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PART I

EDD CONFIGURATION CONTROL PAGE LISTING, REVISION K

NOTE: The following Flight Program Change Requests (FPCRs) are
incorporated in this revision: FPCR 210-10 thru -14 and

210-D1.
Section * Pages to be Removed Pages to be Inserted
Table of vii, viii. vii, viii.
Contents
3 I-3-1, -2, -7, -8. I-3-1, -2, -7, =-8.
4 I=4-3, =4, -9, =10, I-4-~3, =4, =9, -10,
-17, -18, =21, -22. -17, -18, -21, -22.
7 I-7-21, -22. I-7-21, -=-22.
8 I-8-15, -16. I-8-15, -16.
10 I-10-7 thru -10, I-10-7 thru -10,
-31, -32, -37, -38. -31, -32, -37, -38.
11 I-11-23, =24, =45 I-11-23, =24, =45
thru -48. thru -48.
14 I-14-11, -12. I-14-11, -12.
15 I-15-17, -18, =47, I-15-17, -18, =47,
-48, -48.

* Those sections which are not listed above remain unchanged.
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SECTION 3
PREPARE TO LAUNCH
3.1 INTRODUCTION

This section describes the flight program related events which
occur before liftoff. This includes the necessary interface
between the ground routines and the flight program in order to
load the targeting data, to synchronize Greenwich Mean Time
(GMT) between the RCA-110A and the LVDC, to perform azimuth
laying, and to transfer program control to the flight routines.
This transfer is initiated upon receipt of the Guidance Refer-
ence Release (GRR) interrupt, at which time the flight program
will be initialized. Figure 3-1 is a schematic representation
of the sequence of events during the last thirty-five minutes

before liftoff.

In specifying the LVDC flight program requirements, portions of
other programs (RCA-110A ground support and LVDC preflight) will
be described when they interface with flight program require-
ments. These programs are not controlled by this document and

are mentioned for completeness only.
3.2 TARGETING LOAD

When the countdown clock shows approximately 8 hours

prior to liftoff, an initial set of targeting data, optimized to

meet rendezvous and payload constraints, will be loaded into the

LVDC. The digital command system (DCS) is the primary method for
loading the data into the LVDC. If the DCS targeting load fails,
the RCA-110A ground support computer can load the data from cards.

At the desired time, the LVDC preflight targeting load mode will

be entered by selection of entry 1 of the RCA-110A preflight

command test. This mode will enable the targeting load, memory
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dump, and terminate DCS commands (see Sections 10.4.11, 10.4.4,
and 10.4.5). Mission Control Center (MCC) will use the target-

ing load DCS command to load the targeting data, defined in

Table 10-17, into the LVDC. MCC will verify the load using the
memory dump DCS command. The RCA-110A has the capability to

verify the data using an option within the backup load program.

If three attempts to load the data via the DCS have failed, the

backup load from the RCA-110A ground support computer is initia-
ted approximately 17 minutes later. The definition of a failure
as three unsuccessful attempts is identified in launch procedures

and is not controlled by this EDD.

The LVDC flight program must execute an automatic memory dump of
locations 0,16,360 through 0,16,370 upon command from the RCA-
110A. This memory dump must be in the output format specified
in Table 10-11 for Memory Dump. The telemetry tags to be used
for memory dump are defined in Telemetry Tags Table 11-8. This
will allow the targeting load parameters to be displayed for

verification by MCC.

The second DCS targeting load cycle is required at approximately *
1 hour and 21 minutes prior to launch. If the DCS load is un- *
successful, a backup load via the RCA-110A will be performed. *
All targeting load verification capabilities supporting the *
8 hour load must also be available to support the 1 hour and *

*

21 minute load.

A third and final DCS targeting load cycle is required at approxi- *
mately 37 minutes prior to launch. If the 37 minute DCS load is *
unsuccessful, a backup load via the RCA-110A will be performed

approximately 10 minutes later. All targeting load verification

capabilities supporting the 8 hour load must also be available

to support the 37 minute load. This final targeting load capability*

reitains active until the LVDC preflight Prepare to Launch (PTL)

routine is activated at approximately 10 minutes prior to launch. .

