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FOREWORD 

This document has been prepared in two parts. The first part {Sections 1 through 18) 
will be maintained as an active document by updating it with change forms. The second 
part (Appendices A through E) will not be updated. 

Sections 1 through 18 contain the specification for the flight computer program. These 
sections, as updated by subsequent change forms, will reflect the current status of the 
AS-501 Flight Program Specification. 

The appendices contain information from simulation studies. The results in the ap
pendices are not part of the actual specification, but do support it and indicate the 
flight program performance to be expected when this specification is met. 
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1. INTRODUCTION 

The Apollo-Saturn 501 flight is the initial mission of the Saturn V launch vehicle. The 
nominal mission profile calls for two revolutions in a circular parking orbit at 185 
kilometers altitude, followed by one revolution in an elliptical waiting orbit of four 
hour period, and reentry. 

This document defines the LVDC flight program for the mission. The flight program 
is defined as that program which controls the LVDC from liftoff minus 8 seconds 
(guidance reference release - when control of the computer is transferred from the 
ground to the flight routines) until the end of the mission. 

The LVDC performs seven primary functions during the mission: navigation, guidance, 
attitude control, event sequencing, data management, ground command processing, and 
hardware evaluation. The flight program, as it relates to each of these areas, is 
defined and discussed; general flow diagrams of the flight program are presented. The 
initial value and the range of each important variable of the flight program are given as 
an aid to scaling of the program. 

In order to verify that the present form of the program is suitable for the AS- 501 mis
sion, simulation studies have been made. A summary of the results obtained from 
simulation studies is presented in the appendices of this document. 

The primary mission objectives which are related to LVDC/LVDA operations are: 

a. Demonstrate the S-II stage propulsion system, including programmed mixture 
ratio shift and the propellant utilization system, and determine performance 
parameters. 

b. Demonstrate the capability of the S-IVB auxiliary propulsion system to maintain 
attitude control and perform required maneuvers during S-IVB powered flight 
and coast periods. 

c. Demonstrate the launch vehicle control/guidance system during S-IC, S-II and 
S-IVB powered flight, achieve guidance cutoff and evaluate system accuracy. 

d. Demonstrate launch vehicle sequencing system. 

e. Demonstrate dual-plane separation of S-II from S-IC. 

f. Demonstrate the S-IVB stage restart capability. 
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g. Demonstrate separation of S-IVB from S-II. 

h. Monitor performance of the Emergency Detection System in an open loop 
configuration. 

i. Demonstrate the mission support capability required for launch and mission 
operations (including a special tracking, telemetry, and communications sys
tem) extending to large post injection altitudes. 

j. Verily pre-launch and launch support equipment compatibility with launch vehicle 
and spacecraft systems. 

k. Determine in-flight launch vehicle internal environment. 

SA- 501 is an unmanned flight mission. The following is a description of the nominal 
mission. S-IC stage ignition occurs at T - 6 seconds, but vehicle holddown arms pre
vent liftoff until sea-level thrust has been achieved. At liftoff (T + 0} a control 
release device mounted on the holddown arms will provide for a "soft" release during 
the first six inches of vertical travel and, at T plus 12 seconds, the vehicle will 
execute a tilt-over/roll maneuver to a downrange trajectory of 72° East of North. 
During the S-IC powered flight, the SA-501 will be under programmed autopilot control 
with open loop guidance. The engine shutdown sequence will be initiated by signals 
from the propellant level sensors. For a nominal trajectory, this sequence will begin 
at approximately T plus 142 seconds. When the thrust level decreases to 10 percent of 
nominal value, a linear shaped cutting charge will separate the S-IC stage from the rest 
of the vehicle. Eight retrorockets on the S-IC provide retrograde acceleration for 
positive separation of the S-IC stage from the vehicle. The expended S-IC stage will 
impact 590 km (320 n. m.} downrange. 

At S-IC stage separation, eight ullage rockets on the S-II stage will ignite and burn for 
3. 7 seconds to provide for propellant settling. Following a coast period of about 3. 5 
seconds, the S-II main engines will ignite. Thirty seconds after S-IC separation, the 
forward ring of the S-II interstage is jettisoned. Thirty-five seconds after S-IC separa
tion, the Launch Escape System is jettisoned. S-II powered flight will last for approx
imately 370 seconds during which time guidance and steering commands will be 
generated by the LVDC. 

S-II stage engine shutdown, as with the S-IC, is initiated by propellant level sensors. 
Stage separation is effected by activation of a Mild Detonating Fuse (MDF} located on 
the separation plane of the S-II/S-IVB interstage. Four retrockets located in the 
S-IVB interstage provide for positive separation of the S-II stage and S-IVB interstage 
as a unit. The S-II stage/S-IVB interstage will impact 4190 km (2260 n. m,} downrange. 

The SA-501 mission plan requires that the space vehicle be inserted into a 185 km 
(100 n. m.) near-circular parking orbit, followed by insertion into an elliptical waiting 
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orbit, followed by insertion into an elliptical waiting orbit after one to three, nominally 
two, parking orbits. This dual-orbit requirement will be achieved by two separate 
S-IVB boost periods. 

The first boost period will insert the space vehicle into the parking orbit. To initiate 
the sequence, two ullage rocket engines will provide for propellant settling, followed 
by S-IVB ignition approximately 3 seconds after S-11 separation. After about 172 sec
onds of boost, S-IVB cutoff occurs and the space vehicle will have achieved the parking 
orbit, and will remain in this orbit for the specified number of revolutions around the 
earth. During this time, vehicle guidance will be updated and mission data will be 
reviewed to confirm that conditions are satisfactory for continuation of the mission. 

For the second boost phase, the S-IVB engine will be re-ignited while positioned close 
to Cape Kennedy (preceded by ignition of the 72-pound ullage engines for chilldown and 
propellant settling). After a boost period of about five minutes, the space vehicle will 
be inserted into the high elliptical waiting orbit. Following S-IVB engine cutoff, the 
S-IVB/IU-will separate from the Apollo spacecraft, concluding the Saturn V launch 
vehicle portion of the flight mission. 
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2. GENERAL DESCRIPTION OF THE FLIGHT PROGRAM 

The LVDC flight program may be divided into five parts for the purpose of discussion: 
the powered flight major loop, the orbital flight program, the minor loop, interrupts, 
and telemetry. The powered flight major loop contains guidance and navigation cal
culations, time-keeping, and all other repetitive functions which do not occur on an 
interrupt basis. The orbital flight program consists of an executive routine concerned 
with IU equipment evaluation during orbit and a telemetry time-sharing routine to be 
employed while the vehicle is over receiving stations. In addition, in the orbital flight 
program, all navigation, guidance, and time-keeping computations are carried out on 
an interrupt basis keyed to the minor loop interrupt. The minor loop contains the con
trol system computations and accelerometer sampling. Since the minor loop is involved 
with vehicle control, minor loop computations must be executed at 25 times per second 
during the powered phase of flight. However, in earth orbit, only a rate of 10 executions 
per second is required for satisfactory vehicle control, 

The flight program is designed to operate in either the powered flight mode or the 
orbital flight mode. The first transition from powered flight to orbital flight occurs 
at first S-NB cutoff, approximately 690 seconds after liftoff. Transition from orbital 
to powered flight occurs just prior to the second ignition of the S-IVB stage, at 11, 500 
seconds after liftoff for the nominal case of 2 orbits. The second transition from 
powered flight to orbital flight occurs at second S-IVB cutoff, approximately 325 seconds 
after restart of the J2 engine. 

The average execution time for any given major loop in powered flight, complete with 
minor loop computation and interrupt processing, is called the nominal computation 
cycle for that mode. The computation cycle is not fixed for two reasons. First, the 
various flight modes of the flight program have different computation cycle lengths. 
Second, even in a given flight mode, the uncertainties of discrete and interrupt process
ing and the variety of possible paths in the loop preclude a fixed computation cycle 
length. Even though the exact length of any given computation cycle is not predictable, 
the longest nominal computation cycle in boost should be less than two seconds. In 
orbit, the computation cycle will be approximately one second for guidance and eight 
seconds for navigation. For the second S-IVB burn (out of orbit flight), the computation 
cycle will be approximately two seconds in length. 

The flight program is shown in two stages of detail in this document: a general flow 
diagram and a "word flow" diagram. Figure 2. 0, the major loop general flow diagram, 
shows the most general form of the major loop computations. The processing de
picted in these blocks is explained in more detail in the remainder of this document. 
Figure 2.1 is designed to show the relationship of the various parts of the powered 
flight major loop and the orbital flight program. The minor loop and other interrupts 
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Figure 2.1 Orbital Flight Program (Sheet 1 of 2) 
(This sheet is box 2 and 3 of Figure 2. O) 
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are shown in Figure 2. 2. These interrupts can occur at any time by interrupting the 
major loop or the orbital flight program. The interrupt register is then decoded and 
the program switched to the appropriate interrupt subroutine. 

Discrete processing is a part of the flight program which is not shown in Figure 2. 1, 
This topic is discussed in Section 12. Telemetry and data compression are also parts 
of the flight program and are discussed in detail in Sections 15 and 16, where specific 
quantities to be telemetered and compressed are listed. A description is also 
included for the Flight Test Routine {pseudo flight and simulated flight). 

Figures 2. 3 through 2.11 are an expansion of Figure 2. 0 into ''word flow" diagrams. 
These figures are designed to be a word description of the important parts of the flight 
program. They are shown here in connected form in order to provide a clearer 
picture of how all the sections fit together. Similar word flow diagrams (corresponding 
to Figure 2. 2) are found in the minor loop and interrupt sections (Sections 10 and 13) 
where more details are exhibited to aid in understanding these interrupt operations. 
IGM (block 10) is shown in more detail in Figures 7 .1 to 7. 4. Discrete backups 
(block 12) are shown in figure 14.1. 

Standard flowcharting symbols are used. In particular; the diamond represents a 
logical decision, and always implies a question. The circle represents a connection to 
another circle in the same figure (not necessarily the same sheet) bearing the same 
letter; there may be multiple exits but only a single entry for a given letter. The 
"home plate" represents a connection to a different figure, the figure and block num
bers are given, e.g. F2. 0 b. 11 means "comes from (goes to) block 11 of Figure 2. O." 
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3. PRELAUNCH 

3.1 GROUND ROUTINES AND FLIGHT PROGRAM INTERFACE 

The following is a description of the interface between the ground routines and the 
flight program, and the method by which control of L VDC/L VDA is transferred to the 
flight program. This method is strongly dependent upon how and when the platform 
"goes inertial" or is released, and upon what significant events in the launch sequence 
can be used by the guidance computer as time reference points. Figure 3-1 is a 
schematic representation of the sequence of events that occur in the time period that 
extends from liftoff minus 20 minutes to liftoff. 

3. 1. 1 Sequence of Events 

At approximately T = -20 minutes (T :: 0 is time of liftoff), the flight computer is 
commanded into the Prepare-to-Launch (PTL) mode by an RCA-ll0A mode command . 
This ground routine performs certain prelaunch functions and prepares the LVDC for 
entering the flight routine. It is the last commanded routine executed by the LVDC 
prior to launch . 

In general, the main loop of the PTL performs the following functions: 

a. Keeps all ladder outputs zeroed by issuing a special PIO which keeps all ladder 
outputs at zero. 

b. Interrogates the error monitor register and signals the RCA-ll0A if an error 
is detected. 

c. Executes the LVDC/ LVDA self-test program and telemeters results. 

d. Monitors the accelerometer inputs and calculates the platform off-level indica
tions. The accelerometer outputs and time will be telemetered once per second. 

e. Processes the GRR interrupt and transfers LVDC control to the flight program. 

f. Performs reasonableness checks on particular discrete inputs and alerts the 
RCA-ll0A if discrete inputs show unusual behavior. 

g. Samples platform gimbal angles and telemeters both backup and fine gimbal 
angles six times per second. 
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At 153 seconds prior to liftoff, the automatic launch sequence is started. This occur

rence is not communicated to the L VDC. 

At approximately T = -13 seconds, a discrete originating in the launch sequencer, 

called Guidance Reference Release Alert (GRRA), will be sent to the LVDC. This in

put does not influence the PTL routine. When the GRR interrupt is sent to the LVDC, 

the PTL routine transfers control of the LVDC to the flight program. This event 

marks the point at which the ground routines relinquish control to the flight program. 

3 . 1. 2 Azimuth Laying Program 

The Azimuth Laying Program is executed in the RCA-110A Automatic Ground Control 

System Computer (AGCSC). It is used to position the ST-124M platform to the desired 

firing azimuth. This program has two modes, manual and automatic. The manual 

mode is used in fixed azimuth launches and the automatic mode is used for variable 

azimuth launches. SA501 will use the manual mode. 

3. 1. 2. 1 Manual Mode 

At approximately T -20 minutes the azimuth laying program will be called into execu

tion at the AGCSC. The following initial conditions will be verified. 

a. Platform on 

b. Inertial Prism acquisition 

c. Moving Prism acquisition 

d. Dual Prism align on. 

If all of the above conditions are satisfied a reading of the Azimuth Encoder will be 

made and stored. This is the azimuth encoder offset. Dual prism align is then turned 

off. The theodolite azimuth is entered through the console keyboard. Next, the de

sired firing azimuth is entered. This value can be either positive or negative but is 

measured relative to the theodolite azimuth rather than north. The value entered is 

converted to an encoder value. To this is algebraically added the encoder offset. The 

platform is then driven until the Azimuth Encoder Readout matches exactly the com

puted azimuth encoder value. Using the theodolite azimuth a firing azimuth for the 

L VDC is computed and stored in permanent core memory of the AGCSC. This value 

can be used to verify the pre-stored firing azimuth in the LVDC at any time prior to 
launch. 

The azimuth laying program can be recalled and executed at any time after initial exe

cution. If this is done however, all initial conditions are waived and any firing azi

muth value entered on the console is algebraically added to the platform's present 
position. 
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Monitoring of the platform gimbal angles exists at the Block House Computer (BHC) up 
until T -8 seconds. Any drift of the azimuth encoder greater than one binary bit (5 
arc seconds) will be corrected by automatically recalling and executing a section of the 
azimuth laying program. Corrections will be made up until T -5 minutes. Any en
coder drift after this time will result only in an error message display. The azimuth 
laying program will not be recalled and executed. 

3.1. 2. 2 Automatic Mode (not required for AS-501) 

The program will operate in essentially the same manner as in the manual mode. Ini
tial start conditions and the entering of the theodolite azimuth are identical. When the 
request to enter a firing azimuth is made, the absence of a firing azimuth entered on 
the keyboard signals the program that the automatic mode is to be used. The program 
will first request that the file number for the correct table of azimuths sorted on mag
netic tape be entered. This table of azimuths will be for the correct day and time of 
launch. The tables consist of a set of launch azimuths; each one minute apart in time 
and covers the range safety spectrum, i.e., 72 to 108 degrees. Along with each azi
muth there will be two corresponding targeting parameters: the inclination angle and 
the descending node. 

As soon as the program receives the file number the corresponding table will be read 
in from the tape. 

By using the Count Down Clock (CDC) and the Eastern Standard Time Clock (EST) the 
precise second of Guidance Reference Release (GRR), which occurs at T-8 seconds, 
can be determined. The azimuth, which is closest to GRR in time, is obtained from 
the table. By use of first order interpolation the azimuth can be obtained to an accu
racy of one arc second. This same procedure is used to obtain the angle of inclination 
and the descending node. These three values, along with time (EST), are stored into 
permanent core to be transmitted to the L VDC at some later time by another program. 
The platform is positioned to the firing azimuth, and the program is exited. 

Monitoring exists as in the manual mode with one notable exception. Upon resumption 
of the countdown after a hold, the azimuth laying program will automatically be recalled 
and a new azimuth along with its parameters will be computed. Since this condition 
will not exist between T- 5 minutes and launch, any hold after T- 5 minutes must be re
cycled beyond T-5 minutes so that a new azimuth can be computed. 

3. 1. 3 Entry into the Flight Program and Initialization 

GRR marks the beginning of the navigation calculations. The platform from this point 
on is "inertial" or untorqued. When the GRR interrupt is received, the computer reads 
time and sets time base zero, To. The accelerometers and gimbal angles are sampled 
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and stored as initial values for the accelerometer sampling routine and the minor loop. 
The accelerometer readings and time are telemetered and the initialization routine is 
entered. Finally, a code is telemetered which indicates that the LVDC has entered the 
flight program. Entry to the flight program is made from the GRR processing via the 
interrupt processing routine. 

In the period between GRR and liftoff the L VDC initializes all flight variables, per
forms navigation calculations, and processes the minor loops. This period is equiva
lent to a low thrust burn. At T = -6 seconds, the engines are ignited. At T = 0, 
liftoff occurs, and the time base for first-stage steering and discrete outputs is begun 
(T1). Indication of liftoff is given to the LVDC by a discrete input for which the LVDC 
checks every 10 ms after GRR. The test is initiated by a switch selector counter in
terrupt and when it is received, the testing is discontinued. 

From GRR to liftoff the L VDC also processes a liftoff backup routine. This is 
designed to detect liftoff if it occurs. Figure 3. 2 shows this routine. 

Table 3-1 lists both the initial values which are precomputed and those which are 
calculated after GRR. The launch site dependent quantities are precomputed and 
loaded as fixed constants. The quantities time (EST), azimuth (A), inclination (i), 
and difference in the longitude of the descending node and the launch point (>.) are 
identified with targeting data, and will change if mission requirements are altered. 
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1. Definitions 

TABLE 3-1 

INITIALIZATION EQUATIONS 

1. 1 0 is geodetic latitude 

1. 2 01 is geocentric latitude. It may be calculated from 

-1 b
2 

01 = tan [ 2 • tan ¢] where 
a 

b is the earth's polar radius and 

a is earth's equatorial radius 

1. 3 A is firing azimuth measured positively eastward from north 

1. 4 i is inclination of target orbit plane 

1. 5 0N = 0
0 

- 9L is the difference in longitude of the launch meridian (0L) 

and the descending node (e
0

) of the target orbit. It is positive measured 

eastward from the launch site. 

1. 6 R
0 

is the length of the geocentric radius vector to center of the I U 

1. 7 r is the distance from center of the Instrument Unit to the geodetic radius 
which is displaced in the launch meridian plane to pass through the center 
of the earth. r may be calculated from the relation. 

1. 8 FINlAZ is azimuth of fin 1. 

1. 9 n is angular velocity of the earth 
e 
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TABLE 3-1 (Continued) 

INITIALIZATION EQUATIONS 

1. 10 G matrix transforms from ( >s to ( )4 coordinate system 

G : 

Gl G2 G3 

G4 GS G6 

G
7 

G
8 

c
9 

1. 11 EST is Eastern Standard Time measured from midnight of the launch day. 

Precomputed values: 

2. 1 r (See definition) 

2.2 R
0 

(See definition) 

2.3 (R
0 

OE cos 0' ) (See definition) 

2.4 Ys : R
0 

cos (0 - 0' ) 

. 
2.5 y : 0 s 

2.6 S0 : sin 0 (See definition of 0) 

2.7 C.0 : cos 0 

2.8 A 

2.9 i 

2.10 8 

2.11 EST 
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TABLE 3. 1 (Continued) 

INITIALIZATION EQUATIONS 

3. Initialization computed in LVDC 

3.1 G matrix 

The G matrix computation is shown in Table 7. 1. The recomputation 
for out-of-orbit is shown in Table 7. 4. 

3. 2 Initial position 

3. 2. 1 Jes = -r cos A 

3. 2. 2. Y S = Ro cos (¢ - ¢' ) 

3. 2. 3 Zs = r sin A 

3. 3 Initial velocity 
• I 

3. 3. 1 Xs = Ron E cos¢ ) sin A 

3. 3. 2 Ys = 0 

3. 3. 3 z8 = (Ron E cos f ) cos A 

3. 4 Initial gravitational values 

Computed by using the gravitational subroutine for boost. See Section 3. 2. 

3. 5 Initial roll command 

ROL OLD = A - FINlAZ 
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4. ACCELEROMETER PROCESSING 

The accelerometer processing word flow diagram is found in Figure 2. 3. This part 

of the program has two main objectives: to accumulate velocity as measured by the 

platform, and to detect velocity measurement errors through the "reasonableness" 

tests. The velocity construction computations are indicated in Blocks 3, 5, 7, and 8, 

while the reasonableness test is shown in Blocks 2, 4, and 6. Blocks 10 to 16 establish 

constants to be used in the reasonableness tests. The quantity F /M is computed from 

platform velocities except during those portions of the flight when such computation may 

be unusually noisy. During those portions, F/M is computed from appropriate stored 

constants. A smoothed value of M/F is computed in this section for use in IGM when 

needed. 

4.1 FORMATION OF THE VELOCITY WORD 

The accelerometer optisyn readings are accumulated in delay lines in the LVDA in 

increments of O. 05 m/sec. The LVDC will perform a PIO operation during one 

program-selected minor loop per computation cycle in order to obtain the platform 

velocity word. The LVDA receives the redundant optisyn readings separately. The 

velocity word received by the LVDC contains both optisyn pulse counts, and has the 

following bit configuration: AAAAAAAAAAAASSBBBBBBBBBBBB, where A stands for 

the A optisyn value, B for the B optisyn reading, and Sis a spare bit. The LVDC 

program must separate this word into A and B words, scale the A word, compute the 

difference between the current A word and the past A word, and assign the proper sign 

to the difference. This process need not be repeated for the B word unless the A word 

fails the "reasonableness" test described in the following paragraph. If the velocity 

increment is found to be reasonable, this increment is added to the past value of the 

platform velocity word to form the updated value of that quantity. This process must 

be carried out for all three platform axes, X, Y, and Z. 

4. 2 REASONABLENESS TESTS 

The "reasonableness" test is designed to detect gross errors in the formation of the 

velocity word. These errors could occur at any point in the system between the actual 

accelerometers and the LVDC. The reasonableness test will not correct the cause of 

the error, but will prevent such gross errors from causing correspondingly large errors 

in guidance and navigation quantities. The reasonableness test also serves as a program 

switch which selects the second (B) velocity chaMel in the event of a failure of the 
first (A). 
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The reasonableness test depends upon the calculation of an expected platform velocity 
change. This expected change (Ee) is obtained by an approximate resolution of F/M 
through the measured gimbal angles. The particular value of F/M used is normally 
that which was computed during the last computation cycle from the differentiation of 
platform velocity components. However, during periods of the flight in which the F /M 
computations may be unusually noisy, preset constants are used in place of computed 
values of F/M to obtain expected changes. Once the expected changes have been com
puted, the reasonableness test can be made. A platform velocity change is judged 
reasonable if it falls within a band of ±50% of the expected change, enlarged by a 
reasonableness test constant (J½,c). That is, 6 Vis reasonable if: 

or for EC< 0, 

1. 5EC-RTC S 6 V 5 O. 5EC+RTC 

Figure 4. 1 shows this test. RTc is normally 1. o, its large value is 30. 

The RTc serves two purposes: its normal value provides leeway in the test when Ee is 
near zero, and its large value provides a large safety margin during portions of the 
flight in which F /M computations may be questionable. Should both A and B readings 
fail the reasonableness test, an appropriate velocity change is computed from current 
gimbal angles, time, and prestored values of thrust, mass, and mass flow rate . 

In Blocks 10, 11, and 12 of Figure 2. 3, RTc is selected and F /M is computed or set 
constant in various flight modes. Specifically, F/M is computed at all times during 
boost except from S-IC IECO to 3 seconds past S-Il ignition, and from S-Il cutoff until 
3 seconds past S-IVB ignition. The value of F/M is assumed zero in non-powered flight, 
and computation of it begins again 3 seconds after S-IVB reignition. Whenever F/M 
is computed, RTC is set to the normal value, and whenever F /M is set, RTC is set to 
its large value. 
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EC 

REASONABLENESS TEST 

EC Expected Change 

RTC Reasonableness Test Constant 
ti.V Observed Velocity Change 

Figure 4. 1 
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5. NAVIGATION 

5.1 GENERAL 

Navigation encompasses the computations necessary to determine position, velocity and 
total acceleration of the AS-501 vehicle relative to the S-coordinate system during the 
boost and coast portions of flight. Two sets of equations are used, one for boost navi
gation and the other for orbital navigation. The boost navigation routine is used during 
S-IC burn and both S-IVB burns. The orbital navigation routine is used during the other 
portions of the flight. Position is carried to precision and a half in both routines. 
These two schemes are explained below. 

5. 2 BOOST NAVIGATION 

The boost navigation routine combines gravitational acceleration with measured platform 
data to compute positions and velocities in an earth-centered, inertial coordinate frame 
(the S-system). In order to illustrate the boost navigation procedure, the computations 
for the X component are outlined here: 

"=" means "is replaced by" 

COMPUTATION 

A xg = [Igx + xg At/2]At 

AXT = (XM + XM Past]At/2 

Xs =Xg+AXg+AXT+XoAt 

Xg = g (Xs, Ys, Zs) ( 

Igx = Igx + At/2 (Xg + Xg Past) 

Xs = XM + lgx + X:0 

.. .. .. 

i.J• 

BLOCK (Figure 2. 4) 

Vi (5. 2. 1) 

')_ 28 (5.2.2) 

~ 29 (5.2.3) 

) -'\ 30 (5.2.4) 

"3-1. (5. 2. 5) 

~ 32 (5.2.6) 

Gravitation components, Xg, Y g, and Zg are computed from the equations shown in para-
graph 5 .. 1. 
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5. 3 ORBITAL NAVIGATION 

5. 3. 1 Introduction 

The orbital navigation computations are carried out in an indirect fashion, making use 
of mathematical models of the earth, its atmosphere, and the vehicle to approximate the 
effects of the physical world on the vehicle. Certain simplifying assumptions are made 
with regard to the drag model and the rotation of the earth's atmosphere (See Section 5.4). 

The accelerations are calculated using the following equations: 

.. .. .. 
Xs = Xg + Xo + Xv 

.. .. .. .. 
Ys = Yg+Yo+Yv (5. 3. 1} 

.. .. .. 
Zs = Zg + Zo + Zv 

where Xs is the total acceleration in the space-fixed X-direction, caused by gravita
tion, Xg, abnospheric drag component, Xo, and venting force component, Xv. These 
equations are integrated numerically to obtain position and velocity of the vehicle at any 
time. The models for drag and venting are discussed in Section 5. 4. 

5. 2. 2 Numerical Integration Scheme 

The integration method selected is a modified Scarborough routine, a third-order 
scheme which is similar to Runge-Kutta formulae. The method is self-starting, 
which facilitates the inclusion of venting accelerations. The actual integration is car
ried out in two basic steps. First values of position and velocity at the midpoint of 
the next 8-second integration interval are predicted. Total acceleration of the vehicle 

due to gravitation drag, and venting can now be computed based on these midpoint posi
tions and velocity values. Next, an extrapolation is made to the end of the integration 
interval to predict position and velocity. The total acceleration is then computed using 
these values. Finally the end-point position, velocity, and acceleration are calculated 
by modifying (correcting) the predicted end-point values. Values for position and veloc
ity valid during the 8-second period between integrations are interpolated assuming a 
constant velocity over the interval. The equations used to carry out the integration are 
given below: 

X(t + 4) = X(t) + 4X(t) + 8X:(t) 

x(t + 4) = x(t) + 4X(t) 

X1(t+4)= f(t 4, X(t 4) X(t + 4)] 

where f is the function of equation 5. 3. 1. 
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Xp(t + 8) = X(t) + 8X(t) + 32X1 (t + 4) 

Xp(t + 8) = X(t + 4) + 8X1(t + 4) 

Xp(t + 8) = f[t + 8, Xp(t + 8), Xp( + 8)] 

· 32 .. .. 
X(t + 8) = X(t) + 8X(t) + 3 [X{t) + 2X1 (t + 4)] 

. 4 .. .. 
X(t + 8) - X(t) + 3 (X(t) + 4X1 (t + 4) + Xp(t + 8)] 

X(t + 8) = f[t + 8. X(t + 8), X(t + 8)] 

(5. 3. 3) 

(5. 3. 4) 

The equations used for integration of the Y and Z components are identical to those given 
above for the X component. 

Truncation (method) error in position is on the order of 2 meters after 5 orbits. Cf. 
LVDC Equation Defining Documents AS-203, Section 5 and AS-204, Appendix D. 

5.4 MATHEMATICAL MODELS 

5. 4. 1 Gravitation Model 1/ 

The equations characterizing the gravitation model are shown in Figure 19. 3, the gravi
tation subroutine. The equations are also given below: 

w = -Xs cos ~ cos A - Ys sin ~ + Zs cos ~ sin A 

(5.4.1) 

where 

and 

(5. 4. 2) 

where 

H ae W 2 D ae 2 W W 2 
P34 = -(-) (15 (-) - 3] + -(-) (-) (12 - 28 (-) ] 

5R R 7R R R. 
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Using these quantities, acceleration is computed as follows: 

Xg = X • s - p cos ~ cos A 

Y g = Y • S - P sin ~ 

Zg = Z • S + P cos ~ sin A 

where 

~ = geodetic latitude of launch site, 

A = firing azimuth, 

GM = 0. 3986032 x 106 Km3/ sec2, * 

ae = 0. 6378165 x 107 meters, * 

J = 0. 162345 X 10-2. * 

The evaluation of gravitation, using these equations, is a three-step process. The first 
step computes the W component of the vehicle position in the UVW coordinate system. In 
the second step, the gravitational acceleration is computed from a zonal harmonic ex
pansion of the earth potential. The third step transforms the gravitational components 
back into the navigation coordinate system. 

The gravitation model used in current studies (and recommended for use in the LVDC) 
evaluates only the round earth and first oblateness terms during boost. This is accom
plished by setting the terms P34 and S34 in equations (5. 4. 2) to zero during boost. The 
accuracy of the navigation routine is not seriously degraded by neglecting all but the 
first two terms in the potential expansion. In orbit, however, where periods of several 
hours are involved, two additional terms of the expansion must be considered. This is 
done by computing the quantities, S34 and P34, shown in equations (5. 4. 1) and (5. 4. 2). 

