired lift direction then the bank
angle (B) must be zero. Thus, one property of the entry DAP is to keep
B = 0 and another is to have R agree with Roll C. A third property of the
atmospheric DAP is to enforce the proportiphality between yaw and roll

rate necessary to produce coordinated roll,

In the atmosphere, aerodynamic forces tend to keep f essentially zero,

~and the angle of attack (a) assumes a trim angle of about -20 degrees, so

that only roll control is needed. The required coordinated roll maneuvers



are achieved by the angular rate autopilots already required to damp pitch

and yaw body rates.

The pitch and yaw rate damping is performed in a discontinuous manner
by producing a control action each time new input data are available. The
pitch and yaw autopilots are exercised each 0.1 second immediately after
the measurement of angular velocity. As long as the pitch rate is less than
2 deg/sec no action is taken. When the sampled pitch rate exceeds 2 deg/sec
jets are fired to produce an opposing torque. The jets continue to fire

until the sampled pitch rate becomes less than 2 deg/sec.

The yaw axis requirements are different than pitch. The CM must roll
about the velocity vector in order to maintain nominal trim attitude and to
keep the stagnation point in a fixed area on the heat shield. During periods
of angular acceleration in roll, a corresponding acceleration in yaw is
established and supported by aerodynamic forces. These forces encourage
the CM to make a coordinated turn. Most of the work is done by the aero-
dynamics with the yaw jets firing only when needed to keep the CM within

the central band. This keeps yaw oscillations damped to within +2 deg/sec.

Every two seconds during the entry phase, entry guidance provides
the roll command, Roll C. It examines current vehicle position and velocity,
and landing point position. From this it calculates the required lift vector
orientation and issues the Roll C command to achieve the orientation. The
roll autopilot uses the Roll C command, present roll attitude, and roll rate

to determine firing time for the thrusters.



The crew has no control over entry DAP operation except to load ini-
tial conditions and to monitor the entry on the DSKY, the FDAI, and EMS.
The crew may take over entry control manually, but having done so, can-

not return to automatic control.

3.1.4 Transition Between DAP's

Transition between DAP's is effected by discretes or by major program
commands. The entry DAP is activated 0.5 seconds after the ENTR keycode

response to V50 N25 checklist code 00041 request.

Just prior to SPS TVC burn sequence initiation, the RCS is holding the
initial thrusting attitude in the narrow deadband, the preselected trim has
been commanded to the engine and confirmed by the crew, and the crew has
accepted the thrusting parameters. At a prescribed time before ignition
time the crew initiates ullage and the RCS DAP holds attitude in the narrow
deadband. At time of ignition the RCS DAP ceases and the TVC DAP controls
engine excursion, Ullage is ended by the major program when successful

thrust build-up is sensed.

At commanded engine cut-off, engine gimbal commands are stored
for trim reference for subsequent burns, and TVC DAP operation ceases.

RCS DAP operation is simultaneously initiated in the wide deadband mode.

3.1.5 Saturn Control Function

During the first stage of boost the CMC generates, by means of a stored
6-th order polynomial, a nominal spacecraft attitude profile which is com-
pared with spacecraft attitude. The difference is displayed on the FDAI

attitude~error needles.
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The SIVB takeover function provides an interface between the RHC and
the Saturn autopilot for Saturn RCS control. The routine provides constant
maneuver rates, when the RHC is out of detent, of 0.5 degrees/second in roll
and 0. 3 degrees/second in pitch and yaw. The commands are sent to the

Saturn autopilot through the ICDU DAC's.

Since the ICDU error counters also drive the FDAI attitude error needles,
these needles will be driven by the RHC commands. Because the RHC commands
are implied rate commands and the needles are designed to indicate attitude
errors, the magnitude of the needle deflection is not meaningful and the sign

of the needle deflection is opposite of the RHC deflection.

To initiate the SIVB takeover, the crew must first set the configuration
of Noun 46, R1 to 1, 1 by means of routine R03, and then enter Verb 46.
The routine may be disabled by setting the configuration bits to a value other

than 1, 1 and repeating Verb 46.
3.2 G & C CONTROLS AND DISPLAYS

The G and C controls and displays interface directly or indirectly with
the GNCS. Most of these controls and displays are located on the left side

of the main panel.

3.2.1 Entry Monitor System

The entry monitor system (EMS) provides a backup means for the crew
to monitor entry performance and midcourse AV maneuvers. The EMS
delta V monitoring capability is used for SCS controlled AV maneuvers. The
desired AV is preset into the EMS. The EMS integrates acceleration from
ullage to SPS tailoff and decrements the AV counter. When the counter

reaches zero the EMS provides a backup SPS off command.
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During entry the EMS monitors the entry, starting when 0. 05g is
sensed. During program P61 the DSKY displays (V06 N63) the predicted
range to go from the 0. 05g altitude to the landing point and the inertial
velocity at the 0, 05g altitude. At this time the astronaut initializes the
EMS by inserting the DSKY displayed parameters. The EMS accelerometer

is running but its output is not being integrated for velocity and range.

When the EMS accelerometer senses 0. 05g the 0. 05G indicator lights.
This should occur at the same time that the GNCS senses 0. 05g and transfers
from program P63 to P64, The astronaut, at this time, sets the ENTRY-0. 05G
and EMS ROLL switches on. The EMS then starts integrating the accelera-

tion to update the range and velocity initially set in during P61.

Ten seconds after 0. 05g is attained one of the two corridor lamps
lights to indicate the required roll attitude; the top light indicates lift up
and the bottom lift down. The G-V trace on the plotter provides continuous
acceleration and velocity readings with respect to the entry corridor. The
slope of the trace dictates the required roll attitude. The scroll is inscribed
with high g and exit rays and is driven at a rate proportional to the accelera-
tion along the velocity vector. A scribe is driven vertically in proportion
to the GT component of sensed acceleration. From the plotter the crew
can detect GNCS failures that would result in atmospheric exits at super-
circular speeds or excessive load factors. If the trace becomes tangent to

any of the rays the crew must take over manual control of the entry.

The EMS also provides a roll attitude indication. This consists of a
dial and pointer and the two corridor lamps. The pointer indicates maximum

lift up when pointing up (0°) and maximum lift down at 180°,
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The RANGE/AV display, during entry, indicates the range to go to touch

down. This display is in nautical miles from 0 to 3500.

3.2.2 Flight Director Attitude Indicator (FDAI)

There are two identical FDAI's which indicafe spacecraft attitude,
attitude errors, and attitude rate. The total attitude is displayed on the
attitude ball and is obtained, depending on FDAI switching, from either the
IMU or thev GDC (gyro display coupler) which couples the BMAG's to the
display system. Pitch and yaw are indexed on the ball and are read under
an inverted wing symboi in the center. Roll can be determined from the
ball, but is more' easily read by a roll index around the periphery of the

ball,

The FDAI attitude error needles indicate the difference between actual
and desired spacecraft attitude. The attitude error may be obtained from
the following sources, depending on various switch positions: BMAG 1,

GDC-attitude set difference, IMU-attitude set difference, the ICDU's.

The attitude rate display uses signals derived only from the

BMAG!'s.

The switching for the source of the FDAI inputs is described in para-

graph 3.2.7.

3.2.3 Gimbal Position and Fuel Pressure Indicator

The SPS gimbal position indication shares a meter with the S-II and
S-IVB fuel pressure, since.SPS gimbal position is not needed until after
S-IVB separation., After separation, the astronaﬁt must switch to the
gimbal position indicator (GPI) position. The GPI provides thumbwheels

for setting in gimbal trim positions for SCS controlled AV maneuvers.
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The GPI is monitored during the gimbal drive test prior to a GNCS controlled

SPS thrust.

3.2.4 Attitude Set Control Panel

The attitude set control panel (ASCP) provides a means of positioning
resolvers for each body axis by the use of thumbwheels. Indicators readout
the dialed angles. The input signals to the resolvers are either from the
IMU or the GDC. The output signals are the difference between the desired

angles set in and the actual angles from the IMU or GDC.

3.2.5 Rotational Hand Control

There are two three-axis rotational hand controls (RHC) which can be
mounted on the couch armrests or at the navigation station. The controls
are connected in parallel. They are used for manual attitude control. Each

axis of control performs three functions:

1. Breakout switches close when the control is moved 1.5 degrees
from its rest position. These switches are used: for on-off com-
mands to the CMC, for SCS minimum impulse, for acceleration
commands, to cage the BMAG's, and to enable proportional rate
commands in the electronics. Which of these functions are per-
formed depends on external switching (see paragraph 3.2.7).

2. Transducers produce AC signals proportional to control dis-
placement. These signals are used to command spacecraft ro-
tation rates during SCS attitude control and to command SPS
engine gimbal trim during manual thrust vector control. The
transducers can be used individually or in any combination simul-
taneously.

3. Direct switches close when the control is movedto 11 degrees from null.
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These switches are enabled by the DIRECT RCS switch and produce

acceleration commands directly to the RCS jet solenoids,
3.2.6 Translation Control

The translation control provides for acceleration along one or more of
the spacecraft axes. It consists of a T—haﬁdle which is moved parallel to
the desired thrust direction. Switch closures supply the translation com-
mands to the CMC and reaction jetand engine control. The T-handle may
also be rotated. In the clockwise direction ‘it transfers spacecraft control
from the CMC to the SCS. In the counterclockwise direction it initiates a
manual abort during launch. In both directions a detent is provided at
12 degrees so that the handle will not return to null when the hand is

removed.

3.2.7 G and C Switching Interfaces

The G and C functional switching affects spacecraft control and

displays. Some switching is critical for GNCS operations.

3.2.7.1 CMC ATT Switch

This switch must be in the IMU position at all times to provide IMU

attitude inputs to the CMC. The GDC position is not mechanized.

3.2.7.2 FDAI SCALE Switch

This is a three postiton switch which . controls the full-scale deflection

values of the attitude error and rate display of the FDAI as follows:

Up position - + 5 degree attitude error
+ 1 degree per second rate

Center position - * 5 degree attitude error
+ 5 degree per second rate
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Down position - + 15 degree yaw and pitch and
+ 50 degree roll attitude error

+ 10 degrees per second yaw and
pitch and + 50 degrees per second
roll rate

This switch is independent of other panel switching. Scale selection is

made for both FDAI's and cannot be selected for individual FDAI' s.

3.2.7.3 FDAI SELECT Switch

This is a three position switch that selects on which FDAI the se-
lected inputs will be displayed.

1. Inthe 1/2 (up) position both FDAI's receive inputs. FDAI1 dis-
plays GNCS input; IMU gimbal angles drive the ball and CMC signals
drive the error needles. FDAI 2 displays SCS inputs; the GDC drives
the ball and BMAG 1 drives the needles. Both FDAI's receive rate data
from BMAG 2 (or BMAG 1 in the backup rate mode).If BMAG 1 is in backup
(BMAG mode switch set to RATE 1) then it cannot supply attitude errors
and FDAI 2 needles will be at null. With the FDAI SELECT switch in
this position (1/2), the FDAI SOURCE and the ATT SET switches are
not functional for display switching.

2. In the 2 (center) position only FDAI 2 is enabled. The attitude
and error sources are controlled by the FDAI SOURCE and ATT SET
switches. The rate source is from the BMAG selected by the BMAG MODE
switches.

3. In thel (down) position only FDAI1 is enabled. Signal sources are

selected as in the 2 position.

3. 2. 7. 4 FDAI SOURCE Switch

This is a three position switch which selects the FDAI input signal
source. It has no function if the FDAI SELECT switchis set to the 1/2

position. The sources selected are displayed on the FDAI selected by the

FDAI SELECT switch in either position 1 or 2.
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1. Inthe CMC (up) position the GNCS provides the attitude and attitude

error display on the selected FDALI.

2. Inthe ATT SET (center) position, the ATT SET switch determines

input source (see paragraph 3.2.7.5) for selected FDAI

3. Inthe GDC (down) position, the SCS provides the input: the GDC
attitude and BMAG 1 attitude error. If any BMAG MODE switch is set to

RATE 1, the attitude error for that channel will not be available.

3.2.7.5 ATT SET Switch

This two position switch controls the interface of the IMU or GDC with
the ASCP resolvers for display purposes, provided the FDAI SOURCE switch

is set to ATT SET and the FDAI SELECT switch is set to 1 or 2.

1. In the IMU (up) position the error needles display the difference
between the IMU gimbal angles and the ASCP resolver angles. The errors
can be used to align the ASCP resolvers to the IMU gimbals, The attitude
error display can be used for manually maneuvering around the IMU; however,
the displayed errors are not converted to body axes. The total attitude dis-

play is derived from the IMU,

2. In the GDC (down) position the error needles display the difference
between the GDC resolvers and the ASCP resolvers, The errors can be used
to align the GDC or to manually manuever the spacecraft. Total attitude

from the GDC is displayed.

In either position the display is made on the FDAI selected by the FDAI

SELECT switch.

3.2.7.6 MANUAL ATTITUDE Switches

These three switches, are three-position switches which enable various

functions during SCS control. There is one switch each for the roll, pitch,
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and yaw axes; however, they all function identically.

1. In the ACCEL CMD (up) position the breakout switches of the RHC
are enabled to the RCS solenoid drivers. Closing the breakout switches
provides acceleration commands to the RCS. When the breakout switches are
closed a free drift condition is created. These switches must not be in this

position during GNCS controlled manuevers.

2. In the RATE CMD (center) position proportional rate control is
provided if the SC CONT switch is in SCS and the RHC breakout switches
are closed. If the breakout switches are open, the SCS will hold any
inertial attitude selected within the established deadband. The switches

should be kept in the RATE CMD position during GNCS control.

3. In the MIN IMP (down) position the SCS is in a free drift condition
with no attitude or rate damping inputs to the RCS. The breakout switches

of the RHE command 15 millisecond impulses when they are closed.

3.2.7.7 LIMIT CYCLE Switch

In the up position this switch enables SCS automatic pseudo-rate feed-
back in the SCS attitude control system. During automatic SCS control,
this function generates short duration on-off pulses to the RCS, thus

conserving fuel, This switch should be OFF when making a manual manuever.