Capability will exist to verify the state of flight program memory ¥
following the targeting load, as described in Section 12. *
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3.3 2.2

Repositioning

Repositioning of the ST-124M is accomplished by the RCA-110A
azimuth laying fine positioning program executed in the Mobile
Launch Computer (MLC). This program is called into execution
at approximately T-10 minutes by the RCA-110A PTL test. The
fine positioning program ensures positioning of the platform
according to the latest computed position. The program con-
tinuously monitors GMT and countdown time for any change in
Ti until GRRA.

The predicted liftoff time (Ti) is loaded into the LVDC from
the RCA-110A after the LVDC has been commanded to Prepare to
Launch. The LVDC PTL routine computes the difference between

GRRO)
using Eq. 3.2.1. The resulting time differential (TD) is used

the predicted time of GRR and the nominal time of GRR (T

in Eq. 3.2.2 to compute A, the longitude of the descending
‘ node measured from the launch meridian. The longitude of the
descending node and the inclination are used in Eq. 3.2.3 to
compute the platform azimuth (Az). The computed platform
azimuth is transmitted back to the RCA-110A in true form and

complemented form where it is used to align the platform.

Any holds greater than 5 seconds, occurring between the begin-
ning of Prepare to Launch and 187 seconds prior to liftoff,
require that a revised predicted liftoff time (Ti) be trans-
mitted to the LVDC. In response to the new value of T!, the
LVDC will calculate a new platform azimuth and tranmsmit this to
the RCA-110A for platform realignment. If it is necessary to
recycle to the beginning of Prepare to Launch Mode, a new T

L
must be loaded into the LVDC and the sequence started again.

L
changes. The capability to monitor platform gimbal angles

The platform may be realigned at times other than when T

exists at the MLC until GRR. Any drift of the azimuth encoder

Rev. B*



greater than two binary bits (10 arcseconds) will be corrected
automatically by executing the Azimuth Laying Fine Positioning

program. Corrections will be made up until 152 seconds before

liftoff. Any encoder drift after this time will result only

in an error message indicating that repositioning is required.

3.3.3 Variable Data Tape

The flight program must provide the capability to accept a data
load from a variable data tape. The use of this tape assures
optimum launch date dependent and performance dependent data if
late changes in the launch date‘or time becomes necessary. The
day of launch in days past January 1 (where January 1 is day
zero) must be included on the tape when defined. 1In addition,
the following parameters must be provided: (1) constant accelera-
tion bias terms for X, Y, and Z axes (BXO’ BYO’ BZO); (2) per-
B’ ZB axes, for backup accele-
ration computations (Pbx’ Pby’ sz); (3) times to begin using

formance factor biases along XB’ ¥

)g

thrust misalignment angles (vectors) 1 through 4 (TTMAl - TTMA4

(4) X component of thrust misalignment vector (Cal - Ca4);

(5) Y component of thrust misalignment vector (SaCBl - SaCB4);

(6) Z component of thrust misalignment vector (SaSBl - SaSB4);
(7) the Time Base 4 nominal start times for maneuvers 4, 5, 6
and 7, (T4M4, T4M5’ T4M6 and T4M7);
respect to local horizontal and the desired roll angle for maneu-

vers 4 and 6 (DPIT1, DYAWl, DROLL1l, DPIT2, DYAW2, and DROLL2).

and (8) the attitudes with

* ¥ ¥ *

Refer to Table 3-1 (Variable Data Tape Items) for LVDC locations
and scaling of the parameters and to the Variable Data Tape

Table of Part II, for the nominal presetting values.

The description, format, and absolute LVDC address assignments
for the parameters required for the variable data tape are given
in the Variable Data Tape Items, Table 3-1. This data must be
supplied in the card format specified in Table 3-2 with the card
deck sequenced in ascending order according to the LVDC address.

The flight program must be capable of accessing these quantities
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redundant optisyn pulse counts in the following bit configura-
tion: AAAAAAAAAAAASSBBBBBBBBBBBB, where A represents the
A-optisyn reading, B represents the B-optisyn reading, and S
represents spare bits. The A and B readings must be separated
and the differences between the current and past values for
each reading must be computed. The resulting differences, AA
and AB, represent the measured velocity changes during the last
BML. This process must be carried out for all three axes. The
readings used to form the first changes must be established by
reading the accelerometer data after flight initialization
(see Section 3.4, Flight Program Initialization).

Approximately 0.6 milliseconds is required for the flight pro-
gram to read and store the data from all three accelerometer
channels and obtain a time reference.- Since accuracy is not
significantly degraded by ignoring this time differential,
only one value of time associated with the accelerometer
readings is required. The beginning of each BML will be
defined by the real time reference taken immediately after

the accelerometer data has been read and stored.