5. 4. 2 Atmospheric Drag Model 

The onboard drag model assumes the form 

(5.4.4) 

From JPL Technical Report No. 32-604, adopted by the NASA Standard Constants 
Committee. 
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which is the total drag acceleration for a convex body of mass M with average presen
tation area A, traveling through a medium of density P, with relative speed VR, For the 
onboard scheme, the following constants were prescribed: 

en= 2.1a 

A = 40 m2 

M = 123,207 Kg after first S-IVB burn, = 56,731 Kg after second. 
The density is obtained through the use of a polynomial approximation to the PRA 63 
Earth Atmosphere Model. This is, 

That is, 

(5.4.5) 

where h is the altitude of the vehicle over an oblate earth. The quantity h is computed 
according to 

(5.4.6) 

where the constants in equations 5. 4. 4 and 5. 4. 5 are initialized in the Appendix E. 
ables, Section 19. Thus, the components of the drag accelerations become: 

Xn = -1/2 r, 

Yn = -1/2 p 

Cn (A/M) VR • XR 

Cn (A/M) VR • YR (5. 4. 7) 

Zn = -1/2 P 

where VR = (XR, YR, ZR) is the velocity of the vehicle relative to the atmosphere 
which is assumed rotating at velocity we, the earth's rate of rotation. 

5. 4. 3 Venting Effects 

In the AS-501 mission, numerous programmable vents are anticipated. In particular, 
Table 5. 1 contains a list of typical worst case venting thrust magnitudes (in newtons) 
relative to the body fixed X Y Z - coordinate system, and the on-off times for these 

vents. 

In the flight program, the platform gimbal angles will be sampled every four seconds 
for use in resolving the vent accelerations from the body-fixed system into the space 
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TABLE 5.1 

TYPICAL WORST-CASE VENTING THRUST MAGNITUDES 

TIME ON TIME OFF FORCE 
VENT (SECONDS) (SECONDS) (NEWTONS) 

Fuel Tank Relief Valve 93 96 2050 

146 149 2050 

206 203 2050 

254 257 2050 

308 311 2050 

360 363 2050 

Fuel Tank Continuous 0.0 3600 49.2 
Vent 3601 14,400 123.0 

LOX Tank Relief Valve 2100 2103 615 

4320 4323 615 

8300 8303 615 

fixed Xs Y s Zs system. Thus, if B(t) is the time varying matrix which transforms body 

coordinates into the space fixed coordinates Xs, Ys, Zs, then the instantaneous vent ac
celerations in the space-fixed system are computed according to: 

(
Xv) (VzBM) 
Yy = B(t) VyB/ M 

Zv VzB/M 

(5.4.8) 

and the instantaneous venting accelerations are then added to accelerations due to 
gravitation and drag to complete the mathematical model. 

It would be a suitable alternative to return to boost navigation during the venting peri

ods. The flight program initialization will be written so that this alternative could be 
easily adopted. 
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6. GUIDANCE PRIOR TO IGM 

Guidance prior to IGM deals with the method of generating commands ( x angles) during 
the time from guidance reference release (GRR) to initiation of IGM. The guidance 
flow diagram for this time period is depicted in Figure 2. 5. The basic scheme is a 
time-tilt profile. If an S-IC engine fails from 6 seconds into the S-IC stage, param
eters are modified to insure corrections of burn time, mass flow, etc. 

For this flight, a - 18 ° roll offset is present at liftoff. This is because fin 1 has an 
azimuth of 90 ° at liftoff whereas the desired position for fin 1 is in the direction of the 
firing azimuth (72 °). After liftoff, the vehicle is maintained vertical and the roll at
titude is held constant (- 18 °) until the tower is cleared. At an altitude of 137 meters, 
roll is commanded to zero. In the event of an accelerometer failure, a time backup 
is provided. After this command, x X and x y remain zero and x Z is computed by the 
Reduced Load Chi Freeze Guidance method. A fourth-order time polynomial, obtained 
from a least-square curve fit of the nominal baseline chi versus time, is used to 
determine the commanded steering angle (rate limiting of the X's prevents the com
manded x y and x z change from exceeding one degree per second; this keeps the rate 
change within safe bounds). The curve fit is a fourth-degree polynomial of the form 

T = T - ~T + 4. 0 
R C FAIL 

where the coefficients A1, B1, c1, o1 and E1 are defined in Table 7.1; xz is ex
pressedindegrees for the table values of the coefficients. TR includes a 4. 0 second bias. 

The failure of an engine is compensated for by freezing the steering angle for a 
specific time. The specific time varies with the time of engine failure. For the 
AS-501 mission the freeze period, AT FAIL' is calculated as follows (TC = clock 
time measured from liftoff): 

O < TFAIL < t2 

t < T < t 2 - FAIL 4 

t4 ~ TFAIL < ts 

ts$ TFAIL 

AT FAIL= t3 

AT FAIL= 8 11 TFAIL + 8 12 

ATFAIL = 8 21 TFAIL + 8 22 

AT FAIL= O 
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where Bij coefficients are mission dependent constants, cf Table 7. 1. When the 

freeze period is completed, the original x z versus time profile is resumed with a 

time bias equal to ~TFAIL· 

Tilt arrest occurs at CECO of the S-IC. A time backup is provided in the event that 
the signal is not received. The tilt arrest varies with the time of engine failure. 

Compensation for this is made in the equation used to calculate Tar· After tilt 

arrest x y and x X remain zero and x z remains frozen until the initiation of IGM. 
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TABLE 7.1 

1 
A

1 
= 8. 6690087 x 10 deg 

-1 
B

1 
= 5. 2805826 x 10 deg/ sec 

-2 2 c
1 

= - 2. 5657166 x 10 deg/ sec 

-4 3 
D

1 
= 2. 0822663 x 10 deg/ sec 

-6 4 
E

1 
= - 5. 3473700 x 10 deg/ sec 

B
11 

= - 0. 62 

B
12 

= 40. 90 

B
21 

= -0. 36111 

B
22 

= 29. 25 

t
1 

= 12 

t2 = 20 

t = 36 
3 

t4 = 45 

t5 = 81 

t6 = 0 
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7. ITERATIVE GUIDANCE MODE {IGM) 

7.1 GENERAL 

IGM is an optimum guidance scheme based on the flat earth optimum steering function 
derived using the calculus of variations. This thrust vector steering function 
(x = a + bt), although only an approximate result for a flat earth, is implemented in an 
iterative manner in both pitch and yaw planes of motion. Thus, the S-NB is guided to 
meet desired end conditions in near optimal fashion. Simulation studies have indicated 
that burn time and end conditions attained by IGM compare favorably with those 
attained by solving exactly the two-point boundary value problem using a Pontryagin 
minimum fuel trajectory program. 

A detailed description of the method used to implement the flat earth steering scheme 
can be found in the Aero-Astrodynamics Laboratory Document MTP-AERO-63-49 and 
in "Guidance Equations for Saturn V, AS-501 ", R-AERO-DAG-39-65, August 15, 1965. 
These two documents have served as the fundamental references for all of the IGM 
studies for the AS- 501 mission. 

IGM will be implemented in two phases for this flight. The first phase will guide the 
vehicle in pitch and yaw for the powered portion of flight from a fixed time after S-IC 
outboard engine cutoff to the first cutoff of the S-NB stage at injection into parking 
orbit. The second phase will guide the S-NB stage from parking orbit into waiting 
orbit. The first phase, boost to parking orbit, is discussed in section 7. 2 below. The 
second phase, out of parking orbit, is discussed in sections 7. 3 and 7. 4 below. Al
though there are two phases for IGM, most of the equations and logic of IGM will be 
the same. 

7. 2 BOOST TO PARKING ORBIT 

Approximately 31 seconds after S-II ignition, IGM is started. At 307 ± 30 seconds 
after S-Il ignition there is a propellant mixture ratio change from 5. 5 to 4. 7. At 358 
seconds after S-Il ignition, S-II thrust terminates and separation occurs. After sepa
ration there is a coast period of 2 seconds. The S-NB is then ignited and burns for 
approximately 165 seconds. IGM will inject the S-NB stage into a 185. 2 km (100 
nautical miles) circular earth parking orbit. 

The basic IGM equations are listed in Table 7. 1. The general functional relationships 
of IGM are shown in the word flow chart, Figure 7. 1. Greater detail for blocks 1 and 2 of 
Figure 7. 1 is given in Figure 7. 2, Bum Mode Initialization Logic. The guidance time 
update process is shown in Figure 7. 3. Figure 7. 4 details a block of Figure 7. 1. 
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TABLE 7.1 

A. The calculation and format of the G matrix follows : 

[

Gl G2 

G3] 
[G] = G4 G5 G6 

G7 Gs Gg 

G1 = cos i cos 8N . sin Az + cos i . sin 8N . cos Az sin ¢L 

- sin i cos AZ cos ¢L 

G2 = - cos i sin 8N cos ¢L - sin i sin ¢L 

G3 = cos i cos 8N . cos Az - cos i sin 8N sin Az sin ¢L 

+ sin i sin Az cos PL 

G4 = sin QN sin Az - cos 8N . cos Az sin ¢L 

G5 = cos 8N cos ¢L 

G6 = sin 8 cos Az + cos 9N sin Az sin ¢L 

G7 = sin i cos 8N sin Az - sin i sin QN . cos Az sin ¢L 
- cos i . cos Az cos PL 

Gs = sin i sin QN cos ¢L - cos i sin ¢L 

Gg = - sin i cos eN cos AZ + sin i sin 8N sin AZ sin ¢L 
+ cos i . sin AZ cos ¢L 
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TABLE 7. 1 ( Continued) 

= initial aiming azimuth 

i = inclination of the desired parking orbit 

= difference between launch longitude and longitude of descending node of 
desired parking orbit. 

¢L = latitude of launch site. 

B. Rotations into x4, Y 4, z4 system using G matrix: 

= 
[G] [] 

= 
[G] [ ::1 

.. 

[G] [:: l 
C. Calculation of terminal range angle ¢T measured in the orbit plane, from the 
descending node clockwise to the point of injection. 

1. = 

2. = 
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3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16 

T' T 

L' 3 

J' 3 

= 

= 

= 

= 

= 

= 

= 

= 

= 

= 

= 

= 

= 

= 

TABLE 7. 1 ( Continued) 

vT;. - J:i + Lyf3 - [Ro!V Ex3] [( Tl - Tl) Ll + 

( T 2 - T 2> L2 + ( T 3 - T3) L3] [Ly + V - VT] 

tan-1 (X/Y 4) + (l/ 11 T) (S12 + D2) cos eT/ir 
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TABLE 7.1 (Continued) 

D. Calculation of position, velocity and gravitation in the injection coordinate 
system. 

cos ¢T - sin ¢T 0 

= sin ¢T cos ¢T 0 

0 0 

= 

T/ = 

E. Calculation of velocities to be gained in the injection coordinate system. 

.. 
E * g 

T/ * = g 1/ 2 T/ 
gT 

r gT 

.. 
E 

g 

+ T/ 
g 

rg 

(1) 

(2) 

(3) 

(4) 

(1) 
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TABLE 7.1 (Continued) 

td' = ET E Eg T' (2) 
T 

6 T/' ::: 
"'T T/ - I)* T' (3) 

g T 

. 
6 r' = sT r s* T' (4) 

g T 

F. Calculation of "time-to-go" (T3) 

[ < (A e>2 + (6 ,1')2 + (ll r1
)
2 ) 

Ly'] ; 2 6L3 = 
L' - (1) 

y 

(T3 - T3) 
6T3 = 6L3 

(2) 
VEX3 

T3 = T' + 6T3 
(3) 

3 

TT = T' + 6T3 
(4) 

T 

G. Correction of velocities to be gained. 

6E = A E' E.* 6T3 (1) g 

. 
,1 Tl' 

.. 
611 = - "'g 6T3 (2) 

6s = .1 r ·r~ 6T3 (3) g 
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TABLE 7.1 (Continued) 

■ H. Calculation of desired pitch and yaw steering angles based on current velocity 
deficiency. 

■ L3 = L:3 + AL3 (1) 

■ Ly = L12 + L3 (2) 

At 
xy = sin- 1-- (3) Ly 

x'p -1 A 11 
(4) = tan --

• .:H 

I. Calculation of parameters for rate and attitude corrections. 

Ql = s1 T1 (VEXl T~) / 2 (1) 

■ 
pl = J 1 Tl (VEXl T~) / 2 (2) 

Ul = Ql Tl (VEXl Ti) / 6 (3) 

Q2 = s2 T2 (VEX2 T~) / 2 (4) 

P2 = 32 T2 (VEX2 T~) / 2 (5) 

U2 = Q2 T2 
3 

- (V EX2 T2) / 6 (6) 

Q12 = Ql + Q2 + S2T1 + J1T2 (7) 

• P12 = pl + P2 + Tl (2J2 + L2T 1) (8) 

• 
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TABLE 7. 1 (Continued) 

:::: 

:::: 

:::: 

:::: 

= 

J. Calculation of altitude correction term for yaw (K3) and yaw rate (K4) terms. 
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K' 
3 

= 

= 

= 

= 

= 

= 

(9) 

(10) 

(11) 

(12) 

(13) 

(14) 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 



TABLE 7. 1 (Continued) 

K3 = K' (1 
3 

(K' )2 
3 . TRY) / "' (8) 

K4 = KyK3 (9) 

K. Calculation of altitude correction terms for pitch (K1) and pitch rate (K2) 

I LP = L cos xY (1) y 

c2 = cos ~ Xy + K3 sin xy (2) 

[ C4 = K4 sin X.y (3) 

JP JYC2 C4 (P 12 + p + 2 
L3) (4) = 

TlC 3 

Sp = SYC2 C4Qy (5) 

Qp = QYC2 - C4 [0 12 + U3 + 
2 

T1C83 + (T3 + TC) P12] (6) 

KP = Lp/ Jp (7) 

Dp = Sp - KPQP (8) 

. 
(~~T;) / 2 ~ 611 = 11 - 11 T 11TT + = SP sin xp (9) 

K' = 671 / (Dp cos xp (10) 1 

■ Kl = K' (1 - [Kl] 2T RP) /1r (11) 1 

K2 = KpK1 (12) 
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TABLE 7. 1 (Continued) 

L. Calculation of pitch and yaw in the x4, Y 4, Z 4 coordinate system. 

' y = 

x' p = 

M. Rotation of Unit Thrust Vector into Xg, Ys, z8 system. 

Xs - sin X' p cos Xy 

Y' = (G)-1 COS X z . cos xy s 

Z' sin s 
X I 

y 

N. Calculation of command pitch and yaw angles. 

= 

= 
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Figure 7. 4 shows the cutoff scheme in more detail. The logic and equations shown are 
used in the interval beginning 2 seconds before estimated S-IVB cutoff. In this period, 
time to cutoff, T off' is calculated by the formula: 

Toff = (Vt - V) (M/F), 

where Vt is the desired cutoff velocity, Vis the present velocity and (M/F) is the un
smoothed thrust acceleration reciprocal calculated in accelerometer processing. The 
accuracy of the above time to cutoff equation is dependent on the cycle time of the high 
speed cutoff loop through blocks 5, 6, 7, 8, 10, 11, 13, 14, 15, 16, 18 and back to 5 of 
Figure 7. 4. Since all steering commands are frozen during this period, all unneces
sary logic will be by-passed. This includes minor loop support computations, most 
IGM computations, portions of the minor loop, and discrete backups. However, a time 
backup for cutoff is incorporated in blocks 11 and 12 of Figure 7. 4. T off is modified 
in the minor loop to account for system lags, etc. As soon as this modified time is 
less than 60 ms in the minor loop, the S4BCO switch is set to "yes" and the program 
delays in the minor loop until the switch selector interrupt occurs. The S-IVB cutoff 
command is then processed by the Switch Selector Interrupt Processing Routine and the 
cutoff command is issued to the Switch Selector. The S4BCO switch when set to "yes" 
allows exit from the high speed cutoff loop to discrete backups where normal flow is 
picked up. The program will not return to IGM calculations during boost. This path 
is also taken for the second S-IVB cutoff. 

Table 7. 2 contains variables that may be preset for boost. Definitions of important 
symbols are given in Appendix E . 
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TABLE 7. 2 

IGM Boost to Parking Orbit Preset Variables (Values will be 
found in Range of Variables Section) 

1. M1 14. TC 

2. M2 15. T' 
3 

3. RT 16. T2 

4. VT 17. T3 

5. 8T 18. At 

6. sin ~L 19. la1 

7. cos ~ 20. tB3 L 

8. TRP 21. XPL 

9. Rav 22. XYL 

10. TRY 23. V 
EXl 

11. µ 24. V 
EX2 

12. Tl 25. VEX3 

13. T2 
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7. 3 OUT-OF-ORBIT 

The guidance equations for the second S-IVB burn, which takes the vehicle from the 
parking orbit to the waiting orbit, are the same as those used during boost except that 
the end conditions are recalculated each cycle as a function of the range angle. Injec
tion takes place on an ellipse specified at ignition time, but the point of injection onto 
the ellipse varies with range angle. 

Table 7. 3 gives the equations which are used in the modification of the end conditions. 
The flow chart, Figure 7. 2, shows a test to establish whether the burn in process is 
the out-of-orbit case. If so, the computations for end conditions are executed. 

The next section describes the computation defining the injection ellipse. The constants 
e, p, K5 and a appearing in the equations of Table 7. 3 are established in that section. 

7. 4 OUT-OF-ORBIT END CONDITIONS 

The vehicle will arive at the time for the S-IVB second burn with perturbations in both 
position and velocity. To return to the nominal orbit would require a dog-leg maneuver, 
in general. Substantial payload gains can be obtained by revising the trajectory to be 
optimum for the actual, that is, the perturbed, conditions. To determine a true opti
mum trajectory requires more extensive computation than can be accommodated in the 
flight computer, but a serviceable approximation can be made. This approximation is 
used in the flight program to compute the end conditions for the S-IVB second burn. 
The computation must be made shortly before the initiation of the burn, when the per
turbations are !mown. Table 7. 4 shows the equations used, and Figure 2. 11 shows the 
logic leading to the calculations and to reignition. The details of the calculation are 
described below. 

The nominal cutoff conditions for the second burn are used to determine the geocentric 
ellipse which would be the flight path using the simple two-body theory. From this 
ellipse is generated a family of "nearby" ellipses which meet the mission constraints 
and are nearly optimum in the sense of the calculus of variations. Injection is then 
made on that member of the family meeting the actual (perturbed) flight conditions. 

The computation described here is peculiar to the 501 mission; the computation for a 
lunar mission will differ in some significant ways. The equations for out-of-orbit 
given here are provisional. Since changes are expected, they will not be described in 
detail here. They are taken from the Mission Defining Document, change number 7. 
Figure 7. 5 shows the geometry of the injection ellipse corresponding to the equations 
of Table 7. 4. These equations are computed only once, just before ignition; they 
correspond to block 2 of Figure 7. 1. The perturbed ellipse has the same eccentricity 
and semi-latus rectum as the nominal, but lies in a different plane. 
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TABLE 7. 3 

End Conditions as a Function of Range Angle 

A,S = ,ST + a 

9T = tan-1 
[ 

e sin A,S j 
1 + e cos A ,S 

"T = p / (1 + e cos A ,S) 

VT = K5 (1 + e2 + 2e cos A~) l / 2 

"T = VT sin 8T 

~T = VT cos 8T 
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TABLE 7.4 

tD = KL (TL - T LO) + J 

K = 1 - T 
2 

t
2 

/2 
CD D 

TX = (TXN + T CDX tD)K 

Ty= (TYN + TCDY tD)K 

Tz = (TZN + TCDZ tD)K 

e = (eN+ K
0 

t
0

) 

c3 = (C3N + Kc to) 

cos (T = (T + " t N NDD 

sin¾ 

[A] = -sin PL cos ¾ 

-cos PL cos¾ 

-sin eE 

EPH = [A] -l cose E 

0 

TP = [EPH] T 

N=RXV/ IRXVI 

Rl = R I IRI 

Pl= NXRl 

S = i\ cos fJ + P 1 sin fJ 

0 

cos PL 

-sin PL 

0 

cos AZ 

sin .,SL sin AZ 

cos PL sin¾ 

0 

0 

-1 
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TABLE 7. 4 (Continued) 

1 - -
cos ,J, = S • Tp 

sin ,J, 
1 

= (1 - cos
2 

,J, 
1
) 

112 

- 1 - 1 -s
1 
= (1 / sin ,J, ) (S cos ,J, - TP) 

C =S XS=N 1 1 

nx = Alli + A12T + A13k 

11 y = A21i + A22j + A2l 

nz = A31i + A32T + Aal 

-1 - -
i = cos ( n Z • C 1) 

x1 = nx· c1 X nz 
x2 = n Y • c 1 x n z 

cos i cos 0N 

[B] = sin 8 

-sin i cos 0 

-cos i sin eN 

sin i sin 0N 

sin i 

0 

cos i 



• 

(Gl = [BJ (A] 

R =R 
n 

TABLE 7. 4 (Continued) 

R = P / (1 - e cos u) 
M n n 

e = [R / Rn] [en-1] +1 

p = r / C 3] [ e 2 - 1] 

K5 = ✓ P./ p 

-1 - - -1 aD = cos (S • Tp) - cos [(1 - P / RM) (1/ e)] 

+ tan -l (S l • Cl X fl z / S • <:\ X n z] 

PT= PTR 
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8. ORBITAL GUIDANCE 

8.1 WAITING ORBIT 

The attitude of the CSM/SLA/S-IVB, after S-IVB second burn, is oriented to the opti
mum attitude for cold soaking the CM reentry heat shield to simulate terminal trans
earth conditions. To achieve the cold soak requirement, the spacecraft - Z side is 
oriented toward the solar vector, the X - Z plane is inclined to the solar vector ±10°, 
and the X - Y plane is inclined at an angle of 130° ±5° from the solar vector as meas
ured counter clockwise from +X toward -X (see Figure 8. 1). The above inertial ori
entation is required for approximately 4 hours. 

The equations necessary for the vehicle to attain this orientation are described below: 

xx(T) = desired value 

SCY = z1/(0 . 76604. R1) 

Xy(T) = tan-1 (SCY/ ✓ 1 - scy2 ) 

S1 = X1-0.839Y1 

Sz = R1 • (O. 76604 cos (xy(T) + 0. 539) 

S3 = ✓ s22 - s12 

Xz(T) = tan-l (S3/ S1) 

Where Xi, Y 1, and Z 1, fix the position of the sun in the platform system and R1 is the 
magnitude of the vector (X1, Yi, Z1), 

In addition to the thermal requirements which are satisfied by the equations above, two 
constraints are placed on the S-IVB attitude. These are (1) that the angle between the 
longitudinal axis of the vehicle and the radius vector to the center of the earth, ti, be 
greater than 15° during part of the orbit and greater than 45° near apogee, and (2) that 
the magnitude of the yaw gimbal angle not exceed 30°. 

These constraints cannot be incorporated directly in the equations. However, since 
xx(T) is selected arbitrarily, a search can locate the proper range. In this case, fJ 
will be a function of Xy (T) and may not always satisfy the requirements. 
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Since the proper attitude depends upon the day and time of launch, many different condi
tions will occur, making a general solution of the problem not feasible. Therefore, in 
order to examine the requirements, a simulation was run which fixed the sun's position 
as it will appear at a particular time on January 1, 1967. The sun's coordinates in the 
platform system are: 

X1 = 1. 4575343Xloll m 

Y1 = -0.55251378Xl010 m 

Z1 = 1.8516172X1010 m. 

The vehicle was assumed to be at the position: 

Xs = 6090858.7 m 

Ys = 3231483.3 m 

Zs= -23505.4 m 

at the end of the S-IVB second burn. 

An attempt was made, using these initial conditions, to find a combination of gimbal 
commands that would satisfy the requirements. Simulation runs indicated that the best 
solution for this particular problem existed with Xx(T) = 30°. However, it should be 
noted that at positions close to apogee, fJ became slightly less than 45°, so that the 
requirements could not be satisfied. 

In the performance of this study, several values for x x(T) were tried, as well as rolling 
the vehicle ±10° from the calculated value (10° is the maximum tolerance allowed). 

There are probably other times of launch which will cause the problem to exhibit solu
tions that are further away from the required constraints. 

On the basis of the above, it is recommended that the CSM be separated from the S-IVB 
soon after S-IVB second burn. If, however, the requirements on fJ and/or the yaw 
gimbal limits can be relaxed, then acceptable solutions of the problem may exist. 
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9. MINOR LOOP 

The function of the minor loop is to process platform gimbal angle information to 
compute yaw, pitch, and roll corrections needed to drive the gimbals to the desired 
positions, and to output these commands to the LYDA. The LVDC enters the minor 
loop routine every 0. 04 second during boost and every 0. 1 second during orbit on 
receipt of a minor loop interrupt. The boost minor loop processing has been defined 
and explained in detail in IBM Memorandum HE-64-207-51 and is described here in a 
simplified manner. 

Resolvers are used in the Saturn V vehicle to measure platform gimbal angles. The 
error characteristics of the resolvers designed for the IB vehicle have been studied by 
NASA and IBM. Since certain of their findings impact the flight program, a brief 
summary of these results is presented here. The principle references for this discus
sion are "Hardware Descriptions and Error Analysis of the Attitude Control System for 
the Saturn IB/V Vehicle", IBM No. 64-208-000BH (dated December 24, 1964), and 
"Error Analysis of the ST-124-M/LVDA Resolver System", IBM No. 65-208-0007H 
(dated April 1, 1965). 

The 1 :1 and 32:1 resolver systems have numerous error sources which have been 
detected in the resolvers and the digital-to-analog conversion of resolver readings. 
Among these errors certain ones are predictable. These are the error, E, of theform 

E == A + B sin (2n 8 + a ) 

where A, B, and a are appropriate constants, n is 1 or 32 (depending on the resolver 
system being used), and 8 is the gimbal angle being measured. In addition to this 
error in the gimbal angle measurements, lhere is the turn-on, lurn-off, error 
encountered when converting analog signals to digital form. The latter error is caused 
by the logic needed to stop the COD counters which involves one more and/invert 
element than the start logic. The relation between the actual gimbal angle, 8 , and 
the measured gimbal angle, om, is 

8m = 8 +A + B sin (2n 8 + a ) + Eoo + E 
V 

where 

Eoo = turn-on turn-off error 

and 

E = other variable error . 
V 
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The studies referenced above have indicated that the error Ev is as large as the error 
B sin (2nB + a}, but that the constant bias, A, is the largest error source of error. 
Furthermore, the error Ev behaves in such a way that the resolver error curves bear 
little resemblance to a sinusoid. These facts, together with limitations on computer 
speed and memory, make it desirable for the flight program to consider only the 
constant bias error, A, in correcting gimbal angle readings. The numerical value of 
the bias error must be determined for each resolver system by laboratory tests and 
cannot be specified here. 

In orbit, the usual minor loop is not satisfactory. It requires more than 50% of the 
computation time (approximately 21 out of every 40 ms) to do attitude control calcula
tions. During orbit, operation of the CIU to obtain numerous quantities will require 
that less time be spent in uninterruptible portions of the flight program. Control 
studies indicate that these minor loop computations need not be done more rapidly than 
1 per second. Ladder drift and other problems preclude the 1 per second rate, but do 
permit the 10 per second rate if certain precautions are taken. Drift causes two 
difficulties in the system. First, the attitude error (ladder) command will be in error 
by the drifted amount and second, if ladder Bis not to be selected automatically, 
command changes must not exceed 8 increments from the drifted previous ladder 
commands. While no definite values are available to provide upper limits to the 
amount of ladder drift to be expected in 100 ms, current data indicates this number 
should be less than two ladder increments. 

A conservative estimate of a 4 increment drift is used as the upper limit, which cor
responds to a 0. 24° drift per minor loop in the attitude error command. The drift 
problem will change the magnitude of the deadband of the auxiliary propulsion system 
(APS), but it is estimated that these changes will not seriously alfect the APS opera
tion. However, only 4 increments remain (of the maximum allowable 8) to be used 
for command changes. This . 24° per minor loop limit on change (above the assumed 
. 24° drift) corresponds to a 2. 4° per second ladder change rate which is more than 
sufficient to implement the attitude error equations. The commanded change is 
itself limited to . 6° per second or less during coast. This reduced sampling rate 
permits reduction of the time spent in the minor loop from over 50% to about 20% 
during orbit. However, still further reductions are possible. The 1 per second rate 
suggested by control studies permits elimination of gimbal sampling in nine out of ten 
minor loops. This change requires some additional tests but reduces the time in the· 
minor loop still further from 20% to an estimated 10% during orbit. The minor loop 
during orbit can now be considered in two parts: the attitude update mode (1 per 
second) during which the gimbal angles are sampled, and the attitude hold mode, in 
which ladder commands are recomputed based on the previous gambal sample (9 per 
second). It should be emphasized that both the ladder rate limit values and the 
sampling rate itself may be changed when better drift data is available. 
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In explaining the minor loop, the nominal path is considered first. Then each of the 
branches explaining operations in case of various failures is discussed. Since the logic 
needed to compute an attitude command is identical for the yaw, pitch, and roll com
mands, the calculations will only be discussed for one case. This logic is then 
processed three times by the LVDC during each minor loop. 

The minor loop processing is depicted in Blocks 500-560 of Figure 9.1. A minor loop 
interrupt transfers control to the minor loop routine. The interrupt automatically 
PIO's the X fine (or backup) gimbal. The value of the X fine (or backup) gimbal is 
available to the computer 25 instructions following the interrupt. The first block in 
the flow shows the setting of the minor loop counter. In boost this counter will be set 
to cause an interrupt every 40 ms; in coast the interval between minor loops will be 
100 ms. Block 501 exhibits a test on m nor loop switch (MLSW) to determine if this 
pass is an attitude update or attitude hold minor loop. In boost, all minor loops will 
be attitude update passes. In coast, only one pass per second will update gimbal 
angles, and this pass will be selected following the minor loop support calculations 
in the orbital processor. Next, new values for xx• xy, and x z are computed 
by adding D x to the past x value. During boost these values are used each 1/25 
second to smooth the transition from the old to the new x . During coast, this update 
is done once each second. The computer then reads a new gimbal angle from either a 
2:1 or a 64:1 resolver. The 64:1 resolver is normally used, but excessive failures 
cause the 2:1 to replace the 64:1 (excessive failure is defined as three or morefailures 
in one major loop cycle during boost, or three failures in five seconds in coast). The 
resolver reading comes into the computer in duplex form; that is, two counter readings 
of the same resolver are read in. These readings are tested for agreement by the 
LVDC, and a disagreement bit is set if the two disagree. In the nominal case the 
disagreement bit is not set, and only one of the readings is saved. 