3.2.7.8 ATT DEADBAND Switch

This switch controls the attitude deadband during SCS control (SC CONT
switch in SCS position) ., The MAX and MIN position indicate selection of
maximun or minimum deadband, the values of which are determined
by the position of the RATE switch as follows:

LOW rate - MAX attitude deadband is * 4, 2 degrees

LOW rate - MIN attitude deadband is + 0.2 degrees

HIGH rate - MAX attitude deadband is + 8 degrees
HIGH rate - MIN attitude deadband is + 4 degrees
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3.2.7.9 RATE Switch

This switch determines the maximum proportio.nal rateé attainable
during SCS control. These rates can only be obtained for arfy axis if the
MANUAL ATTITUDE switch for the axis is in RATE CMD poSition.
Maximum rates in HIGH position aré 7 degrees per second ‘in"p"itch and
yaw and 20 in roll. Maximum rates in LOW position are 0.65 degrees
per second in all axes. This switch also sets the deadband as indicated

in preceding paragraph.

3.2.7.10 DIRECT RCS Switch

In the up position this switch enables the direct switches in the RHC
and allows direct firing of the RCS jets by the RHC. This switch is only
for backup, when the required manuever can not be accorhplished by GNCS

or SCS control.

3.2.7.11'SCS CHANNEL Switches

These four switches apply 28 VDC to the high side of the RCS automatic
solenoids and 28 VDC enabling power to the SCS solenoid drivers. The A
and B positions select the MNA or MNB by bus curcuit breakers for the
operating power. In the OFF (center) position automatic jet firing is
disabled. The engines enabled by each of the four switches are shown .in

the Table 3-3. -These switches must be on for GNCS controlled manuevers.
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Table 3-3. SCS Channel Switching
Switch Position Circuit Breaker RCS Jets | Trans. Rotation
Selected Enabled axis axis
# +Roll
A/C ROLL 1 MNA 12 X o
A 16 -Y -Roll
14 +Y -Roll
A/C ROLL 2 MNA
A/C ROLL - 15 Y +Roll
+ +
A/C ROLL 1 MNB 1 X Tl
B 16 Y -Roll
A/C ROLL 2 MNB 14 L ~Roll
15 Y +Roll
9 +Z +Roll
B/D ROLL 1 MNA Ro
12 -Z ~Roll
A _
B/D ROLL 2 MNA il +E -Roll
B/D ROLL 11 -Z +Roll
+
B/D ROLL 1 MNB ? “ *hall
o 12 ~Z ~Roll
10 -, -Rol
B/D ROLL 2 MNB Roll
11 - +Roll
Sis 1 +X +Pitch
A 2 +X -Pitch
3 - +Pi
MNB X P%tch
PITCH 4 -X -Pitch
. MNA 3 -X « ‘+Pitch
B 4 -X -Pitch
MNB 1 +X +Pitch
2 +X -Pitch
MNA v e Rl
A 8 -X -Yaw .
MNB 5 +X +Yaw
YAW Vo 6 +X -Yaw
B 1 6 +X -Yaw
| | MNB ! -X +Yaw
L J 8 -X -Yaw
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3.2.7,12 SC CONT Switch

This switch selects either CMC or SCS control of the spaceéraft.
In the CMC (up) position, the spacecraft is under CMC control, unless the
translation control is turned clockWise. The type of control is determined
by the CMC MODE switch and the CMC program. If any of the MANUAL
ATTITUDE switches are in the ACCEL CMD position the RCS engines for
that axis will not be controlled by the CMC but will receive commands only

from the RHC breakout switches.

In the SCS (down) position, the Spacecraft is under SCS control, with
the same exception for MANUAL ATTITUDE switches in the ACCEL CMD

position.

3.2.7.13 CMC MODE Switch

This switch selects one of three CMC modes.
1. The AUTO (up) position permits the CMC to control the space-
craft by its program. In this position theonly normal crew inputs to

spacecraft control is through the DSKY,

2. In the HOLD (center) position, the CMC performs an attitude hold
function. Automatic CMC control is disabled excépt to hold the attitude
within the programed deadband. If the attitude is changed mé.nually while
in this mode, the CMC will hold to the new attitude. The MANUAL
ATTITUDE switches must not be in ACCEL CMD position during this

mode,

3. Inthe FREE (down) position, only the manual controls can
cause jet firing, This position enables the minimum impulse controller

on the navigation panel in the LEB.,
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For this switch to be functional the SC CONT gwitch mﬁst be set to

the CMC position.

3.2.7.14 BMAG MODE Switches

These switches select the rate and attitude sensors (BMAG's) in
each axis. There is one each for roll, pitch, and yaw axis; all are

functionally the same.

1. In the RATE 2 (up) position, rate damping only is provided
from BMAG 2. BMAG 1 is caged and, hence, no SCS automatic hold
is available., BMAG 2 also éupplies rate for FDAI display and for

GDC calculation of attitude.

2. Inthe ATT1/RATE?2 (center) position, BMAG 2 provides rate

as above and BMAG 1 provides attitude error for SCS attitude hold.

3. In the RATE 1 (down) position BMAG 1 is caged to provide the
rate data ntormnally provided by BMAG 2; for FDAI display, for GDC
calculation of attitude, and for rate control. No SCS attitude hold

is available.

3.2.7.15 SPS THRUST Switch

This switch directly enables the SPS engine but does not necessarly
disable it. In the DIRECT ON (up) position, it provides the 28 vdc ground
to energize the SPS solenoids directly to bypass the SCS thrust -
on-off electronics, To perform this function at least one of the AV
THRUST switches (A or B) must be set to NORMAL, Inthe NORMAL
(down) position the SPS THRUST switch removes the ground from the .
driver side of the SPS solenoid, but does not deenergize the propellant
valves. For manual thrust off, the AV THRUST switches must be set to

OFF.
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3.2.7.16 DIRECT ULLAGE Switch

This momentary pushbutton switch provides backup for the CMC
and translation control + X ullage translationprior to an SPS thrust.

3.2.7.17 THRUST ON Switch

This momentary pushbutton switch provides manual backup start

capability for the SPS turn on,

3.2.7.18 AV THRUST Switches

These two switches provide redundant enabling of SPS thrust turn
on by the SCS logic or the SPS THRUST switch. The enabling is ac-
complished in the NORMAL position of either switch A or B.

The A and B indicate that the MNA and MNB dc bus, respectively,
provides the power. With both of these switches in the OFF position

the SPS is disabled. Therefore, they are used for manual SPS cutoff.

3.2.7.19 GDC ALIGN Switch

This momentary pushbutton switch enables the GDC total attitude re-
solversto be aligned withthe ASCP resolvers. To display the GDC position
onthe FDAI, the FDAI SOURCE, FDAI SELECT, and ATT SET switches
should be set to display GDC-ASCP difference.. The GDC ALIGN
pushbutton must be held until alignment is complete. After alignment the
FDAI needles should be at zero and the ball should agree with the ASCP

dials.

3.2.7.20 SCS TVC Switches

These two switches, one for pitch axis and one for yaw axis,
set the SCS configuration for SPS thrust vector control. In the
AUTO (up) position, an automatic SCS controlled AV manuever is
enabled, using the rate and attitude outputs of the BMAG's. In this

position, clockwise rotation of the translation contrcl switches control
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to a rate-damped MTVC, Inthe RATE CMD (center) position, MTVC is
provided in which the RHC output is summed with the BMAG rate output to
control SPS engine gimbals, In the ACCEL CMD (down) position, MTVC

is provided in which only the RHC controls the SPS engine gimbals,

3.2.7,21 SPS GIMBAL MOTORS Switches

These four switches are used to manually drive the SPS gimbals, The
SPS engine gimbal is provided with redundant drive loops; hence, there
are two switches for each of the two axes. The four switches are func-
tionally the same, The START (up) position is a momentary position,
spring-loaded to the center position. This position is used to start the
gimbal motors. In the center position, the motors keep running. And
the bottom position is OFF, The gimbal trim is monitored on the gimbal

position indicator,

3.2,7.22 IMU CAGE Switch

This is a guarded switch which is used to drive the
IMU gimbals to zero., This switch is only used in the emergency of a
tumbling IMU or CMC failure., It should not be used except in emergency
because the gimbal_drive rates are high enough to drive the gyros into
their stops, since there is no CDU rate limiting, This can cause perma-

nent gyro bias shifts.
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3.2.7.23 ENTRY-EMS ROLL Switch

This on-off switch enables roll stability inputs to the EMS, generated
by the GDC. A valid entry roll display will be provided only if the 0.05 G

switch is.also on.

3.2.7. 24 ENTRY — 0, 05 G Switch

This on-off switch initiatizes the SCS for entry. All BMAGS are caged.
Roll rate to yaw rate coupling is engaged in the yaw channel of the ECA and
in the EDA to display stability axis yaw rate on the FDAI. SCS attitude
hold capability is disabled. The GDC is configured for entry. The GDC

driven FDAI is driven in roll only.

3.2.17. 25 SV/SPS IND (SII/SIVB) Switch

In the SII/SIVB (up) position, the gimbal position and fuel pressure
indicator displays S-II and S-IV B booster fuel pressure. In the GPI

(down) position, the SPS gimbal position is displayed.

3.2.7.26 TVC GMBL DRIVE Switches

These t§vo switches select the SPS gimbal drive servo loops. There
is one switch for each axis(PITCHand YAW). In the AUTO (center) position
automatic switchover, for overcurrent sensing, from primary to redundant
loop is provided. In the 1 (up) position, the primary loop is selected
with no automatic switchover capability. In the 2 (down) position the

redundant loop is selected with no automatic switchover capability.

3.2.7,27 FCSM Switches

The two FCSM switches enable the flight combustion stability monitor
(FCSM), oneswitch for each of the redundant SPS channels, A and B. In
the SPS A or SPS B (up) position the FCSM is enabled and provides
automatic SPS engine cutoff in case of rough firing. The RESET/OVERRIDE

(down) position disables the FCSM and resets it for future use, The FCSM
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should be enabled prior to any GNCS controlled SPS thrusting manuever.

3.2.7.28 LAUNCH VEHICLE — GUIDANCE Switch

This switch selects the control for the S-IV B. In the IV(up) position
the Saturn instrumentation unit controls the S-IV B. In the CMC (down)
position the GNCS controls the S-IV B. It controls start of injection

sequence; roll, pitc‘h, and yaw; and cut off.

3. 2.7.39 TVC SERVO POWER Switches

These switches-are on panel 7 to the left of the MDC. They are used
to select the source (AC1/MNA or AC2/MNB) for the TVC servo loops.

These switches must be on for any TVC manuever.

3.3 TELEMETRY SUBSYSTEM
8. 8. 1 Downlink

The GNCS telemetry downlink data consists of three types of signals:
discretes, coded analog data, and CMC digital downlink data. The GNCS
supplies the pulse code modulator {PCM) with CMC serial digital data and
analog data from the signal conditioner (SC). The PCM digital multiplexer
codes the SC analog signals into parallel digital data. The PCM codes the

various data into serial format for transmission to earth.

The GNCS analog signals and some discretes must be.converted to a
common impedance and voltage range (Oltoﬁwvdc)to be accepted by the
PCM multiplexer. This is done by the GNCS signal conditioner (Fig. 3-2).
The signal conditioner also provides isolation between the circuit being
monitored and the telemetry system. The PCM Muitiplexer transforms
the conditioned signals into an eight bit telemetry words suitable for
telemetry multiplexer and transmission. The PGNCS opeaationhl signal
conditioner consists of four modules:

1. DAC PIPA temperature and 2.5 bias signal conditioner
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2. IRIG and PIPA signal conditioner
3. Gimbal resolver signal conditioner
4, 120 V PIPA supply signal conditioner

The signal conditioner receives a 28volt dc B+ supply voltage and
2.5 volt de conditioning voltage from the signal conditioner power supply.
The 28 volt dc B+ is applied to each module. The 2.5 volt dc bias voltage
is connected in series with the demodulated outputs of each module and
is also monitored directly by the PCM multiplexer. The 2.5 volt dc
bias high is connected to the signal low and becames the reference point
for the 0 to 5 volt signal outputs of the demodulators. In this manner,
a zero-phase ac signal, after conditioning, is represented as a dc voltage
value above the 2. 5 volt reference. A pi-phase signal, after conditioning,
is represented as a dc voltage value below the 2.5 volt reference. Bipolar
dc signals from GNCS which may be postitive or negative and have a zero
volt reference after conditioning are represented in a similar manner,
Positive voltages are represented as a voltage value above the 2. 5 volt
reference and negative voltages are represented as a voltage value

below the 2. 5 volt reference.

Discrete signals are telemetered as single bits within eight bit
words. The GNCS, CMC,and ISS discretes are developed to their proper

5 vdc level by the signal conditioner.

The GNCS flight qualification signal conditioner contains, in addition

to the four modules in the operational signal conditioner, two extra modules:
1. Torque motor and 1X sine gimbal resolver signal conditioner

2. Optics and attitude error signal conditioner
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In addition the 120 V PIPA supply signal conditioner also contains circuitry
for IRIG temperature signal conditioning. Tables 3-4 and 3-5 list the signals
monitored by the signal conditioners.

The CMC digital downlink is transmitted at a rate of 50 words per second
on the high bit rate and 10 words per second on the low bit rate. Each word con-
sists of 33 bits, the first bit is a word-order code, the next 16 bits are the con-
tents of one 16 bit CMC register, and the last 16 bits are the contents of another
16 bit CMC register. (Because the PCM telemetry format requires data in mul-
tiples of 8-bit words, the CMC downlink program repeats the first 7 bits from
the first 16-bit register, after the 33-bit transmission, in order to fill the
40-bit downlink allocation.) In this manner the contents of 100 CMC registers
are transmitted in one second at the high bit rate and in 5 seconds atthe low rate.

The downlink format is controlled by a CMC program which loads the
next 2 registers to be transmitted into channels 34 and 35. This program is en-
tered on aninterrupt caused by an''endpulse' from the telemetry system. There
are four different downlink lists in the Sundisk program for use in different mission
phases. | |

The general CMC down}ink formatis shown in Table 3-6, Each list contains
100 words (i.e.200 CMC registers) énd requires 2 seconds to transmit. The first
word inany list contains the ID and sync registersand has a word order code bit
of zero. The ID register marks the beginning of a listand also identifies which
listis being tranémitted. The sync register always contains the same 16 bits,
These bits (111 1110 111 0000000) are used to sync certain remote site downlink

processing equipment. The next 12 words (24 registers)are snapshot data. These
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Table 3-4.

Table 3-5.