G20 2 Accelerometer Data Processing

The velocity data changes must be tested for errors using the
disagreement, zero, and reasonableness tests. Erroneous
changes must be replaced with computed backup values. These
tests are designed only to detect gross errors in the forma-
tion of the velocity words. The tests do not correct or
identify the error source, but prevent gross errors from
causing corresponding large errors in the navigation and

guidance quantities.
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4.2.2.1 Disagreement Test

The measured changes, AA and AB, for each axis must agree
within two pulses (0.1 m/sec) (Eq. 4.2.1.1). If they agree,
AA will be used for the zero and reasonableness tests. If
they differ by more than two pulses, the change closer to the
expected change must be used (Eq. 4.2.2) for the zero and
reasonableness tests. The apprbpriate bits of Mode Code 24
(MC24) (Table 11-13 of Section 11) must be set as indicated in
Table 4-1 to denote the status of the accelerometer readings.
When set, these bits must be telemetered once before being

reset.

TABLE 4-1 ACCELEROMETER READING MC24 BIT STATUS

For the Z channel Bit S Bit 1
For the X channel Bit 2 Bit 3
For the Y channel Bit 4 Bit 5

Indication
Nominal (AA in use)
Disagreement; AA in use

Disagreement; AB in use

= = O O
= O = O

Unreasonable; Backups in use

Expected velocity data changes (AA and AB) used in the dis-
agreement test will be obtained by resolving, through the
average gimbal angles, the total acceleration, F/M (or its
preset value during periods of erratic performance), obtained
from the previous BML. The resulting acceleration components
must be multiplied by the previous computation cycle length
and the reciprocal of the accelerometer scale factor (which

converts the data from meters per second to pulses) to

I-4-4 Rev. K



the past three values of M/F and (M/F) Neels (M/F)54 are the

S1°?
past four values of (M/F)S.

The values for (M/F)l, a O (M/F)4, (M/F)Sl, “ ey (M/F)54 are
all initialized to (M/F)0 at or before T3 + T3uM' The (M/F)S
calculations must start at T3 + TBFM’ before the initiation

of IGM calculations. By starting the (M/F)S computations prior
to IGM initiation, any performance adjustments of (M/F)S due
to the presetting (M/F)0 will be made. Once (M/F)S computa-
tions begin, values of M/F and (M/F)S calculated on succeeding
passes replace the initial values. Four computation cycles
are required before all initial values of M/F and (M/F)S are
replaced by computed values. The initial value for M/F and
the time to initiate (M/F)S computations are defined in the
Presetting Table and the Event Sequence Timeline Table, re-

spectively, of Part II.

The magnitude of (M/F)S must be limited to 0.25 secz/m, and
the magnitude of the rate of change must be limited to 0.005

2 : -
sec”/m per BML to further prevent noise and acceleration

transients from being introduced into the guidance commands.

4.2.6 (F/M) Acceleration

During Time Base 0 (TBO) the backup acceleration, (F/M)C, must
be set equal to the negative of the vertical component of gravi-

tational acceleration computed by the gravity model (Eq. 4.2.12).

Beginning at the start of Time Base 1, except in the case of
a thrust change event, the backup acceleration (F/M)C must

be computed using equations 4.2.13 through 4.2.15, using pre-
stored force, mass, and mass flow rate, based on vehicle per-
formance predictions. These values must be changed several
times during the mission to represent all stages and thrust
levels. The times to change these values are defined in the
Event Sequence Timeline Table of Part II; however, where these
values are changed they must be changed in the BML after the
thrust event but prior to the (F/M)c computation in that BML.
The updated backup mass for the previous BML must also be

computed utilizing Eq. 4.2.12.1.