The gimbal reading is tested to see if it is zero. An unexpected zero reading is 
interpreted as an error and appropriate action is taken. A nonzero reading or an 
explainable zero reading transfers control to the reasonableness test. The new gimbal 
reading is compared with the previous reading to determine if the new angle is 
reasonable. If not, appropriate action is taken. If the angle is reasonable, the total 
angle, 8 , is computed. 

Once again the minor loop switch is tested. If it is set to the hold mode, the pass just 
made to compute 8 was a special gimbal angel sample designed to obtain the angle 8 
for use in orbit navigation. Thus, this pass is not a normal minor loop and was not 
initiated by a minor loop interrupt. Entry was obtained from the orbital processor 
through "Minor Loop B". In this case the three values of 8 will be obtained without 
any ladder processing. If the update mode applies, the normal processing continues, 
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The next block (511) computes attitude commands. It should be noted that no limit 
tests are required to assure that the angular quantities and errors are in the proper 
range. This will be achieved by appropriate scaling in the flight program, 

The attitude commands are computed using the equations 

Pitch 

Yaw 

Roll 

= A
1 

AZ + A
2 

AX 

= - A
4 

AZ + A
5 

AX 

- SF(AY + A
3

AZ) 

where A1, ... , A5 are sine-cosine coefficients defined in Section 10, and SF is a 
factor used for scaling and for setting the attitude control gain (A1 , A2, A4, and 
As contain SF). The gain to be used in these equations is defined in Table 9. 1. 
These commands are limited in magnitude throughout the AS-501 flight. 

TABLE 9.1 

Minor Loop Parameters For AS-501 

Flight Attitude Control Attitude Rate Limits on Magnitude 
Mode Gain Limits of Attitude Commands 

Yaw Pitch Roll Yaw Pitch Roll 

S-IC 1 ±12°/sec ±12°/sec ±12°/sec 15° 15° 15° 
Burn 

Sll Burn 1 ±12°/sec ±12°/sec ±12°/sec 15° 15° 15° 

S-IVB 1st 1 ±12°/sec ±12°/sec ±12°/sec 15° 15° 3. 5° 
Burn 

Coast 1 ±2.4'1/sec ±2.4'1/sec ±2.4'1/sec 2. 5° 2. 5° 3. 5° 

SIVB 2nd 1 ±12°/sec ±12°/sec ±12°/sec 15° 15° 15° 
Burn 

Coast 1 ±2.4 o/'sec ±2.4o/'sec ±2.4o/'sec 2.5° 2. 5° 2. 5° 

The yaw attitude command is sent out on the LVDA ladder network. The command goes 
out either on Channel A or Channel B, since the ladder configuration is duplex. Imme-
diately after the yaw command is loaded on the ladders, an instruction is given to reset 
the ladders to Channel A provided three failures in Channel A have not been detected in 
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any computation cycle. If A has failed three times, Channel B is automatically 
switched in and no change is necessary or desirable. This is achieved in Blocks 
516-518. Processing of the first command is now complete and pitch and roll will 
then be processed. 

The attitude control portion of the minor loop has been described except for disagree
ment bit (DB) processing and reasonableness test failures. If the disagreement bit is 
set, exit is made from Block 504 to DB processing (Block 547). If permanentfailures, 
which cause the DB to be set each minor loop, have previously been found, the DB is 
ignored. The flow is then reentered as indicated by the nature of the error previously 
found. If no such permanent failure exists, then the DB processing subroutine 
searches for an explanation of the DB. The disagreement in Counter A and Counter B 
arises from one of four sources. 

1. Either Counter A or Counter B (or both) is faulty. 

2. The DB circuitry has failed. 

3. A multiplexer circuit is bad. 

4. One counter reading is very small (near zero) and the other counter reading 
large (near 2016 = O) or vice versa, but the two are actually within acceptable 
limits of one another if the readings are correctly interpreted. 

Error sources 1, 2, and 4 are handled by the DB processing. Error source 3 can 
only be detected by the reasonableness test. Error source 4 is looked for first. Next, 
the DB circuitry is tested. Finally, the counters are tested by permitting them to run 
for a known time at a known rate and comparing their counts with a stored constant. 
If neither counter is bad, no reason has been found for the DB. Its presence is thus 
due to an intermittent error of type 1 or to an error of type 3. In any event, no action 
is taken and exit is made to the normal minor loop flow. If either Counter A or 
Counter B is faulty, a count is updated and checked. Two failures of one counter in 
one major loop cause the other counter reading to be permanently selected. The DB 
processing is subsequently by-passed. If both counters fail, the DB processing is also 
by-passed in the future, and attitude commands from the previous minor loop are used 
for steering since no correct gimbal angles can be obtained. The DB processing logic 
is found in Blocks 547-560. 

Blocks 542-545 are processed when a reasonableness test has failed. A count of 
reasonableness test failures is incremented and, based on this, a decision is made on 
whether or not the backup resolver should be switched in to replace the 64:1 resolver. 
The 64:1 resolver is judged to have failed if the reasonableness test has failed three or 
more times in one major loop. When the backup is used to replace the 64:1 resolver, 
the program is modified to effect •he change. Steering commands from the previous 
minor loop are used for outputs when the reasonableness test has failed. 
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The logic in blocks 524 and 539 provides for the sampling of accelerometers in the 
minor loop once per computation cycle; that in blocks 540 and 541 prepares for S-IVB 
cutoff. The latter logic is needed to insure that S-IVB cutoff occurs exactly when it 
should. After this is completed, control is transferred either to the interrupt proc
essing routine (See Section 13) which, in turn, transfers to the major loop, or to some 
other appropriate exit point established by Blocks 520, 521, 523, or 528. 

The LVDC enters the attitude update minor loop once every 40 ms in boost and once 
every 100 ms during coast. Its duration is dependent on which of the available paths 
is taken. The nominal path is taken when only fine gimbals are read, with no disagree
ment bits set and no crossovers, and with no reasonable tests failed. The average 
time to process the minor loop, excluding transit times to and from the major loop, is 
approximately 20 ms. The actual minor loop duration, including transit time to and 
from the major loop, is close to 21 ms. 

If the disagreement bit subroutine must be entered, the duration of the minor loop is 
lengthened. The time for the DB subroutine (including time to exit from and re turn to 
normal flow) will be between 0.410 ms and 4.166 ms. The former time will be 
required if it has been previously observed that further processing of the DB sub
routine is of no value, the latter if the counters must be checked. The latter, i.e., 
the duration of 4. 166 ms, could be expected to happen at most twice, with 0. 410 ms 
subsequently becoming the actual duration of the DB subroutine. 
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10. MINOR LOOP SUPPORT 

Certain computer processing is required in advance of minor loop computation. On 
entrance to the minor loop support routine, three counters are tested. These counters 
record failures in X, Y, and Z (64:1 or 2:1) resolvers being used in the minor loop. If 
three failures occur in a 64:1 resolver in one computation cycle, the count of failures 
of that resolver is not reinitialized. If fewer failures occur, the count is reinitialized. 
The 64:1 counters are tested in the minor loop to determine whether the backup 
resolver should be selected in place of the normal resolver to obtain the X, Y, or Z 
gimbal angle reading. The 2:1 counters are tested to determine if guidance failure has 
occurred. The guidance failure bit is set when 2: 1 failures exceed 15 per second in 
boost or 3 in 5 seconds in orbit. The orbital number is reduced because only 1 gimbal 
read per second occurs in orbit. 

If excessive disagreement bit failures are detected, certain counters in the disagree
ment bit processing routine are not reset. This causes the disagreement bit process
ing routine to be by-passed during the remainder of the flight. Mode Code Word 24 is 
set appropriately during these MLS tests. 

The quantities Dx , Dx , and Dx are computed. These are defined by 
X Y Z 

D x = ( x - x ) . 04 6TN 

where x is the latest x computed by the guidance scheme and x is the x currently in 
use in the minor loop. During powered phases of flight, 04 6TN is set to 
0. 04/6 TNOM· This value of D xis added each 25th of a second in the minor loop, 
providing smooth transition from the old guidance command to the new one. During 
coast, the smooth transition is not required, and the entire new guidance command is 
issued to the minor loop when it is first computed. This is achieved by setting 
046TN to 1. 0 during orbit. 

The x rate of change is limited throughout flight by testing it against KL1M1 (roll) and 
KL1M2 (pitch and yaw). These constants are changed during flight to values appro
priate to the particular flight mode. During boost all three commands are limited to 
1° per second, making KLlMl = KL1M2 = 0. 04°. When this chi limiting occurs, the 
SMC computations are inhibited. During the orbital phase, pitch and yaw should be 
limited to 0. 4° per second and roll to 0. 6° per second. Since the D x values are used 
only once per second instead of every 0. 04 second, KL1Ml = 0. 6° and KL1M2 = 0. 4°. 

Ladder rate limits previously implemented in the minor loop support section have 
been removed to the minor loop. No testing is required to insure proper ranges for 
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angles and angular dliferences since this will be achieved by the selected computer 
scaling. This method is described in IBM Memorandum Number HE-65-205-0113. 
A section of the memorandum follows. 

"If angles are represented in units of RADIANS/PI scaled zero (PIRADS), the 
possibility of overflow on angular addition is eliminated. In this system angles 
are limited to the range 

-180° ~ THETA < + 180°. 

The sum or difference of any number of angles will also be within this range 
automatically. 

The following serves to illustrate how angles expressed in PIRADS would appear 
in an LVDC word: 

oo - 000000000 
90° - 200000000 

180° - 400000000 
270° - 600000000 
360° - 000000000. " 

The sine-cosine coefficients (A1,... A5) are needed in the attitude control equations. 
These are defined by the following equations: 

~ + e ~ + e ~y y Xx X 
A

1 
= SF cos 

2 
cos 

2 

In this computation, the angle x is defined as x + 25AT OMO x. This will differ from 
the x computed by the guidance loop if D x has been limited. The quantity 25AT OM 
is the reciprocal of 04AT and also changes in orbit. 
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A test is made to determine if Channel A of the ladder output network has failed three 
or more times in one computation cycle. If it has, use of Channel A is abandoned in 
favor of use of Channel B . 
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11. ORBITAL FLIGHT PROGRAM 

The orbital flight program is not defined at this writing. A subsequent mem
orandum will be issued describing it. 
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12. FLIGHT SEQUENCING (DISCRETE INPUTS AND OUTPUTS) 

The issuance and acceptance of discretes by the LVDC requires certain logic in the 
flight program. A few discretes are extremely important to mission success and will 
be simulated by the L VDC if they are not actually received. 

12. 1 DISCRETE INPUTS 

An indication that certain vehicle events have occurred will be given to the LVDC in 
one of two ways: 

1. A change in the logic state of a bit associated with the particular event. 

2. An interrupt in the computer program. 

In the case of discrete inputs of type 1, immediate action by the computer is not 
essential (except in the case of liftoff, as explained later). The computer program 
checks discrete input bits once per computation cycle by a PIO to the digital input 
multiplexer. If a discrete input is detected, appropriate action is taken. Discretes 
of type 1 are listed in Table 12. 1 for AS-501, in order of decreasing logical priority. 
A brief description of these discrete inputs follows: 

Discrete inputs requiring immediate attention by the LVDC cause an interrupt in the 
flight program (Section 13) . 
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TABLE 12.1 

Discrete LYDA Applicable 
Input Bit to 
Number Position Function AS-501 

24 Sign Liftoff Yes 
23 1 Spare 
22 2 S/ C Initiation of Yes 

S-II/ S-IVB Separation "B" 
21 3 S-II Outboard Engine Out Yes 
20 4 S-IVB Thrust Sequence Start No 
19 5 S-Il Engines Out Yes 
18 6 S-IC Outboard Engine Cutoff Yes 
17 7 S/ C Initiation of No 

S-11/ S-IVB Separation 
16 8 Prepare for GRR Yes 
15 9 S-IC Inboard Engine Out "A" Yes 
14 10 S-IC Outboard Engine Out Yes 
13 11 S-ll Inboard Engine Out Yes 
12 12 S-IC Separation Yes 
11 13 S-IC Inboard Engine Out "B" Yes 
10 14 S-Il/ S-IVB Separation Yes 
9 15 Control Computer No 

Switched to S/ C 
8 16 Spare 
7 17 Spare 
6 18 S-IVB Inject Delay No 
5 19 S-IVB Engine Out ''A' ' Yes 
4 20 Auto Vent 1 Yes 
3 21 Auto Vent 2 Yes 
2 22 Command Receiver Sync Yes 
1 23 RCA-llOA Sync Yes 

Dll : RCA-llOA sync is a discrete used only in the ground routines. 

DI2 : Command Receiver sync is also a discrete used only in the ground 
routines. 
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DI3: 

DI4: 

Dl5: 

DUO: 

Dlll: 

DI12: 

DI14: 

DI15: 

DI16: 

DI19: 

DI24: 

TABLE 12. 1 (Continued) 

Auto Vent 2 is a discrete input indicating that the vent cycle for the 
S-IVB LH2 tank has stopped. This is for the S-IVB in orbit, only. 

Auto Vent 1 is a discrete input indicating that the vent cycle for the 
S-IVB LOX tank has stopped. This is for the S-IVB in orbit, only. 

The DI for S-IVB Engine Out will be OR'd with the S-IVB Engine Out 
interrupt to initiate time base 5 and time base 7. 

This DI informs the LVDC that S-II/S-IVB separation has been accom
plished. This DI will be received after the start of time base 4 (i.e. after 
S-II Propellant Depletion interrupt has been received and processed). 

S-IC Inboard Engine Out "B". 

S-IC separation. This DI informs the LVDC that the first plane of 
S-IC S-II separation has been completed. No program use of either Dlll 
or DI12 is made (e.g., no time bases are established on the receipt of 
these DI's). 

S-IC Outboard Engine Out DI will be OR'd with the corresponding interrupt 
to establish time base 3 only if DI is received after Arm For OECO. If 
OECO DI is received prior to this time, time for backup of OECO will be 
changed. DI14 will be telemetered. :x8 must exceed 500 m/sec before 
time base 3 can be established. 

S-IC Inboard Engine Out DI informs the LVDC that inboard engine cutoff 
has occurred. It is used to change the time at which LLS will be simulated 
in the event that the interrupt is not received. It is also valuable is post
flight evaluation and will be telemetered. 

Guidance Reference R lease Alert is used only in the ground routines. 
It occurs 8 seconds prior to Guidance Reference Release and warns the 
ground routines that GRR is coming. 

This DI will be OR'd with the S-II Propellant Depletion interrupt to estab
lish time base 4. 

Liftoff DI establishes time base 1. The time at which liftoff occurs needs 
to be accurately known and a search is made for this DI once every 10 ms 
during the time between GRR and liftoff. After liftoff, this search is dis
continued. 
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12. 2 DISCRETE OUTPUTS 

Discrete outputs are sent from the LVDC to the LVDA in one of two ways: 

1. A few outputs are indicated by changing the logical state of a bit associated 
with the output. 

2. A majority of discrete outputs are generated by the switch selector. 

For AS-501, only four outputs of type 1 have been defined. The LVDC has provision 
for thirteen such discretes. Table 12. 2 contains the most recent listing for AS-501, 
in decreasing logical order. 

TABLE 12. 2 

Discrete LVDA 
Output Bit 
Number Position Function 

13 Sign Spare 
12 1 Indication of GRR 
11 2 Spare 
10 3 Spare 
9 4 Spare 
8 5 Spare 
7 6 Spare 
6 7 Spare 
5 8 Spare 
4 9 Guidance Failure 
3 10 Spare 
2 11 RCA-ll0A Interrupt 
1 12 Reset (LIRO) 

DO' s 1 and 2 are used only in the ground routines and are not relevant to the flight pro
gram. 004 is generated when the platform fails. To determine if guidance failure 
has occurred, the program monitors failure counts for the X, Y, and Z resolvers. 
If any backup resolver fails 15 or more times in one computation cycle in boost, or 
3 times in 5 seconds in orbit, the DO is generated. The logic for this test is part 
of the minor loop support flow. 
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12. 3 DISCRETE BACKUPS 

Certain events are particularly important because they reset the computer time base. 

These are: 1) liftoff, 2) S-IC low level sense, 3) S-IC outboard engine cutoff, 
4) S-II engine out, and 5) S-IVB engine out. Because the issuance of switch selector 
outputs is a function of time relative to one of these four bases, no switch selector 
outputs can be generated if one of these Di's is missed. Therefore, backups must 
be provided in the flight program to protect against faulty inputs on these critical 
signals by simulation of the actual event. A discussion of these backup routines will 
be found in Section 14 . 
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13. INTERRUPTS 

The LVDC has an interrupt feature which permits interruption of the normal program 
to free the computer for priority work. When such a priority task arises, an interrupt 
is generated which transfers control to a special subroutine, shown in Figure 13.1, 
upon completion of the instruction currently being executed. This subroutine establishes 
the mechanism for eventual return to the main program, identifies the source of the in
terrupt, and then transfers to another subroutine which performs the processing called 
for by the interrupt. This processing is defined in Blocks 1 to 32. During interrupt 
processing, all interrupts except TLC are inhibited. TLC is permitted at any time 
during both boost and orbit with one exception: for the last 60 ms prior to S-IVB cutoff, 
all interrupts except Switch Selector interrupts are inhibited, to ensure that S-IVB cut
cutoff will occur at exactly the correct time. Once S-IVB cutoff has occurred, all in
terrupt inhibits are released. 

When the computer recognizes an interrupt and attempts to identify its source, it initially 
checks to see if it is a TLC. If not, it then checks to see if it is a minor loop interrupt. 
This is done independent of the logical priorities of the respective bits in the interrupt 
storage register. under program control· the minor loop interrupt bit in the interrupt 
storage register is actually a higher order bit than the TLC bit (See Table 13. 1). If 
the source of the interrupt is neither TLC nor a mlnor loop, the computer then system
atically determines the so'lrce of the interrupt by successively examining the remaining 
bits in the register. 

When processing of the interrupt is completed, the computer returns to Blocks 36 - 40 
of Figure 13.1. Here, certain interrupt inhibits are removed and the computer is re
turned to the main program. 

The computer has provision for 12 interrupts. Table 13. 1 contains a list of all inter
rupts currently planned for AS-501, in order of decreasing logical priority in the 
interrupt storage register. A subroutine is defined below for each of these interrupts. 
Figures 13. 3 to 13. 5 show these subroutines. 

13. l TIMED MINOR LOOP INTERRUPT 

This interrupt occurs every 0. 04 second during boost and every 0. 10 second during 
orbit and directs the computer into the minor loop routine. This routine is described 
in section 9. 
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TABLE 13.1 

INTERRUPT STORAGE LVDC DATA WORD 
REGISTER BIT BIT POSITION FUNCTION 

12 Sign Timed Minor Loop Interrupt 
(high order bit) 

11 1 Switch Selector Interrupt 

10 2 Computer Interface Unit 
Interrupt 

9 3 TLC 

8 4 Command Receiver Interrupt 

7 5 Guidance Reference Release 

6 6 S-II Propellant Depletion 

5 7 S-IC Propellant Depletion 

4 8 S-IVB Engine Out 

3 9 Program Re-cycle (RCA-
ll0A Interrupt) 

2 10 Spare 

1 11 Command LVDA/ RACll0A 
Interrupt 

13.2 SWITCH SELECTOR INTERRUPT 

13. 2. 1 General Description 

The Switch Selector provides the communication link between the LVDC/ LVDA and the 
control distributors in the IU and in the stages. Through the switch selector, the L VDC 
can control sequencing in the IU and in the stages. Saturn IB vehicles have three switch 
selectors, one in the IU and one in each of the two stages. The LVDC logic required 
for a switch selector output may be divided into two sections. The first section de
termines if it is time to initiate a switch selector output by comparing time elapsed in 
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the current time base against a prestored table of times. The second section of the logic 
performs the necessary functions to generate a switch selector output. 

Since the role of the switch selector in the orbital flight program is different from that 
in boost, the description of its operation is subdivided into the boost switch selector 
check routine for the boost, and the orbital switch selector check routine for the orbital 
phase. 

13. 2. 2 Boost Switch Selector Check Routine 

The boost switch selector check routine {Figure 13. 2) is included in the major loop of 
the boost program and is entered at least once per computation cycle in boost. This 
routine will update time elapsed in the current time base and test to determine if 
liftoff has occurred. A test is made to determine if the switch selector is in use. If it 
is, eXit is made to the accelerometer processing in the major loop. If not, the up
dated time is compared against the stored table of times. If elapsed time in the time 
base is within 2.0 seconds of the next switch selector output time, eXit is made to the 
switch selector processing, which will initiate the necessary sequence of functions to 
issue the switch selector commands. 

If the test in Block 5 fails, eXit is made to the major loop through Block 13, Figure 
13. 3, in the switch selector processing routine. This logic determines if entry to 
the boost switch selector check routine was made at SSCI or SS5A, and then branches to 
the appropriate eXit. Entry at SSC! is from the major loop, as previously explained. 
Entry is made via SS5A from the switch selector processing routine when an issuance 
sequence has been completed in order to determine if it is time to initiate the succeed
ing output sequence. 

13. 2. 3 Orbital Switch Selector Check Routine (OSSC) 

The orbital switch selector check routine (beginning with Block 1 of Figure 13. 3) issues 
normal SS commands and is responsible for accomplishing a number of special purpose 
functions necessary during the orbital modes of operation. Furthermore, in contrast 
to the boost switch selector check routine, which is a part of the boost major loop, the 
orbital SS check routine is entered from the main loop by a one-second switch selector 
counter interrupt. The logic to be discussed can therefore be thought of as inserted at 
one second intervals in the major loop of the orbital flight program. 

Entry into the orbital switch selector check will be from the interrupt processing rou
tine (IPR). In Block 1, the quantities in the IPR save area are stored in the OSSC save 
area so that OSSC may be an interruptible routine. Time in the current time base is 
then updated and interrupt inhibits, with the exception of the Command Receiver inter
rupt, are released (Block 3). In Block 4, a flag is tested to determine if a time base 
update has been received from the ground. If so, the update is processed by a subrou
tine indicated in Block 5. In Block 6, an updated time in the time base is compared to 
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the table time (which may be biased by a fixed time if the time base has been updated 
from the groWld), to determine total time to go till the next SS issuance time. In Block 
7 a flag is tested to determine if a switch selector command has been requested by the 
ground. 

If a switch selector has been commanded by the ground, transfer will be made to OS7 
(Block 38). Time of issuance and stage and address information are made available to 
the switch selector routine by the command receiver routines. The command receiver 
routines also set the flag SWAIT to negative when information is received . Blocks 38 
through 44 will process this information in such a manner as to insert the commanded 
function in lhe switch select sequence. If sufficient time (250 ms) is not available, the 
commanded function will be inserted at the first available point where such time is 
available. 

Block 8 determines if current time is within 1. 2 seconds of the next SS issuance time . 
If not, transfer is to OS5 (Block 11), where preparation is made to re-enter the rou
tine in one second. Block 12 determines whether the routine was entered at ORBSSC 
via a 1-second interrupt, or through OS1, following the completion of a switch selector 
command issuance sequence. The appropriate exit is then chosen. 

Next, if the test on Block 8 indicates that a SS output is due within the next 1. 2 seconds, 
a test is made in Block 9 to determine whether or not a special purpose function is indi
cated by examination of the sign bit of the stage and address word from the sequence 
table. If the word is not tagged, a normal SS function is to be issued and control passes 
to the switch selector processing routine (Figure 13. 3) . 

The format of a normal stage and address word is as follows: 

2-6 7 - 14 15 25 

Stage Address 0-------0 

If a special purpose function is to be indicated, the sign bit will be set to enable the test 
at Block 9 and the special purpose function will be coded in bits 15 through 25. In Block 
10, these low order bits are decoded and the appropriate routine is entered to process 
the special purpose of function. 

Paths OSA, OSB, OSC, and OSD are special purpose SS functions and will return to the 
switch selector processing routine at SSl (Block 1 of Figure 13. 2) to issue a switch 
selector command. 

Paths OSE, F, G, and Hare timing functions in the table which require no SS com
mand output and will retw-n to OSI or OS2 test if another Switch Selector is due within 
the next 1. 2 second (Figure 13. 10}. Exits OSA, OSB, OSC, OSE, and OSF are spares 
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associated with mission requirements of an earlier flight. Although no special purpose 
routines have been defined for these exits, they will be maintained as spares in the 
event that they may be required at a later date. The routine entered via exit OSD will 
still be used to update the pointer to a table of precomputed vent accelerations for use 
in the orbital navigation routine. 

Paths OSA and OSB are special paths taken in the case that an alternate switch selector 
sequence has just been cycled, or an alternate sequence will be entered on the next SS 
interrupt. 

Path OSC is encountered on critical sequences whose status will be monitored by the 
ground in order to determine whether to command an alternate sequence via the com
mand receiver. Block 18, Figure 13. 4 indicates that acceptance of an alternate se
quence command is enabled at this time. 

Path OSD is encountered when an event sequence is to be issued. A routine indicated by 
Block 19 updates the pointer to a table or precomputed vent accelerations for use in the 
orbital navigation routine. 

Path OSE is taken when the decision must be made by the SS routine to cycle an alter
nate table or to continue with the primary sequence of events. The logic in Blocks 
20 - 25 will disenable the alternate select command from the ground and test a flag 
in Block 20 to determine if an alternate has been commanded. If so, the alternate 
specified by data from the ground is selected. If not, the primary table is advanced. 
The appropriate return is thus selected by Block 23. 

Paths OSG and OSH of Block 10 are encountered when station acquisition is gained or 
lost, respectively. The logic in Blocks 28 through 30 will effect transfer to the orbital 
telemetry routine upon acquisition, and to the IU equipment evaluation routine upon 
loss of acquisition by forcing the interrupt processing routine or the orbital processor 
to exit to the proper executive. Both the orbital telemetry routine and the IU equip
ment evaluation program are interruptible on a non-return basis. The orbital proc
essor, however once initiated must be completed before switching can occur. 

13. 2. 4 Switch Selector System Requirements 

The primary sequencing requirement is the execution of various switch selector func
tions at the times listed on a sequence table prepared by NASA. The tolerance al
lowed in the execution of the functions is ±50 milliseconds. The times are referenced 
to one of several time bases, each of which is defined to be zero when the LYDA (not 
the LVDC) recognizes the condition which initiates the time base. Any program or 
hardware interference (eg. the minor loop) which causes a delay in program recogni
tion of the time base initiation signal causes an error in all switch selector functions. 
This error should be minimized and must not allow the timing of switch selector func
tions to exceed the ±50 millisecond tolerance. 
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Some general ground rules concerning the minimum frequency of issuance of switch 
selector functions are described below. This frequency should be increased beyond 
the minimum ground rules. The maximum frequency limited by hardware is about 
16 switch selector functions per second with no detected failures, and about 10 switch 
selector functions per second with a verify failure. Processing of switch selector 
functions should approach these maximums. 

However, the system requirements are less severe than the hardware limits. With 
no failures detected, the sequencing system must have the capability of executing 
switch selector functions at a minimum rate of 10 functions per second. If an error 
is detected either in checking for a hung stage or verifying the switch selector address, 
the sequencing system must have the capability of executing switch selector functions 
at a minimum rate of 6. 67 functions per second. These minimum rates include all 
normal flight program and hardware delays. Detected hardware failures not connected 
with the switch selector which cause the flight program to enter special recovery rou
tines, such as gimbal angle reasonableness test failures and TLC interrupts, are not 
included in the timing requirements. When these recovery routines are in use, the 
switch selector rates staled above are not required. 

The table of switch selector functions indicates the time in the time base when the 
"read'' command for the function should be issued. If the final table lists functions at 
150 millisecond intervals or greater, each function must be executed within the ±50 
milliseconds tolerance of the assigned execution time even with switch selector failures. 
This tolerance allows for inaccuracies in time base recognition, delays caused by hard
ware failures,. and delays caused by program interference. If the final table lists func
tions at 100 millisecond intervals, the ±50 millisecond tolerance applies only when 
there are no detectable switch selector failures. When failures occur, the functions 
should be executed as accurately as possible, but in the defined order. The actions 
described under program requirements tend to minimize the time delay caused by a 
switch selector failure. 

The combination of timing delays, i.e., time base recognition delays, program in
terference, etc., tends to make switch selector functions late. Thus, in order to take 
advantage of the ± nature of the tolerance attempts should be made to issue all switch 
selector functions 50 ms before their normal time. This will have two beneficial 
effects: 

1. It will partially compensate for time base recognition and minor loop delays, 
and, 

2. It will come closer to meeting the proper execution time on the 10/ second 
functions when a verify failure has occurred. 
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13. 2. 5 Switch Selector Hardware Requirements 

In order to activate one switch selector function, several switch selector operations are 
required. A switch selector operation is used here to mean an LVDC instruction which 
either loads the switch selector register in the L VOA or reads the feedback of the switch 
selector from the LYDA into the L VDC. Depending on the failures which are detected, 
different sequences of switch selector operations are required to execute a function. In 
some cases, the switch selector requires a minimum time delay between switch selector 
operations. Where minimum times are shown, they specify the time from the start of 
one switch selector PIO to the start of the next switch selector PIO. 

13. 2. 6 Switch Selector Program Requirements 

During the execution of a switch selector function, certain program operations are re
quired. It is recognized that alternate program processing is possible for many of the 
switch selector operations. A discussion of the following procedures and available op
tions is found in IBM-HE-65-258-078. 

13, 2. 7 Hung Stage Test 

Before the initial stage and address operation for a switch selector function, the pro
gram must assure that a "hung stage" will not cause a failure. A hung stage occurs 
when the stage select networks in a switch selector fail to reset after a read reset 
operation. The hung stage test is shown in block 6, in Figure 13. 3. 

A hung stage causes a possible failure only when the switch selector which failed to 
reset is different from the switch selector used in the next function. Therefore, it is 
possible to eliminate the hung stage test if the stage select to be used is the same as the 
previous stage select. Because of the timing required when the hung stage test is by
passed, special consideration for double stage select functions is necessary. If a 
single stage select function follows a double stage select function, the hung stage test 
is always required. But if a double stage select function follows a single stage select 
function which used one of the stages of the double stage select, the hung stage test 
may be bypassed. The bypass logic is shown in blocks 4, 5, 11, 12, and 28 to 30 of 
Figure 13. 3. 

The hung stage condition is detected by looking at the switch selector feedback (PIO 077). 
If this feedback does not contain zeros in the eight bit positions, a hung stage is 
assumed. 