GNCS Telemetry Measurement List

(Operational Flight)

Measurement # Description
CG 0001V Computer Digital Data 40 Bit
CG 1040V +120 VDC PIPA Supply DC Level
CG 1110V 2.5 VDC T/M Bias
CG 1201V ISS 28 VRMS, 800 cps, 1%, zero phase
CG 1331V 3. 2KC, 28V Supply
CG 1513X +28V IMU Standby
CG 1523X +28V CMC Operate
CG 1533X +28V OPTX Operate
CG 2001V X PIPA SG Output In Phase
CG 2021V Y PIPA SG Output In Phase
CG 2041V Z PIPA SG Output In Phase
CG 2112V IG 1IX Resolver Output SIN
CG 2113V IG IX Resolver Output COS
CG 2117V IG Servo Error In Phase
CG 2142V MG 1X Resolver Output SIN
CG 2143V MG 1X Resolver Output COS
CG 2147V MG Servo Error In Phase
CG 2172V OG 1X Resolver Output SIN
CG 2173V OG 1X Resolver Output COS
CG 2177V OG Servo Error In Phase
CG 2300T PIPA Temperature
CG 3721V Shaft CDU DAC Output
CG 3722V Trunnion CDU DAC Output
CG 5040X CMC Warning
Additional GNCS Telemetry Measurements
For Flight Qualifications
Measurement # Description
CG 1211V OSS 28 VRMS, 800 cps, 1%, zero phase
CG 2219V Pitch Att. Error-CDU DAC Out
CG 2249V Yaw Att. Error-CDU DAC Out
CG 2279V Roll Att. Error-CDU DAC Out
CG 2301T IRIG Temperature
CG 2302X IMU Heater Current
CG 2303X IMU Blower Current
CG 3011V Trunnion C2U Fine Error
CG 3021V Shaft CDU Fine Error
CG 3140V SXT Shaft Tachometer Output
CG 3150V SXT Trun Tach Output
CG 3160V SCT Shaft Tach Output -
CG 3170V SCT Trun Tach Output In Phase
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Table 3-6. General CMC Downlink Format.

| Word Order Code

Contents of

Word # 1st register 2nd register
1 0 ID sync
2 1 ¢ snapshot data which may
l l S change with different
13 1 z lists |
14 1 regular data which will probably
J : 1 { change with different llists
44 |
45 1
j l DSPTAB registers
50 1
51 0 TIME 2 TIME 1
52 1 snapshot data which may
1 l chénge with different
63 1 lists
64 1 S regular dataﬁ which will probably
l t ‘ change with different
90 1 ? lists
91 i) channel 11 channel 12
92 1 channel 13 channel 14
93 1 ‘channel 30 chanhel 31
94 1 ‘channel 32 channel 33
95 1
l ' DSPTAB registers
100 1
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twelve words have word order code bits of one. Since certain data on the
downlink are only meanihgful when considered in multi-register arrays
(e.g. state vectors) and since the pfograms which compute there arrays are
not synchronized vﬁth the downlink program, a ''snapshot' is taken of these
registers so that changes in their values will not occur while these arrays are
being transmitted to the ground. The next 31 words (62registers) contain
regular data (non-snapshot) and have word order code bits of one. Since both
registers of a word are loaded at the same time, no synchronization problems
can arise on double precision parameters. The next 6 words (12 registers)
have word order code bits of one and transmit the contents of the latching re-
lays in the DSKY. As such they indicate all displays and certain other functions
handled through the latching DSKY relays. All downlink lists contain DSPTAB
| registers in this position in the list. |

The next downlink word contains the double precision contents of the CMC
clock. This word has a word order code bit of one and always retains the position
indicated in all lists. This starts the second half of the downlist which is similar
in format to the first half. The next 12 words (24 registers) contain more snap-
shot data. The following 27 words (54 registers) contain more regular data.
The next four downlink words (8 registers) contain the contents of channels
11, 12, 13, 14, 30, 31, 32, and 33 in that oraer. They contain the status of a
number of discrete interfaces of the CMC. These words have word order bit s
of one and are in the same position on all downlink lists. The last 6 words
(12 registers) contain the contents of the DSPTAB registers. Tables 3-7, 3-8,

3-9, and 3-10 contain the four ddvfnlink lists.
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Table 3-7

. CSM Entry and Update Downlist
(P62, P63, P64, P67, and P27)

(Sheet 1 of 8)

cMmcC :
Word No.| Register Description
I. D, Words
01 Downlist identification
02 LOWIDCOD Synchronization bits
Snapshot Section of Downlist
03 RN N X position MSB
04 RN +1 LSB
05 RN +2 Y position MSB
06 RN +3 LSB
07 RN +4 Z, position MSB
b il S| CSM state vector LB
09 VN X velocity MSB
10 VN +1 LSB
11 VN +2 Y velocity MSB
12 VN +3 LSB
13 VN +4 7, velocity MSB
14 VN +5 / LSB
15 PIPTIME State vector time MSB
16 PIPTIME +1 LSB
17 REDOCTR Redo counter
18 THETAD Desired ICDU angles X
19 THETAD +1 Y
20 THETAD +2 V4
21 QREL Pitch rate
22 RREL | Yaw rate
23 PREL. Roll rate
24 QREL Nothing
25 CMDAPMOD Entry DAP mode
26 VT/180E Nothing




Table 3-T7.

CSM Entry and Update Downlist

(P62, P63, P64, P67, and P2T)

(Sheet 2 of 8)

CMC
Word No, | Register Description
Regular Section of Downlist

27 LATANG Lateral range MSB
28 LATANG +1 LSB
29 RT h

30 RT #+1

31 RT +2 L, |Entry target unit vector

32 RT +3 (in reference coordinates)

33 RT +4

34 RT +& 5

35 PAXERRI1 Roll error

36 ROLLTM Roll angle

37 QAXERR Pitch error

38 RAXERR Yaw error

38 COMPNUMB Desired number of update corhponents
40 UPOLDMOD Previous program

41 UPVERB Update verb

42 UPCOUNT Actual number of components received
43 UPBUFF b

44 UPBUFF +1

45 UPBUFF +2

46 UPBUFF +3

47 UPBUFF +4

48 UPBUFF +5 Update verify buffers

49 UPBUFF +6

50 UPBUFF +7D

51 UPBUFF +8D

52 UPBUFF +9D

53 UPBUFF +10D

-
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Table 3-

7. CSM Entry and Update Downlist
(P62, P63, P64, P67, and P27)

(Sheet 3 of 8)

cMmcC
Word No. | Register Description
54 UPBUFF +11D)
99 UPBUFF +12D
56 UPBUFF +13D
57 UPBUFF +14D
58 UPBUFF +15D (| Update verify buffers
58 UPBUFF +16D
60 UPBUFF +17D
61 UPBUFF +18D
62 UPBUFEF +19DJ
63 TTE Time of free fall to EMS Attitude MSB
64 TTE +1 LSB
65 THETAH Range to target MSB
66 THETAH +1 LSB
67 RDOT Attitude rate MSB
68 RDOT +1 LSB
69 OPTMODES Optics mode
70 HOLDFLAG Holdflag
71 CADRMARK F - Bank address of last mark display
72 TEMPF LSH F - Bank address of last normal display
73 CDUS Actual OCDU shaft angle
74 PIPAX Actual PIPA counts X
78 PIPAY X
76 PIPAZ Z
77 CDUX Actual ICDU angles X
78 CDUyY X
79 cbuz Z
80 CDUT Actual OCDU trunnion angle

3

40




Table 3-7. CSM Entry and Update Downlist

(P62, P63, P64, P67, and P27)

(Sheet 4 of 8)

cCMC
Word No. | Register Description
81 FLAGWRDO Flagword 0
82 FLAGWRDI1 " |
83 FLAGWRD2 " 2
84 FLAGWRD3 " 3
85 FLAGWRD4 " 4
86 FLAGWRD5 " 5
87 FLAGWRDG6 " 6
88 FLAGWRD7 " 7
Display Tables
89 DSPTAB +0
90 DSPTAB +1
g1 DSPTAB +2
92 DSPTAB +3
93 DSPTAB +4
£ DSPTAB +5 # DSKY display relay configuration
95 DSPTAB +6
96 DSPTAB +7
97 DSPTAB +8D
98 DSPTAB +9D
29 DSPTAB +10D
100 DSPTAB +11Dj
CMC Clock (and Start of Second Half of Downlist)
101 TIME2 Time of CMC clock MSB
102 TIME1 LSB
Snapshot Section of Downlist
103 DELV %
104 DELV +1
106 RELV +2 X Compensated delta V of PIPA's
106 DELV +3 over two seconds
107 DELV +4
108 DELV +5

3-41




Table 3-7. CSM Entry and Update Downlist

(P62, P63, P64, P67, and P27)

(Sheet 5 of 8)

cMC
Word No. | Register Description
109 © | =VREL - )
110 -VREL +1
1l TVREL 2 Negative of the velocity during entry
112 -VREL +3 |
113 -VREL +4
114 -VREL +5 J
115 PIPTIME1 Time PIPA's were read associated with MSB
delta V's
116 PIPTIME1 +1 LSB
117 REDOCTR Redo counter
118 THETAD Desired ICDU angles X
119 THETAD +1 Y
120 THETAD +2 Z
121 QREL Pitch rate
122 RREL Yaw rate
123 PREL Roll rate
124 QREL | Nothing
125 CMDA PMOD Entry DAP mode
126 -VT/180E Nothing
Regular Section of Downlist
127 LAT(SPL) Latitude of target MSB
128 LAT(SPL) +1 LSB
128 LNG(SPL) | Longitude of target MSB
130 LNG(SPL) +1 LSB
131 GAMMAEI Flightpath angle at 400, 000 feet MSB
132 GAMMAEI +1 LSB
133 VPRED Predicted entry velocity at 400, 000 feet MSB
above Fischer radius
134 VPRED +1 LSB




Table 3-7, CSM Entry and Update Downlist

(P62, P63, P64, P67, and P27)

(Sheet 6 of 8)

CMC
Word No. | Register Description
135 ROLLTM Roll angle
136 ROLLC Roll command
137 QAXERR Pitch error
138 RAXERR Yaw error
139 COMPNUMB Desired number of update components
140 UPOLDMOD Previous program
141 UPVERB Update verb
142 UPCOUNT Actual number of components received
143 UPBUFF
144 UPBUFF +1 )
145 UPBUFF +2
146 UPBUFF +3
147 UPBUFF +4
148 UPBUFF +5
149 UPBUFF +6
150 UPBUFF +7
151 UPBUFF +8D
152 UPBUFF +9D
153 UPBUFF +10Dp| Update verify buffers
154 UPBUFF +11D
155 UPBUFF +12D
156 UPBUFF +13D
157 UPBUFF +14D
158 UPBUFF +15D
159 UPBUFF +16D
160 UPBUFF +17D
161 UPBUFF +18D
162

UPBUFF +19D
S
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Table 3-7, CSM Entry and Update Downlist
(P62, P63, P64, P67, and P27)

(Sheet 7 of 8)

cmcC
Word No. | hegister Description
163 L/D1 Lift to drag ratio MSB
164 L/D1 +1 LSB
165 CADRFLSH -1 | Nothing
166 CADRFLSH F - Bank address of last priority display
167 VIO Predicted entry velocity at EMS altitude MSB
above Fischer radius
168 VIO +1 ' LSB
169 DAPDATRI RCS-CSM DAP interface data
170 DAPDATR?Z
171 RSBBQ Restart B-bank
172 RSBBQ +1 Restart Q
173 ALMCADR Alarm/abort users Q
174 ALMCADR +1 | Alarm/abort users B-bank
175 IMODES30 IMU status bits
176 IMODES33 G+N status bits
177 CDhUX Actual ICDU angles X
178 CDhUY Y
179 CDhUZz Z
180 cbuT Actual OCDU trunnion angle
Channels
181 CHANNEL 11)
182 CHANNEL 12
183 CHANNEL 13
184 CHANNEL 14
188 CHANNEL 30 > Input and Output channels
186 CHANNEL 31
187 CHANNEL 32
188 CHANNEL 33




Table 3-7. CSM Entry and Update Downlist
(P62, P63, P64, P67, and P27)

(Sheet 8 of 8)

CMC
Word No. | Register Description
189 DSPTAB +0 )
190 DSPTAB +1
191 DSPTAB +2
192 DSPTAB +3
193 DSPTAB +4
194 DSPTAB +5 >| DSKY display relay configuration
195 DSPTAB +6
196 DSPTAB +7
197 DSPTAB +8D
198 DSPTAB +9D
199 DSPTAB +10D
200 DSPTAB +11D/
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(P00, P01, P62, P03, ‘P04,

Table 3-8,

CSM Coast and Align Downlist

(Sheet 1 of 8)

P8, Pli, Pal, P52, P53, and Pbd)

CMC
Word No.| Register Description
I. D. Words
01 Downlist identification
02 LOWIDCOD Synchronization bits
Snapshot Section of Downlist
05 RN N X position MSB
04 RN +1 LSB
05 RN +2 Y position MSB
06 RN +3 L.SB
07 RN +4 Z position MSB
08 RN +5 LSB
09 VN B | Sl SN SGSEE X velocity ~ MSB
10 VN +1 LSB
11 VN 12 Y velocity MSB
12 VN +3 L.SB
13 VN +4 Z velocity MSB
14 VN +5 S LSB
15 PIPTIME State vector time MSB
16 PIPTIME +1 LSB
17 REDOCTR REDO counter
18 THETAD Desired ICDU angles X
19 THETAD +1 Y
20 THETAD +2 Z
21 ADOT g Roll MSB
22 ADOT +1 LSB
23 ADOT1 Measured vehicle body Pitch MSB
24 ADOTI1 +1 > rates about the control axis LSB
25 ADOT?2 Yaw MSB
26 ADOT2 +1 y 1.SB
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Table 3-8. CSM Coast and Align Downlist
(P00, P01, P02, P03, P05, P06, P11, P51, P52, P53, and P54)

(Sheet 2 of 8)

CMC
Word No. | Register Description
Regular Section of Downlist
27 RSP-RREC Delta R (computed abort target MSB
minus stored abort target)
28 RSP-RREC +1 LSB
29 HAPO Apogee MSB
30 HAPO +1 LSB
31 HPER Perigee MSB
32 HPER +1 LSB
33 Spare
34 Spare
35 ~TPER Time to perigee MSB
36 -TPER +1 LSB
37 BESTI Star 2 identification number
38 BESTJ Star 1 identification number
39 STARSAV1 |
40 STARSAV1 +1
4 L | Star 1 sighting vector
42 STARSAV1 +3
43 STARSAV1 +4
44 STARSAV1 +5
45 STARSAV?2 3
46 STARSAV2 +1
sl i weniaie P Star 2 sighting vector
48 STARSAV2 +3
49 STARSAV2 +4
50 STARSAV2 +5
51 REFSMMAT Y
82 REFSMMAT +1
53 REFSMMAT +2 r REFSMMAT
54 REFSMMAT +3
55 REFSMMAT +4)




Table 3-8.

CSM Coast and Align Downlist

(POO, PO1, PO2, P03, P05, P06, P11, P51, P52, P53, and P54)

(Sheet 3 of 8)

CMC
Word No. | Register Description
56 REFSMMAT +5
o7 REFSMMAT +6
58 REFSMMAT +7
59 REFSMMAT +8D p REFSMMAT
60 REFSMMAT +9D
61 REFSMMAT +10D
62 REFSMMAT +1 19
63 CADRFLSH -1 Nothing
64 CADRFLSH F - Bank address of last priority display
65 ERRORX -1 Nothing
66 ERRORX RCS DAP control axis X
attitude error
67 ERRORY ¥
68 ERRORZ Z
69 OPTMODES Optics mode
70 HOLDFLAG Hold flag
71 CADRMARK F - Bank address of last mark display
72 TEMPF LSH F' - Bank address of last normal display
73 CDUS Actual OCDU shaft angle
74 PIPAX Actual PIPA counts X
75 PIPAY ¥
76 PIPAZ 4
77 CDUX Actual ICDU angles X
78 CcDUY Y
79 CDhuz Z
80 cbhuT Actual OCDU trunnion angle
81 FLAGWRDO Flagword 0
82 FLAGWRD1 " 1
83 FLAGWRD2 " 2
84 FLAGWRD3 " 3
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Table 3-8,

CSM Coast and Align Downlist

(P00, P01, POZ, P03, P05, P08, P11, P51, P52, P53, and P54)

(Sheet 4 of 8)

CMC
Word No, | Register Description
85 FLAGWRD4 Flagword 4
86 FLAGWRD5 B 5
87 FLAGWRDG6 " 6
88 FLAGWRD7 ' 7
Display Tables
89 DSPTAB +0 )
90 DSPTAB +1
Bl DSPTAB +2
92 DSPTAB +3
83 DSPTAB +4
4 DSPTAB +5 > | DSKY display relay configuration
05 DSPTAB +6
96 DSPTAB +7
97 DSPTAB +8D
98 DSPTAB +9D
99 DSPTAB +10D
100 DSPTAB +11D /
CMC Clock (and Start of Second Half of Downlist)
101 TIME?2 Time of CMC clock MSB
102 TIME1 LSB
Snapshot Section of Downlist
103 R-OTHER N X position MSB
104 R-OTHER +1 LSB
105 R-OTHER +2 T T Y pasition MSB
106 R-OTHER +3 LSB
107 R-OTHER +4 Z, position MSB
108 R-OTHER +5 ./ L.SB




Table 3-8, CSM Coast and Align Downlist
(P00, PO1, PO2,:.P03, P05, PO06,::Pl1, P51, P52, P53, and P54)

(Sheet 5 of 8)

115 N S , e
Word No.| Register Description
109 V-OTHER o X velocity MSB
110 V-OTHER +1 o = LSB
111 V-OTHER +2 ’ Y velocity MSB
112 V-OTHER +3 > LM state vector Y _ LSB
113 V-OTHER +4 4 7 velocity  MSB
114 V-OTHER +5 J - SRt LSB
115 T-OTHER State vector time ’ i MSB
116 T-OTHER +1 f ' LSB
117 REDOCTR REDO counter ‘ h
118 THETAD Desired ICDU angles X
119 THETAD +1 S A
120 THETAD:+2 . “ e w s e § o 7
121 ADOT e : ~ 'Roll” MSB
122 ADOT +1 | PSR AE LSB
123 ADOT1 Measured vehicle bo:dy: ~Pitch , MSB
124 ADOT1 +1 ”| rates about the control axis - + LSB
125 ADOT? LYY vaw MSB
126 ADOT2 +1 - UL 3 Hea et LSB
- Regular Section of Downlist &
127 TFF Time to free fall = . ' MSB
128 TFF +1 ' - ' LSB
129 oGC s ‘ " ' X MSB
130 'OGC +1 X LSB
'131 IGC F Gyro torquing angle X MSB
132 IGC +1° | Fem ol Y LSB
133 MG C z" MSB
134  |* MGC +1 b ¥ LSB
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Table 3-8, CSM Coast and Align Downlist
(P00, P01, Po2, P03, P05, P06, Pll, P5l, P53, P53, and P54)

(Sheet 6 of 8)

CMC

Word No. | Register Description
135 VG VG X (ECI coordinates) MSB
136 VG +1 LSB
137 VG +2 VG Y (ECI coordinates) MSB
138 VG +3 LSB
139 VG +4 VG Z (ECI coordinates) MSB
140 VQ +5 LSB
141 FAILREG Alarm code
142 FAILREG +1 Alarm code
143 PIPTIME1 Time at which PIPA's read MSB
144 PIPTIME1 +1 LSB
145 FAILREG +2 Alarm code
146 Nothing
147 INTVEC +0
148 INTVEC +1 l
149 INTVEC +4 Integrals of PIPA pulses
150 INTVEC +5 ./
151 DELV N Delta V X(SM) MSB
152 DELV +1 LSB
153 DELV +2 S Two second accumula- Delta V Y(SM) MSB
154 DELYV +3 tion of PIPA counts I.SB
155 DELV +4 Delta V Z(SM) MSB
156 DELY 45 - LSB
157 TEVENT Time of event MSB
158 TEVENT +1 LSB
159 Spare
160 "
161 i
162 !
163 "
164 "
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Table 3-8, CSM Coast and Align Downlist
(P00, PO1, P02, P03, P05, P06, P11, P51, P52, P53, and P54)

(Sheet 7 of 8)

CM
Word No. | Register Description
165 AK Control axis attitude error
166 AK1
167 AK2
168 Nothing
169 DAPDATRI1 RCS-CSM DAP interface data
170 DAPDATR2
171 RSBBQ Restart B-bank
172 RSBBQ +1 Restart Q
173 ALMCADR Alarm/abort users Q
174 ALMCADR +1 Alarm/abort users B-bank
175 IMODES30 IMU status bits
176 IMODES33 G+N status bits
177 CDUX Actual ICDU angles
178 CcDUY
179 CDhUZ
180 CDUT Actual OCDU trunnion angle
Channels
181 CHANNEL 11 ™
182 CHANNEL 12
183 CHANNEL 13
Lo CHANNEL, 14 >| Input and output channels
185 CHANNEL 30
186 CHANNEL 31
187 CHANNEL 32
188 CHANNEL 33
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Table 3-8, CSM Coast and Align Downlist
(P00, PO1, P02, P03, P05, P06, P11, P51, P52, P53, and P54)

(Sheet 8 of 8)

CM
Word No, | Register Description
Display Tables
189 DSPTAB +0 )
190 DSPTAB +1
191 DSPTAB +2
192 DSPTAB +3
193 DSPTAB +4
194 - DSPTAR +5 : i
> | DSKY display relay configuration
185 DSPTAB +6
196 DSPTAB +7
197 DSPTAB +8D
198 DSPTAB +9D
198 DSPTAB +10D
200 DSPTAB +11D |
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Table 3-9.

CSM Powered Downlist

(P40, P41, P47, and P61)

(Sheet 1 of 7)

CMC
Word No. | Register Description
I. D. Words
01 Downlist identification
02 LOWIDCOD Synchronization bits
Snapshot Section of Downlist
03 RN N X position MSB
04 BN +1 LSB
05 RN +2 Y position MSB
06 RN +3 LSB
07 RN +4 Z position MSB
a5 B 49 > CSM state vector el
09 VN X velocity MSB
10 VN +1 LSB
11 VN +2 Y velocity MSB
12 VN +3 LSB
13 VN +4 Z velocity MSB
14 VN +5 r LSB
15 PIPTIME State vector time MSB
16 PIPTIME +1 LSR
17 REDOCTR REDO counter
18 THETAD Desired gimbal angles X
19 THETAD +1 for maneuver v
20 THETAD +2 Z
21 ADOT N Roll MSB
22 ADOT +1 LSB
23 ADOT1 S Measured vehicle body Pitch MSB
24 ADOT1 +1 rates about the control axis L8R
25 ADOT?2 Yaw MSB
26 ADOT2 41 LSR
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Table 3-9., CSM Powered Downlist
(P40, P41, P47, ard P61)

(Sheet 2 of 7)
CMC
Word No.| Register Description
Regular Section of Downlist
27 VIPRIME h X MSB
28 VIPRIME +1 X LSB
29 VIPRIME +2 Velocity at designated X MSB
30 VIPRIME +3 [| radius Y LSB
31 VIPRIME +4 4 MSR
32 VIPRIME +5 Z LSR
33 BDT w
34 BDT +1
- BL 4 S B geometry vector
36 BDT +3
37 BDT +4
38 BDT +5 -
39 PACTOFF Total pitch and yaw trim gimbal angles
40 PACTOFF +1
41 PCMD Pitch command
42 YCMD Yaw command
43 CADRFLSH -1 Nothing
44 CADRFLSH F - Bank address of last priority display
45 WBODY N Roll MSR
46 WBODY +1 . LSB
s | woopvi || Desireduodysatertor RES g sy
48 WBODY1 +1 is negative LSB
49 WBODY?2 Yaw MSB
50 WBODYZ2 +1 LSR
51 REFSMMAT ﬁ
b2 REFSMMAT +1
53 REFSMMAT +2
54 REFSMMAT +3 REFSMMAT
55 REFSMMAT +4
56 REFSMMAT +5
57

REFSMMAT +6 |
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Table 3-9. CSM Powered Downlist
(P40, P41, P47, and P61)

(Sheet 3 of 7)

CMC

Word No. | Register Description
58 REFSMMAT +7 |
a5 REFSMMAT +8D
60 REFSMMAT +9D ¢l REFSMMAT
61 REFSMMAT +10D
62 REFSMMAT +11D)
63 AK1 Body axis attitude error
64 AK?2 Outer gimbal angle error
65 ERRORX -1 Nothing
66 ERRORX RCS DAP attitude error X
67 ERRORY x
68 ERRORZ Z
69 OPTMODES Optics mode
70 HOLDFLAG HOLDFLAG
71 CADRMARK F - Bank address of last mark display
72 TEMPFLSH F - Bank address of last normal display
13 CDUS Actual OCDU shaft angle
74 PIPAX Actual PIPA counts X
75 PIPAY b
76 PIPAZ Z
77 CDUX Actual ICDU angles X
78 CcDUY Y
79 CDhUZz Z
80 CDUT Actual OCDU trunnion angle
81 FLAGWRDO Flagword 0
82 FLAGWRD1 " 1
83 FLAGWRD2 " 2
84 FLAGWRD3 " 3
85 FLAGWRD4 " 4
86 FLAGWRD5 " 5
87 FLAGWRDS6 " 6
88 FLAGWRD7 " 7




Table 3-9. CSM Powered Downlist
(P40, P41, P47, and P61)

(Sheet 4 of 7)

CMC

Word No. | Register Description
Display Tables
89 DSPTAB +0 h
90 DSPTAB +1
91 DSPTAB +2
92 DSPTAB +3
93 DSPTAB +4
94 DSPTAB +5
. DSKY display relay configuration
- 95 DSPTAB +6
986 DSPTAB +17
97 DSPTAB +8D
98 DSPTAB +9D
99 DSPTAB +10D
100 DSPTAB +11D
CMC Clock (and Start of Second Half of Downlist)
101 TIME2 Time of CMC clock ' MSB
102 TIME1 LSB
Rt Snapshot Section of Downlist
103 R-OTHER 3 X position MSB
104 R=OTHER +1 LSB
105 R-OTHER +2 Y position MSB
106 R-OTHER +3 LSB
107 R-OTHER +4 Z position MSB
11'98 B~OTHER +5 | LM state Vector‘ LSB
109 V-0OTHER X velocity MSR
110 V-OTHER +1 LSB
111 V-OTHER +2 Y velocity MSB
112 V-OTHER +3 LSR
118 V-OTHER +4 Z velocity MSB
114 V-OTHER +5 = LSB

7
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Table 3=9,.