When a hung stage is detected, a program reset of the switch selector is executed as 
shown in blocks 7 & 10, 37 & 38, Figure 13. 3 The next operation removes the reset 
and issues the stage and address. The hung stage test is performed a maximum of 
one time per switch selector function. 
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13. 2. 8 Verify Feedback 

After the stage and address are sent to the switch selector, but before the read com
mand, the switch selector feedback (PIO 077} is checked. If the function address was 
interpreted properly by the switch selector, the feedback is the ones complement of 
the address issued. In this case the next operation on the switch selector is the read 
command. 

When the feedback does not equal the complement of the address issued, a program 
reset command is issued, except as discussed below under Zero Feedback. Before 
removing the reset command, the channel processing (described below} is accom-
pli hed. The next switch selector operation removes the reset and issues the stage 
and ones complement of the function address. The feedback is verified a maximum of 
once per switch selector function. 

13. 2. 9 Zero Feedback 

There is a simplex failure in the switch selector which does not affect the output but 
which causes the feedback to be all zeros. In order to prevent this failure from causing 
the sequencing program to take the long failure path, the feedback must be checked for 
all zeros. The all zero check must occur: 

1. After the program obtains the switch selector feedback, 

2. Either before or after the feedback is checked against the complement of the ad
dress used, and 

3. Before the reset command is issued. 

If the feedback is not all zeros, normal processing is continued. When the feedback is 
all zeros, an additional check is necessary. 

When the address sent to the switch selector contains only one zero, a single failure 
which will affect the output of the switch selector can cause an all-zero feedback. 
Therefore, when an all-zero feedback is detected, the program must check the address 
originally issued to the switch selector. If this address contains only one zero, the 
program continues as if the feedback were not all zeros. 

When the issued address contains more than one zero and the feedback is all zeros, the 
simplex failure is assumed. Since in this case, the feedback verification test is not 
valid the program proceeds as if the feedback equals the complement of the address. 
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13. 2. 10 Channel Switch 

The address portion of the switch selector register in the LVDA can be set to use 
either of two channels: channel A or channel B. Channel switching is controlled by 
Internal Control Register Bit 12 (ICR 12). 

Initially, channel A (ICR 12 = 1) is used for all switch selector operations. As shown 
in block 20 of Figure 13. 3, following the detection of a verify feedback error, the zero 
feedback test, and the reset of the switch selector, a test to determine if the switch 
selector register should be changed to channel Bis required. 

In the channel switch test, the verify feedback from the switch selector is again com
pared to the ones complement of the function address. This comparison yields a count 
of the number of bit positions showing disagreement. If the disagreement count is one, 
no action is required. If the count is greater than one and the program has not pre
viously switched to channel B, ICR 12 is changed from a one to a zero. 

When a count greater than one is detected after the program has switched to channel B, 
bit 18 of mode code 24 is set and the telemetry words defined in Section 7 are assem
bled and sent. Even though an error has been detected, processing is continued. Since 
a failure in channel A is already suspected, the program continues to operate on chan
nel B. 

The reset operation is sent to the switch selector before the channel switch test. 
Therefore, the processing required in the test does not add to the total length of proc
essing for a switch selector function. The test is performed a maximum of one time 
per function. 

The logic flow for the verify failure, including the zero test and the channel switch, is 
found in blocks 15 through 23 in Figure 13. 3. 

13. 2. 11 DOM PIO 

The special operation PIO 052 must be issued with the stage and address of the 
switch selector register in the LVDA. Before performing this operation, the program 
must make certain that a free word is available in the DOM to store the data generated. 
This PIO must be issued each time a different stage or address is used. This means 
that, in the event of a failure in the verify feedback, two DOM PIO's are issued for a 
single switch selector function. 

The DOM PIO does not increase the processing time required for a switch selector 
function. The appropriate issuance times are shown following blocks 9 and 40 in 
Figure 13.3. 
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13. 2. 12 Switch Selector Telemetry 

After the ''read" command is issued to the switch selector, the sequencing program is 
required to telemeter the stage, address and time from the LVDC. The format and tag 
of this telemetry word are specified in the telemetry section. The time included in the 
word is the real time clock value when the read command is issued. The maximum al
lowable error in the clock value is +1 millisecond. If possible, the error should be 
constant. 

Sequencing telemetry can be programmed such that it adds no time to the minimum be
tween switch selector functions. The telemetry is indicated following block 27, in Fig
ure 13. 3. 

13. 3 COMPUTER INTERFACE UNIT INTERRUPT 

The Computer Interface Unit (CIU) gives the LVDC access to PCM telemetry. The 
LVDA-CIU interface consists of 13 input lines to the CIU from the LVDA and 11 output 
lines from the CIU to the L VDA. 

Twelve of the 13 input lines to the CIU are from the buffer register in the LVDA and are 
address lines. The thirteenth line is a data request line and originates at the orbital 
check ready latch. Of the 12 address lines, 2 are for multiplexer address, 4 are for 
frame address, and 5 are for channel and 1 for group address. The A & B groups cor
respond to the A & B multiplexer groups, respectively, and are interlaced to form one 
PCM frame. As indicated in Table 13. 2, a logic "1" denotes a B group multiplexer, a 
logic "0" an A group multiplexer. 

Ten of the 11 output lines to the L VDA are for parallel transfer of a 10-bit PCM word to 
the LYDA. The eleventh is an interrupt line. All PCM telemetry passes through the 
CIU. Data is requested from the CIU under program control. When the computer pro
gram directs the computer to request a telemetry word, a 12-bit parallel address is pre
sented to the CIU. A data request bit originating in the orbiting check ready latch must 
appear on the thirteenth line to the CID, accompanying the 12-bit address, for the CIU 
to honor the data request. The CIU locates the requested word in the PCM format and 
generates an interrupt signal over the eleventh output line to the LVDA. The computer 
r cognizes the interrupt and enters the interrupt processing routine as soon as it has 
finished the previous instruction, as described above. When the computer requests 
another PCM word even if it is the same word, a new 12-bit address must be issued, 
accompanied by a data request. 

The orbital check ready latch is set by program control when the CIU address is is
sued, but is reset upon receipt of the CIU interrupt by the interrupt circuitry. How
ever, there is no provision in the LVDA/LVDC circuitry either for inhibiting use of 
the buffer register for its normal telemetry between the time the CIU is addressed 
and the time the CIU interrupt is received by the computer, or for releasing the buffer 
register for its normal functions after the requested data has been received. The data 
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TABLE 13. 2 LYDA BUFFER REGISTER-CIU ADDRESSING RELATIONSHIP 

L VDA Buffer Register CIU Address Bit 

Position26 No. 1 

25 No. 6 

24 No. 5 
23 No. 4 
22 No. 3 
21 No. 2 

20 No. 10 

19 No. 9 
18 No. 8 
17 No. 7 

16 No. 12 

15 No. 11 

14 
13 
12 

Definition 

Logic "1" equal group B 
multiplexer 

Logic "0" equal group A 
multiplexer 

High order channel address 
bit 

Channel address bit 
Channel address bit 
Channel address bit 
Low order channel address 

bit 
High order frame address 

bit 
Frame address bit 
Frame address bit 
Low order frame address 

bit 
High order commutator 

address bit 
Low order commutator 

address bit 
Spare 
Spare 
Spare 

output multiplexer is automatically inhibited by the CIU address but the accumulator is 
not. Hence, it will be necessary to inhibit the buffer register under program control 
from the time the CIU is addressed until after the requested data has been received. 

The CIU routine (Figure 13. 5) will be required to address the CIU with the codes speci
fied in Section 16, and at the rate defined therein. The data thus obtained, via the CIU 
interrupt, will be processed and compressed by this routine as described in the same 
section. This routine will be executed once per second whenever the vehicle is not 
over specified ground stations. It will not be executed when the vehicle is over these 
specified ground stations. The routine when executed will address and process approxi
mately 13 quantities each second. 

The CIU routine is entered and initialized from a dummy entry in the switch selector 
table. First entrance occurs just after loss of the first ground station and after loss 
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of every specified ground station thereafter. Exit from the routine is accomplished in 
a similar manner (dummy entry in switch selector table whenever the vehicle comes 
within view of a specified ground station). Once the routine has been initialized, it will 
keep itself going by causing a CIU interrupt to occur every 83 milliseconds. This in
terrupt will return control to the CIU routine, where a clock is checked to see if it is 
time to reenter the CIU routine. If it is not time control is returned immediately to 
the orbital flight program. 

The CIU routine will obtain all required PCM data in each one-second interval before 
processing and compression takes place. All data received during the CIU read portion 
of the routine is processed; items falling outside of the established limits as well as 
certain data which is time-compressed are placed into locations in L VDC memory 
which will be telemetered when the vehicle is over a specified ground station. Re
quirements for telemetering these quantities appear in Section 15. 

When leaving a ground station, the orbital telemetry routine will initialize flags and 
constants in the CIU routine such that the last CIU quantities sampled will become the 
standard values for subsequent compression in that compression period. 

TABLE 13. 3 LVDA DISCRETE INPUT - cru DATA OUTPUT RELATIONSIDP 

L VDA Input Position cru Output Position Definition 

TS 10 29 High order bit telemetry data 
word 

TS 9 28 Data Bit 

TS 8 27 Data Bit 

TS 7 26 Data Bit 

TS 6 25 Data Bit 

TS 5 24 Data Bit 

TS 4 23 Data Bit 

TS 3 22 Data Bit 

TS 2 21 Data Bit 

TS 1 20 Low order bit telemetry data 
word 
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TABLE 13. 4 LVDA TAG REGISTER DECODING AND DATA FORMAT 

Data Name 

Tag Register 

Position 

Real Time 

Register Position 
Buffer Register Position 

8 7 6 5 4 3 2 1 5 4 3 2 1 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 

LVDA-CIU 1 0 1 0 0 0 X X V M3 M2 M1 A1 
CIU Address (Table 1) X X X X X XXXXXXXXX 

LVDA-CIU 
Feedback 0 0 1 1 0 1 0 1 Real Time 

10 9 8 7 6 5 4 3 2 1 X X X X X X X XXXXXXXXX 

X - Insignificant Bit or not used, can be logic O or logic 1 

M - Mode Bit 

V - Validity Bit 

A - Address Bit 



13.4 TLC - SIMULTANEOUS MEMORY ERROR 

A TLC interrupt indicates that an error is present in both duplex memory locations 
containing a data or an instruction word. In the processing of this interrupt, real time 
should be sent to the ground together with the HOPSAVE constant. The latter indicates 
the instruction being executed at the time of the interrupt. Any other information 
likely to be of use in locating the source of the failure should also be telemetered. After 
this interrupt has been processed (i. e. , time and HOPSAVE telemetered) the program 
will return to the minor loop support routine in the flight program. 

13. 5 COMMAND RECEIVER INTERRUPT 

The command receiver will receive and demodulate phase-modulated command mes
sages from the ground command stations and transmit them to the command decoder. 
The decoder decodes the command message, verliies correct vehicle and decoder 
address and correct digital format, and presents the data-bearing position to the 
LVDA. 

The format of the 35-bit command word has been specified as follows: 

BIT NUMBER BIT 

1-3 Vehicle Address 

4-6 Decoder Address 

7 L voe Information Bit 14 

8-9 L VDC Interrupt Bits 

10 LVDC Mode/ Data Bit 

11 Decoder Address 

12 LVDC Mode / Data Bit 

13-14 LVDC Information Bits 13 & 12 

15-18 Decoder Address 

19-24 LVDC Information Bits 11-6 

25 Decoder Address 

26-30 LVDC Information Bits 5-1 

31-35 Decoder Address 

The system bit rate is 0. 2 kc. Each bit will be composed of five subbits (system 
subbit rate is 1. 0 kc). There will be three types of subbit patterns, corresponding 
to "0", "1" and vehicle address, respectively. 
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The three vehicle address bits address the IU command system. The two LVDC 
interrupt bits are ANDed together in the LVDA, as are the two orbital mode/ data 
bits. For an interrupt to occur, the two interrupt bits must both be "1". 

There will be two types of command words: mode words and data words. A mode 
command word indicates the command routine to be executed. Data command words 
satisfy the data requirements of the particular command routine. For mode command 
words, the two mode/ data bits are both set to "1". Data command words are 
denoted by the OM/ D bits both set to "0". If the ANDed OM/ D bits disagree, an error 
message will be telemetered. Every time the LVDC enters a commanded routine (as 
denoted by the mode command word received}, it will telemeter a status word. The 
general format for all status words is: 

Tag - 8 bits 

Validity - 1 bit 

Address - 1 bit 

Mode - 3 bits 

Buffer Register: 

Bits 26-15 

Bits 14-8 True 

One unique code for all status words 

Bits 7-1 Complement 

(Last 14 bits received) 
(from decoder ) 

The LVDC will normally be executing its main orbital program prepared to receive a 
mode command. When interrupted by the command decoder, the LVDC will, under 
program control: 

a. Verify that the 2 OM/ D bits are both "1" for the mode command word (the first 
word to be received), and "0" for all subsequent words received. 

b. Test the format of the command word and verify that bits 14-8 are complemen
tary to bits 7-1. 

c. Decode bits 14-8 and verify that a meaningful command word has been received 
(i.e., one of the set of specified codes). 

If these criteria are satisfied for each command word received by the LVDC, a 60-ms 
pulse, the Computer Reset Pulse (CRP), will be sent by the decoder to the 301 PCM 
telemetry assembly, where it will be sampled by PCM telemetry as a discrete at the 
maximum rate (240 times per second) and telemetered to ground as a PCM measure
ment. In addition, a status word indicating that the LVDC has entered the commanded 
routine will be sent twice at the maximum LVDC telemetry rate after the LVDC has 
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received the initial mode command word. The CRP will reset the decoder, making it 
possible for the next command word to be received. The next command word will not 
be transmitted unless the CRP is received. Each time the LVDC successfully receives 
a command word it will return to the main orbital program, prepared to receive 
the subsequent command word. Between successive command words, the LVDC is free 
to perform other functions under program control. 

If these criteria are not satisfied for each command word received, the LVDC will 
disregard the information contained in the word, telemeter an error message twice at 
the maximum L VDC telemetry rate, and increment an error counter. The CRP will 
not be issued and the decoder will not be reset, and the word will be re-transmitted. 
One unique combination of the LVDA's 8 tag bits will be telemetered for all error 
messages. The error message will be found in the data portion of the LVDC telemetry 
word, Each error that can be detected by the LVDC will have a unique message. When
ever possible, data that would be helpful in ground evaluation of the failure will also be 
included. The error counter will also be included. The following general format will 
be used for all error messages: 

Tag 

Validity 

Address 

fode 

8 bits 

1 bit 

1 bit 

3 bits 

Buffer Register: 

Bits 26 - 18 

Bits 17 - 15 

Bits 14 - 1 

One unique code indicating an error message is con
tained in the data. 

Unique code for each different error 

Error counter 

Data for evaluation of failure 

Each tim the LVDC fails to receive a given command word, it will increment an error 
counter and return to the main orbital program. The CRP will not be sent by the decoder, 
the decoder will not be reset, and the same word will automatically be retransmitted. If 
th error counter ever reaches seven for a given word, the LVDC will terminate the 
routine it was executing at the time, set the count to zero, and return to the main orbital 
program, prepared to receive a new mode command word. Each time the LVDC 
successfully receives a given command word, the error count will be reset to zero and 
the LVDC will be prepared to receive the next command word. 

In any transmitted command, the initial mode command word will direct the LVDC to 
the desired routine. Once it has entered this routine, the only mode command word 
it will honor is the Terminate command, until it has received all data command words 
required for the routine and has executed all of the functions directed by the mode com
mand word, or until a given word has failed to be received by the LVDC seven consec
utive times. A Terminate command will direct the LVDC to immediately terminate the 
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command routine being executed, clear the error counter, and return to the main 
orbital program, to receive a new mode command word. The ground station will 
automatically issue a Terminate command when the error count for a given word 
equals seven. 

If the LVDC is commanded into a routine requiring a variable number of data command 
words, an Execute command will be required to indicate that all data has been trans
mitted. For routines requiring a fixed number of data commands, the LVDC will auto
matically complete the routine when the last data command word has been successfully 
received. 

Five specific command routines have been derived for AS-501: 

1. Update Sequence Time Base 

2. Navigation Update 

3. Generalized Switch Selector 

4. Sector Dump 

5, Telemeter Single Memory Location 

These routines are discussed in detail in the subsections below. 

In Figure 13. 6 is shown a functional diagram of the LVDA/LVDC and command receiver/ 
decoder. In Figure 13. 7 and 13. 8, the digital formats for the mode command words 
and error messages are shown, respectively. 

13. 5. 1 Update Sequence Time Base 

This routine will provide the ground stations with the capability of altering the starting 
time of the communication sequence by altering time base 5. The format for the com
mands is shown in Figure 13. 7. 

Upon entry into this routine, the LVDC will telemeter the "Update Time Base" status 
code twice, and then return to the main orbital program, prepared to receive a data 
command or a "Terminate" mode command. When next interrupted by the command 
decoder, the LVDC will examine the mode/data bits. If a mode is indicated, the LVDC 
will accept only a "terminate" command. Any other mode will cause the LVDC to: 
(a) increment its error count, (b) telemeter an error message indicating that the OM/D 
was incorrect {mode received instead of data), and (c) return to the main orbital 
program . 

When a valid data command is received, the LVDC will determine if the orbital program 
has started its communication sequence for that ground station. If the sequence has 
been started, the LVDC {a) will format the data for the main orbital program, (b) set a 
flag indicating that the main program is to increment or decrement time base 5 with 
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Error Messages 

1. OM/ O Incorrect - Received Data 

2, True - Compl ment Failed 

3. Mode Invalid 

4. O 1/D Incorrect - Received Mod 

5. Sequencing Bit Incorrect 

6. Sector End Less than Beginning 

7. Spare 

8. Spare 

Figure 13. 8 Digital Formats for Error Messages 
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the data just formatted as soon as it finishes the sequence for that ground station, 
and (c) return to the main orbital program. In the event that the increment is of 
such a value that a function in the sequence would be omitted if the time base were 
adjusted that much, the LVDC would adjust the time base no more than to the beginning 
of the sequence. 

li more than one "Update" is received by the LVDC after the communication sequence 
has started, only the last "Update'' will be effective. All updates received before the 
start of the sequence will be effective. The following diagram illustrates the various 
alternatives. The LVDC will return to the main orbital program after altering time 
base 5. 

Example 1: LVDC receives Data Command at A - Adjusts Time Base by value 
of data, or goes to B - whichever is less. 

Example 2: LVDC receives Data Command at C Orbital Program Updates at D. 

Station Station 
Acquired Communication Sequence (before update) Lost 

l Time_!,____~ I 
1 B 

t 
C 

j 
The form~t for the data command is: 

14 13 12 11 10 9 8 7654321 

SIGN DATA DATA DATA DATA DATA 1 COMPLEMENT OF 14-8 

Low order bit (9) is equivalent to 4 seconds. Logic 1 in the sign position signifies a 
decrement of time base 5, logic 0 signifies an increment to time base 5. The mag
nitude of acceptable "Update" increments or decrements will be program limited by a 
preset constant. 

date 

This routine will provide the ground station with the capability of loading six navigation 
parameters and an execution time into the LVDC. Instead of replacing the navigation 
parameters in the LVDC's navigation routine with updated data, the LVDC will store the 
si.'< navigation parameters and time in pre-determined locations. This data will later 
be lPlemetered by ground command for comparison and will not be used for flight 
update directly. 

Upon entry into this routine the LVDC will telemeter the ''Navigation Update" status 
code twice and return to the main orbital program, prepared to receive 35 data 

13-37 



commands or the Terminate mode command. The general format of a data command 

is: 

14 13 12 11 10 9 8 7 6 5 4 3 2 1 

DATA DATA SEQ. COMP COMP 
BIT 

Since only 6 information bits are transmitted in one data command, 5 transmissions will 

be required to formulate one 26-bit LVDC word. Therefore, the LVDC must form a 

word after every 5th transmission until all seven words are formed. The seven'LVDC 

words will be stored in pre-determined locations. This routine will be finished after 

the LVDC receives the 35th valid data command and forms the seventh LVDC word. 

The LVDC returns to the main orbital program after completion of this routine. 

As th LVDC is receiving the data commands, it must test the OM/D bit, make true

complement tests and test for a Terminate command. In addition, the LVDC will 

test the Sequencing Bit (bit 8 of the command word) to verify that it sequences from 

logic ''l" to logic "01
', to logic "1", etc, each new Data Command. If the sequencing 

test fails, the LVDC will disregard the data just received, increment the error count, 

telemeter an error message indicating the Sequencing Bit was incorrect, and return to 

the main orbital program prepared to receive the data command again. Figure 13. 9 

depicts the format for all 35 data commands and the sequence in which they are to be 

transmitted. 

13. 5. 3 Generalized Switch Selector 

The routine will provide the capability to execute any S-IVB or IU switch selector func

tion on command from the ground station. 

Upon entry into this routine, the LVDC will telem ter the "Switch Selector" Status Code 

twice and return to the main orbital program prepared to receive two data commands 

or a Terminate mode command. The format of the two data commands will be: 

14 13 12 11 10 9 8 7 1 

IU S-IVB ADDR ADDR ADDR COMPLEMENT OF 
STAGE STAGE X 8 7 6 1 14-8 

ADDR ADDR ADDR ADDR ADDR COMPLEMENT OF 
5 4 3 2 1 X 0 14-8 

Sequencing Bit 

The LVDC 1ill make all of the normal error tests, including a sequencing test, on each 

data command, and will follow the normal error procedures if a test should fail. As 

soon as the LVDC verifies the second data command, it will attempt to execute the 

requested switch selector function. The switch selector functions of the main orbital 
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program take precedence. Therefore, the LVDC must wait until there is adequate free 
time before beginning the switch selector sub-routine. The main orbital program 
switch selector sub-routine will be used. 

The Terminate command will be accepted any time before the switch selector sub
routine starts its sequence. This command will cancel the commanded switch selec
tor [unction. The LVDC will return to the main orbital program when the switch 
selector sub-routine has been executed. 

13. 5. 4 Sector Dump 

This routine will provide the capability for commanding the LVDC to telemeter the 
entire contents of one LVDC memory sector, or a series of memory sectors within the 
same memory module. Upon entry into this routine, the LVDC will telemeter the 
"Sector Dump" tatus code twice and then return to the main orbital program to receive 
two data commands or a Terminate mode command. The format of the two data 
commands is: 

14 13 12 11 10 9 8 7 
MODULE MODULE MODULE FlRST FIRST COMP. 
MSB LSB SECTOR SECTOR 1 OF 

MSB 14-8 
FIRST FIRST LAST LAST LAST LAST COMP. 
SECTOR SECTOR 

I 
SECTOR SECTOR SECTOR SECTOR 0 OF 

LSB MSB LSB 14-8 

Sequencing Bit 

The LVDC will make all of the normal error tests and will begin dumping the desig
nated start sector at address 000 as soon as it verifies the second data command. 
Blocks of 17 LVDC words will be interleaved with other LVDC telemetry outputs until 
all 256 (16 blocks) LVDC locations (or some multiple of 256, if more than one sector 
is requested) have been telemetered one time each. Each word of the block will have 
a unique tag. The first word of each block will identify the information in the block by 
indicating in the data portion of the LVDC word the (a) module, (b) sector, and (c) 
block number of the sector (1-16). Since the other LVDC telemetry outputs take about 
400 ms, one block of the data to be dumped will be sent about every 500 ms. 
Therefore, the total time to dump one sector is approximately: [ (17 words x 4 ms)+ 
400 ms] x 16 blocks = 8. 0 seconds per sector. If only one sector is to be dumped, 
the starting and ending sectors will be the same. A Terminate mode command re
ceived any time before the last word of the last block is telemetered will cause the 
LVDC to return to the main orbital program. 
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13. 5. 5 Telemeter Single Memory Location 

This routine will provide the capability to telemeter one LVDC memory location 
upon command from the ground station. Upon entry into this routine, the LVDC will 
telemeter the "Telemeter Single Location" status code twice and return to the main 
orbital program, prepared to receive three data commands or a Terminate mode 
command. The format of the data command is: 

14 13 12 11 10 9 8* 7 
MODULE MODULE MODULE ADDR ADDR ADDR COMP. OF 
MSB LSB MSB 1 14-8 

ADDR ADDR ADDR ADDR ADDR X COMP. OF 
LSB 0 14-8 

SECTOR SECTOR SECTOR SECTOR X X 1 COMP. OF 
MSB LSB 14-8 

*Sequencing Bit 

The LVDC will make the normal error test on each data command. After the third 
data command has been verified, the LVDC will telemeter the requested location 5 
times in succession and return to the main orbital program. The word to be tele
metered will have a unique combination of the LVDA's 8 tag bits as an identifier. 

13. 6 GUIDANCE REFERENCE RELEASE 

This interrupt indicates that the platform has been released. It occurs 8 seconds 
prior to liftoff and is the point at which program control is transferred to the flight 
routines. Cf. Fig. 13. 12. 

13. 7 S-II PROPELLANT DEPLETION 

This interrupt indicates that propellant level has reached a certain level in the tanks 
and that the S-II cutoff sequence has been initiated. Time base 4 is initiated. The 
cutoff sequence itself is initiated and excuted by the stage upon receipt of the deple
tion signal from the propellant level sensors. Cf. Fig. 13. 12. This interrupt will 
be honored only after the propellant depletion arm signal is given. 

13. 8 S-IC PROPELLANT DEPLETION (S-IC Outboard Engine Cutoff) 

This interrupt indicates that S-IC outboard engines have been cut off. Time base 3 is 
initiated by this cutoff. Cf. Fig. 13, 12. 

13. 9 S-IVB ENGINE OUT 

This interrupt informs the LVDC that S-IVB cutoff has occurred. It is inhibited until 
10 seconds after S-IVB ignition. 

1 
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There will be two S-NB cutoffs. When the first cutoff interrupt is received, it is 
OR'ed with the S-IVB EO discrete input to initiate time base 5. When the first S-NB 
EO DI or when the first S-NB EO interrupt has been recognized, whichever occurs 
first, time is read, time base 5 is set, the S-IVB EO interrupt is inhibited, and the 
backup routine cancelled. If the interrupt occurs before the discrete is received, the 
DI will be ignored by the LVDC when it is received. The switch selector is again set 
to begin switch selector processing as soon as possible. Neither the interrupt nor the 
DI will be honored until 10 seconds after S-IVB ignition. 

When the second cutoff interrupt is received, corresponding to termination of second 
S-IVB burn, or when the cutoff discrete is received, whichever occurs first, the 
same logical sequence will be implemented. 

Because of the two cutoff interrupts involved in the AS-501 mission, corresponding to 
the two S-NB burns, it will be necessary for the program to distinguish between the 
two interrupts. This will be done, as indicated in Figure 13. 11, by testing time. 
When either the first cutoff interrupt or the first discrete is received, the LVDC will 
read time and test to see if TB5 has already been established. If not, TB5 will be set 
and the S-IVB EO interrupt inhibited until the second cutoff command is given, near the 
termination of second S-IVB burn. This is described in blocks 3 through 8. H TB5 
has already been initiated, indicating that the S-NB cutoff signal received is for ter
mination of second burn, TB7 will be set and the S-NB interrupt inhibited (blocks 3, 
9 through 13, Figure 13. 11). 

13. 10 PROGRAM RE-CYCLE (RCA-ll0A INTERRUPT) 

This interrupt applies only to the ground routines and is not used in the flight routines. 
It will not be discussed here. 

13. 11 COMMAND LVDA/ RCA- 110A INTERRUPT 

This interrupt is not used in AS-IU-501. 
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14. FAILURE AND BACKUP MODES 

The flight program is designed to make maximum use of existing redundancies in 
vehicle hardware. • Logic is contained which detects certain component failures and 
switches into backup modes upon their discovery. Additionally, provisions are made 
for timed backup of discretes and interrupts which define a new time base for the 
flight program itself. Except for accelerometer failures, no attempt has been made 
to compensate for multiple failures within the same operational mode. 

14.1 FAILURE MODES 

14. 1. 1 Accelerometer Processing 

Velocity increments measured by the accelerometers are generated by two independent 
optisyn readings in each velocity channel. These readings, labeled A and B, are 
processed by an LVDC routine which normally uses the A word to form current 
velocity. During the velocity processing, a reasonableness test is performed which 
compares the actual velocity increment gained between computation cycles with an 
expected change. If word A fails this test, word B is tested. If it is deemed 
reasonable, guidance and navigation routines use the B word as an input. If both A and 
B fail the reasonableness test, stored tables of nominal thrust and mass flow are 
entered and artificial velocity increments are calculated. The entire reasonableness 
test loop is followed each computation cycle, so any occurrence of a reasonable 
accelerometer word will cause actual measurements to be processed. The reasonable
ness test is described in more detail in Section 4. 

14. 1. 2 Gimbal Angle Measurement 

Platform gimbal angles are measured by dual speed resolvers mounted on each of the 
three gimbal pivots. These resolvers have both a 32:1 and a 1 :1 winding on the same 
magnetic core. Normally two redundant eleven bit readings (A and B) are received 
from the 32:1 resolver by the LVDC. In addition, TMR circuitry in the LVDA gener
ates a disagreement bit (DB) if the A and B readings do not agree to within a pres
cribed tolerance. When this occurs a special subroutine is entered to evaluate the 
error source. The DB circuits are first tested. If they are found normal, the 
duplexed counters which convert the analog resolver signals to a digital form are 
exercised. If the DB was set by a counter failure, the other counter reading is used. 
In the event of failure of both counters, no gimbal angle measurement is made and the 
last good attitude error command is subsequently used in all outputs to the LVDA. In 
the event the DB circuits are found to have caused the disagreement indication, the 
A reading is not replaced. 
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Once a gimbal reading has been selected, two additional LVDC tests are applied to 
insure a valid measurement. Each reading is first tested to see if it is zero when it 
should not be. In such a case the gimbal reading is called unreasonable. This lest is 
included to detect a failure in the power source activating the resolvers. The second 
test on gimbal readings is a ''reasonable change" test. The new reading is compared 
with the old reading. Too great a change (more than 0. 4°) makes the new reading 
unreasonable. The first reading at the beginning of the flight program is automatically 
accepted as reasonable. 