(Sheet 5 of 7)

CSM Powered Downlist
(P40, P41, P47, and P61)

CMC

Word No.| Register Description
115 T-OTHER State vector time MSB
116 T-OTHER +1 LSB
117 REDOCTR REDO counter
118 THETAD Desired gimbal angles X
119 THETAD +1 for maneuver v
120 THETAD +2 Z
121 ADOT N Roll MSB
122 ADOT +1 LSB
123 ADOT1 Measured vehicle body Pitch MSB
124 ADOT1 +1 > rates about the control axis LSB
125 ADOT?2 Yaw MSB
126 ADOT?2 +1 / LSB
127 TFF Time to free fall MSB
128 TFF &1 LSB
129 1/CONACC Roll DAP gain
130 VARK TVC DAP gain
131 MASS CSM Current weight MSB
132 ~MASS +1 LSB
133 RGLOS Elevation angle MSB
134 RGLOS +1 , LSB
135 VG VGX (ECI coordinates) MSB
136 VG +1 LSB
137 VG +2 VGY (ECI coordinates) MSB
138 VG +3 . LSB
139 VG +4 VGZ (ECI coordinates) MSB
140 VG +5 LSB
141 PCMD Pitch command
142 YCMD Yaw command
143 PIPTIME1 Time at which PIPA's were read MSB

associated with delta V's

144 PIPTIME]1 +1 LSB
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Table 3-9.
(P40, P41, P47, and P61)

CSM Powered Downlist

(Sheet 6 of 7)

CMC

Word No. | Register Description
145 DELV Delta V X(SM) MSB
146 DELV +1 LSB
147 DELV +2 Two second accumula- Delta V Y(SM) LSR
148 DELV +3 tion of PIPA counts MSB
149 DELV +4 Delta V Z(SM) MSB
150 DELV +5 LSR
151 THETADX DAP desired change in X
152 THETADY S0 magten Y
153 THETADZ Z
154 THETADZ +1 Nothing
155 FAILREG Alarm code
156 FAILREG +1 Alarm code
16T TEVENT Time of event MSB
158 TEVENT +1 LSB
159 TGO Time to go to engine cutoff LSB
160 | TGO +1 MSB
161 AK Control axis attitude error X
162 AK1 Y
163 AK?2 Z
164 OGARATE Outer gimbal angle rate
165 . TIG Time of ignition MSB
166 TIG +1 LSB
167 T3TOT4 Transfer time from ignition to intercept MSB
168 T3TOT4 +1 LSB
169 DAPDATRI1 RCS-CSM DAP interface data
170 DAPDATR2
171 RSBBQ Restart B-bank
172 RSBBQ +1 Restart Q
173 ALMCADR Alarm/abort users Q
174 ALMCADR +1 Alarm/abort users B-bank
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Table 3-9. CSM Powered Downlist
(P40, P41, P47, and P61)

(Sheet 7 of 7)

cMC
Word No.| Register Description
175 IMODES30 IMU status bits
176 IMODES33 G+N status bits
177 CDUX Actual ICDU angles X
178 CcCDhUY Y
178 CDhUZ Z
180 cbuT Actual OCDU trunnion angle
Channels
181 CHANNEL 11
182 CHANNEL 12
183 CHANNEL 13
183 CHANREL 14 >| Input and output channels
185 CHANNEL 30
186 CHANNEL 31
187 CHANNEL 32
188 CHANNEL 33
Display Tables
189 DSPTAB +0 )
190 DSPTAB +1
191 DSPTAB +2
192 DSPTAB +3
183 DSPTAB +4
194 DSPTAB +5 . ; .
>| DSKY display relay configuration
195 DSPTAB +6
196 DSPTAB +7
19% DSPTAB +8D
198 DSPTAB +9D
199 DSPTAB +10D
200 DSPTAB +11D J
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Table 3-10. CSM Rendezvous and Prethrust Downlist
(P20, P21, P22, P23, P30, P34, P35, P74, and PT75)

(Sheet 1 of 7)

CcCMC
Word No. | Register Description
I.D. Words
01 Downlist identification
02 LOWIDCOD Synchronization bits
Snapshot Section of Downlist
03 RN b X position MSB
04 RN +1 LSB
05 RN +2 Y position MSB
06 RN +3 LSB
07 RN +4 Z position MSB
08 Sl B > CSM state vector Lels
09 VN X velocity MSB
10 VN +1 LSB
11 VN +2 Y velocity MSB
12 VN +3 LSB
13 VN +4 Z velocity MSB
14 VN +5 - LSB
15 PIPTIME =~ | State vector time MSB
16 PIPTIME +1 LSB
17 REDOCTR REDO counter
18 THETAD Desired gimbal angles X
19 THETAD +1 for maneuver v
20 THETAD +2 | z
21 ADOT W Roll MSB
22 ADOT"+1 ' LSB
23 ADOT1 Measured vehicle body Pitch MSB
24 ADOT1 +1 P rates about the control axis 1SB
25 ADOT?2 ' Yaw MSB
26 ADOT2 +1  / LSB
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Table 3-10.

CSM Rendezvous and Prethrust Downlist

(P20, P21, P22, P23, P30, P34, P35, P74, and P75)

(Sheet 2 of 7)

CMC
Word No. | Register Description
Regular Section of Downlist
217 LAT Latitude MSB
28 LAT +1 LSB
29 LONG Longitude MSBR
30 LONG +1 LSB
31 ALT Altitude MSB
52 ALT +1 LSB
35 FAILREG Alarm code
34 FAILREG +1 Alarm code
35 FAILREG +2 Alarm code
36 Nothing
37 Spare
38 Spare
39 RANGE Range to the LM MSB
40 RANGE +1 LSB
41 RRATE Calculated range'rate between CM and LM MSB
42 RRATE +1 LSB
43 RTHETA Angle between +X axis and local horizon- MSB
tal plane
44 RTHETA +1 LSB
45 WBODY N Roll MSB
46 WBODY +1 LSB
e | weopy | Desired bodyrates forRCS pucn s
48 WBODY1 +1 is negative LSB
49 WBODY2 Yaw - MSB
50 WBODY2 +1_/ LSB
51 ERRORX-1 Nothing
52 ERRORX Control axis attitude error X
53 ERRORY Y
54 ERRORZ Z
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Table 3-10. CSM Rendezvous and Prethrust Downlist
(P2q,. P21, P22, P23, P30, P34, P35, P74, and P75)

(Sheet 3 of 7)

CMC
Word No. | Register Description
55 MARKDOWN +0 Time of mark LSB
56 MARKDOWN +1 MSB
N MARKDOWN +2 CDUY angle at last mark
58 MARKDOWN +3 Optics shaft angle at mark
59 MARKDOWN +4 CDUZ angle at last mark
60 MARKDOWN +5 Optics trunnion angle at mark
61 MARKDOWN +6 CDUX angle at last mark
62 MARKDOWN +7 Nothing
63 DELVEET3 TPI delta V X MSB
64 DELVEETS3 +1 LSB
65 DELVEET3 +2 TPI delta V E 4 MSB
66 DELVEET3 +3 LSB
67 DELVEETS3 +4 TPI delta V V4 MSB
68 DELVEETS3 +5 LSB
69 OPTMODES Optics mode
70 HOLDFLAG HOLDFLAG
i CADRMARK F - Bank address of last mark display
72 TEMPFLSH F - Bank address of last normal display
73 CDUS Actual OCDU shaft angle
74 PIPAX Actual PIPA counts X
75 PIPAY Y
76 PIPAZ z
M CDUX Actual ICDU angles X
78 CDUY Y
79 CDUZ ' Z
807‘ CDUT Actual OCDU trunnion angle
81 FLAGWRDO Flagword 0
82 FLAGWRD1 " i
83 FLAGWRD2 4 2
84 FLAGWRD3 g 3
85 FLAGWRD4 " 4
86 FLAGWRD5 - 5
87 FLAGWRD6 " 6
88 FLAGWRD7 N 7




Table 3-

10,

(P20, P21,

CSM Rendezvous and Prethrust Downlist

P22, P23, P30, P34, P35, P74, and P75)

(Sheet 4 of 7)

CMC
Word No.| Register Description
Display Tables
8Y DSPTAB +0 )
90 DSPTAB +1
91 DSPTAB +2
92 DSPTAB +3
g3 DSPTAB +4
5 iy’ i > | DSKY display relay configuration
95 DSPTAB +6
96 DSPTAB +7
9% DSPTAB +8D
98 DSPTAB +9D
98 DSPTAB +10D
100 DSPTAB +11D/
CMC Clock (and Start of Second Half of Downlist)
101 TIME?2 Time of CMC clock MSB
102 TIME1 LSB
Snapshot Section of Downlist
103 R-OTHER ) X position MSB
104 R-OTHER +1 LSB
105 R-OTHER +2 Y position MSB
106 R-OTHER +3 LSB
107 R-OTHER +4 Z position MSB
108 R-OTHER +5 - LSB
109 V-OTHER ¢ | T04 Skate veotar X velocity ~ MSB
110 V=OTHER +1 LSB
111 Y-OTHER 12 Y velocity MSB
112 V=-OTHER +3 LSB
113 V-OTHER +4 Z velocity MSB
114 V-OTHER +§ J LSB
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Table 3-10. CSM Rendezvous and Prethrust Downlist
(P20, P21, P22, P23, P30, P34, P35, P74, and PT75)

(Sheet 5 of 7)

CMC

Word No.| Register Description
115 T-OTHER State vector time MSB
116 T~OTHER +1 LSB
117 REDOCTR REDO counter
118 THETAD Desired gimbal angles X
198 THETAD +1 for maneuver -
120 THETAD +2 Z
121 ADOT ™ Roll MSB
122 ADOT +1 LSB
123 ADOT1 Measured vehicle body Pitch MSB
124 ADOT1 +1 F rates about the control axis LSB
125 ADOT?2 Yaw MSB
126 ADOT?2 +1 S L.SB
127 CADRFLSH -1 Nothing
128 CADRFLSH F - Bank address of last priority display
129 TTPI Time of transfer phase initiation MSB
130 TTPIL+1 LSB
131 TPASS4 Time of intercept MSB
132 TPASS4 +1 LSB
133 DELVEET4 TPF delta V X MSB
134 DELVEET4 +1 LSB
135 DELVEET4 +2 TPF delta V b MSB
136 DELVEET4 +3 LSB
137 DELVEET4 +4 TPF delta V Z MSB
138 DELVEET4 +5 LSB
139 Spare
140 Spare _
141 AK Control axis attitude error X
142 AK1 Y
143 AK?2 Z
144 AK2 +1 Nothing
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Table 3-10. CSM Rendezvous and Prethrust Downlist
(P20, P21, P22, P23, P30, P34, P35, P74, and P75)

(Sheet 6 of 7)

CMC
Word No,| Register Description
145 RTARG \
146 RTARG +1
147 RTARG +2 ,, | Aim point position vector
148 RTARG +3 (in reference coordinates)
149 RTARG +4
150 RTARG +5 ~
151 THETADX DAP desired change in X
152 THETADY ICDD angles Y
153 THETADZ Z
154 Nothing
1565 MARKDOWN +0 Time of mark LSB
156 MARKDOWN +1 MSB
157 MARKDOWN +2 CDUY angle at last mark
158 MARKDOWN +3 Optics shaft angle at mark
159 MARKDOWN +4 CDUZ angle at last mark
160 MARKDOWN +5 Optics trunnion angle at mark
161 MARKDOWN +6 CDUX angle at last mark
162 MARKDOWN +7 Nothing
163 RGLOS Elevation angle MSB
164 RGLOS +1 LSB
165 TIG Time of ignition MSB
166 TIG +1 LSB
167 T3TOT4 Transfer time MSB
168 T3TOT4 +1 LSB
169 DAPDATRI1 RCS-CSM DAP interface data
170 DAPDATR2
a7l RSBBQ Restart B-bank
172 RSBBQ +1 Restart Q
173 ALMCADR Alarm/abort users Q
174 ALMCADR +1 Alarm/abort users B-bank
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Table 3-10. CSM Rendezvous and Prethrust Downlist
(P20, P21, P22, P23, P30, P34, P35, P74, and P75)

(Sheet 7 of 7)

CcCMC
Word No., | Register Description
175 IMODES30 IMU status bits
176 IMODES33 G+N status bits
177 CDUX Actual ICDU angles X
178 cDUY Y
179 CDUZ V4
180 CDUT Actual OCDU trunnion angle
Channels
181 CHANNEL 11 )
182 CHANNEL 12
183 CHANNEL 13
Lo CHANNEL 14 >| Input and output channels
185 CHANNEL 30
186 CHANNEL 31
187 CHANNEL 32
188 CHANNEL 33
Display Tables
189 DSPTAB +0 )
190 DSPTAB +1
191 DSPTAB +2
192 DSPTAB +3
193 DSPTAB +4
194 DSPTAB +5
5 DSKY display relay configuration
1856 DSPTAB +6
196 DSPTAB +7
197 DSPTAB +8D
198 DSPTAB +9D
199 DSPTAB +10D
200 DSPTAB +11D
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3.3.2 Uplink

By means of the CMC uplink, the ground can insert data or instruct the
CMC in the same manner normally performed by the crew using the DSKY
keyboard. The crew can block the uplink to the CMC by placing one of the
UP TELEMETRY switches to the BLOCK position. The CMC update program
(P 27) is normally selected by the astronaut by DSKY entry or by the ground
by uplink transmission. The update program can only be selected from pro-
grams P00, P01, P02, and P03.

There are four categories of CMC update:

1. To provide an octal increment to the CMC lift off time (V70).
2. To provide an octal increment to the CMC clock only (V73).
3. To provide load capability for a block of sequential erasable loca-

tions (locations 1 through 18, whose address is specified) (V71).

4, To provide load capability for specified erasable locations
1 through 9 (V172).

The entry may be manual or automatic. During automatic update, the
UPLINK ACTY light is lighted. Manual update is selected by keying in V70E,
V71E, V72E, or V73E followed by keying into register R1 the required data
(XXXXX E). This is performed with a flashing V 21 NO1 display that also
displays the calculated machine address in R3.

3.4 POWER DISTRIBUTION

Power for the GNCS is redundantly supplied by dc buses A and B and
essential ac buses 1 and 2.

The dc power (27.5 vdc) is supplied through four pairs of circuit breakers,

located on panel 22 of the MDC, to filters in the PSA (see Fig. 3-3). The optics
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and IMU operate power is routed through G/N POWER switches on panel 99

in the LEB before filtering, One circuit breaker in each pair connects to main
bus A and the other to main bus B. The IMU HTR circuit breakers apply ISS
standby power; the IMU circuit breakers apply ISS operate power; the COM-
PUTER circuit breakers apply CSS opefate power, and the OSS circuit break-

ers apply OSS operate power.

Essential ac buses 1 and 2 provide 115-v, 400-cps, 3-phase power.
The G/N POWER circuit breakers AC1 and AC2 on panel 22 of the MDC
(see l'ig. 3-3) apply phase B from the ac buses, through the G/N PWR

switch on the same panel, to the OSS reticle dimmer.

Table 3-11 gives some values of GNCS power consumption during

normal conditions.

Table 3-11, GNCS Power Consumption

Average Power

Equipment : Consumption (Watts)

ISS (Standby) , 43.1

ISS (Operate) e b7

ISS (Fine Align) 287.9

CMC (Standby) : 10. 0

CMC (Operate) 110.0

OSS 136.6

Eyepiece Heaters 7.5 (maximum)




SECTION IV
PERFORMANCE AND DESIGN DATA

4,1 IMU -

4,1.1 Operational Data

Gyroscopes: Three 25-IRIG
Drift Rate: 2 meru max (0. 03 sec/sec)
Accelerometers: Three 16-PIP
Rotation: 720 degrees/sec about the outer gimbal axis
60 degrees/sec about any arbitrary axis in

passing up to 10 degrees of gimbal lock

CDU Error: Maximum range +49. 6 arc sec to -63. 4 arc sec
Mean = -6, 9 arc sec, Standard deviation = £24. 5 arc sec

4.1.2 Limitations and Restrictions

Gimbal lock is obtained when the middle gimbal has moved to a position
such as to make the outer and inner gimbal axes nearly colinear and thereby -
producing stabilization loops that are unstable. When this condition is
attained, the IMU stable member must be realigned. To avoid gimbal 1ock, _
the inner gimbal axis is normally positioned to the plane of any planned tra-
jectory or attitude turning maneuver prior to thrusting. To assist in gimbal
lock avoidance, the GIMBAL LOCK indicator is actuated whenever the middle

gimbal angle exceeds 70°., In addition, the ISS is downmoded to éoarée align
and the NO ATT and ISS indicators are actuated whenever the middle gimbal

angle exceeds 85°.