If a gimbal reading is found to be unreasonable by either of these tests, the last good 
attitude error command is again used as the current command. If three reasonable
ness tests fail in a particular (X, Y, or Z} channel.during one computation cycle, the 
1:1 resolver replaces the 32:1 resolver as the source of gimbal readings. This 
switch over results in a permanent replacement of the 32:1 resolver reading by the 
1:1 resolver readings. 

Operation of the minor loop after the switch over is essentially unchanged. Two gimbal 
readings (and, when appropriate, a disagreement bit) are issued and the reasonable
ness tests are e ecuted. Test limits are expanded, however, to 4. 00 for the first test, 
and O. 6° thereafter. Counter or reasonableness test failures which occur during this 
backup mode cause an immediate switch to the last valid attitude error command for all 
subsequent LVDC outputs. 

14.1. 3 Switch Selector Processing 

Reliability in switch selector output is provided principally through redundancy. In 
addition, certain functions are performed by the LVDC to improve this aspect of 
operation. The first of these is a verification function. Prior to command execution, 
the 8 operation bits in the flight sequence command to the switch selector are fed back 
to the LVDA over eight parallel verify lines. A comparison is made of this feedback, 
which ls in complement form, with the original command as stored in the LVDC. 
Disagreement results in the processing described under switch selector interrupt, 
section 13. 2. 

The second function also utilizes the forced reset capability of the LVDC. Prior to the 
initiation of a flight sequence command, the verify lines are sampled to ensure that all 
stage select relays have been reset. The presence of a reference voltage on any line 
indicates a hung stage relay and causes the forced reset command to be issued by the 
LVDC. Section 13 describes this operation in detail. After the reset has been 
executed, the normal switch selector routine is followed. 

14-2 



14. 2 TIME BASE BACKUPS 

Certain vehicle events are used to define time bases for the LVDC flight program. 
These time references are used for sequencing of guidance discretes and switch 
selector outputs, and are critical to the timing of the flight program. To insure that 
a missed interrupt does not cause loss of sequencing, provisions are made in the flight 
program to initiate time bases on receipt of backup discretes. 

14. 2. 1 Liftoff (LO) 

Liftoff nominally occurs 8 seconds after GRR and is indicated to the LVDC by a dis
crete input. The discrete input register is interrogated every 10 ms from GRR to 
liftoff so that liftoff may be accurately known. 

The liftoff backup loop is entered 8. 5 seconds after GRR, provided liftoff has not 
occurred. If the Y inertial acceleration exceeds 2 m / s 2 for 6 computation cycles, 
liftoff is simulated and time base one is set. At 13 seconds after GRR another 
test is added. If an acceleration greater than 2 m/ s2 is not sensed during any three 
computation cycles after this time, exit is made to the ground routines. Liftoff indi
cation will be accepted by the LVDC any time prior to exit to the ground routines. 
This routine is shown in Figure 14. 1. 

14. 2. 2 S-IC Low Level Sense (LLS) 

For AS-501, time base two is set at a predetermined time (TLLS). Initiation of this 
time base at precisely the correct time is accomplished through the use of a switch 
selector interrupt initiated in the low level sense discrete backup routine. 

An additional safety feature is built into the routine. Before the time base can be set, 
a test is performed on the inertial X velocity CX-s)· If Xs is greater than 500 m/ s, 
the test for time base initiation is enabled. If it is not, no interrupt can be issued. 
This velocity test is included to insure that an on-the-pad firing of the S-11 stage 
cannot occur if TBl is inadvertently set. 

14. 2. 3 S-IC Outboard Engine Cutoff {OECO) 

The occurrence of outboard engine cutoff is determined by depletion sensors in the 
first stage fuel and LOX tanks. Normally this event will follow IECO by four seconds 
and time base three will be set by the S-IC Propellant Depletion Interrupt. Backup is 
provided by a redundant discrete signal which forces the interrupt. This routine is 
shown in Figure 14. 1. 
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14. 2. 4 S-11 Cutoff 

Cutoff of the five S-II engines is initiated by propellant level sensors located in the 
LOX and LH2 tanks. Backup for the interrupt which normally sets time base four is 
provided by a discrete which is tested in the backup routine. This routine is shown 
in Figure 14. 1. 

14. 2. 5 S-IVB Cutoff (Boost Phase) 

S-IVB cutoff is issued by the LVDC through the Switch Selector. When engine thrust 
decays, both a discrete and an interrupt are generated. If the interrupt fails to set 
time base five, the discrete backup routine will set it by sensing the discrete and 
causing the LVDC to enter the S-IVB engine out interrupt routine. Figure 14. 1 
illustrates this routine. 

14. 2. 6 S-IVB Restart 

No on-board backup for the initiation of time base six is included in the flight program. 

14. 2. 7 S-IVB Cutoff (Orbital Phase) 

The second cutoff of the S-IVB can be initiated by either a guidance derived signal 
based on velocity or by propellant depletion sensors. Either method of cutoff will 
reset the computer time base. Backup is provided as it was in the first cutoff; if time 
base seven is not set by the interrupt, a discrete is provided in the backup routine. 
This backup routine is shown in Figure 14. 1. 
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15. LVDC/LVDA TELEMETRY REQUIREMENTS 

The AS-501 telemetry requirements are presented in three parts. These are: 

1. Identification Tags 

2. Total Telemetry 

3. Mission Control Center Telemetry. 

Each part is considered separately in the following paragraphs. Telemetry discussed 
here is normal boost and orbital real time telemetry. Data compression during orbital 
flight is discussed in Section 18. Telemetry requirements are based on the AS-200 
series scheme of spacing LVDC telemetry by reading the real time clock and delaying 
the next telemetry PIO if sufficient time has not elapsed. This same scheme will be 
used for AS-501. Telemetry tables are at the end of this section. 

15.1 IDENTIFICATION TAGS 

Telemetry will originate from both the LVDC and the LVDA. All LVDC telemetry will 
have priority over LVDA telemetry. All minor loop telemetry will be through the 
DOM (LVDA) except when an error path is taken. Special codes will then be tele
metered from the L VDC. 

LVDC telemetry can originate from either the accumulator or from computer memory. 
Figure 15.1 shows the telemetry format for all Saturn V flights. Address bits Al and 
A3 through A9 will be used to uniquely identify up to 2 56 telemetry words. Address 
bit A2 defines the origin of the telemetry word, i.e., LVDC or LVDA. 

The following list shows the identification of the states of the address bits that identify 
the telemetry origin. 

Case Origin 
No. A2 AS A9 A7 A6 A5 A4 A3 Al 

1 0 I-ID for L VDA Telemetry * LVDA 

2 1 0 !--Identification Code I L VDC Accumulator 

3 1 1 0 I-Memory Address • I LVDC Main Memory 

4 1 1 1 I-Memory Address • I L voe Residual Memory 

* Al is not used in identification of L VOA telemetry. 
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In case 1 bit A2 (A2 = complement of A2) is 0 and the identification (ID) corresponds 

to previously published ID codes for LVDA telemetry. Case 2 yields LVDC telemetry 

that originates from the accumulator. The 7 remaining bits will be used for up to 128 

unique ID codes. Case 3 and 4 yield LVDC telemetry originating from both the main 

and residual memory. In case 4 the 6 remaining bits will correspond to sector 17 

(residual) memory addresses and will define an additional 64 w1ique ID codes. In Case 

3, the 6 bits will give the memory addresses from main memory to define the final 64 

unique codes for a total of 256. There are four PIO addresses which result in the same 

telemetry tags as the computer interface unit PIO's and cannot be used for LVDC tele

metry purposes. These are: 

1. 040 

2. 240 

3. 440 

4. 640 

Hence, the identification tags that correspond to these four PIO addresses cannot be 

used for LVDC telemetry. A complete list of the assigned ID tags will be available as 
the flight program becomes better defined. 

The three low order bits of the mode register, M3, M2, and Ml, must always be set to 

zero for normal LVDC real time telemetry, both boost and orbital. This is necessary 
to distinguish real time tags from compressed data tags. 

15. 2 TOTAL TELEMETRY 

The telemetry will be described over eight phases of flight. These phases are defined 
as: 

Phase 

1 

2 

3 

4 

5 

Definition 

Guidance reference release (GRR) to liftoff (LO). 

LO to S-II ignition. 

S-II ignition to the S-II engine mixture ratio change 
(EMRC). 

S-II EMRC to S-IVB ignition. 

S-IVB ignition to first S-IVB cutoff. 
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Phase 

6 

'7 

8 

Definition 

S-IVB cutoff to S-IVB reignition (orbital phase). 
Quantities listed in this phase are telemetered in 
real time only when over a receiving station. 
The CIU is in operation the remainder of the time 
and telemelry cannot occur (See Section 18). 

S-IVB reignition to S-IVB EMRC. 

S-IVB EMRC to re-entry. 

A description of each telemetry parameter is given in the list shown in Table 15. 1. 
The number of samples per computation cycle for each phase of flight during which the 
quantities are telemetered is also shown. The x in the column for phase 6 indicates 
that the quantity ls telemetered in phase 6 although the computation cycle is not a valid 
basis for telemetry. Present indications are that these quantities will be telemetered 
at most once every two seconds. A slower rate may be necessary consistent with 
compressed data dump and command system operation. 

The parameters noted in this list will be telemetered during the computation cycle in 
which they are computed whenever possible. Telemetry requirements are subject to 
change as the mission becomes better defined. 

A breakdown of the total telemetry is given below and the discussion will be presented 
for each topic. 

A. avigalion and Guidance 

B. Acceleration and Time 

C. Minor Loop 

D. Whole Gimbal Angles 

E. Attitude Error Signals 

F. Discretes and Interrupts 

G. Special Telemetry Codes 

H. Special Parameters 

I. Mode Code Words 24, 25 and 26 

J. Pre-Launch Telemetry 

K. Switch Selector Telemetry 
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A. Navigation and Guidance 

Navigation quantities such as space fixed velocities, measured velocities, and the 
accelerometer pulse counts will be telemetered along with the IGM guidance quan
tities. Total space fixed velocity and the reciprocal of radius are necessary for post 
flight evaluation and mission control and will be computed and telemetered. 

The telemetry parameters numbered as items 36 through 46 in Table 15. 1 are navi
gation quantities that are required for all phases of flight except phase 1. During 
phase 6, the orbital phase, the space fixed velocity components and the gravitation 
accelerations are available only at 8-second intervals. The remaining navigation 
parameters {items 47 through 58) will be required for all phases except phase 6. 
Items 59 through 65 are orbital navigation parameters and will be telemetered in 
phase 6 only. The cutoff positions (items 66 through 68) will not be computed nor 
telemetered. 

The guidance commands and the change in guidance commands, items 1 through 6, 
will be required through all flight phases. Items 7 through 35 and items 37 and 38 are 
IGM parameters that will be required during all IGM phases. Items 115 through 120 
are required in the out of orbit IGM guidance phases. 

B. Acceleration and Time 

About 1. 0 millisecond is required to read all three accelerometer channels. There
fore, only one value of time will be telemetered with the accelerometer readings, and 
this time will define the beginning of the computation cycle. The two redundant 
optisyns for each axis will be combined into one word by the LYDA making a total of 
four words for acceleration and time (items 69 through 72). These parameters are re
quired for all phases of flight. The first set of accelerometer readings and time 
(used in all computations) will be telemetered twice during the computation cycle. The 
first telemetry will occur at the beginning of the major cycle and the second near the 
middle of the cycle. The accelerometers and time will be read and telemetered two 
additional times in the computation cycle during phase 2 for a total of 16 words per 
cycle. The second and third accelerometer reading will occur approximately one-third 
and two-thirds through the computation cycle respectively. This telemetry will re
quire 12 unique ID codes. 

C. Minor Loop 

All minor loop telemetry will occur through the DOM. Information on hardware inter
faces and LYDA registers will be available through this telemetry. Figure 15. 2 
shows a nominal flow chart of the minor loop and all telemetry quantities. With nom
inal minor loop timing, this scheme will yield almost all gimbal angles and ladder 
commands for each minor loop. Information on hardware interfaces and LYDA 
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registers will be available approximately 3 times per second. Blocks 563 through 568 
show the hardware telemetry in the minor loop. This scheme is identical to that im
plemented in the AS-201 Flight Program. 

If the program enters a minor loop error path or backup loop, special telemetry will 
occur from the L VDC, instead of normal telemetry from the DOM in order to identify 

the error condition. 

There are two types of error paths and backups in the minor loop: disagreement bits 
and unreasonable gimbal angles. If the program determines that the disagreement 
bit indicates a COD counter error, the special COD reading used to make this deter
mination will be telemetered. If the program determines that the disagreement bit 
circuitry is faulty, a counter indicating the number of circuitry failures will be tele
metered. 

The gimbal angles can be unreasonable in three ways: 

1. The angle remains at zero when it should be non-zero. 

2. The angle is increasing unreasonable. 

3. The angle is decreasing unreasonably. 

A special code will be telemetered for each of the error paths taken. 

If three angles in pitch, roll, or yaw are unreasonable in one computer cycle, the 
appropriate backup is selected. To verify that the backup path is taken, special codes 
will be telemetered after the test on the failure counters indicate the backup should be 
chosen. 

D. Whole and Coarse Gimbal Angles 

The whole gimbal angles, items 73, 74, and 75, will be telemetered once per com
putation cycle for all flight phases. These are not necessary in data reconstruction, 
since only the fine gimbal readings will be telemetered during the minor loops. The 
coarse or backup gimbals and time will be read and telemetered once per computation 
cycle to provide performance data. 

E. Attitude Error Signals 

The attitude error signals ( P, R, and Y) are 8 bit words plus sign and can be com
bined into two words. The error signals items 79 and 80, are required for all phases 
of flight and will be telemetered once per computation cycle. 
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F. Discretes and Interrupts 

Discrete inputs, discrete outputs, switch selector functions, and interrupts denoted as 
items 81, 82, 83, and 84 will require four separate identification tags. Time from the 
beginning of the computation cycle at which each discrete input, discrete output, switch 
selector read command and interrupt occurs will be telemetered. All systems inter
rupts, i.e., from the vehicle to the LVDC, except the CIU interrupts, will be tele
metered beginning with Guidance Reference Release and continuing throughout the IU 
mission. System interrupts to be telemetered are: 

1. Guidance Reference Release 

2. Low Level Sense 

3. S-I Outboard Engine Cutoff 

4. S-II Cutoff 

5. S-IVB Cutoff 

6. Command Receiver Interrupt 

The times of minor loop interrupts will not be telemetered. The TLC interrupt will 
be telemetered if it occurs. As with the minor loop telemetry, data may be destroyed 
by this telemetry, or it may be destroyed itself by normal telemetry since no fixed 
relationship between the interrupt telemetry and normal telemetry can be established. 
Figure 15. 3 shows the telemetry formats for discrete inputs, discrete outputs switch 
elector functions and interrupts. The actual bit arrangement will correspond to the 

format of Figure 15. 1. 

These four words will be telemetered whenever the states of the respective registers 
change and will be telemetered an estimated maximum of 6 times in any one computa
tion cycle. 

The start time of all time bases will be telemetered to aid in accurate determination of 
switch selector function times. This word will be telemetered every computation 
cycle, but will change only when a new time base begins, (or when changed by ground 
command). 

For AS-501 the following discrete outputs from the discrete output register (DOR) are 
required. These include: 

1. Guidance Failure 

2. Indication of receipt of GRR 
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DISCRETE INPUT FORMAT 
Accumulator Bit Positions 

I Sl 

ID Code 

12113 

Time 

DISCRETE OUTPUT FORMAT 

Accumulator Bit Positions 

I Sl 

ID Code 

12113 

Time 

SWITCH SELECTOR FUNCTION FORMAT 

Accumulator Bit Positions 

25.1 

251 

s1------• 12 13------25 

Stage and 
Address 

INTERRUPT FORMAT 

Time of 
Read Command 

Accumulator Bit Positions 

ID Code Time 

NOTE: 1. ID Codes will be assigned by flight programmers. 

2. Time will be elapsed time from beginning of 
computation cycle. 
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3. Indication o{ receipt of lift-off 

4. Simultaneous Memory Failure (TLC). 

5. Thrust Indication to Space Craft 

6. C Band Transponder Inhibit 1. 

7. C Band Transponder Inhibit 2. 

G. Special Telemetry Codes 

The special codes (items 92 and 93 in Table 15. 1) shown below are necessary to ade

quately mark the end of the telemetry during any computation cycle and to mark the 

beginning of the telemetry for the next cycle. Additional codes and/or other param

eters may be required for bit by bit restart, etc., as the flight program becomes 

better defined. 

Symbol 

ETC (end o{ telemetry cycle) 

BTC (begin telemetry cycle) 

Data Word 

7 0 7 0 7 0 7 0 6 

Computation Cycle counter 

The ETC word will be telemetered immediately after all L VDC telemetry ls completed 

in any computation cycle. The BTC word will be telemetered in the computation cycle 

just prior to the beginning of the telemetry cycle. The redundance is necessary since 

interrupts can destroy these LVDC words. The BTC and ETC words will be tele
metered in ail {light phases. 

H. Special Parameters 

The contents of the error monitor register L VDA internal control register (ICR), the 

discrete output register (DOR), and the interrupt register (ffi) are required by the 

Mission Control Center (MCC). Detailed coverage of all MCC requirements is given 
in a later section. 

The previously mentioned data for interrupts will suffice to define the state of the m 
and no additional telemetry will be required. 

At th time of a disagreement in any of the selected voter circuits a bit is set in the 

error monitor register. Al the same time, the address location of the program at the 

time of the disagreement, the bit time word lime, source of error, and real time are 

inserted into a vacant word of the data output multiplexer (DOM) delay line. This 

word is called the error time word (ETW). If a channel is invalid (that is, not being 

used), in the DOM, the ETW is placed in the invalid channel. When all four channels 
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are either valid or half valid, both channel 3 and channel 4 are tested. If neither is 
forced into channel 3, but if neither channel 2 nor channel 4 is being gated into the 
BR, the ETW is forced into channel 4. This information is then telemetered through 
the normal LVDA telemetry. When the disagreement bit is set into the error monitor 
register, a latch is set so that no more address error words can be set in the DOM 
until the error monitor register is reset by a PIO from the LVDC. Telemetry of the 
error monitor register is accomplished through the DOM by a PIO instruction from the 
LVDC in the minor loop. The error monitor register will be read into the LVDC each 
time it is PIO'd. All readings of the EMR in each computation cycle will be OR'd to
gether into a single word for MCC requirements. The tag associated with this com
bination EMR word is assigned in the MCC list, Table 15. 5. 

The error monitor register telemetry will be required for all flight phases. 

Since neither the ICR, nor the DOR can be read into the L VDC, the L VDC will keep up 
with the state of these registers and they will be telemetered once per computation 
cycle. These parameters (items 92 and 93 in Table 15. 1) are required for all flight 
phases. The ICR status will also be available on DOM telemetry. 

I. Mode Code Words 24, 25, and 26 

Mode Code Words 24, 25, and 26 (MC 24, 25, and 26 (MC 24, MC 25, and MC 26) are 
status code words. MC 24 will contain information relative to accelerometer and 
gimbal angle reasonableness test failures and to the validity of the cross-over detector 
(COD) counter contents. MC 25 and 26 will contain information relative to guidance 
and/or flight sequencing. 

1. Mode Code 24 

The accelerometer readings are tested for reasonableness once per computation cycle. 
The first six bits of MC 24 are reserved for indicating failures in these tests. The 
following list explains the respective states of these three pairs of bits (1-2 for X, 
3-4 for Y, and 5-6 for Z). 

Case 

1 

2 

3 

State of Bits 

1, 3, or 5 2, 4, or 6 

0 0 

0 1 

1 1 

Explanation 

No failure in A reading. A reading was 
used in this cycle (B reading is not tested 
if A proves reasonable). 

Failure in A reading and no failure in B. 
B was used in this cycle. 

Failure in both A and B readings. Prestored 
F/M was used in this cycle. 
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Case 1 corresponds to nominal operation. Case 2 corresponds to failures in A when 

B readings are good. Case 3 corresponds to failures in both A and B and to the use of 

a prestored F / M that is resolved through the gimbal angles to obtain predicted ac

celerometer readings. These bits will be reset (restored to case 1 bit states) each 

major computation cycle. 

The gimbal angles are tested for reasonableness each minor loop except when a dis

agreement between the duplexed counter readings prevents the test. Three counters, 

XRE, YRE, and ZRE are used in the flight program to indicate the number of un

reasonable gimbal angle readings. These counters are initialized to -3, and are 

incremented by one each time a failure occurs. If their states reach zero in any 

computation cycle, the backup gimbal is used for the remainder of the flight. The 

counters are reset to -3 if the backup is not used. If the backup gimbal is in use, 

they are reset to zero each cycle and are incremented by one each time a backup 

gimbal reading fails to prove reasonable. When either counter reaches a count that 

corresponds to 15 backup failures per second, the guidance failure discrete is set. 

Two bits for each channel (7-8 for X, 9-10 for Y, and 11-12 for Z) will be used to in

dicate gimbal angle reasonableness test failures. The bit states are explained in the 

following list. 

State of Bits 

Case 7, 9, or 11 8, 10, or 12 Explanation 

1 0 0 Less than three failures in the fine gimbal 
angle reading that is presently in use during 
one cycle (indicates a negative state of XRE, 
YRE, or ZRE). 

2 0 1 Three failures in the fine gimbal angle 
reading in one major computation cycle. The 

backup gimbal is in use (indicates zero state 
of XRE, YRE, or ZRE). 

3 1 1 The backup gimbal has failed at a rate of 15 

times per second over one computation cycle. 
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Bits 8, 10, and 12 will never be reset and bits 7, 9, and 11 will be reset to zero each 
computation cycle. Case 1 corresponds to the nominal case. Case two corresponds to 
three failures in the fine gimbal angle and marks the beginning of the use of the back
ups. Case three indicates that the backup gimbal has failed at a rate of 15 times per 

second over 1 computation cycle. 

Whenever the contents of the duplexed COD counters disagree, the DB is set with ex
ternal circuitry and processed by the flight program. DLC 1 is a counter which 
serves as a flag for the DB processing routine. This counter is reset to -2 each major 
cycle unless its state becomes zero or positive. There are three ways that the state 
of DLC 1 can reach zero. These are: 

1. By getting two DB circuitry failures in a major cycle. 

2. By getting two A counter reading failures in a major cycle. 

3. By getting two B counter reading failures in a major cycle. 

In case 1, the DB circuitry is assumed to have failed whenever the DB is on, but the 
A and B readings actually agree within 3 low order bits. Cases 2 and 3 correspond 
to two failures in the A and B counter readings respectively in a major computation 
cycle. If DLC 1 ever reaches a zero state, the DB processing is bypassed for the 
remainder of the flight. 

DLC 1 is set positive when both A and B counter readings prove to be erroneous twice 
in any major cycle. If this happens, the last set of good gimbal angle readings will be 
used for the remainder of the flight. Bits 13 and 14 will be used to indicate the state 
of DLC 1. The following list explains the states. 

State of Bits 

13 
0 

0 

1 

14 
0 

1 

1 

Explanation 

Indicates a negative state of DLC 1. 

Indicates a zero state of DLC 1. 

Indicates a positive state of DLC 1. 

Bits 15 and 16 will nominally be zero and will be set to one when either the A or the B 
reading (but not both) fail twice in a computation cycle. Bit 17 will be nominally zero 
and will be set to 1 when the B ladder is continually selected by the flight program. 
When this occurs the error monitor register telemetry will indicate that the A ladder 
has failed at least three times in a computation cycle. Bit 18 will be nominally zero 
and will be set to 1 when the switch selector channel B is selected. 
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The bit description of MC 24 is shown in Table 15. 2. This word will be telemetered 
once per computation cycle just prior to the reset of the counters that were mentioned, 
and it is shown as item 94 in Table 15. 1. 

2. Mode Code Words 25 and 26 

MC 25 and 26 will yield information relative to guidance and/or flight sequencing. 
This information will be conveyed by setting the appropriate bit to a "1" when the de
fined event occurs (See Tables 15. 3 and 15. 4 for bit descriptions). The steering 
misalignment correction term bit (bit 16 of MC 26) is on when SMC is in use. Bit 
19 of MC 25 will be set if the off nominal time tilt is entered at the end of both the S-11 
and S-IVB stages. 

Bit 7 of MC 26 wlll be set at the second S-IVB cutoff to stai·t TB 7 in two ways. First, 
wh n/if the S-IVB engine out interrupt (INT 4) and the corresponding discrete input 
(DIN 5) are sensed and second, if/when the time base backup is used. It should be 
noted that even though the interrupt (bit 25 of MC 25) alone will start TB 5 both the 
interrupt and the discrete input (bit 6 of MC 26) will be set at both cutoffs. 

These two words (items 98 and 99 in Table 15. 1) are telemetered once per computation 
cycle (as near the end of the cycle as possible). 

J. Pre-Launch Telemetry 

In order to establish tr nds and pinpoint problems occuring at liftoff, it is necessary 
to telemeter the gimbal angle and accelerometer readings prior to liftoff. The three 
!ine gimbal angles, the six accelerometer readings (in 3 words), and the read times 
will be telemetered once per second in the interval from the prepare-to-launch 
signal, approximately 150 seconds before liftoff, to the guidance reference release 
alert (GRRA) signal at approximately 10 seconds before liftoff. In the interval be
tween GRRA and the Guidance Reference Release (GRR) signal, approximately 2 sec
onds prior to ignition, the six accelerometer readings and times will be telemetered 
once per second. In this same interval, the fine gimbal angles will be telemetered at 
a rate of 25 per second. The coarse gimbal angles used in the initialize routine will 
also be telemetered. Tags or PIO codes and formats used for prelaunch telemetry 
wlll be the same as PIO's and formats for corresponding quantities during 
boost. 

In the event that error or backup paths are taken during prelaunch checking, etc., 
telemetry ls required in the error path to identify the source of error and the error 
path taken. If this action is already taken in connection with data transfer to the 
RCA-ll0A, this information may be adequate for evaluation purposes since it will be 
available on telemetry as long as the data remains in the buffer register for a time 
greater than 4.167 ms. U this time requirement cannot be met, special telemetry 

ill be necessary. 
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The data to be telemetered will be specified in conjunction with the preflight program
mers. 

K. Switch Selector Telemetry 

Special provisions must be made to telemeter the switch selector driver outputs via 
the DOM. This output must be telemetered through the DOM since it cannot be read 
into the L VDC for telemetry. A special PIO code will load the switch selector and 
discrete output driver outputs on the DOM if the DOM has an empty word. A delay of 
slightly greater than 8. 33 ms since the last L VDC telemetry PIO or the last PIO which 
loads data on the DOM is necessary before issuing the special PIO to insure that an 
empty word exists in the DOM. This special PIO will be issued immediately after 
each switch selector read command. 

15. 3 MCC TELEMETRY 

Table 15. 5 is an early list of the L VDC telemetry parameters requested by MCC for 
Saturn V. Documentation for updating these requirements has not yet been received 
from MCC. The parameters that are the same as those required for Saturn m will 
retain the same PIO address and telemetry tags. Any additional requirements will be 
assigned new tags. 

15.4 SUMMARY 

The parameters of Table 15. 1 will all have identification codes assigned. A complete 
list of these tags and their corresponding PIO addresses will be available as the flight 
program becomes better defined. 

S-IC stage telemetry will require a maximum of approximately 50 LVDC words per 
computation cycle. S-II stage telemetry will require approximately 100 LVDC words 
per computation cycle. S-IVB stage telemetry will require approximately 110 LVDC 
words per computation cycle. There may be additions to and/or deletions from the 
telemetry as presented in Table 15. 1. 
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.... 
C1'I TABLE 15.1 I .... 
O') 

AS-501 TELEMETRY LIST 

Samples/Computation 
Item Cycle for Phases 

Number Symbol Description 1 2 3 4 5 6 7 8 

1 
X 

Yaw guidance command in space-fixed system. 1 1 1 1 1 X 1 1 

2 xy Roll guidance command in space-fixed system. 1 1 1 1 1 X 1 1 

3 Xz Pitch guidance command in space-fixed system. 1 1 1 1 1 X 1 1 

4 Dxx Change in XX per minor loop. 1 1 1 1 1 X 1 1 

5 Dxy Change in x y per minor loop. 1 1 1 1 1 X 1 1 

6 Dxz Change in x Z per minor loop. 1 1 1 1 1 X 1 1 

7 I Yaw guidance command in IGM computation system. 0 0 1 1 1 0 1 1 xx 

8 I 

xz Pitch guidance command in IGM computation system. 0 0 1 1 1 0 1 1 

9 XX Velocity correction in IGM yaw guidance angle (x X) 0 0 1 1 1 0 1 1 

10 - Velocity correction in IGM pitch guidance angle ( x Z) 0 0 1 1 1 0 1 1 Xz 

11 K3 Altitude correction in IGM yaw guidance angle. 0 0 1 1 1 0 1 1 

12 Kl Altitude correction in IGM pitch guidance angle. 0 0 1 1 1 0 1 1 



TABLE 15.1 (Continued) 

AS- 501 TELEMETRY LIST 

Samples/ Computation 

Item Cycle for Phases 

Number Symbol Description 1 2 3 4 5 6 7 8 

13 K4 Ideal IGM yaw rate. 0 0 t 1 1 0 1 1 

14 K2 Ideal IGM pitch rate. 0 0 1 1 1 0 1 1 

15 SMCX Yaw steering misalignment correction term. 0 0 1 1 1 0 1 1 

16 SMCZ Pitch steering misalignment correction term. 0 0 1 1 1 0 1 1 

17 <P 
T 

Total range angle 0 0 1 1 1 0 1 t 

18 Arv Total r V distance to be gained. 0 0 1 1 1 0 1 t 

19 A 'IV Total 11 V distance to be gained. 0 0 1 1 1 0 1 1 

20 A~ 
V 

i V velocity to be gained. 0 0 1 1 1 0 t t 

21 A'IV ~ V velocity to be gained. 0 0 1 1 1 0 1 1 

22 AfV r V velocity to be gained. 0 0 1 1 1 0 1 1 

23 Tli First plus fourth IGM phase time-to-go. 0 0 1 0 0 0 1 0 

24 T2i Second IGM phase time-to-go 0 0 0 1 0 0 0 0 

.... 
tTI 
I .... 

...J 
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TABLE 15.1 (Continued) I ,_. 
ex, 

S-501 TELEMETRY LIST 

Samples/ Computation 
Item Cycle for Phases 
umber Symbol Description 1 2 3 4 5 6 7 8 

25 T3i Third plus filth IGM phase time-to-go. 0 0 0 0 1 0 0 1 

26 AT2i Third and fifth IGM phase time-to-go. 0 0 0 0 1 0 0 1 

27 T 
1 

First and fourth IGM phase total burn time. 0 0 1 0 0 0 1 0 

28 T 

2 
Second IGM phase total burn time. 0 0 0 1 0 0 0 0 

29 T3 Third and fifth IGM phase total burn time. 0 0 0 0 1 0 0 1 

30 iv X component of velocity in IGM computation system. 0 0 1 1 1 0 1 1 

31 "V Y component of velocity in IGM computation system. 0 0 1 1 1 0 1 1 

32 ~ V Z component of velocity in IGM computation system. 0 0 1 1 1 0 1 1 

33 ~v X component of position in IGM computation system. 0 0 1 1 1 0 1 1 

34 " Y component of position in IGM computation system. 0 0 1 1 1 0 1 1 
V 



TABLE 15. 1 (Continued) 

AS-501 TELEMETRY LIST 

Samples/ Computation 

Item Cycle for Phases 

Number Symbol Descliption 1 2 3 4 5 6 7 8 

35 r V Z component of position in IGM computation system. 0 0 1 1 1 0 1 1 

36 F/ M Total measured acceleration. 0 1 1 1 1 X 1 1 

37 (M/ F). 
1 

Reciprocal of F/ M. 0 0 1 1 1 0 1 1 

38 (M/ F)S Smoothed value of (M/ F) . . 0 0 1 1 1 0 1 1 
1 

. 
39 XS X component of space-fixed velocity. 0 1 1 1 1 X 1 1 

40 Ys Y component of space-fixed velocity. 0 1 1 1 1 X 1 1 

41 ZS Z component of space-fixed velocity. 0 1 1 1 1 X 1 1 

42 XS X component of space-fixed position. 0 1 1 1 1 X 1 1 

43 Ys Y component of space-fixed position. 0 1 1 1 1 X 1 1 

44 ZS Z component of space-fixed position. 0 1 1 1 1 X 1 1 

45 R 
-1 

Reciprocal of total space-fixed radius. 0 1 1 1 1 X 1 1 

NOTE: 
~ 

CTI X - telemetered during phase 3 when over a site. 
I 
~ 

co 



-(J1 TABLE 15. 1 (Continued) I 
t-:> 
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AS-501 TELEMETRY LIST 

Samples/Computation 
Item Cycle for Phases 

Number Symbol Description 1 2 3 4 5 6 7 8 

46 V Total space-fixed velocity. 0 1 1 1 1 X 1 1 

47 gx X component of gravitational acceleration. 0 1 1 1 1 X 1 1 

48 gy Y component of gravitational acceleration. 0 1 1 1 1 X 1 1 

49 gz Z component of gravitational acceleration. 0 1 1 1 1 X 1 1 

50 IGX X component of gravitational velocity. 0 1 1 1 1 0 1 1 

51 IGY Y component of gravitational velocity. 0 1 1 1 1 0 1 1 

52 IGZ Z component of gravitational velocity. 0 1 1 1 1 0 1 1 

53 XM X component of measured acceleration. 0 1 1 1 1 0 1 1 

54 YM Y component of measured acceleration. 0 1 1 1 1 0 1 1 

55 ZM Z component of measured acceleration. 0 1 1 1 1 0 1 1 

56 XM X component of measured velocity. 0 1 1 1 1 0 1 1 

NOTE: 

X - telemetered during phase 3 when over a site. 



TABLE 15. 1 (Continued) 

AS-501 TELEMETRY LIST 

Samples/ Computation 
Item Cycle for Phases 

Number Symbol Description 1 2 3 4 5 6 7 8 

57 YM Y component of measured velocity. 0 1 1 1 1 0 1 1 

58 ZM Z component of measured velocity. 0 1 l 1 1 0 1 1 

59 ALT Vehicle altitude. 0 0 0 0 0 X 0 0 

60 xv Acceleration components due to venting. 0 0 0 0 0 X 0 0 

61 Yv Acceleration components due to venting. 0 0 0 0 0 X 0 0 

.. 
62 zv Acceleration components due to venting. 0 0 0 0 0 X 0 0 

.. 
63 XD Acceleration components due to drag. 0 0 0 0 0 X 0 0 

64 YD Acceleration components due to drag. 0 0 0 0 0 X 0 0 

65 ZD Acceleration components due to drag. 0 0 0 0 0 X 0 0 

66 xsco X component of space-fixed position at cutoff. 

67 Ysco Y component of space-fixed position at cutoff. 

68 zsco Z component of space-fixed position at cutoff. .... 
<:11 
I NOTE: N X - telemetered during phase 3 when over a site . .... 
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U1 TABLE 15.1 (Continued) I 
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AS-501 TELEMETRY LIST 

Samples/Computation 

Item Cycle for Phases 

Number Symbol Description 1 2 3 4 5 6 7 8 

69 ACCX X accelerometer optisyn readings (AX and BX). * 2 4 4 4 X 4 4 

70 ACCY Y accelerometer optisyn readings (AY and B~. * 2 4 4 4 X 4 4 

71 ACCZ Z accelerometer optisyn readings (AZ and BZ). * 2 4 4 4 X 4 4 

72 t Real time of accelerometer samples. * 2 4 4 4 X 4 4 
as 

73 BX Whole yaw gimbal angle. 0 1 1 1 1 X 1 1 

74 8y Whole roll gimbal angle. 0 1 1 1 1 X 1 1 

75 8 z Whole pitch gimbal angle. 0 1 1 1 1 X 1 1 

76 8 Xf Fine yaw gimbal angle. * 1 1 1 1 X 1 1 

77 8 
Yf 

Fine roll gimbal angle. From LVDC * 1 1 1 1 X 1 1 

78 8 
Zf 

Fine pitch gimbal angle. * 1 1 1 1 X 1 1 

NOTES: 

X - telemetered during phase 3 when over a site. 

* - prelaunch telemetry, see text for explanation. 
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J .... 

Item 
Number 

79 

80 

81 

82 

83 

84 

85 

86 

87 

88 

89 

90 

91 

NOTES: 

Symbol 

'4-P' ¥'R 

¥'y 

DI 

DO 

SWSEL 

INT 

Tl 

T2 

T3 

T4 

T5 

T6 

T7 

TABLE 15.1 (Continued) 

AS-501 TELEMETRY LIST 

Description 

Pitch and roll attitude error signals. 

Yaw attitude error signal. 

Discrete input indication. 

Discrete output indication. 

Switch Selector function indication. 

System Interrupt indication. 

Time of beginning of Time Base 1 

Time of beginning of Time Base 2 

Time of beginning of Time Base 3 

Time of beginning of Time Base 4 

Time of beginning of Time Base 5 

Time of beginning of Time Base 6 

Time of beginning of Time Base 7 

X - telemetered during phase 3 when over a site. 

* prelaunch telemetry, see text for explanation. 

Samples/Computation 
Cycle for Phases 

1 2 3 4 5 6 7 8 

0 1 1 1 1 X 1 1 

0 1 1 1 1 X 1 1 

When these are set, an estimated 
maximum of 6 times 

Telemetered when the respective 
time base is initiated. 



-(JI T BLE 15. 1 (Continued) t 
N 
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S-501 TELEMETRY LIST 

Samples/ Computation 
Item Cycle for Phases 

Number Symbol Description 1 2 3 4 5 6 7 8 

92 ETC End of telemetry cycle. 0 1 1 1 1 X 1 1 

93 BTC Beginning of telemetry cycle. 0 1 1 1 1 X 1 1 

94 EMR Error monitor register contents. 0 1 1 1 1 X 1 1 

95 ICR LVDA internal control register contents. 0 1 1 1 1 X 1 1 

96 DOR Discrete output register contents. 0 1 1 1 1 X 1 1 

97 MC24 Mode Code Word 24. 0 1 1 1 1 X 1 1 

98 MC25 Mode Code Word 25. 0 1 1 1 1 X l 1 

99 MC26 Mode Code Word 26. 0 1 1 1 1 X 1 1 

100 ax,ay,az Half precision position in boost. 0 1 1 l 1 0 1 1 

101 f3 x' fJY, fJz Half precision position in orbit. 0 1 1 1 1 X 1 1 

102 SQl (ak2 +a~ 2)1/2 0 1 1 1 1 0 1 1 

NOTE: 

X - telemetered during phase 3 when over a site. 



TABLE 15. 1 (Continued) 

AS-501 TELEMETRY LIST 

Samples/ Computation 
Item Cycle for Phases 

Number Symbol Description 1 2 3 4 5 6 7 8 

103 SQ2 (A~2 + M 2 + At 2)1/ 2 0 1 1 1 1 0 1 1 

104 SQ3 (Z' 2l/ 2 0 1 1 1 1 0 1 1 s 

105 8 xc Backup yaw gimbal angle. * 1 1 1 1 X 1 1 

106 8
Yc 

Backup roll gimbal angle. * 1 1 1 1 X 1 1 

107 8
zc 

Backup pitch gimbal angle. * 1 1 1 1 X 1 1 

108 ACCT Clock Reading When Accelerometers were read. * 1 1 1 1 X 1 1 

109 TLCHPC Hop Save of TLC INTERRUPT At Occurrence 

110 TBBJ Indication that Time Base was initiated by backup, As Required 

111 MLX Minor Loop x . 0 1 1 1 1 X 1 1 X X 

112 MLX Minor Loop x . 0 1 1 1 1 X 1 1 y y 

113 ML~ Minor Loop x . 0 1 z z 1 1 1 X 1 1 

NOTES: 

X - telemetered during phase 3 when over a site. - * - prelaunch telemetry, see text for explanation. U1 
I 

N 
U1 
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Item 
Number Symbol 

114 TCO 

115 8T 

116 VT 

117 11
VT 

. 
118 11

VT 

119 ~VT 

120 ,,VgT 

TABLE 15. 1 (Continued) 

AS-501 TELEMETRY LIST 

Description 

Time remaining in S-IVB Coast 
(After s-rr cutoff) 

Terminal path angle 

Terminal velocity 

Terminal " v· 

Terminal q v· 

Terminal ~ V. 

Terminal ,-i Vg' 

••••• 

Samples/ Computation 
Cycle for Phases 

1 2 3 4 5 6 7 8 

Telemetered during S-IVB Coast 
(After S-II cutoff) once per cycle 

These parameters are required 
once per cycle during phase 7 
and 8. 



Bit Number 

1 & 2 

3&4 

5 & 6 

7&8 

9 & 10 

11 & 12 

13 & 14 

15 

16 

17 

18 

19 - 26 

TABLE 15.2 

BIT DESCRIPTION OF MODE CODE WORD 24 

Quantity 

ARTFX 

ARTFY 

ARTFZ 

GARTFX 

GARTFY 

GARTFZ 

DLCl 

AFAL 

BFAL 

LADAFL 

SELB 

Spares 

Purpose 

Indicates accelerometer reasonableness failures. 

Indicates Gimbal Angle reasonableness test 
failures. 

Indicates Gimbal Angle disagreement bit 
processing. 

Indicates flight program continual selection of 
ladder B. 

Indicates switch selector channel B has been 
selected. 
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TABLE 15. 3 

BIT DESCRIPTION OF MODE CODE WORD 24 

Bit 
Number Event Comments 

1 Guidance reference release Begin time base zero (TB0}. 

(INT 7). 

2 Liftoff (DIN24) or time base Begin time base one (TBl). 

backup 

3 Start pitch and roll guidance Initiate S-IC guidance 

4 Stop roll Roll maneuver complete 

5 Low level sense (INT2) or time Begin time base two (TB2) 
base backup 

6 Stop pitch S-IC time tilt arrest 

7 S-IC inboard engine cutoff 

8 S-IC outboard engine cutoff Begin time base three (TB3). 

(INT5} or time base backup 

9 S-IC inboard engine out (DI 15) 

10 S-IC outboard engine out (DIN14) 

11 S-IC separation (DIN12) 

12 Spare 

13 Begin first phase IGM guidance S-11 first burn 

14 S-Il engine mixture ratio change Second phase !GM 
(EMRC) 

15 S-Il cutoff (INT6) or time base Begin time base four (TB4). 
backup 

16 S-11 engine out (DIN13} 
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TABLE 15. 3 (Continued) 

BIT DESCRIPTION OF MODE CODE WORD 25 

Bit 
Number Event 

17 S-11 skirt separation (DINll) 

18 S-11/S-IVB separation (DINlO) 

19 

20-21 

22 

Begin non-nominal time tilt 

Spares 

First S-IVB ignition 

23 First S-IVB terminal guidance 

24 First S-IVB cutoff command 

25 

26 

S-IVB cutoff interrupt (INT4) or 
time base backup 

Start S-IVB reignition sequence 
or time base backup 

Comments 

Used in S-11 and S-IVB 

Third phase IGM 

Begin time base five (TB5) at 
first cutoff 

Begin time base six (TB6) 
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TABLE 15. 4 

BIT DESCRIPTION OF MODE CODE WORD 26 

Bit 
Number Event 

1 S-IVB reignition 

2 B gin fourth phase IBM 

3 S-IVB ngine mixture ratio change 

4 B gin fifth phase terminal guidanc 

5 Second S-IVB cutoff command 

6 S-IVB engine out (DIN5) 

7 

8 

9 

11 

12-15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25-26 

15-30 

Begin time base 7 (TB7) 

Thrust indication to space craft 
(S/ C) (006) 

Control computer switched to S/ C 
(DIN9) 

S/ C initiation of S-Il/S-IVB 
s paration (DIN 17) 

Start S-IVB thrust sequence (DIN20) 

Spares 

Steering misali!{nment corr ction 

Command receiv r interrupt (INT8) 

TLC- imullaneous memory failure 
(INT9) 

Guidanc failure (D04) 

C band transpond r inhibit 1 (D010) 

Chand tran ponder inhibit 2 (D011) 

Command receiver sync (DIN2) 

Auto v nt 1 (D 3) 

Auto v nt 2 (DIN4} 

Spares 

Comments 

S-IVB first burn after reigni

tion 

Begin fifth phase IGM 

R quires INT4 and DIN5 

This bit may b intermittent 



TABLE 15. 5 

ORIGINAL MCC REQUESTS FOR SATURN V TELEMETRY 

Item 
Number 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 

PARAMETER 

Pitch Steering Command 
Yaw Steering Command 
~oil Steering Command 
Xs Space Fixed Velocity 
Zs Space Fixed Velocity 
Ys Space Fixed Velocity 
Xs Space Fixed Displacement 
Y s Space Fixed Displacement 
Zs Space Fixed Displacement 
Onboard Computer Time 
Time to S-IVB first cutoff 
Time to S-IVB second ignition 
Time to S-IVB second cutoff 
Discrete Output Register (Guidance Failure) 
Error Monitor Register 
Radius Vector 
Data Adapter Error Monitor Register 
Fine Gimbal Angle Roll 
Fine Gimbal Angle Pitch 
Fine Gimbal Angle Yaw 
Coarse Gimbal Angle Roll 
Coarse Gimbal Angle Pitch 
Coarse Gimbal Angle Yaw 
Validity Error (Reasonableness Test Failure) 
Velocity Vector Magnitude 
COD and Power Supply Error Word 
X Accelerometer Output 
Y Accelerometer Output 
Z Accelerometer Output 
LVDA Internal Control 
Switch Selector Register 
Interrupt Register 
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16. DATA COMPRESSION 

16. 0 INTRODUCTION 

The orbital phase of AS-501 will contain significant time intervals during which the 
vehicle will be out of electromagnetic view of a ground station. Therefore, it will not 
be possible to telemeter data continuously. During these intervals, data must be 
processed and stored in the LVDC for transmission by normal LVDC telemetry when 
the vehicle comes within electromagnetic view of the next ground station. The proc
essing of this data is referred to as data compression. Data compression will be 
divided into two categories: (1) Time compression, in which desired quantities are 
stored at prescribed intervals as they are read or computed, and (2) Amplitude 
compression, in which a regularly sampled quantity is stored only when its 
amplitude deviates by more than a prescribed amount from a standard. 

Amplitude compression will be accomplished by comparing the sampled value to a 
standard value stored in memory. If the sampled value differs from the standard by 
more than a specified amount, it will be stored and will become the new standard 
value. The time at which a sampled value exceeds the tolerance will be stored 
along with that value of the sample which disagreed with the standard. In this manner, 
a quantized time history of the measurement will be available. In the event that all 
samples read in a compression period agree with the standard, within the prescribed 
tolerance, only the standard will be contained in the table to be transmitted when the 
vehicle is over a ground station. The first sampled value will be read into memory 
at the beginning of a compression period and will become the initial standard for that 
period. 

Four types of data will be compressed during the AS-501 orbital phase: (1) LVDC 
inputs, (2) LVDC internal data, (3) LVDC outputs, and (4) vehicle PCM data read into 
the LVDC through the computer interface unit (CIU). Command system inputs to 
the LVDC LVDA will occur only when over a ground station. Therefore, data com
pression is not necessary for command system operation. 

LVDC inputs consist of inertial platform data, discrete inputs, and interrupts. There 
are no active discrete inputs during the AS-501 orbital phase, and the only active 
system interrupts are the command receiver interrupt, which occur only when the 
vehicle is over a ground station, and the CIU interrupt treated as described below. 
However, provisions will be made for other discretes and interrupts so that they may 
be easily compressed on later vehicles. 
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Compressed LVDC internal data consists of the status of the various LVDA registers 
which are necessary for postflight failure analysis. 

The LYDA compressed outputs consist of discrete outputs and switch selector func
tions. The majority of switch selector functions will occur when the vehicle is over 
a ground station. However, some switch selector operations will occur when the 
vehicle is between ground stations and data on these operations must be compressed. 

The vehicle PCM data read into the LVDC through the cru constitutes the bulk of the 
data compression scheme. These data will be sampled with time compression 
applied to some quantities and amplitude compression applied to others. Compression 
of vehicle PCM data provides the only means of evaluating vehicle performance 
during blackout periods when the vehicle is between ground stations. 

The remainder of this section will be devoted to the requirements for compressing 
data, and the requirements for telemetering the data when the vehicle passes over a 

ground station. 

16. 1 CIU OPERATION 

cru operation is explained in the AS-203 LVDC Equation Defining Document, IBM 
Number 65-207-000SH. 

Data Compression Requirements 

The orbital phase will consist of alternate time periods of data compression and 

telemetering of compressed data. Data will be compressed only when the vehicle is 
between specified active ground stations and will be dumped over specified active 
ground stations. The compression and dump periods will be initiated by the Switch 
Selector on a prestored time schedule that will coincide with the arrival and de
parture times of the selected ground stations. This table will be revised by change 
form when the complete list of active stations and predicted arrival and departure 
times are available. Provision will be made in the flight program for inclusion of 
additional stations and changes in arrival and departure times. The time base can be 
adjusted on ground command for off -nominal orbit conditions. 

The following requirements will apply for compressing data: 

1. Data compression will be programmed for a minimum of nine hours. If more 

time is required a new time base for compressed data will be initiated. 

2. Data compression storage requirements will be based on a maximum time of 
2,000 seconds between ground stations. 
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3. Except as noted below, each piece of time compressed data will have time of 
sample and an identification code stored with it. Time will be accurate to 0. 5 
seconds. 

4. Each piece of amplitude compressed data \Vill have time of sample, the cru 
address as identification, and a counter indicating the total number of failures, 
stored with it. 

5. The identification bits of all compressed data will occupy the same location; for 
example, the first 10 bits of the second word of each data word pair might be 
chosen as identification bits, regardless of whether the data are LVDC/LVDA 
data or vehicle PCM data. The identification of each piece of data will always 
occupy the same position in the word pair regardless of the type of data 
stored. For instance, if the identification bits are the first 10 bits of the 
second word of a word pair for Group D data, the identification must be in the 
first 10 bits of the second word for Groups A, B, and C data also. 

6. The first 10 bits of the cru address will be used to identify vehicle PCM data. 
Bits 15 and 16 of the CIU address will not be necessary for identification 
since they a.re always zero. 

7. A frame address of 12, which places logical ones in bits 19 and 20 of the LVDA 
bu!fer register, will be used to identify LVDC/ LVDA data. The remaining two 
bits of the frame address, the five bits of the channel address, and the group 
address bits will be used for up to 256 unique identification codes for LVDC/ 
LVDAdata. 

8. No data compression will occur when compressed data dump is in progress 
over an active ground station. 

9. The first word read for each compressed data quantity at the start of each data 
compression period will be stored and used as the standard during that period. 
Each data compression period will start shortly before the vehicle leaves the 
ground station so that the standard values will be available on normal PCM 
telemetry as a check on CIU operation. 

10. The counter which indicates the number of times a data quantity fails to lie 
within tolerance will not be reset but will count the total number of failures for 
that quantity. The counter must have a capacity of at lea.st 1200 counts. 

11, Words stored in the compressed data table will not be written over during any 
single compression period. If the allotted number of locations for a variable 
are filled, the remainder of the out of tolerance samples will not be stored. 
However, the latest out of tolerance sample will be used as the standard. The 
failure counter will continue to be incremented. 
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12. At the beginning of each compression period, the compressed data table will be 
started at the first location in the table. This may require modification if a 
revolving table is necessary due to extremely short dump periods over ground 

stations. 

Data to be compressed are divided into four groups: 

1. Group A - Time compressed data from the LVDC/ LVDA, 

2. Group B - Amplitude compressed data from the LVDC/ LVDA, 

3. Group C - Time compressed vehicle PCM data read in through the CIU, and 

4. Group D - Amplitude compressed vehicle PCM data read in through the CIU. 

A summary of requirements Ior AS-501 is given in Table 16. 1. 

LVDC/ LVDA Data 

Vehicle PMC Data 
(CIU) 
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TABLE 16.1 

TIME COMPRESSED 

Group A 

1 parameter every sec. 

6 parameters every 100 sec. 

4 parameters at occurrence 

240 memory locations 

Group C 

3 parameters during and 
after each switch selector 
operation. 

120 memory locations 

AMPLITUDE COMPRESSED 

Group B 

1 parameter every 30 sec. 

134 memory locations 

Group D 

29 parameters 

580 memory locations 



II 

Group A 

Group A compressed data consists of gimbal angles, discrete inputs and outputs, 
switch selector functions, and interrupts. All discrete inputs and outputs, switch 
selector function stage and address, and interrupts (except CIU and DCS), along with 
the time of occurrence, will be stored. The identification in the second word will 
indicate whether the data are discrete input, discrete output, switch selector func
tion, or interrupt. The "data" will identify the particular function that has occurred, 
The time of the read command will be the time associated with the switch selector 
functions as in boost telemetry. Mode Code 24 will be examined once per computa
tion cycle and stored if any bit has changed. 

The fine and backup gimbal angles will be read and stored every 100 seconds. The 
time of reading the first gimbal angle will be stored with the six gimbal angles. 

Group A data requires 240 locations, 

Group B 

Group B data consists of the Error Monitor Register in the LVDA. The Error 
Monitor Register will be read every 30 seconds and stored if a bit is present in any 
location. In addition to storing the EMR contents each time any bit is present, these 
EMR words will be OR'd together into a single word for real time Mission Control 
telemetry. This single word will be telemetered separately from compressed data. 
Details will be covered in the compressed data dump section. 

Total memory requirements for Group B data are 200 locations. 

Group C 

Group C data consists of switch selector data on IU PCM telemetry. Table 16. 2 lists 
the measurement numbers, name, and telemeter channel assignment of Group C data. 

The switch selector words will be read during each switch selector operation when the 
vehicle is not over a ground station. Channels A-13-00 and A-19-00 will be read 
after the final stage and address, either direct or complement, whichever is used to 
select the output line, are loaded into the switch selector register. Channel A-13-00 
will be read first, with a minimum delay of 10 ms between the stage select and CIU 
read commands.. Channel A-19-00 will be read second with a minimum delay of 10 ms 
after channel A-13-00 is read. Channel A-06-00 will be read after the switch selector 
read command is issued. A minimum delay of 10 ms will occur between the switch 
selector read command and the CIU read command. 

Group C data will require 120 memory locations. 
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Group D 

Group D data will be amplitude compressed. A maximum of ten samples of each 
Group D quantity will be stored for dumping. In the event that a quantity exceeds the 
prescribed deviation more than ten times, only the first ten will be stored, the 
remainder will be discarded. The standard against which the comparison is made 
must be changed each time the limit is exceeded. The counter indicating the total 
number of failures of a quantity will continue to be updated, even though the data 
are not being stored. Table 16. 3 lists the group D data along with the measurement 
number and telemeter channel assignment. 

The deviation from the standard for each measurement in Table 16. 3 is 100 counts. 
This deviation may change for individual measurements. Provisions must be made in 
the program for a separate deviation for each measurement since the prescribed 
deviation may change independently for any or all measurements. 

The Group D measurements listed in Table 16. 4 must be sampled with a deviation 
of zero. In other words, these words will be stored when any bit changes in the 
word. Memory requirements for Group D data are 580 locations. 
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Meas. 
No. 

K3-603 
K5-603 
K6-603 
K7-603 
K4-603 
KB-603 

TABLE 16.2 

Group C Data • 

Measurement 
Name 

Sw. Sel. Zero Indicate 
Sw. Sel. Stage Select 
Sw. Sel. Read Command 
Sw. Sel. Reset 
Sw. Sel. Output 
Sw. Sel. Reg. Verilication 

This data is sampled 120 times per second. 

Telemeter 
Channel 

A0-13-00 

A0-06-00 
A0-19-00 



TABLE 16.3 

Group D Data 
Telemeter 

Meas. Measurement Channel 

No. Name Assignment 

Cll-601 Temp Sublimator Inlet m/ w A0-04-02 

VXC15-601 Temp m/ w Control A0-04-07 

C18-602 Temp Cold Plate Inlet Cool 9 A0-01-02 

C21-603 Temp ST-124 m/ w Exit A0-02-02 

XC31-603 Temp ST-124 Air Bear. In A0-01-06 

VC34-603 Temp ST-124 Int. Gimbal A0-01-07 

VC53-603 Temp Guid Comp (Logic Page) A0-04-06 

VC55-603 Temp Data Adap. 2A10A5 A0-04-08 

VC56-603 Temp Data Adap. 2A10A11 A0-01-01 

C69-602 Temp Cont Comp A0-18-10 

XDl0-603 Pres. GN2 Reg In. (A. B) A0-14-07 

XDll-603 Pres. ST-124 Air Bear. In A0-14-08 

VD12-603 Pres. Int. Amb. ST-124 A0-14-09 

D17-601 Pres. Cool Manifold In A0-14-05 

VXD24-601 Pres. Coolant Pump In m/ w A0-14-06 

D25-601 Pres. GN2 Reg. In. (TC Sys) A0-04-01 

VG3-601 Position m/ w Cont Valve A0-14-04 

VH40-603 X Gyro Pickup ST-124 A0-03-00 

VH41-603 Y Gyro Pickup ST-124 A0-22-00 
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Meas. 
No, 

VH42-603 

VXMl-602 

XM16-601 

XM17-601 

XM18-601 

XM20-601 

Measurement 
Number 

--

--
--

TABLE 16. 3 (Continued) 

Group D Data 

Measurement 
Name 

Z Gyro Pickup ST-124 

Meas. Voltage 

6D10 Battery Current 

6D20 Battery Current 

6D30 Battery Current 

6D40 Battery Current 

TABLE 16.4 

Group D Data with Zero Deviation 

Measurement 
Name 

Discretes 

Discretes 

Discretes 

16. 2 TELEMETERING OF COMPRESSED DATA 

Telemeter 
Channel 

Assignment 

A0-27-00 

A0-14-02 

A0-18-05 

A0-18-06 

A0-18-07 

A0-18-09 

Telemeter 
Channel 

Assignment 

A0-17-06 

A0-17-07 

A0-17-08 

Telemetering of compressed data over a ground station must be coordinated with real 
time telemetry requirements .. Minor loops, switch selector operations, and command 
system operations will be processed on an interrupt basis and will affect both com
pressed data telemetry and real time telemetry, i.e., gaps will occur in the telem
etered data when interrupts are being processed. No compressed data will be lost 
due to interrupts unless the interrupts preempt a significant portion of the time over 
a ground station; this is an unlikely situation, however. Real time telemetry is 
estimated to be about 25 words per second. This requires approximately 125 ms for 
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telemetry (5 ms per word). Minor loop operation will require approximately 125 ms 
per second and 25 ms will be required for LVDC self-test. This leaves approximately 
725 ms/sec for telemetering compressed data. Therefore, the maximum allowed 
number of compressed data locations (1045) can be telemetered in approximately 7 
seconds, if no interrupts other than minor loops occur. 

The following ground rules will apply for compressed data telemetry. 

1. The three low order bits of the mode register will be used to distinguish 
compressed data words from real time and command system words. The 
following bit assignments will be made: 

M3 = 0 
M2 = 1 
Ml = 1 

where Ml is the low order position of the mode register. The mode register 
will be set with this configuration each time a compressed data word is 
telemetered. (These mode bits will be all zeros for real time telemetry.) 

2. Only the number of compressed data words actually stored during a compression 
period will be telemetered when over a ground station. Empty locations in the 
compressed data block will not be telemetered. 

3. If the compressed data table is completely exhausted over a ground station, the 
data table will be telemetered again and will continue to be telemetered until 
the next data compression period begins. 

4. If separate tables are kept for Groups A, B, C, and D data, a different telem
etry PIO will be used for each table to aid in identification of the groups. 

5. Individual words in the real time and compressed data telemetry scheme will 
be spaced in a manner that utilizes the telemetry system and time over a 
ground station to the best advantage. A scheme similar to that used in spacing 
real time telemetry during boost is recommended, i.e., read real time clock 
to space telemetry words. 

6. Compressed data will be telemetered in the same order that it is stored in each 
table. 

16. 3 COMPOSITE EMR WORD 

The composite EMR word made up during the data compression period by OR'ing all 
EMR samples together will be telemetered as real time data when the vehicle is over 
the next ground station. This word will be assigned the same tag as the normal EMR 
word during real time telemetry, i.e., a PIO of 435. This word will be telemetered 
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twice as soon as the vehicle is in view of the groWld station and real time telemetry 
begins. The normal real time telemetry of the EMR contents over the ground station 
will not take place until this special word has been telemetered twice. At least two 
seconds will elapse between the first and second transmission of this special word. 