Another IMU limitation is platform drift., Due to random errors and

inaccurately corrected systematic bias, over a period of time the stabilized



platform will have drifted out of ali‘gnment enough to cause serious degradation
in inertial measurement accuracy. Therefore, the IMU alignment must be
periodically checked and realigned to insure measurement accuracy during
pending maneuvers. There is also a possibility of switching transients in the
CDU's., These transient errors can be minimized by permitting the ISS and OSS

to warm up (at least 5 minutes) prior to making navigation measurements, ‘

Temperature restrictions also exist for the IMU. The system components
have been designed to operate at specific temperatures which are maintained
in standby or operating states as long as prime power is applied. Tempera-
ture changes due to power loss or for any other reason may change gyro and
accelerometer characteristics. Changes in gyro characteristics due to small '
variations in temperature are temporary and revert when the temperature is ,
returned to normal. Larger changes in temperature, however, may cause
permanent changes in gyro characteristics. During those mission phases in !
which only the IMU standby state exists, possible power interruptions may occur
for periods up to three minutes without system degradation. At such times that
power is lost or the TEMP indicator is activated, the MSFN should be con-

tacted to verify system performance.
4.2 CMC

4,2.1 Operational Data

Computer Type: Automatic, electronic, digital, general purpose and control
Memory: Random access

Erasable: Coincident current core; capacity = 2048 words

Fixed: Core-rope; capacity = 36, 864 words
Word length: 16 bits (or 15 bits plus parity)

Number System: Binary ones complement



Circuitry Type: Flat pack NOR micrologic
Logic: Positive
Machine Instructions: 56 Total
Regular: 42
Involuntary: 9
Peripheral: 5
Memory Cycle Time: 12u seconds
Add Time: 24pu seconds
Double Precision Add: 36y seconds
Multiply Time: 48u seconds
Double Precision Multiply: 480 seconds
Divide Time: 84y seconds
Number of Counters: 29

Basic Clock Oscillator: 2.048 mc
4,3 DSKY

4.3.1 Operational Data

The DSKY utilizes white illuminated markings with incandescent light
sources. The numeric readouts are green electroluminescent sections.
The status indicators (including UPLINK ACTY, NO ATT, STBY, KEY REL, and
OPR ERR) are used to inform the crew numbers of equipment or system status,
and of the operation of essential equipment or are used to attract attention and
impart information of a routine nature. The caution indicators (including
TEMP, GIMBAJ. LOCK, PROG, RESTART, and TRACKER) are used to inform
crew members of an impending dangerous condition requiring attention but not

necessarily immediate corrective action.



Lighted Color:
Caution annunciators — Aviation yellow
Status annunciators — Aviation white
Numerical lights — Aviation green
Brightness:
Pushbuttons — 0. 5 (+0. 2) ft Lamberts
Annunciators — 15 (£3. 0) ft Lamberts
Pushbutton Force Requirement to Actuate:

21 to 26 ounces
4.4 OSS

4.4.1 Operational Data

Scanning Telescope (SCT):
Single LOS
Unity power
60 degree field of view
Rotational freedom about two axes -
+60 degrees from zero about trunnion axis and
unlimited 360° about shaft axis, except when
slaved to SXT
Sextant (SXT)
Dual LOS, one fixed (LLOS), one moveable (SLOS)
28 power magnification
1. 8 degree field of view
Rotational freedom of SLOS about two axes -
160 degrees from zero about trunnion axis and

+270 degrees from zero about shaft axis



Accuracy between LLOS and SLOS is 10 arcsec.
Positioning accuracy is 10 arcseconds for the trunnion
and 40 arcseconds for the shaft.:

Modes of operation:

The OSS can be driven by the optics hand controller or auto-
matically by the CMC auto-optics positioning program, or it can be

controlled manually by the universal tool

In all powered modes of operation, the SCT shaft is slaved
to the SXT. The SCT trunnion can be slaved to the SXT, set at

0°, or offset at 25°,

The hand controller can drive the optics at three different
speeds and in a direct mode (up-down for trunnion, left-right for

shaft) or a resolved mode (image follows hand controller motion).

4,4,2 Limitations and Restrictions

Because of obstructions caused by the spacecraft heat shield, the
useful range of the optics trunnion angle is £45 degrees. Therefore,
the maximum field of view obtainable without maneuvering\the space-

craft is a cone of 90 degrees.

During landmark tracking, landmarks should be chosen, if possible,
so that they lie between 6 and 30 dégrees from the ground track. At
greater angles, landmarks are not in view for a sufficient length of time
to be tracked accurately and are harder to identify. At angles less than
6 degrees, the spacecraft must be rolled to avoid the high slewing rate

required to follow a target which passes close to a zero trunnion angle.
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Whenever possible the OSS should be turned on 15 minutes before
making optics sightings. Changes in temperature of the SXT cause the
LOS to shift. The warmup period greatly reduces the effects of this
shift. This warm up period also reduces the probability of OCDU

swiching angle transients,"

For greater accuracy the SXT should be calibrated (after warmup)
before making midcourse navigation marks and should be recalibrated

every 15 minutes as long as marks are being made.
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SECTION V

PROCEDURAL DATA

5.1 DSKY OPERATION

5.1.1. Mission Language

The mission language consists of nouns and verbs that enable the
crew to address the CMC and the CMC to communicate to the crew through
the DSKY. Each noun or verb is represented by a two-character octal num-
ber. The verb code indicates the operation to be performed and the noun
code indicates the operand to which the operation is applied. Verb-noun dis-
plays from the CMC are provided by the DSKY indicators. Communication
to the CMC is provided by verb-noun entries.on the DSKY keyboard (Fig. 5-1).

5.1.1.1 Keyboard Operation

The procedure for keyboard operation is to press a sequence of seven

keys as follows:

VERB V1 V2 NOUN N1 N2 ENTR

Pressing the verb key blanks the verb display (VD1 and VD2) on the DSKY
and clears the verb code register in the CMC. The next two numerical

1 and Vz, in decimal. These numerical

characters appear in the VERB display on the DSKY as they are keyed in. In

keys pressed comprise the verb code, V

a similar manner the noun code is keyed in by pressing the noun key and two
numerical keys. Pressing the ENTR (enter) key initiates the program indi-
' cated by the verb-noun combination on the display panel. No action is

taken by the CMC on the verb-noun combination until the ENTR key is
pressed, Therefore, it is not necessary for the verb to be keyed in be-
fore the noun. They may be done in reverse order, or an old verb or

old noun may be used without rekeying it.



UPLINK [_ProG_|
AGTY TEMP

COMP

| BH
GIMBAL

NO ATT LOCK

STBY PROG 3 / 3“7

OPR.ERR||TRACKER

KEY REL||RESTART
+_ 124

© Q
r 3 N { N\ ™ W f__ﬁ
|+ { 7l 89| |—
VERB F‘“““ : 7 f e ~| EnTR
Nl Nt
— |l all s || 6] ew
e —
NOUN | j E, ; . 4,; : 1 . 4 RSET
—_— —
0 | [ 2 . M B
@] _ QL y gL O\ ) @

Fig., 5-1. DSKY Keyboard

5-2



If an error is noticed in either the verb or noun code before pressing
the ENTR key, it can be corrected by pressing the VERB or NOUN key and
keying in the correct code. The ENTR key, therefore, should not be pressed

until the displayed verb and noun have been verified as being correct.

If the selected verb-noun combination requires data to be loaded by
the operator, the VERB and NOUN lights start flashing (about once per
second) after the ENTR key is pressed. Data is loaded in five-character
words, and as it is keyed in, it is displayed character-by-character in one
of the five-position data display registers: R1l, R2, or R3. Numerical data
is assumed to be octal unless the five-character data word is preceded by a
plus or minus sign, in which case it is considered to be decimal. Decimal
data must be loaded in full five-numerical character words (no zeros may be
left out); octal data may be loaded with high-order zeros left out. If a deci-
mal is used for any component of a multi-component load verb, it must be
used for all components of that verb. In other words, no mixing of octal
and decimal data is permitted for different components of the same load verb.
If these conditions are violated, the OPR ERR light is turned on when the
ENTR key is pressed. The ENTR key must be pressed after each data word
te indicate to the program that a complete numerical word has been keyed in.
The VERB-NOUN lights stop flashing after the ENTR button is pressed for the

last time in a loading sequence.

The CLR (clear) button is used to remove errors in loading data as it
is displayed in R1, R2, or R3. It does not affect the PROG (program), NOUN,
or VERB lights. (The NOUN lights are blanked by the NOUN key, the VERB
lights by the VERB key.) For single-component load verbs or ”mach_ine
address to be specified" nouns, pressing the CLR button clears the register
being loaded, provided the CLR button is pressed before the ENTR button.
Once the ENTR key is pressed, the CLR key does nothing. The only way to
correct an error after the data has been entered for a single-component load

verb is to begin the load verb again. For two- or three-component load
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verbs, there is a CLR backing-up feature. The first depression of the CLR
key clears the register being loaded. (The CLR key may be pressed after
any character, but before the ENTR button is pressed.) Consecutive CLR
button actuations clear the data display register above the current one

until R1 is cleared. Any attempt to clear beyond Rl is simply ignored. The
CLR backing-up function operates only on data pertinent to the load verb that
initiated the loading sequence. For example, if the initiating load verb were

a load second component only, no backing-up is possible.

Further signals from the numerical keys, the CLR key, and the sign
keys are rejected after completion (final entry) of a data display or data load
verb. At such time, only VERB, NOUN, ENTR, RSET (error reset), or
KEY REL (key release) signals are accepted. Thus, the data keys are ac-
cepted only after the control keys have instructed the program to accept
them. Similarly, the + and - keys are accepted only before the first numeri-
cal character of R1, R2, or R3 has been keyed in, and at no other time. The
8 or 9 key is accepted only while loading a data word into R1, R2, or R3,

which is preceded by a + or - sign.

The keyboard and display system program may be used as a sub-
routine by internal computer programs. However, any operator keyboard
action (except RSET) makes the keyboard and display system program busy
to internal routines. The astronaut has control of the keyboard and display
system until he wishes to release it. Thus, he is assured that the data he
wishes to observe will not be replaced by internally initiated data displays.
In general, it is recommended that the astronaut release the keyboard and
display system for internal use when he has temporarily finished with it.

This is done by pressing the KEY REL pushbutton.

The RSET key is pressed whenever a DSKY failure indicator comes
on. It may be used to test for the presence of a continuous alarm rather
than a transient alarm. In addition to a keycode, the RSET key initiates a

light reset signal which resets the alarm flip-flops in the alarm control
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ST

section of the output section. The keycode, through CMC operation, dis-

ables the alarm signals from output registers.

5.1.1.2 Verb-Noun Formats

A noun code may refer to a device, a group of computer registers, or
a group of counter registers, or it may serve to convey information without
referring to any particular computer register. The noun is made up of 1, 2,
or 3 components, each component being entered separately as requested by
the verb code. As each component is keyed, it is displayed on the display
panel with component 1 displayed in R1, component 2 in R2, and component

3 in R3.

There are two classes of nouns: normal and mixed. A normal noun is
one whose component members refer to computer registers that have consecu-
tive addresses and use the same scale factor when converted to decimal. A
mixed noun is one whose component members refer to nonconsecutive addresses
and/or whose component members require different scale factors when converted
to decimal. The keyboard and display routines perform decimal/binary and

binary/decimal scale factoring of nouns.

A verb code indicates what action is to be taken, It also determines
which component member of the noun group is to be acted upon. For example,
there are five different load verbs. Verb 21 is required for loading the first
component of the selected noun; verb 22 loads the second component;
verb 23 loads the third component; verb 24 loads the first and second
component; and verb 25 loads all three components. A similar component
format is used in the display and monitor verbs. There are two general

classes of verbs: standard and extended. The standard verbs (code 01



through 39) deal mainly with the loading, displaying, and monitoring of data.
The extended verbs (codes 40 through 99) are principally concerned with the

calling up of internal programs whose function is system testing and operation.

Whenever data is to be loaded by an astronaut the VERB and NOUN lights
flash with the proper codes to indicate which data is to be loaded. The pres-
ently stored data is displayed in the appropriate register(s). If the present
data is acceptable, the PRO button is keyed and no loading is necessary. If
the astronaut wishes to change the data, he keys the appropriate load verb
(21 through 25) with the noun unchanged. The VERB and NOUN lights keep
flashing, the appropriate data display register (R1, R2, or R3) is blanked,
and the internal computer storage register is cleared in anticipation of data
loading. As each numerical character is punched in, it is displayed in the
proper display register., Each data display register can handle only five
numerical characters at a time (not including sign). If an attempt is made
to key in more than five numerical characters at a time, the sixth and sub-

sequent characters are rejected, they do appear at the display register.

The + and - key signals are only accepted prior to inserting the first
numerical character of R1, R2, or R3; if keyed in af any other time, the
signs are rejected. If the 8 or 9 is keyed in at any time other than while
loading a data word that has been preceded by a + or - sign, it is rejected

and the OPR ERR (operator error) indicator lights,

In addition to requests for data load, there are several other verb-noun

combinations that produce a flashing display. These include the following:



1. Please perform verb (V50) - This verb is used by the CMC to request
astronaut action, It is used with four different nouns: Noun 07 requests a pro-
gram change., The requested program is displayed in register 1. To accept
the request, the astronaut keys in verb 37 and the desired program followed
by ENTR. Noun 19 requests trim enable., Acceptance is by keying ENTR.

Noun 25 requests performance of the checklist whose code appears in register 1.
To accept, the requested checklist is performed and ENTR keyed. Noun 99

requests engine enable and is accepted by keying ENTR.