16.4 REAL TIME TELEMETRY WHEN OVER GROUND STATION 

Real time telemetry requirements during AS-203 orbital phase are listed in Section 15. 
Approximately 50 words of data are required every two seconds. The Orbital 
Telemetry Program operates on a one second execution cycle. All real time data are 
telemetered first. The remainder of the execution cycle, about 725 milliseconds, will 
be devoted to telemetering CIU quantities. The orbital telemetry program can be 
interrupted by minor loops, navigation, guidance and the digital command system. The 
orbital telemetry program will be entered whenever the switch selector table indicates 
that the vehicle is within range of a ground station. Exit will also be based upon 
entries in switch selector table. 

Telemetry of gimbal angles, accelerometer readings, and LVDA register status will 
occur in the same manner as in boost, for the single minor loop in each one second 
interval that is identical to the boost minor loop. 

It is possibl that, due to short times over some of the active stations, real time 
telemetry may be necessary without compressed data telemetry. Therefore, provision 
will be made in the Orbital Telemetry Routine to intersperse real time telemetry data 
with normal CIU data compression. 

16. 5 LVDC SELF-TEST DATA 

Data compr ssion will be necessary on computer self-test operation. Only a few 
memory locations will be required for this information. 

Each time the LVDC successfully completes a self-test cycle, a counter will be 
incremented. This counter will not be reset but will count the total successful self
test operations. The counter will be treated as data for compression purposes and will 
be stored for transmission when the vehicle is over a ground station. 

The LVDC self-test consists of the verification of the LVDC control and arithmetic 
logic through the comparison of test solutions with known results. The test verifies 
the following: 

1. Transfer Operations - the transfer register and address register, and syllable, 
and address selection. 

2. Arithmetic Q)erations - MPY MPH, DIV, ADD, SUB, CLA, RSU, XOR, SHF, 
STO, and their associated logic. 

3. X and Y memory addressing in each module. 
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An error in this test sets bit 11 or 21 of the lU Status Word. No simplex portion of 
the present LVDC self-test will be executed in orbit. 

The detail error message associated with this test will contain the location of the 
failing instruction. One error will not abort the test. After each error the test 
routine continues to the end of the test. The LVDC self-test will be executed once 
per second during orbital flight. 

All self-test data, including the count of successful completions will be treated as 
compressed data for format purposes. The same requirements hold as for 
compressed data. Two words will be stored for each piece of self-test data with 
the identification in the same position for compressed data. 
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17. FLIGHT TEST ROUTINE 

The Flight Test Routine will test the flight program and exercise the program IU hard
ware interfaces under nearly flight-like conditions. The program can be exercised in 
a variety of test modes, from operating completely independent of any external inputs 
to the LVDC/LVDA, giving bit by bit repeatable results, to an option which requires 
involvement of all the computer inputs used in flight. The modes of operation are dis
cussed in the following paragraphs. Where "repeatable'' is used, it corresponds to 
Pseudo Flight operations, the remaining tests correspond to Simulated Flight 
operations. 

17. 1 PLATFORM 

In the flight test modes the signals to the L VDC from the inertial platform will differ 
from those received during flight. To compensate for these differences, the program 
will compute accelerometer and gimbal angle readings. The following computations 
will replace the accelerometer PIO' s in Option 1, and supplement them in Option 2. 

F . 
- = F/(mo - mt) M 

6½_ = CC length 

Xx =_} 
Guidance commands in yaw and pitch 

Xz 

. 
Xi = Xi-1 + ~Xi 

x 
y 

z 

y. 
l 

= computed acceleration values to cancel expected 
platform input. 
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K3 = polarity constant (K3 = +1 or -1) 

x L.= the minor loop chi 
OlJ 

Lj = ladder profile 

.. 
60Ej = <:.omputed gimbal values to cancel expected inputs A0Ej, X, Y, and 

Z defined by the options outlined below 

tion 1: 

For this option, ti0Ej = O, X, Y, Z = 0. All gimbal PIO's are changed to clear and add 
's, and accelerometer readings are bypassed. Thus, the ladder profile will appear on 

th output unmodified. Guidance and navigation quantities will be repeatable in this mode, 
but only if the flight sequencing (defined below) is repeatable. Presence of the platform 
in the test will not influence this test at all. 

tion 2: Platform Connected and Power U 

In this option the platform will hold a fixed orientation in inertial space. Both accel
erometer and gimbal PIO's will obtain quantities from the platform. As time progresses 
both the gimbal angles and the accelerometer readings will change since the test site is 
not fixed in inertial space. These changing quantities can be precomputed if both the 
latitude of the test site ( >.) and the alignment azimuth (Az) are known. The precomputed 
values of acceleration, X, Y, Z are shown b low. These values will be used in the 
previously defin d computations of 6:Xi, 6Yi, and AZi and added to the accelerometer 
readings to negate the values actually read and to provide an acceptable acceleration 
profile to the flight program. Likewise the expected gimbal angles are defined in the 
following equations. They will be used in the minor loop support section as shown 
( XMLj) to balance the actual gimbal values read from the platform . 

.. 
X = -go cos>. (cos Az sin>. (1 - cos wt) + sin Az sin wt] 
.. 
Y = -g0 (sin2 >. + cos2 >. cos wt) 

.. 
Z = -g0 cos X [- sin Az sin>. (1 - cos wt) + cos Az sin wt] 

A XE = w cos {J cos ( >. + 0YE ) 
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sin8XE sin(>.+ 8YE) 
0yE = w sin ~ + w cos ~ ---------

cos eXE 

sin ( >. + 8yE ) 
8zE =-"'COS~-----

COS exE 

w = earth rate of rotation. 

These equations will not match exactly the platform outputs, primarily because of non
standard platform performance. Thus, the runs will not be repeatable, and the ladder 
outputs will not follow the profiles exactly. However, the range of variation, both in 
accelerometer and gimbal angle readings, is predictable and these measurements are 
a good indication of platform/ computer performance. 

Option 3: Flight 

This option is a highly specialized use of the test routines. Its purpose is to permit 
operation of the actual flight program from the beginning of time base 4 without having 
to operate in boost. It can be used only with a specialized simulator which provides 
realistic platform and switch selector inputs to the LVDC. When this option is selected, 
no other test indicators (i.e., switch selector processing, etc., discussed below) apply 
since the flight program itself is used. Accelerometer and gimbal PIO's will not be 
modified or supplemented as in the other two options. No acceleration profiles or 
expected platform values will be substituted by the program. 

Which of the three platform options is to be used must be indicated in an input status 
word which selects the option, assigns polarity (K3 = +1 or -1) to the ladder profile, 
and specifies the launch latitude (either Huntsville or Cape Kennedy). In addition to 
these inputs, the platform alignment azimuth, Az, is a required input if Option 2 is 
selected. This word must contain the angle in pirad units. The angle in pirads 
equals the angle in radians/ it, quantity scaled binary zero. (Reference HE-65-205-
0113). Although the test will execute no matter what the platform azimuth, guidance 
and navigation quantities will differ from expected values when the platform is not 
aligned to the flight azimuth. If this test is run for more than 4 hours, the platform 
yaw gimbal angle may reach the gimbal limit (45°). The saturation time depends 
upon initial platform and IU alignment. The test should be terminated before satura
tion occurs. 
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17.2 SWITCH SELECTOR 

The test routine provide options for the program to operate with all or selected stage 
switch selectors avoided, and with all or selected read commands deleted. These 
options will be controlled by a switch selector status input to the LVDC. No matter 
which option is selected, the test routine will not issue D02. Normal switch selector 
telemetry will be issued regardless of th option selected. 

tion 1: All or Selected Sta e Switch Selectors Avoided 

The test program must b notified by input which stage switch selectors are not to be 
used. For those stages the pro essing will proceed as follows: 

(a) Stage s lects will never b issued; address codes only will be used. 

(b) Th program must generate internally the address complements. 

(c) Read commands will never be issued. However, the LVDC will telemeter 
switch selector data as in flight. 

For all other stages th processing will be normal. To obtain a repeatable test, all 
switch selectors must be bypass d. This bypass must be included to insure a verify 
when switch selector sta pow r is off. 

tion 2: Selected Read Commands Avoided 

This option keeps the LVDC from issuing specific read commands in any stage switch 
selector. Use of this feature required modification of both the switch selector status 
indicator and the switch selector table in the LVDC. 

Which of the switch selecto1 options is to be used must be specified in inputs to the test 
routine. II not all read commands ar to be issued, the switch selector functions which 
do require read commands must be identified by setting the second bit in the switch 
selector table entry of that function to 1. The RCA-ll0A must restore the LVDC 
switch selector table at th conclusion if this option is selected. II certain stage switch 
selectors are to be avoided, the appropriate bits must be set to zero in the Test Status 
Indicator. 

17. 3 DISCRETE INPUTS 

Th time-ha e-setting inputs to the LVDC are guidance reference release (GRR), 
llitoff (LO) low level sense (LLS), S-IB fuel depletion (OECO), S-II Propellant De
pletion Interrupt, and S-IVB engine out (4BCO) is used twice. The establishment 
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of the sixth time base is not yet fixed. It may be set externally to the computer by the 
command receiver, or it may be internally generated. All tests require a GRR to 
force entrance from the Prepare to Launch Routine. 

Option 1: Repeatable Computer Test 

If repeatable flight sequencing is desired, GRR must be given, but no subsequent time 
base initiating inputs should be given to the LVDC. All necessary sequencing will be 
generated internally. Failure to observe this rule will not cause program failure but 
will preclude sequencing repeatability. The repeatable test will begin by using the 
minor loop interrupt to insure timing synchronization for this test. 

Option 2: External Generation of Flight Sequencing Discretes 

When GRR is recognized, the LVDC will examine the non-flight indicator, recognize the 
Simulated Flight Mode, restore the non-flight indicator to flight status, and issue status 
code 37. Liftoff must be given externally. Time base 6 may have to be started ex
ternally, depending upon the final decision about the method of initiation of the time base. 
All of the remaining flight sequencing discretes may be given externally or the flight 
program backups may be used. 

17. 4 BOOST AND ORBIT ROUTINES 

Upon recognition of GRR, the test program will examine the test status indicator to 
determine if the boost portion of the program is to be bypassed. If so, a second test will 
be performed to determine if initialization at time base 5 (orbit), or initialization at 
time base 6 (begin restart procedures) is required. Control is immediately transferred 
to the initialize block at the beginning of the selected time base. Initialization is com
pleted and the program is executed from the beginning of the selected time base. If a 
mode of operation is selected which crosses one or both of the reinitialization points, 
processing continues without reinitialization. 

Regardless of whether boost was executed or bypassed, orbit has two principal operat
ing modes: real or accelerated time. With accelerated time, the accumulation of real 
time in the computer will be modified so that one second of elapsed time will appear as 
ten seconds (approximately) to the computer. The program will accelerate time only 
when it is not in range of a ground station. The actual times to begin and end the time 
acceleration will be controlled by dummy switch selector entries which also mark 
station acquisition and loss and will be identified by special telemetry codes. If se
lected, the accelerated time mode will apply both to time base 5 and time base 7. Time 
base 6 (countdown and engine restart) will~ be executed in accelerated time. 
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17. 5 CONTROL 

The minor loop will be performed at its normal rate (25/sec in powered flight, 10/sec 

in orbit) except when the ace lerated time option is in use. The ladder outputs will fol

low the profiles except as described in 17. 1 above. 

1 7. 6 DCS AND CIU INTERRUPTS 

No special provision will be made to dummy process these interrupts. Therefore, for 
r •peatable runs they must not be used. The program response to the DCS and CIU in

terrupts will be unchanged from the flight program. 

17. 7 TEST TERMI ATION 

If boost only is selected, all flight program tests will be terminated at the beginning 
of time ba 5. Exit will be to Mode Sort. For the repeatable case, the LVDC will 
restore all instructions which w r changed in order to run the program and perform 
sum checks prior to exit. In either case, sector dumps can be commanded at this 
time on an RCA-ll0A option. 

Once in orbit th repeatable flig-ht test will be terminated by the program one hour 
after time base 7 b gins. In addition, this test can be terminated by RCA-ll0A com
mand, in which case th LVDC will restore the changed flight instructions before exit. 

All other tests will continue until terminated by external control. There are no other 
programmed exits. In all non-rep atable cases, exit will be to a special load and 
verify routine located such that it will not be written over by the orbital flight routines. 

17. 8 PROGRAM VERIFICATION 

The repeatable test (Pseudo Flight), described in the various options above, can be 
forced by a bit in the Test Status Indicator Word. This test mode is verified by a 
simple sum check upon completion of the test. Prior to the sum check all instruc
tions changed in order to run the program will be restored by the LVDC. The LVDC 
will do the required summations and telemeter results for ground sum check verifica

tion. For the other tests a sum check is not possible because of uncertainties intro

due d by the inputs to th program. In these cases post flight evaluation of telemetry 
data will be required to provide final verification. 
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18. ALGORITHMS 

Throughout the math flow diagrams there are symbols for elementary functions which 
are to be computed by use of algorithms. The algorithms required to compute these 
functions are described in this section. Basically five functions are computed: sine, 
cosine, arctangent, log and square root. The algorithms for the calculation of each of 
these quantities are shown in the accompanying figures. Logic is included where nec
essary to make the algorithms flexible enough to accept inputs in the ranges expected 
for this flight. Figures are at the end of this section. 

The angular measurement to be used in the flight program is radians divided by pi, or 
Pm.ADS. In this system, for example, 

45° = (;)/ ir = 1/4, 

All angles will be in the range -1 to 1 (or -180° to 180°). The scaling will be such that 
no angle can ever exceed this range. 

Figures 18. 1 and 18. 2 both present sine-cosine routines. The sine-cosine algorithm of 
Figure 18. 2 is a "coarse'' routine and is used in the accelerometer reasonableness test 
described in the accelerometer processing section. The other sine-cosine algorithm is a 
more accurate routine and is used in the remainder of places where these particular func
tions are needed. Only the routine of Figure 18. 1 will be discussed since that of Figure 
18. 2 is similar. The input angle X will be in Pm.ADS and will be between -1 and 1. The 
sine and cosine logic are intermixed, and the outputs of this routine are sin X and cos X. 
Basically, the logic finds the quadrant in which X lies and computes two associated 
quantities, X and X. These quantities are chosen so that both lie between -1/2 and +1/2 
and so that 

~ sin X = sin X, 

cos X = sin X. 

The numbers X and X are then substituted into the polynominal P7 to obtain sin X and ~ sin X. P7 accepts as arguments only numbers between -1/2 and +1/2. 
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Figure 18. 3 shows a square root and two inverse square root algorithms . All are 
iterative schemes and require a first guess at the final answer as an input . Two 
methods are presented for calculating 1/X given x2 . Method (2) is to be used for 
computing 1/X if X does not vary greatly during one second. This routine is thus 
well-suited to computing 1/R and the reciprocal square root required in SMCX. The 
routine of method (1) is to be used in computing inverse square roots in other cases . 

Figure 18. 4 shows the arctangent algorithm. This routine requires as inputs both 
the numerator and the denominator of the arctangent argument. These quantities are 
needed to determine the quadrant in which the output should lie. The algorithm as 
presented yields as outputs angles (in Pm.ADS) which lie between -1 and +1. Thus, in 
crossing lh negative X-axis, the value of the arctangent function goes from 1 -f to 
-1 + f or vice versa. 

The flow diagram of Figure 18. 4 first computes 

v _ lzl - IYI 
- 1z1 + IYI 

where the input X is defined as X = ! . The principal arctangent of V is then found 

using the polynominal given. Since -1 5 V 5 1, the principal arctangent (in PI.RADS) 
satisfies the inquality 

-1/ 4 5 Arctan (V) 51/ 4. 

The identity 

Arctan l!I = 1/4 - Arctan (V) 

is used implicitly in th flow diagrams to determine the arctangent of Y/ Z which satis
fies -1 ~ Arctan (Y Z) ~ 1. 

In Figure 18. 5 the natural logarithm algorithm is presented. The natural logarithm al
gorithm will accept numbers between 1/ 2 and 16 as inputs. The logarithm is used only 
to compute the IGM quantities L1 and L3. A polynominal is used to compute 1n (A) 
where O 5 A 51. To calculate the natural log of any number between 1/ 2 and 16 from 
this polynominal the basic relation 

1n (2nx) = n 1n 2 + 1n X 

is used. 
The polynominals listed in the figures for the computation of sines, cosines, arctan
gents and natural logarithms are Chebyshev approximations given in ''Approximations 
for Digital Computers" by Cecil Hastings, Jr. (Princeton University Press, 1955). 
The square root algorithms were obtained using Newton's method. 
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X = 1/2 -X 

X = I -X 

Sine-Cosine Al~orlbn 
(To Calculate SIN(X), COS(X)) 

+, 0 

+, 0 
X X 

SIN (X) = l' (X) 
7 

cos (X) P 7(X) 

+, 0 

2 2 2 
P 

7 
(X) - X (C + X (C

3 
+ X (CS+ X c

7
))) 

c
1 

- 3.1415897 

c
3 

- -S.1673678 

cs - 2.5436052 

c
7 

= -0.55839694 

I SI (X) - Approxlmatlon 1:sl SIN (X) - Approximation I~ 10-6 
SIN (X) 

Figure 18.1 Sine-Cosine Algorithm 

X = X • 1/2 

X = -(I+ X) 
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AcceleromctN Sine Cosine Algorithm 
(To Calculate SIN (X), COS (X)) 

X 1/2 -X 
+, 0 

+, 0 

X - 1-X 

"s(X) X(Cl + X
2

(C3 x2cs)) 

C
1 

= 3,1415 97 

c
3 

= -5.1673678 

cs = 2.5436052 

I ca (Xl - P 
5

1x11 < 2 x 10-4, I xi~ 112 

X X 

SIN (X) = "s (Xl 

COS (X) - P
5 

(X) 

+, 0 

Figure 18. 2 Accelerometer Sine-Cosine Algorithm 

X = X + 1/2 

X = -(1 + X) 
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SQUARE ROOT ALGORITHM 

Calculate VX from X for X> 0: 

X0 = First guess at ,VX 

INVERSE SQUARE ROOT ALGORITHM 

1 2 
Calculate X from X for X > 0: 

Method 1. 

Xo = First guess at .J;!" 

1 1 ---X. X 
1 

Method 2. 

1 X0 = First guess at _ C? 
vx2 

1 2 2 
Xi+l = 2 xi (3 - x; X ) 

1 x--i X 

Figure 18. 3 Square Root and Inverse Square Root Algorithm 
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Cl = 
c3 = 
cs = 
c7 

cg 

CIO = 

/\rclans:cent Algorithm 
(To Calculm, ARCTA '(X ), X -= Y/Z) 

ARCTAN (V) - V (C
1 

.31830265 

-.10587734 

,61606797 x 10-l 

-.37061734 X 10-l 

, 16760072 x 10-l 

- , 37309738 X 10-2 

V 
IZI - IYI 
171 • IYI 

X' - I /4 -
ARCT '(V) 

·, 0 

ARCTA, (X) - X' 

-6 
11\RCT , (X) - 1\l'J'l'OXlmatlon !bJ.66 X JO 

Figure 18. 4 Arctangent Algorithm 

X' 3/4 + 

,\RCrA (V) 

ARCTA X: -X' 
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Calculate LN (X), 1/2 ~ X ~ 16 

Enter 

No Yes 

l -C 

X 2X 

L (X) = L + A(L
1 

+ A(L
2 

+ 
C = .6931471806 

A(L
3 

+ A(L
4 

+ A(L
5 

+ 

Ll = .99990167 
AL

6
))))) 

L2 = .49787544 

L3 " .31765005 

I L4 = -.19376149 Return 

LS = .08556927 

L6 = -.01833831 
I LN(X) - Approximation I< 1.5 X 10-

6 

l 

Figure 18. 5 Natural Logarithm Algorithm 
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APPENDIX A 

SYMBOLS AND ABBREVIATIONS 

In this appendix important symbols and abbreviations used in the text are explained. In 
addition, certain key terms are defined. The coordinate systems are explained first, 
followed by the remaining symbols and terms in alphabetic order. Also included is 
Figure A. 1 depicting the three major coordinate systems . 

(Xs, Ys, Zs) COORDINATE SYSTEM 

Space-fixed, rectangular coordinate system with its origin at the center of the earth. 
The Ys axis is parallel to the gravity vector at the launch site and is positive in the 
opposite direction of the gravity vector. The Xs axis is parallel to the earth-fixed 
firing azimuth and is positive downrange. The Zs axis completes the right-handed 
system. 

Space-fixed, rectangular coordinate system with its origin at the center of the earth. 
The Y 4 axis passes through the point of intersection of the orbit plane and the equator 
(the descending node of the orbit plane). The .K.iaxis lies in the desired orbit plane, 
90° downrange from the Y4 axis. The Z4 axis is perpendicular to the orbit plane. 

(Xv, Yv, Zv) COORDINATE SYSTEM 

A space-fixed, rectangular coordinate system with its origin at the center of the 
earth. The Yv axis lies in the orbit plane at an angle t/tT from the Y4 axis. The 
Xv axis lies in the orbit plane 90° downrange from the Yv axis. The Zy axis is 
collinear with the Z4 axis. 

(U, V, W) COORDINATE SYSTEM 

A space-fixed, rectangular coordinate system with its origin at the center of the 
earth. The W axis is oriented along the earth's spin axis pointing south. V is 
perpendicular to W and oriented so that the VW plane contains the launch site at 
launch time. U is chosen so that it completes a right hand orthogonal system. 
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AC 

AP Matrix 

BR 

BTC 

cm x ("x) 
cm y (xy) 
cm z (xz) 

cmx 
PRIME ( "'x) 

cmz 
PRIME("'z) 

CIU 

CM 

co 

COD 

DB 

DELTA T NOM 

(ATNO ) 

DELTA XG (AXa) 

DELTA XT (A~) 

DIM 

DI or DIN 

DOM 

DOR 

EC 

EMR 

A-2 

Accumulator 

The transformation matrix between the Xs, Ys, Zs coordinate 
system and the x4, Y4, Z4 system. 

Buffer Register 

Begin telemetry cycle 

Commanded plaUorm yaw, roll, and pitch gimbal angles. 
These angles are the computed outputs of all the various LVDC 
guidance routines. 

Commanded yaw and pitch angles for an imagined platform in 
the X4, Y4, z4 system. These angles are computed during 
IGM and coast guidance only. 

Computer Interface Unit 

Command Module 

Cutoff 

Cross over detector 

Disagreement bit 

The nominal computation cycle length. This quantity varies 
with the dillerent combinations of flight and navigation modes. 

Change in Xs caused by gravitation. 

Change in Xs caused by platform measured accelerations. 

Digital input multiplexer 

Discrete input 

Digital output multiplexer 

Discrete output register 

Expected change 

Engine mixture ratio 

I l 
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EMRC 

ETC 

ETW 

F 

FISCHER 
ELLIPSOID 

FLIGHT PLANE 

F over M (F /M) 

G Matrix 

GRRA 

GUIDANCE 
REFERENCE 
RELEASE (GRR) 

, 
GX (gx) 

ICR 

IECO 

IGM 

IGX (Igx) 

I/O 

IPR 

m 

Engine mixture ratio change 

End telemetry cycle 

Error time word 

Thrust 

An ellipsoid of revolution used to approximate the shape of 
the Earth. 

The X4 - Y4 plane is referred to as the flight (orbit) plane. At 
S-IVB cutoff the vehicle velocity and radius should lie in this 
plane. 

Magnitude of platform measured acceleration. This term is 
computed by numerical differentiation of platform velocities 
throughout boost, except for the periods immediately following 
liftoff and during staging. During these portions of flight (F/M) 
is likely to be unusually noisy, and its value is set by estimate. 
Following S-IVB cutoff, F/M is set to zero. 

Transforms ( )s into ( )4 Cf. Table 7. 1. 

Guidance reference release alert 

An interrupt occurring 8 seconds prior to launch commit, At 
GRR the platform is released (i.e., "goes inertial',, and the 
LVDC enters the flight routines. GRR starts time base O. 

Computed gravitational acceleration in the Xs direction. 

Internal control register 

Inboard engine cutoff 

Iterative guidance mode 

Computed gravitational velocity in the Xs direction. 

Input/ output 

Interrupt processing routine 

Interrupt register 
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LlFTOFF (LO} 

LOW LEVEL 
SENSE (LLS) 

M 

MCC 

ORBIT PLANE 

OUTBOARD 
ENGINE 
CUTOFF 
(OECO) 

PIO 

PIT 

PQ 

R 

ROL 

RTC 

SF 

SMC 

SMCX 

S-IVB CUTOFF 
(4BCO) 

TAS (las} 

A-4 

Discrete signal given to the LVDC to mark liftoff and begin time 

base 1. 

An interrupt caused by fuel level sensors. This signal starts 

time base 2. 

Mass 

Mission Control Center 

(See FLlGIIT PLANE) 

An interrupt which starts time base 3. 

Process input-output 

Pitch attitude error command. 

Product-quotient register 

Distance from center of Xs YsZs coordinate system to the vehicle 

Roll attitude error command. 

Reasonableness test constant 

Scaling factor 

Steering misalignment correction 

X component of SMC 

An interrupt which starts lime base 4. 

Time of accelerometer sample, measured from zero at GRR. 



I 

I 

TIME BASE 0 
(To) 

TIME BASE 1 
(T1) 

TIME BASE 7 
(T7) 

THETA X (8,c) 
THETA Y (8y) 
THETA Z (8z) 

TLC 

TLD 

TMD 

THETA X 

COARSE (8xc) 

THETA Y 
COARSE (8yc) 

THETA Z 
COARSE (8zc) 

THETA X 

FINE (8xF) 

THETA Y 
FINE (8yF) 

THETA Z 
FINE (8zF) 

X DOT M (XM) 

. 
X DOTS (Xs) 

YAW 

Internal computer time bases used to sequence events. The 

quantities (T 0), ... , (T7) correspond to the time of initiation of the 

time bases, measured from GRR. 

Platform gimbal angles in yaw, roll and pitch. 

Simultaneous memory error 

Thrust level decay 

Triple modular redundancy 

8y - 8yf 

8 z - 8zf 

The portion of ex, ey, or ez measured by the 64: 1 or 2: 1 
resolver in the minor loop. 

Platform velocity in the Xs direction . 

Inertial velocity in the Xs direction. 

Yaw attitude error command. 
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APPENDIX B 

SIMULATION STUDIES 

B.1 BOOST AND OUT OF ORBIT 6D SIMULATION STUDIES 

B. 1. 1 Introduction 

The primary purpose of the boost and out of orbit 6D studies was to verify the feasibil
ity of the flight equations defined in this report. Secondary goals were to identify any 
potential problem areas not discovered by other means and to investigate possible new 
methods of improving the flight program. Numerous difficulties were encountered dur
ing the course of the investigations. The final specification of the boost flight equations 
was found to be adequate over a range of perturbations. The out of orbit equations, 
however, were not finally verified. Thus, only preliminary results for out of orbit 
were obtained. 

B. 1. 2 Simulator Description 

The simulator used for the boost, out-of-orbit, and sensitivity studies was the standard 
6D digital program modified to reflect accurately the AS-501 mission profile. Vehicle 
parameters utilized were based primarily on information provided by R-ASTR-NG-
107-65, "LVDC Mission Defining Document for the AS-501 Mission" and references 
therein. Additionally, more recent data on the AS-501 mission was obtained from 
R-P&VE-PPE-65-M-381(633), "Predicted Thrust and Propellant Weight History for 
S-IVB/V SA-501 Flight" and R-P&VE-PPE-65-M-373(633), "S-Il Stage Flight Per
formance Dispersion study", (CONFIDENTIAL). S-Il and S-IVB thrust and mass flow 
rate for the simulation were variable functions of time in keeping with current pre
dictions of engine performance. Moreover, in all stages the effects due to thrust 
decay were simulated. 

Guidance, navigation, and control were provided by the equations defined in this 
document. Minor loop support was included in the simulated flight program, as 
were all onboard algorithms and M/F smoothing. Quantization of accelerometer 
inputs and minor loop outputs was also included. 

In order to simulate time lags actually present in flight, a one computation cycle delay 
between computation and command of the desired steering angles (Clll's) was intro
duced into the 6D. The following diagram illustrates the lags in the LVDC and in the 
6D simulator. 
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The computation cycle length used in the 6D simulation studies was a function of the 
flight mode. Thus, t.t was given by 

{ 

1. 0 during S-IC burn, 
At = 1. 6 during S-II and S-IVB burn except during periods of i steering 

1. 4 during i steering in S-IVB burn. 

Such a At reflects variations in the LVDC computation cycle expected in actual flight. 

B. 1. 3 Results of Boost Guidance Studies 

Boost simulation studies covered the period from liftoff to first S-IVB cutoff. A major 
portion of the study effort was devoted to designing and verifying a workable guidance 
logic for the S-II and S-IVB burn period. Figures B. 1. 1 and B. 1. 2 compare boost chi 
pitch profiles obtained from the original IGM logic and from the final recommended IGM 
logic. The large oscillations in the original chi pitch curve pointed out problem areas. 
A discussion of these and their solution follows. 

B. 1. 3. 1 Guidance Problems at S-II PMR Shift and S-II Burnout - S-IVB Ignition 

The PMR shift in the S-II burn causes some of the undesirable oscillations in chi pitch. 
Due to the shift, the S-II thrust decreases by approximately 19% only 42 seconds from 
nominal S-II burnout. 1oreover, the thrust is decidedly non-constant from PMR shift 
to burnout. A partial solution to this problem was provided by an artificial tau mode of 
short duration beginning at the sensing of PMR shift. PMR shift is sensed in the flight 
program by a test on acceleration. 

B-2 

• • • • 
■ 

■ 

■ 



0 

-0,J 

-0.2 

0\ 100 200 300 400 500 600 

\ -
' 

-0.3 

-0.4 

-0.S 

-0,6 

\ 
\ 
\ 

-0,7 

-0.8 

j 

\ 

' \ :a -0,9 .. 
~ 
~ -1.0 
u 

-I.I 

-J.2 

I\ ~ 

\ 
I " '\ ~' ~~ 

"' -1.3 

-1.4 

I',.. 

~~ 
-1.S 

-1.6 

-1.7 

-1.8 

-1. 

' "" A 

'V \ r\A 
V , r".. . 