2. Please mark verb (V51) - This verb is used by the CMC to request
optics marks. To accept the request one or more optics marks are made

followed by keying ENTR.

3. Please calibrate verb (V59) - This verb is used by the CMC to re-
quest calibration of the SXT. There is no noun displayed with it, This request

is accepted by superimposing the LLOS and SLOS on a single target and marking.

4, Change program - To change a program, the sequence VERB 37
ENTR is keyed in. This causes the noun display register to be blanked and
the verb code to be flashed. The two-character program code should then be
loaded. For verification purposes, it is displayed as it is loaded in the noun
display register. Keying ENTR stops the flashing, requests the new program
to be entered, and displays the new program code in the PROG display register.

Any illegal program selection will cause the OPR ERR indicator to light.

5. Machine address to be specified nouns (01, 02, 03) - These are nouns
which allow any machine address to be used. When using a noun of this type,
when the verb-noun combination is executed, the flashing starts immediately.
The verb code is left unchanged. The astronaut should load the complete ma-

chine address required (five-character octal). This address is displayed in



R3 as it is keyed in, If an error is made in loading the address, the CLR key
may be used to remove it. Pressing the ENTR key then causes execution of
the verb. The data to be loaded is then keyed in followed by ENTR. If a num-
ber of addresses in numerical sequence are to be loaded a NOUN 15 ENTR can
be keyed after the first data load. After each subsequent data load, a second
ENTR automatically increments the address, thus eliminating the need to

enter the address prior to each load.

6. Channel to be specified noun (N10) - This noun is similar to nouns
01, 02, and 03, except that a two digit input or output channel number is

loaded instead of a machine address.
The flashing is turned off by any one of four events:
1. Keying ENTR after performance of requested action or data load.
2. Entry of the V34E 'terminate'’.
3. Keying of the PRO button to ""proceed'.
4, Keying V32E '"'recycle''.

It is important to end every load verb in one of the four preceding manners,
especially if the load was initiated by program action within the computer, If
an internally initiated load is not concluded correctly, the initiating program
may never be recalled. Keying the PRO button to "proceed" is used to indicate
that the operator is unable to, or does not wish to, supply the data requested
but wants the initiating program to continue with the old data. The "terminate'
verb is used to indicate that the operator chooses not to load the requested data
and also wants to terminate the requesting routine., The '""recycle' verb is

used to return to a previous point in the program.

Descriptions of the verbs and nouns are contained in Tables 5-1 and 5-2,



VERB
CODE

00

01

02

03

04

05

06

07

08

09

10

11

FUNCTION

REGULAR VERBS (00 TO 39)

NOT USED

DISPLAY 1ST COMPONENT OF:
DISPLAY ZND COMPONENT OF:
DISPLAY 3RD COMPONENT OF:

DISPLAY 1ST AND 2ND
COMPONENTS OF:
DISPLAY 1ST, 2NDy, AND 3RD
COMPONENTS OF:

DISPLAY ALL COMPONENTS OF:

DOUBLE PRECISION DECIMAL
DISPLAY:

SPARE
SPARE
SPARE

MONITOR 1ST COMPONENT OF:

TABLE 5-1.

VERB LIST

DESCRIPTION

PERFORMS OCTAL DISPLAY OF DATA ON Rl.

PERFORMS OCTAL DISPLAY OF DATA ON Rl.

PERFORMS OCTAL DISPLAY OF DATA ON R1l.

PERFORMS OCTAL DISPLAY OF DATA ON R1

AND R2.

PERFORMS OCTAL DISPLAY OF DATA ON R1,

R2s AND R3.

PERFORMS DECIMAL DISPLAY OF DATA ON
APPROPRIATE REGISTERS. THE SCALE
FACTORS, TYPES OF SCALE FACTOR
ROUTINESs AND COMPONENT INFORMATION

ARE STORED WITHIN THE MACHINE FOR EACH
NOUN WHICH CAN BE DISPLAYED IN DECIMAL.

PERFORMS A DOUBLE PRECISION DECIMAL
DISPLAY OF DATA ON R1 AND R2e. IT DOES
NO SCALE FACTORING. IT MERELY PERFORMS
A 10-CHARACTERy FRACTIONAL DECIMAL
CONVERSION OF TWO CONSECUTIVE, ERASA-
BLE REGISTERSy USING R1 AND R2. THE
SIGN IS PLACED IN THE R1 SIGN POSITION
WITH THE R2 SIGN POSITION REMAINING
BLANK. IT CANNOT BE USED WITH MIXED
NOUNSe ITS INTENDED USE IS PRIMARILY
WITH “MACHINE ADDRESS TO BE SPECIFIED"
NOUNSy FOR CMC TESTING.

PERFORMS OCTAL DISPLAY OF UPDATED DATA
EVERY 1/2 SECOND ON R1le.

(SHEET 1 OF 7)



12

13

14

15

16

17

18
19

20

22

23

24

25

MONITOR 2ND COMPONENT OF
MONTITOR 3RD COMPONENT OF:
MONITOR 1ST AND 2ND COM=-

PONENT OF:

MONITOR 1ST, AND 3RD

COMPONENT OF:

2ND

MONITOR ALL COMPONENTS OF:

MONITOR DOUBLE PRECISION
DECIMAL:

SPARE

SPARE

SPARE

WRITE 1ST COMPONENT INTO:
WRITE 2ND COMPONENT INTO:
WRITE 3RD COMPONENT INTO:
WRITE 1ST AND 2ND COMPON=
ENT INTO:

WRITE 1STye 2NDy AND 3RD

COMPONENTS INTO:

TABLE 5-1.

VERB LIST

PERFORMS OCTAL DISPLAY OF UPDATED DATA
EVERY 1/2 SECOND ON R1.

PERFORMS OCTAL DISPLAY OF UPDATED DATA
EVERY 1/2 SECOND ON R1le

PERFORMS OCTAL DISPLAY OF UPDATED DATA
FVERY 1/2 SECOND ON R1 AND R2.

PERFORMS OCTAL DISPLAY OF UPDATED DATA
EVERY 1/2 SECOND ON R1y R2y AND R3.

OF UPDATED
APPROPRIATE

PERFORMS DECIMAL DISPLAY
DATA EVERY 1/2 SECOND ON
REGISTERS. (SEE VERB 06)

PERFORMS DECIMAL DISPLAY OF UPDATED
DATA EVERY 1/2 SECOND ON R1 AND R2.
(SEE VERB 07)

PERFORMS DATA LOADINGe OCTAL QUANTI-
TIES ARE UNSIGNED. DECIMAL QUANTITIES
ARE PRECEDED RBY + OR = SIGN. DATA IS
DISPLAYED ON R1le.

PERFORMS DATA LOADING. OCTAL QUANTI-
TIES ARE UNSIGNEDe DECIMAL OQUANTITIES
ARE PRECEDED BRY + OR - SIGN. DATA IS
DISPLAYED ON R2.

PERFORMS DATA LOADINGe. OCTAL QUANTI-

TIES ARE UNSIGNED. DECIMAL QUANTITIES
ARE PRECEDED BY + OR = SIGN. DATA IS

DISPLAYED ON R3.

PERFORMS DATA LOADING. OCTAL QUANTITIES
ARE UNSIGNEDe. DECIMAL QUANTITIES ARE
PRECEDED BY + OR = SIGN. DATA IS DIS-
PLAYED ON R1 AND R2e

PERFORMS DATA LOADINGe OCTAL QUANTITIES
ARE UNSIGNEDe. DECIMAL QUANTITIES ARE

PRECEDED BY + OR - SIGN. DATA IS DIS=
PLAYED ON R1y R2, AND R3.

(SHEET 2 OF 7)
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26

27

28
29

30

31

32

33

34

35

36

SPARE

FIXED MEMORY DISPLAY:

SPARE
SPARE

REQUEST EXECUTIVE:

REQUEST WAITLIST:

RECYCLE PROGRAM:

" PROCEED:

TERMINATE:

TEST LIGHTS:

FRESH START:

TABLE 5-1

PERMITS DISPLAY OF THE CONTENTS OF
FIXED MEMORY IN ANY BANK. INTENDED FOR
CHECKING PROGRAM ROPES AND THE BANK
POSITION OF PROGRAM ROPES.

INITIATES EXECUTIVE PROGRAM. THE EXEC-
UTIVE PROGRAM SUPERVISES THE EXECUTION
OF ALL REQUESTED JOBS ACCORDING TO AN
ASSIGNED PRIORITY SCHEME.

CINITIATES WAITLIST PROGRAM. THE WAIT-

LIST PROGRAM SCHEDULES THE EXECUTION
OF TASKS WHICH MUST BE EXECUTED AT A
SPECIFIC TIME.

PROGRAM RECYCLES WITHIN CURRENT COM-
PUTATIONAL LOOP.

INFORMS ROUTINE REQUESTING DATA TO BE
LOADED THAT THE OPERATOR CHOOSES NOT TO
LOAD FRESH DATA, BUT WISHES THE ROUTINE
TO CONTINUE WITH OLD DATA. FINAL DECI-
SION FOR WHAT ACTION SHOULD BE TAKEN IS
LEFT TO REQUESTING ROUTINE. THIS FUNC-
TION IS ALSO ACCOMPLISHED BY KEYING THE
PRO PUSHBUTTON.

INFORMS ROUTINE REQUESTING DATA TO BE
LOADED THAT THE OPERATOR CHOOSES NOT TO
LOAD FRESH DATA AND WISHES THE ROUTINE
TO TERMINATE. FINAL DECISION FOR WHAT
ACTION SHOULD BE TAKEN IS LEFT TO RE=
QUESTING ROUTINE. IF MONITOR IS ON, IT
IS TURNED OFF,

TURNS ON THE LIGHTS ON THE DSKY. ALSO
ALL 8'S AND +'S ARE SHOWN ON THE NUMER-
ICAL REGISTERSs AFTER 5 SECONDS, ALL
THE LIGHTS GO OFF AND THE ORIGINAL PRO-
GRAM NUMBER IS REDISPLAYED. THE NUMER-
ICAL REGISTERS RETAINS 8'S AND +'S FOR
DISPLAY.

INITIALIZES THE PROGRAM CONTROL SOFT-
WARE AND THE KEYBOARD AND DISPLAY
SYSTEM PROGRAM.

VERB LIST (SHEET 3 OF 7)
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327 CHANGE PROGRAM TO: CHANGES PROGRAM ACCORDING TO THE PRO-
GRAM CODEF ENTRY, IF ENTRY IS LEGAL.

38 SPARE
39 SPARE

FXTENDED VERBS (40 TO 99)

40  ZFRO ICDHUS: SETS ICDU REGISTERS TO ZEROD. CAN BE
USED ONLY WITH NOUN 20 (ICDU ANGLES).

41 COARSF ALIGN: PERFORMS ALIGNMENT OF IMU GIMBALS TO
ICDU ANGLES OR OPTICS TO 0OCDU ANGLES.
CAN BE USED ONLY WITH NOUN 20 (ICDU
ANGLES) DR NOUN 91 (0OCDU ANGLES) .

42 PULSF TORQUE GYRO: _ CALLS UP PROGRAM THAT PULSES IRIG'S FOR
IMU FINE ALIGNMENT.
43  LOAD IMU ATTITUDE RRROR INITIATES SUBROUTINE WHICH LOADS SPECI-
METERS : ‘ FIED ANGLES INTO FDAI ERROR NEEDLES.
44 SPARE
45  SPARE
46 ACTIVATE DAP: ACTIVATES APPROPRIATE DAP ACCORDING TO

CONFIGURATION OF NOUN 46 IN DAP LOAD
ROUTINE (RO3).

47 SPARE

48 LOAD DAP DATA: STARTS DIGITAL AUTOPILOT LOAD ROUTINE
(RO3)e DISPLAYS NOUN 464 FOLLOWED RY
NOUNS 47 AND 48 WHEN OPERATOR KEYS IN
PRO.

49 START CREW DEFINED INTTIATES CREW DEFINED MANEUVER

MANEUVER @ ROUTINE (R62).
50 PLFASE PERFORM: USED ONLY BY INTERNAL ROUTINES TO RE-

QUEST OPERATOR TO PERFORM A CERTAIN
TASK . USUALLY USED WITH NOUN 25,
WCHECKLIST " THE CODED NUMBER FOR

THE CHECKLIST ITEM TO BE PERFORMED IS
DISPLAYED IN RFGISTER R1le. (SEE LIST OF
CHECKLIST CODES.) SHOULD NOT BE KEYED
IN BY OPERATOR.

TABLE 5-1. VERB LIST (SHEET 4 OF 7)
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51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

PLEASE MARK:

SPARE
SPARE
SPARE

INCREMENT CMC TIME
(DECIMAL) 2

TERMINATE TRACKING:
START RENDEZVOUS TRACK=
ING SIGHTING MARK
ROUTINE:

RESET STICK FLAG:

PLEASE CALIBRATE MARK:

SET NOUN 22 EQUAL TO
NOUN 20

DISPLAY DAP ATTITUDE
ERROR:

DISPLAY TOTAL ATTITUDE
ERROR:

SPARE
SPARE

START OPTICAL VERIFICA-
TION OF GYRO COMPASSING:

USED ONLY BY INTERNAL ROUTINES TO RE-
QUEST THE OPERATOR TO MAKE AN OPTICS
MARK ON A TARGET. SHOULD NOT BE

KEYED IN BY OPERATOR.

PERMITS CHANGING CMC CLOCK TIME
WITHOUT USING P27.

TERMINATES RENDEZVOUS NAVIGATION PRO-
GRAM (P20).

INITIATES RENDEZVOUS TRACKING SIGHTING
MARK ROUTINE (R21).

USED AFTER A MANUAL MANEUVER TO
RESET STICK FLAG WHICH ENABLES GNCS
AUTOMATIC MANEUVERS IN R61.

USED BY PROGRAM P23 TO REQUEST OPERATOR
TO PERFORM CALIBRATION OF THE OPTICS.
SHOULD NOT BE KEYED IN BY OPERATOR.

INITIATES SUBROUTINE WHICH SETS ATTIT-
UDE ERROR REFERENCE (NOUN 22) EQUAL TO
PRESENT ATTITUDE (NOUN 20).

INITIATES SUBROUTINE WHICH DISPLAYS ON
THE FDAI ERROR NEEDLES THE DIFFERENCE
BETWEEN CURRENT CDU ANGLES AND DAP
COMMANDED ANGLES.

INITIATES SUBROUTINE WHICH DISPLAYS
TOTAL ATTITUDE ERRORy WITH RESPECT TO
NOUN 22 (THETAD) ON THE FDAI ERROR
NEEDLES .

INITIATES OPTICAL VERIFICATION OF GYRO
COMPASSING PROGRAM (P0O3).

TABLE 5-1. VERB LIST (SHEET 5 OF 7)
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66

67

68

69

70

71

12

73

T4

75

16

17

78

9

80

SPARE

START CSM/SATURN
INTEGRATED TEST:

CSM STROKE TEST ON:

SPARFE

UPDATE LIFTOFF TIME:

UNTVERSAL UPDATE, BLOCK

ADDRESS

UNTVERSAL SINGLE

ADDRESS @

UPDATE,

UPDATE CMC TIME (OCTAL):

INITIALIZE ERASABLE DUMP
VIA DOWNL TNK:

RACKUP LIFTOFF:

SPARE

SPARE

UPDATE PRELAUNCH
AZIMUTH:

SPARE

UPDATE LM STATE VECTOR:

TABLE 5-1.

VERB

FOR PRELAUNCH TFST ONLYe INITIATES
TEST OF CSM TO SATURN INTERFACE.

INITIATES STROKE TEST ON CSM SPS
ENGINE BELL

INCREMENT FOR THE CMC CLOCK
DURING P27

PROVIDES AN
AND TEPHEM,

PROVIDES LOAD CAPABILITY, IN P27, FOR
A BLOCK OF SEQUENTIAL ERASABLE MEMORY

LOCATIONS,

PROVIDES LOAD CAPABILITY, IN P27, FOR
ONE THROUGH NINE INDIVIDUALLY SPECIFIED
ERASABLE MEMORY LOCATIONS.

PROVIDES AN INCREMENT DURING P27 UPDATF
FOR THE CMC CLOCK ONLY.
INITIATES SUBROUTINE WHICH DOWNLINKS

ALL DATA IN ERASABLE MEMORY.

INITIATES FARTH ORBIT INSERTION MONITOR
PROGRAM (P11)e USED IN CASE LIFTOFF
DISCRETF IS NOT RECEIVED TO COMMAND
P11l '

USED BY OPERATOR DURING PROGRAM P02 TO
INITIATE SUBROUTINE WHICH PERMITS CHAN-
GING OF PERLAUNCH AZIMUTH.

SETS LM STATE VECTOR FLAG WHICH COM-
MANDS THE LM STATE VECTOR TO BE UP-
DATED BY THE TRACKING PROCESS IN THE
RENDEZVOUS NAVIGATION PROGRAM (P20).

LIST (SHEET 6 OF T)
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81

82

83

84

85

86

87

88

89

90

91

92

93

94

95

96

97

98

99

UPDATE CSM STATE VECTOR:

START ORBIT PARAMETER
DISPLAY:

START RENDEZVOUS PARAM-
ETER DISPLAY NUMBER 1:

START TARGET DELTA V:

START RENDEZVOUS PARAM=-
ETER DISPLAY NUMBER 2:

INITIALIZE W MATRIX:

SPARE
SPARE

START RENDEZVOUS FINAL
ATTITUDE ROUTINE:

SPARE

COMPUTE BANKSUM:

OPERATE SELECTED SYSTEM
TEST:

SCAN INBITS:

SPARE
SPARE
SPARE
SPARE
SPARE

TC TRAP TO RESTART:

TABLE 5-1.

SETS CSM STATE VECTOR FLAG WHICH COM=
MANDS THE CSM STATE VECTOR TO BE UP-
DATED BY THE TRACKING PROCESS IN THE
RENDEZVOUS NAVIGATION PROGRAM (P20).

INITIATES ORBIT PARAMETER DISPLAY
ROUTINE (R30).

INTTIATES RENDEZVOUS PARAMETER DIS-
PLAY ROUTINE NUMBER 1 (R31).

INITIATES TARGET DELTA V ROUTINE (R32).

INITIATES RENDEZVOUS PARAMETER DISPLAY
ROUTINE NUMBER 2 (R34).

USED IN RENDEZVOUS NAVIGATION PROGRAM
(P20) TO RESET THE W MATRIX FLAG WHICH
INITIALIZES THE W MATRIX.

INITIATES RENDEZVOUS FINAL ATTITUDE
ROUTINE (R63).

INITIATES SUBROUTINES WHICH DISPLAY THE
SUM OF EACH MEMORY BANK AND THE
BANK NUMBER.

FOR GROUND USE ONLYe. INITIATES SYS-
TEM TEST SELECTED BRY V21 NO1 LOAD.

SCANS INPUT CHANNELS 30y 31 AND 32

FOR CHARGES IN SELECTED BITSe. FOR
GROUND USE ONLYe

INITIATES CMC RESTART,

VERB LIST (SHEET 7 OF 7)
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NOUN
CODE

00

01

02

03

04

05

06

07

08

09

10

11

12

L3

14

DESCRIPTION

NOT USED
SPECIFY ADDRESS (FRACTIONAL)
(MAXIMUM = ,99996)

SPECIFY ADDRESS (WHOLE NUMBER)
(MAXIMUM - 16383,)

SPECIFY ADDRESS (DEGREES)
(MAXIMUM - 359.99)
NOT USED

ANGULAR ERROR OR DIFFERENCE
(MAXIMUM = 179.99)

OPTION CODE (SEE QOPTION CODE LIST)

PROGRAM CHANGE (USED WITH VERB 50)

ALARM DATA

ALARM CODE (DISPLAYED WITH VERR
05) (SEE ALARM CODE LIST)
CHANNEL TO BE SPECIFIED

NOT USED

NOT USED

NOT USED

INBIT MESSAGE

TABLE 5-2. NOUN LIST

i
|

16

SCALE
AND
FORMAT

o XXX XX
o XX XXX
o XXX XX

XXXXX o
XXXXX o
XXXXX o

XXX o XX

XXX e XX
XXX e XX

XXX e XX
OCTAL
OCTAL
XXXXX o
NCTAL
OCTAL
OCTAL
OCTAL
OCTAL
OCTAL

OCTAL

OCTAL
OCTAL
OCTAL

(SHEET 1 0OF 9)

UNITS

FRACTION

INTEGER

DEGREES

DEGREES

NUMERIC

BITS
CHANNEL
TIME (CENT-
SECONDS)



15

16

17

18

19

INCREMENT ADDRESS

OCTAL

NOT WUSED
NOT USED
NOT USED
TRIM ENABLE (USED WITH VERB 50) XXX e XX DEGREES
(RETAINS NOUN 22 DISPLAY) XXX o XX L
XXX e XX i
(MAXe 359.99)
ICDU ANGLES ROLL XXX o XX DEGREES
PITCH XXX e XX "
YAW XXX o XX "
(MAX. 359.99)
PIPA PULSES X XXXXX o PULSES
Y XXXXX o L
Z XXXXX e n
(MAXs 16383.)
NEW ICDU ANGLES ROL L XXX e XX DEGREES
PITCH XXX e XX "
YAW XXX e XX "
(MAX 359.99)
DELTA ICDU ANGLES ROLL XXX e XX DEGREES
' PITCH XXX o XX "
YAW XXX e XX "
(MAXes 359,99)
DELTA TIME FOR CMC CLOCK (MAX, O00XXX e HOURS
MINUTES 593 MAX. SECONDS 59.99; 000XX e MINUTES
MAX. TOTAL 745 HOURS,s 39 MINey OXX e XX SECONDS
14,55 SEC.)
CHECKLIST CODE (USED WITH VERB 50) XXXXX o NUMERIC
(SEE CHECKLIST CODE LIST)
PRIORITY/DELAY OCTAL
ADRES OCTAL
BBCON OCTAL
SELF TEST SWITCH XXXXX o NUMERTIC

NOT USED

TABLE 5-2. NOUN LIST (SHEET 2 OF 9)



29

30

32

33

34

35

36

37

38

39

40

X LAUNCH AZIMUTH
SM

TARGET CODE (GYRO COMPASSING
VERIFICATION)

NOT USED

TIME TO PERIGEE (SEE NOUN 24 FOR
LIMITATIONS)

TIME OF IGNITION (IN GET) (SEE
NOUN 24 FOR LIMITATIONS)

TIME OF EVENT (IN GET) (SEE NOUN 24
FOR LIMITATIONS)

TIME TO GO TO EVENT (SEE NOUN 24
FOR LIMITATIONS)

TIME OF CMC CLOCK (SEE NOUN 24 FOR
LIMITATIONS)

TIME OF IGNITION FOR TRANSFER PHASE
INITIATION (TPI) (SEE NOUN 24 FOR
LIMITATIONS)

TIME OF IGNITION FOR TRANSFER PHASE
MIDCOURSE (SEE NOUN 24 FOR LIMI-
TATIONS)

DELTA TIME FOR TRANSFER (SEE NOUN
24 FOR LIMITATIONS)

TIME TO IGNITION OR CUTOFF (MAX.

59 MIN.y 59 SEC.y GREATER DISPLAYED
AS 59 59)

VELOCITY TO BE GAINED (VG)

DELTA V ACCUMULATED

TABLE 5=2.

XXX e XX

XXXXX o
XXXXX o
XXXXX e

OO0XXX e
000XXe
OXXeXX

O00XXX e
000XXe
OXX e XX

O0XXXe
000XXe
OXXeXX

O00XXX e
000XXe
OXXeXX

O0XXX e
000XXe
OXX e XX

O00XXX e
000XXe
OXX e XX

00XXXe
000XX.
OXXeXX

O0XXXe
000XXe
OXX e XX
XXBXX

XXXXe X
XXXX o X

NOUN LIST (SHEET 3 OF 9)

DEGREES

NUMERIC

HOURS
MINUTES
SECONDS

HOURS
MINUTES
SECONDS

HOURS
MINUTES
SECONDS

HOURS
MINUTES
SECONDS

HOUR S
MINUTES
SECONDS

HOURS
MINUTES
SECONDS

HOURS
MINUTES
SECONDS

HOURS
MINUTES
SECONDS

MIN, SEC

FEET/SECOND
FEET/SECOND



41

42

43

44

45

46

TARGET AZIMUTH

TARGET ELEVATION

TARGET IDENTIFIER

APOGEE ALTITUDE
PERIGEE ALTITUDE
DELTA V REQUIRED

LATITUDE OF

LONGITUDE OF SC (+ IS EAST)

ALTITUDE OF
RADIUS

APOGEE ALTITUDE
PERIGEE ALTITUDE

TIME OF FREE FALL (TFF) TO

PAD RADIUS.
IS GREATER,

NUMBER OF MARKS
TIME TO IGNITION OF NEXT BURN

MGA AT NEXT

DAP CONFIGURATION CODES -

R1 DATA
BIT

BIT
BIT
BIT
BIT

R2 DATA
BIT
BIT
BIT
BIT

XXX o XX DEGREES
(MAXe 359.99)
XX e XXX DEGREES
(MAX 89.99)
0000X. NUMERIC
XXXXeo X NAUTICAL MILES
XXXX o X NAUTICAL MILES
XXXX e X FEET/SECOND
SC (+ IS NORTH) XXX e XX DEGREES
XXX e XX DEGREES
SC ABOVE LAUNCH PAD XXXX o X NAUTICAL MILES
XXXXe X NAUTICAL MILES
XXXX o X NAUTICAL MILES
XXBXX MINy, SEC
300,000 FEET ALTITUDE ABOVE LAUNCH ‘ (MAXe 59 59)
(IF PERIGEE ALTITUDE
OR APOGEE ALTITUDE IS LESS,
THAN 300,000 FEET, TFF WILL READ 59 59)
O0OXXX e NUMERIC
XXBXX MINy SEC
(MAXe 359.,99)
IGNITION XXX e XX DEGREES
OCTAL
CODE
A (LEFTMOST) - VEHICLE CONFIGURATION:
0O = NO DAPy 1 = CSMy 2 = CSM/LMy 3 = CSM/SIVR
B - QUAD AC FOR +X TRANSLATION: O = NO, 1 = YES
C - QUAD BD FOR +X TRANSLATION: O = NOs 1 = YES
D - DEADBAND: O = + OR = 0.5 DEGy 1 = + 0OR = 5 DEG
E - MANEUVER RATE: 0 = 0.05 DEG/SEC,
1 = 0.2 DEG/SEC,
2 = 0.5 DEG/SEC,
3 = 4,0 DEG/SEC
CODE:
A - QUADS AC OR BD FOR ROLL: O = BD ROLLs 1 = AC ROLL
B - OUAD A FAIL CODE: O = QUAD FAILED, 1 = QUAD GOOD
C - QUAD B FAIL CODE: O = QUAD FAILEDy 1 = QUAD GOOD
D - QUAD C FAIL CODE: O = QUAD FAILEDy, 1 = QUAD GOOD
E - QUAD D FAIL CODE: O = QUAD FAILEDy 1 = QUAD GOOD

BIT

TABLE 5-2. NOUN LIST
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MOMENT OF INERTIA ABOUT X AXIS (IX) XXXXX o 100 SLUG FTe SQe

AVERAGE OF MOMENTS OF INERTIA XXXXX o 100 SLUG FT. SO
ABGUT Y AND Z AXES (I1Y+1Z2)/2

VEHICLE WEIGHT XXXXX o POUNDS

PITCH TRIM XXX o XX DEGREES

YAW TRIM XXX e XX DEGREES

TLX (SPS THRUST TIMES DISTANCE XXXXX o 100 FT. POUNDS

RETWEEN CENTER OF GRAVITY AND HINGE POINT)

DELTA R = MAGNITUDE OF DIFFERENCE XXXXeX NAUTICAL MILES
RETWEEN POSITION VECTOR, R, BEFORE

AND AFTER INCORPORATION OF

SIGHTING DATA

DELTA V - MAGNITUDE OF DIFFERENCE XXXX e X FEET/SECOND
BETWEEN VELOCITY VECTOR, V, BEFORE

AND AFTER INCORPORATION OF

SIGHTING DATA

SPLASH ERROR DISTANCE BETWEEN XXXX e X NAUTICAL MILES
PREDICTED SPLASH POINT AND DESIRED
SPLASH POINT (+ IS OVERSHOOT)

PERIGEE ALTITUDE XXXX e X NAUTICAL MILES
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