~ A 9 

Time (Seconds) 

Figure B. 1. 1 Chi Pitch Command from Original IGM 

B-3 



0 

-0.1 

-0.2 

0\ 

\ 
\ 

-0.3 

-0.S 

-0.6 

-0.7 

-0.8 

-0.9 

-1.0 -
-1. l 

-1.2 

-1. 3 

-1. 4 

s 

-1. 6 

-1. 7 

-1. 8 

•I• 9 .. 
-2. 0 

B-4 

100 200 300 400 500 

t 
\ 
\ 
\ 
\ 
' 
\ • ~ ~ -- · ~ 

• ,_,.,~ .... -

\ u "--." ~, 
f~ r--.... 

........... ~~ - .., V ~ 
~ 
~ 
~ 

' 
Time (Secoods) 

Figure B. 1. 2 Chi Pitch Command from Recommended IGM 

600 

~ 
' \f 

V 

\ 

I 



Iii 
I 

A frozen vehicle attitude command around S-II burnout is required to permit the vehicle 
to attain the desired attitude before burnout and obviate the possibility of attitude error 
buildup prior to and during S-IVB ignition. To accomplish this both the chi pitch and 
chi yaw rates were zeroed shortly before S-II burnout and remained zero until after 
S-IVB ignition. 

Since IGM relies on smoothed M/ F for the computation of tau, further guidance prob
lems were caused by thrust buildup in the S-IVB. Smoothed M/ F required 20 to 30 
seconds of S-IVB burn before comparing well with ideal M/ F. (Table B. 1. 1 shows 
ideal M/ F minus M/ F smoothed for the first 34 seconds of S-IVB burn.) Again an 
artificial tau mode was employed to yield smooth guidance commands during this 
period. 

TABLE B.1.1 

COMPARISON OF IDEAL AND SMOOTHED M/ F DURING S-IVB TlffiUST BUILDUP 

Time from S-IVB Ideal M/ F - M/ F 
Ignition (seconds) Smoothed (sec2/m) 

0 2. 63543 
1. 6 1. 17364 
3.2 -0. 01209 
4.8 -0.09608 
6.4 -0. 06985 
8.0 -0.04656 
9.6 -0. 02914 

11. 2 -0.01591 
12. 8 -0.00614 
14.4 -0.00029 
16.0 0.00343 
17.6 0.00505 
19.2 0.00526 
20. 8 0.00517 
22.4 0.00402 
24.0 0.00341 
25.6 0.00224 
27.2 0.00170 
28. 8 0.00064 
30.4 0.00040 
32.0 0.00008 
33.6 0.00006 

B-5 



B. 1. 3. 2 S-11 Engine Out Provisions 

IC an S-11 engine out occurs, IGM must still meet end conditions at S-IVB burnout. 
Thus certain IGM parameters are updated when an engine out discrete is received. 
Simulation studies show that the recommended technique does guide the vehicle to the 
desired end conditions. When the engine out is first sensed, however, an excessively 
large 6. T!3 may occur. This problem will be further studied to develop better engine
out guidance. 

B. 1. 3. 3 Terminal Steering 

Injection accuracy at S-IVB at S-IVB burnout was enhanced by using velocity to be 
gained (x) steering during the last t seconds of S-IVB burn. The length of the i steer
ing mode (i.e., the value of e) was selected during the simulation studies. The 
choice oft = 10 seconds was motivated by results shown in Table B.1.2 (6.'YT is the 
terminal path angle error, AR is terminal radius error). 

B. 1. 3. 4 

TABLE B.1.2 

EVALUATION OF TERMINAL STEERING 

Simulation Conditions 6. 'YT 

Nominal Vehicle, E = 10. 0 -0.0056 

Nominal Vehicle, t = 15. 0 -0.0061 

Nominal Vehicle, t = 20. 0 -0.0118 

Perturbation Runs 

6. R 

-70.0 

-66.0 

-77.0 

A summary of the perturbations simulated and end conditions achieved is contained in 
Table B. 1. 3. These results show that the recommended boost flight equations achieved 
accurate end conditions despite severe perturbations. Figures B. 1. 2 through B. 1. 5 
show critical IGM and vehicle parameters for a nominal vehicle. Figure B. 1. 6 
shows an expected range for values of chi pitch. All perturbed runs should yield a 
chi pitch that lies within the indicated band about the nominal chi pitch. 

In Table B. 1. 3 note that out of plane errors are considerably larger than for Saturn IB 
missions. This degradation is attributable to a difference in x steering between 
Saturn IB and Saturn V. Saturn V employs velocity to be gained steering in both pitch 
and yaw, whereas Saturn IB uses it only in pitch. 

Accuracies achieved in the boost simulation runs meet requirements and demonstrate 
the adequacy of the equation specifications. 
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Run 
Number 

1 

2 

3 

4 

5 

6 

7 

-

Description 

Nominal e = 20. 0 

Nominal e = 15.0 

Nominal e = 10. 0 

5% Low Thrust in 
S-II and S-IVB 

S-IC Engine out at 
Liftoff + 2 5 sec. , 
20 sec. late Pl\ffi 
Shift 

S-Il Engine Out at 
Liftoff + 190 sec., 
Early PMR Shift 

5% High Thrust in 
S-Il and S-IVB 

TABLE B.1.3 

END CONDITIONS OF 6D SIMULATION STUDIES 

Change In Path 

Cutoff Change In Velocity Angle 

Time Mass Error Error 

(seconds) (Kg. sec2/ m) (m/ sec) (deg) 

0.0 0.0 -0.004 0.0118 

-0.011 0.24 -0.019 0.0061 

0.017 -0.38 0.351 0.0056 

46.136 -299.22 -0.035 0.0138 

134.050 -2401. 64 -0.191 0.0043 

70.583 -433.31 0. 023 0.0156 

-34.414 130.84 0.113 0.0092 

Out of Out of 
Plane Plane 

Radius Position Velocity 
Error Error Error 

(m) (m) (m/ sec) 

-77.0 -1. 2 -1.10 

-66.0 45.9 0.73 

-70.0 57.5 2.31 

31.0 -4.4 -1. 26 

75.0 -20. 7 -1.34 

2.0 -4.5 -0.75 

-123.0 0.9 -1.26 



B. 1. 4 Boost Sensitivity Studies 

The 6D simulator was used to study the sensitivity of the IGM chi pitch to changes in 
F/M, Xs, Ys, Zs, Xs, Ys, and Zs. The sensitivities (numerical partial derivatives) 
were computed on each pass through the IGM equations. Figure B.1. 7 shows the 
sensitivity of chi pitch to F/M (Axz/A(F/M)) from IGM release to first S-IVB burnout. 
Table B. 1. 4 catalogues sensitivities of xz to the other parameters at 50 second in
tervals. From U1ese numbers plots of all the sensitivity curves can be obtained. 

Th results reveal that chi pitch is as sensitive to changes in the stale variables in 
AS-501 as it was in the AS-201 and AS-202 missions. This points out the need for 
M/F smoothing and provides a strong argument for use of artificial tau during large 
thrust oscillations. 

B. 1. 5 Out-Of-Orbit Studies 

The initial conditions for the out of orbit studies were generated by the orbital simula
tion describ d in Appendix B. 3 from nominal parking orbit injection data. These initial 
conditions were then used along with the S-IVB second burn characteristics, to simu
late the AS-501 injection into waiting orbit. 

It was not possible to achieve the waiting orbit using the data described above. Ex
cessive pitch steering corrections (K1) resulted in failure of the guidance sine-cosine 
algorithm. The cause of this error was traced to incorrect input conditions (out-of
orbit target conditions). Reinitialization of the simulation using a new value for the 
longitude of the descending node allowed a successful simulation to within a few sec
onds of cutoff. Excessive vertical velocity to be gained during this terminal portion, 
however_. precluded accurate cutoff conditions. Studies are continuing to isolate and 
correct the cause of this steering inaccuracy. 

This section will be updated to include results of hyper-surface equation examinations 
as soon as significant results are achieved. 

B.2 UNl FUEL TRAJECTORY STUDIES FOR BOOST ( 1FT) 

The boost minimum fuel trajector • program contains a three-degree-of-freedom model 
of the S-Il and S-IVB stages of the Saturn V vehicle. The program yields the optimum 
boost trajectory (from IG I release to S-IVB burnout) for a given initial and a desired 
final state with specified mass and thrust time functions. The program accepts a con
tinuously ,·arying thrust profile such as the one projected for the AS-501 mission. 

As a preliminary step th thrust curve used in the AS-501 6D simulator was approxi

mated by a piecewise constant thrust function. Step changes in the thrust level thus 
occurred at the S-II PMR shift. S-Il burnout. and S-IVB ignition. With the initial slate 
variables from a nominal 6D run the MFT deck was flown to the desired end conditions. 
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TIME 
(Seconds 
from IGM 

) 

1 

51 

101 

151 

201 

251 

301 

319 
(First 
S-IVB 
Burn 

Cutoff) 

~- z/~F/M 
radians· 
s c2/m 

1. 122 .• 10-2 

4. 442 X 10-2 

3. 405 .• 10-2 

8. 041 X 10-3 

0.0 

3 . 2 89 . • 10 - 1 

3. 536 .• 10- l 

-1. 736 x 10- 1 

tJ.Xz/6.Xs 
radians/m 

-4.327 X lQ-7 

-6. 378 X 10- 7 

-1. 02 6 . • 1 o- 6 

-1. 875 X 10-6 

0.0 

TABLE B.1.4 

SENSITIVITY OF Xz 

6.xz/tJ. Ys 6.Xz/6Z5 
radians/m radians/m 

-2. 353 X 18-6 -2. 116 X 10-8 

-3. 083 X 10- 6 -2. 056 X 10-8 

-4. 110 X 10-6 -2. 146 X 10-8 

-5, 983 X 10-6 -2. 384 X 10-8 

0.0 0.0 

-3. 021 X 10-5 -7. 027 X 10-5 9. 805 X 10-5 

-4. 864 X 10-4 -1. 033 X 10-3 2. 746 X 10-5 

-1. 704 X l0-4 8. 258 X 10-5 1. 284 X 10-6 

6.Xz/6.Xs CiXz/ tJ. Ys tJ.xzf tJ.Zs 

radians· radians· radians· 

sec/m sec/m sec/m 

1. 631 X 10-5 -7.313 X 10-4 -1.153 X 10-5 

1.172 X 10-4 -7. 720 X 10-4 -1. 207 X 10-5 

1. 943 X 10-4 -8. 296 X 10-4 -1. 112 X 10-5 

2. 067 X 10-4 -1.012 X 10-3 -9. 298 X 10-6 

0.0 0.0 0.0 

4. 878 X 10-4 -6. 095 X 10-3 -1.220 X 10-4 

2. 542 X 10-3 -2. 436 X 10-2 -6. 937 X 10-4 

-2.198xlo-l -6. 893 X 10-2 -1. 704 X 10-2 



I 
The comparison between 6D and MFT burn times was very poor - the MFT deck met the 
end conditions in 4. 57 seconds less than IGM. Almost all of this error is attributable 
to differences in the thrust model. On the other hand no clear picture of the non
optimality of IGM is obtainable from this result. 

Further work is now in progress to converge the MFT deck using exactly the same 
thrust model in the MFT as was used in the 6D. Results will be documented when 
available. 

B. 3 ORBITAL SIMULATION STUDIES 

This section contains a discussion of the 6D Orbital simulation deck used to verify the 
guidance equations in Section 8. Data resulting from the simulator runs is presented 
in Appendices C and D. 

B. 3. 1 Discussion of the Simulator 

The program used for these studies is a digital simulation of the differential equations 
that describe the attitude control system and orbital motion of the S-IVB/ Apollo 
spacecraft. The program is written in both IBM System/360 FORTRAN and FOR
TRAN IV. 

In addition to the standard differential equations, the program has the capability of sim
ulating the following: 

a. Transport lags in the APS hardwar 

b. Guaranteed minimum impulse 

c. Cross coupling between yaw roll, and pitch axis 

d. Effects of venting upon both the orbit and vehicle attitude 

e. Effects of the APS thrusters on the orbit and the vehicle attitude 

f. Pseudo-rate modulation dead bands 

g. Gravity-gradient and aerodynamic disturbances 

h. Drag forces 

i. Variable atmospheric density 

j. Variable coefficient of drag and vehicle center of pressure based on angle of 
attack 
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k. Limits on steering angles and rate of change of commanded gimbal angles 

1. Flight program minor loop 

In addition, the simulation uses actual flight program routines for trigonometric func
tions which appear explicitly in the LVDC guidance equations. 

The navigation subroutine for the simulation is a duplicate of the routine that will be 
programmed for the LVDC. Details of this routine are found in Section 5. 
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APPENDIX C 

APS STUDIES 

The amount of fuel expected to be consumed by the attitude control system is 
determined by simulation. The simulator is that described in Appendix B. 3. 

The fuel consumed by the vehicle for the parking orbit was 57. 4 lbs. in Module I 
and 48, 5 lbs. in Module m. During the waiting orbit the fuel consumed was 8. 4 lbs. 
in Module I and 8. 7 lbs. in Module m. 
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APPENDIX D 

TIME OVER TRACKING STATIONS 

The times of effective visibility from tracking stations were found from the simulator 
described in Appendix B. 3. 

The results from this simulation are shown in Table D. 1 and Figure D.1. Figure D.1 
is an orbital projection of the AS-501 Hight during the parking orbit period. This 
figure also shows the locations of various telemetry stations and their approximate 
coverage areas for this period of flight. Table D. 1 lists times when the vehicle is in 
range of the telemetry stations shown in Figure D. 1. All studies of this nature reflect 
the fact that the earth is rotating under the vehicle. Also, the atmosphere is assumed 
to be rotating with the same angular velocity as the earth. 

Visibility in the waiting orbit is described in "AS-501 Launch Vehicle Ground Support 
Planning Document" (NASA) and in "Tracking and Telemetering Analysis for AS-501" 
(Boeing). Both of these documents are in preparation. 

D-1 



TABLED, 1 
ACQUISITION A.ND LOSS TIMES FOR THE TELEMETRY STATIONS USED 

DURING THE AS-501 MISSION (PARKING ORBIT ONLY) 

Station Telemetry Time Acquired Time Lost View Time 
Number Station (sec. after 4BCO) (sec. after 4BCO) (min.) 

2 Bermuda 0 22 0.37 

4 Canary 393 682 4,82 

8 Guaymas 4680 4972 4. 87 

7 Texas 4861 5139 4.63 

1 KSC 5099 5362 4.38 

11 G. Bahamas 5149 5372 3.72 

2 Bermuda 5294 5589 4.92 

5 Carnarvon 7054 7154 1. 67 

6 Hawaii 9616 9840 3.73 

8 Guaymas 10266 10530 4.40 

7 Texas 10458 10705 4. 12 

1 KSC 10671 After S-IVB 
second ignition 

11 G. Bahamas 10716 After S-IVB 
second ignition 
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APPENDIX E 

INITIALIZATION AND RANGE OF VARIABLES 

(NOTATION AND VALUES FOR ThlPORTANT QUANTITIES) 
m denotes meters, 1 pirad = 180° 

QUANTITY INITIAL MINIMUM MAXIMUM DESCRIPTION UNIT 

(The following are from Section 7. 2) 

A 0.4000 0.4000 0.4000 Launch Azimuth (72°) pirad 
z 

Rov 0.75 const Bias constant for terminal range-angle 
prediction. 

TRP 0.3333 0.3333 0.3333 Bias constant for pitch attitude param-
eters calculation (K1, ~). 

TRY 0.3333 0.3333 0.3333 Bias constant for yaw attitude param-
eters calculation (K3, K

4
). 

0T 0 0 0.5 Desired terminal flight path angle. pirad 



tr, 
QUANTITY DESCRIPTION UNIT 

I INlTIAL MINIMUM MAXIMUM 
N 

{The following are from Section 7. 3) 

a Comp 0 1 angle, descending node to S vector pirads 

i; T Comp 0 1 range angle, to burnout point pirads 

~ i; Comp 0 1 true anomaly of burnout point pirads 

6 T Comp 0 1 path angle at burnout pirads 

'IIT Comp 0 3.2xto7 radius at burnout m 

VT Comp 0 9800 velocity magnitude at burnout m/sec 

e Comp 0 1 eccentricity of injection ellipse numeric 

p Comp 0 108 semi-latus rectum of injection ellipse m 

K5 Comp 0 105 velocity constant of injection ellipse m/sec 



QUANTITY INITIAL MlNIMUM MAXI.MUM DESCRIPTION UNIT 

(The following are from Section 7. 4) 

Az 0.40 .2 . 7 Launch aximuth, measured positive pirad 

clockwise from north (72°). 

C3 calc 107 108 Energy of the transfer ellipse m2/sec2 

C3N -27180311 107 108 Energy and eccentricity of the nominal m2/sec2 

transfer ellipse. 

e calc 0 1 Eccentricity of the desired transfer numeric 

ellipse. 

eN o. 57250880 0 1 Eccentricity of the nominal transfer numeric 

ellipse. 

i 0 1 Inclination of orbit pirad 

J 0 0 107 Correction for opportunity out of parking sec 

orbit 

K5 6401. 4898 0 105 Velocity constant of transfer ellipse m/sec2 

Kc 0 0 0 Slopes of energy versus time curves m2/sec3 

Ke 0 0 0 Slopes of eccentricity versus time 1/sec 

curves 

Ko'1 -0.005633827 Coefficients of polynominal defining the deg/sec 

angle a TS 

tr1 
I 
w 



1:11 QUANTITY INITIAL MINIMUM MAXIMUM DESCRIPTION !lliIT I 
~ 

Ko'2 0.00020939407 Coefficients of polynominal defining the deg/sec2 

angle a TS 

p calc 0 109 Semi-latus rectum of the transfer ellipse m 

PN 9726994 0 109 Semi-latus rectum of the nominal transfer m 
ellipse 

,R 0 3.2x107 Radius vector m 

RN 0 3.2xl07 Magnitude of the radius vector at nominal m 
S-IVB reignition. 

R-r 106 3. 2 X 10 7 Desired terminal radius m 

s 0 3.2 x107 Nodal vector, lies at the intersection of m 
the parking orbit and transfer ellipse 
planes. 

TL 0 105 Launch time from midnight. sec 

TLO 0 105 A constant reference time of launch sec 
from midnight. 

Tx, Ty, Tz 0 1 Components of the unit target vector, T, 
in ephemeris coordinates 

TPX' Tpy' TPZ 0 1 Components of the unit target vector, T, 
in platform coordinates 

TXN TYN, TZN 0 1 Components of the reference unit target 
' vector, T0 , in ephemeris coordinates 



QUANTITY NOMINAL MINIMUM MAXIMUM DESCRIPTION UNIT 

TCDX' TCDY' 0 0 0 Constants used to update target vector. 

TCDZ' TCD 

t 0 0 10
5 

Clock time from liftoff. sec 
C 

tD 0 0 10
5 

Function of launch time and time of sec 
departure from parking orbit, approxi-
mately S-IVB reignition time. 

~T4 0 0 5 S-IVB burn time, actual-nominal sec 

V 0 0 10
5 

Vehicle velocity vector m/sec 

VT 0 0 10
5 

Desired terminal velocity m/sec 

µ 3. 986032 X 10
14 

Product of universal gravitational con-
2 3 

stant and mass of the earth (constant) m /sec 

0 10
7 

Position components in the terminal m 
reference system. 

0.19220422 Constant angle defining the location of the pirad 
pseudo nodal (S) vector with respect to the 
radius vector in the ignition plane at 
S-IVB restart preparation time 
(34. 59676°) 

o. 06762811 Constant angle defining the location of the pirad 
nodal (S) vector with respect to the radius 

trJ vector in the ignition plane at S-IVB re-
I 

ignition (12.173060°) ~ 



~ 
I QUANTITY INITIAL MINIMUM MAXIMUM DESCRIPTION UNIT en 

11E 0 1 Angle from the Vernal Equinox for the pirad 
true time for launch, TL. 

11 EO 0 1 Angle from the Vernal Equinox to the pirad 
launch meridian measured in a counter-
clockwise direction for the constant time 
to launch, T LO 

11N 0 1 Descending node of target orbit as meas- pirad 
ured counterclockwise from the launch 
meridian in the equatorial plane 

11T 0 1 Desired terminal flight path angle, meas-
ured positive counterclockwise from the 
local horizontal. 

(1 -0.1405333 Angle between perigee vector and the pirad 
minus aim vector in the nominal transfer 
ellipse (-25. 2960°) 

<l>L o. 15915262 Geodetic latitude of the launch site pirad 
(28. 6474722°) 

<l>T 0 1 Angle used to estimate the location of the pirad 
terminal radius vector in the desired 
orbit plane, measured clockwise from the 
positive Y 

4 
- axis 

<l>TR 0 1 pirad 



QUANTITY INITIAL MINIMUM MAXIMUM DESCRIPTION UNIT 

WE 
0. 23211525xl0-

4 
Rotational rate of the earth ( o. 72921158 pirad/sec 
x 10-4 rad/sec) 

a 0.60666667 0 1 The angle between the descending node pirad 
and perigee, nominal is 109.2° 

aTS 0 1 The angle between the S and T vectors at pirad 
reignition 

f 0 1 The nominal angle between the S and T pirad aTSN f 
vectors at reignition 

f 

(The following are IGM quantities. Rescaling takes place after second S-IVB burn. The symbol E is to be read "times 
10 to the exponent". ) 

ENGOUT plus Switch (switch) 

TLD minus Switch, Thrust Level Detector (switch) 

ACl 0 60 m/s 
2 

AC2 0 60 m/s 
2 

AC3 0 60 
2 

Table for EMR shift test counter m/s 

AC4 0 60 m/s 
2 

AC5 0 60 m/s 
2 

t:rj FLAG -2 2 Counter I 
-:i 



trl 
I QUANTITY INtTIAL MINIMUM MAXIMUM DESCRIPTION 

UNIT 

0) 

ISWCH minus 
Switch for guidance time update. 

(switch) 

Tu 278.4 1000 Burn time - first S-Il burn and S-IVB sec 

restart 

T21 38.48 1000 Burn time - second S-Il burn sec 

T' 186. 1 
1000 Burn time - S-IVB burn (boost) and sec 

3 second burn (restart) 

Tei 2 
1000 Coast time 

sec 

Tl 
1000 Time (M/ M} for burns 1 and 4 (early sec 

S-Il and early S-IV reignition} 

T2 244.0 
1000 Time (M/ M} for burn 2 (late S-II} sec 

T3 750.8261 1000 Time (M/ M) for burns 3 and 5 (S-IV sec 

boost and late S-IV reignition) 

ATlT 
10 Artificial tau parameters sec 

ATl 8 
constant Artificial tau parameters 

sec 

Tsmc minus 
Time for SMC computations. (switch) 

S4AT plus 
Switch 

(switch) 

T3N 
738.086 

1000 Nominal 3 at S-IVB ignition. sec 

COUNT 0 
32 Counter 

sec 



QUANTITY INITIAL MINIMUM MAXIMUM DESCRIPTION UNIT 

C041 0.5·10-4 
constant Reciprocal of C 

4 
. 

0 

M2 24.71396 constant Mass flow rate for first S-11 burn kg.s2/ m 
(per engine) 

M3 20.32037 constant Mass flow rate for 2nd S-11 burn 2 kg.s / m 
(per engine) 

G1 -0.48021793 0 1 Element of rotation matrix, ( )5 to ( >4· numeric 

G2 -0. 87702060 0 1 Element of rotation matrix, ( )5 to ( >4· numeric 

G3 -0.015018582 0 1 Element of rotation matrix, ( >s to ( )4. numeric 

G4 0.87701863 0 1 Element of rotation matrix, ( >s to ( >4· numeric 

G5 -0.48037148 0 1 Element of rotation matrix, ( >s to ( )4. numeric 

G6 -0. 90323091. E-2 0 1 Element of rotation matrix, ( )5 to ( >4· numeric 

G7 -0.015135944 0 1 Element of rotation matrix, >s to ( >4· numeric 

Gs -0. 88341832. E-2 0 1 Element of rotation matrix, ( )5 to ( >4• numeric 

G9 0.99984634 0 1 Element of rotation matrix, ( >s to ( )4- numeric 

vexl 4129.5803 5000 Exhaust velocity for burns 1 and 4 m/s 

Vex2 4172.4354 
trJ 

5000 Exhaust velocity for burn 2 
I 
co 



t'1 
INITIAL MINIMUM DESCRIPTION UNIT I QUANTITY MAXIMUM -0 

V 
ex3 4177.6329 5000 Exhaust velocity (or burns 3 and 5 

R/Vex3 0.359055004.E-3 . 67E-3 IGM intermediate quantity 

l cos 
;- (y 

8T 
) 0. 484979637E-7 

VT 

XAVgT 0. 4467493E-3 Terminal gravity acceleration component. m/ s 
2 

YAVgT -9.2549473 Terminal gravity acceleration component. m/ s 2 

ZAVgT -0.128556E-1 Terminal velocity acceleration component. m/ s 2 

~T 
7793.036 Terminal velocity component. m/ s 

YVT 0 Terminal velocity component. m/ s 

ZVT 0 Terminal velocity component. m/ s 

YVT 6563366.0 Terminal position component 

(~T = ZVT = O) m 

s 0 0 1 Steering misalignment correction pirads 
mcx 

s 0 0 1 Steering misalignment correction pirads 
mcz 



QUANTITY INITIAL MINIMUM MAXIMUM DESCRIPTION UNIT 

VT 7793.036 9800 Terminal velocity m/ s 

xx 
1 Desired thrust attitude in S system pirads 

Xz 
1 Desired thrust attitude in S system pirads 

X 8E6 Position in S system m 
s 

y 8E6 Position in S system 
s 

z 8E6 Position in S system 
s 

X 16,000 Velocity in S system m/s 
s 

y 16,000 Velocity in S system 
s 

z 16,000 Velocity in S system m/s 
s 

(F/ M) 60 Total acceleration m/s 
2 

(M/F) 0.4 
2 

Smoothed acceleration reciprocal s /m 
s 

gx 10 

10 Gravitational acceleration in S system. 
2 

gy m/s 

gz 10 

t%.1 
I .... .... 



t1j 
QUANTITY UNIT I INITIAL MINIMUM MAXIMUM DESCRIPTION ,_. 

N 

~ 60 

2 
YI 60 Thrust acceleration in S system m/ s 

ZI 60 

V 16,000 Inertial velocity 

I 
gx 

16,000 

I 16,000 Gravitational velocity m/ s 
gy 

I 16,000 
gz 

x4 8E6 

y4 8E6 Position in ( ) 
4 system m 

z4 8E6 

x4 16,000 

y4 16,000 Velocity in ( )
4 

system m/ s 

z4 16,000 

Ll 8,000 Intermediate IGM Quantity 

Jl 720,000 Intermediate IGM Quantity 

s1 500,000 Intermediate IGM Quantity 



--

QUANTITY INITIAL MINIMUM MAXIMUM DESCRIPTION UNIT 

Ql 0. 6E8 Intermediate IGM Quantity 

pl 0. 16E9 Intermediate IGM Quantity 

Ul 0. 84E10 Intermediate IGM Quantity 

L2 8,000 Intermediate IGM Quantity 

J2 720,000 Intermediate IGM Quantity 

s2 500,000 Intermediate IGM Quantity 

Q2 0. 6E8 Intermediate IGM Quantity 

p2 0. 16E9 Intermediate IGM Quantity 

u2 0. 84E10 Intermediate IGM Quantity 

L12 10,000 Intermediate IGM Quantity 

J12 1E6 Intermediate IGM Quantity 

8
12 

1E6 Intermediate IGM Quantity 

p12 2E8 Intermediate IGM Quantity 

Q12 8E7 Intermediate IGM Quantity 

Ul2 
0. 13Ell Intermediate IGM Quantity 

t2' 
I ... 
w 



tr:! 
QUANTITY UNIT I INITIAL MINIMUM MAXIMUM DESCRIPTION .... 

.p. 

TlC 1,000 Intermediate IGM Quantity 

TI 1,000 Intermediate IGM Quantity 

L' 3 5,000 Intermediate IGM Quantity 

I 

J3 500,000 Intermediate IGM Quantity 

L' 6,000 Intermediate IGM Quantity y 

D2 3E6 Intermediate IGM Quantity 

"' 0 1 Range Angle pirads 

~ 8E6 

Yv 8E6 Position in injection system m 

zv 8E6 

~ 16,000 

Yv 16, 000 Velocity in injection system m/ s 

zv 16,000 



QUANTITY INITIAL MINIMUM MAXIMUl. DESCRIPTION UNIT 

* Xyg 2 

• Yvg 10 

* Zvg 1 

6.Xys 5,000 "l:mtermediate IGM quantities 

6.Yvs 5,000 

6Zvs 5,000 

AL3 10,000 
AT' 

3 500 Correction to T3 secs 
T3i 1,000 Burn time for 1st S-IVB burn and 2nd secs 

S-IVB burn after reignition 
T' 1,000 
L3 5,000 

Ly 8,000 

J3 720,000 

S3 500,000 

Q3 0. 6E8 Intermediate IGM quantities 
P3 0. 16E9 

U3 0. 84E10 

A~ 5,000 

trj t:J.Yy 5,000 
I 

AZv 5,000 1--" 
U1 



tr.I QUANTITY INITIAL MINIMUM MAXIMUM DESCRIPTION UNIT 
l .... 
0) ~ 

XX 1 

~ Xz 1 

Jy 1. 3E6 

Sy 1. 7E6 

Qy 0. 3E9 

Ky 0. 1 

Ayaw 600,000 

AZy 300,000 

K3 2 

K3 2 

K4 0.2 

L' 8,000 Intermediate IGM quantities 

C3 1. 9 

C4 0.2 

J' 1.4E6 

S' 1. 6E6 

Q' 0.3E9 

K' 0.2 

D' 390,000 

AYy 400,000 

' K1 2 

K1 
2 

IS 0.2 

- ...... 



t_%j 
I 
~ 
...;r ........_ 
t_%j 
I 
~ 
C0 

QUANTITY 

XX4 

Xz4 

X' 
s 

' Ys 

' 
Zs 

INITIAL MINIMUM 

0 

0 

0 

0 

0 

MAXIMUM DESCRIPTION UNIT 

1 Desired thrust attitude in target plane pirads 

1 Desired thrust attitude in target plane pirads 

1 
1 

1 
Components of unit thrust vector in 

1 
( )5 system. 
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