I-4-9 Rev. K



Backup acceleration data must be derived by resolving the pre-

dicted accecleration through the average gimbal angles for the
past and current boost major loop (Eq. 4.2.23). The total
acceleration and the center of gravity offsets are used to

Y and Z_ body axes

compute the acceleration along the X B? B

(Bq. 4.2.25):

B’

The components of the unit vector defined in Equation 4.2.2S
specify the actual thrust direction. The parameters Ca,
SaCB, and SaSB must be initialized as defined in the Event
Sequence Timeline of Part II and changed at predefined times
in the Mission, referenced to T3. Presetting values for the
vector and time parameters are given By the variable data
tape. The body acceleration and the average gimbal éngles
for the current anduﬁast'goost major loops are used to
derive the failed accelerometer output (Eq. 4.2.26, 4.2.28,
and 4.2.3V). GCapabillty musSt be provided Lo Dias Lite

accumulated accelerometer velocity after an accelerometer

failure. This must be accomplished by performing the calcu-
lations defined by Eq. 4.2.27, 4.2.29, and 4.2.31 for the X,
Y, and Z axis respectively. The constant acceleration bias

(Bxo1
acceleration bias value, from the variable data tape (BXO)’

) in Eq. 4.2.27 must be set equal to thg“preset constant

during the S-IB stage operation. The Z axis term.-in

Eq. 4.2.31 (BZOI
operations. The Y axis term (BYO) in Eq. 4.2.29 must utilize

) must be set to zero during.the S-IB stage

the preset value from the variable data tape during S-IB

stage operations.

During S-IVB stage operations, the constant acceleration bias
(BXOI) in Eq. 4.2.27 must be set to zero. The Z axis term

(B ) in Eq. 4.2.31, must be set equal to the preset constant

201
acceleration bias value from the variable data tape (BZO),
during S-IVB stage operations. The Y axis term (BYO) in ' ‘

Eq; 4.2.29 must continue utilizing the preset value from the
variable data tape during S-IVB stage operations.

I-4-10 Rev. J




The minor loop attitude command X; time function (Eq. 8.2.1) must

lie within a + 0.1 degree band of the preprogrammed time tilt pitch
profile, except for two BML's beginning at time tilt initiation and
in the BML in which TB2 is initiated. 1In these two instances, the

tolerance requirement may be relaxed to + 0.12 degrees.

The time tilt pitch continues until Tc 2 Tar' At this time, the

flight program must set bit 5 of MC25 and maintain the last computed
pitch guidance command (xy) until IGM initiation. If time tilt pitch
has not been arrested by T3 + 0.0, it is arrested at that time, guid-

ance commands are frozen, and bit 5 of MC25 is set.
4.4.1.3 Time Tilt Yaw Guidance

The time tilt yaw guidance must be enabled when Tc > T or alter-

s
natively when (XS - initial XS) > GANTRY. After yaw hig been enabled,
the yaw guidance commands (xz) must be computed by interpolation be-
tween consecutive points in the table as a function of time (Tc)° If
TC does not exceed the first time point in the yaw table when yaw is
enabled, the yaw guidance must be delayed until Tc exceeds the first
point. Capability must be provided to store 25 values of time and

25 values of Xz corresponding to the stored times. The time and yaw

commands are stored in tables TYAW and YAWC, respectively. The yaw

guidance command must be computed using Eq. 4.4.2.1.

The minor loop yaw attitude command profile must be contained within

a + 0.1 degree band about the tabular yaw attitude command profile.
During the first two boost major loops that the yaw table is accessed,
and in the boost major loop that Time Base 2 starts this tolerance is

relaxed to + 0.12 degrees.

The time tilt yaw continues until Tc > Tar or until Tc exceeds the
time of the last tabular yaw entry, whichever occurs first. If time
tilt yaw has not been arrested by T3 + 0.0, it must be arrested at
that time. Following time tilt yaw arrest, the last computed yaw
guidance command (Xz) must be maintained until IGM initiation. If
an S-IB engine failure occurs, the yaw guidance commands must not be

frozen but must be arrested as detailed in Section 4.4.1.4.

I-4-17 . Rev. H
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4.4.1.4 Engine Out Guidance Modifications

During the time interval from Tl + T to T3 - 0.0, the pro-

0
gram has provisions to detect both ailgutboard and an inboard
engine failure. Engine out processing requirements are detailed
below. DI1l4 (outboard failure) and DI15 (inboard failure)
are checked during that time to determine if an S-IB engine
failure has occurred. Once either discrete is detected,

further interrogation of that discrete is disabled.

Figure 4-3 gives a general view of required responses to S-IB
engines out. In this figure, flight program functions are shown
in the shaded area within the broken line while hardware functions

" is used to

are shown outside the broken line. The symbol "e
represent a logical AND gate, giving an output if and only if all
inputs to the gate are present. The symbol "+" is used to
represent a logical OR gate, giving an output if one or more
inputs to the gate are present. A circle in an input line to a
logic gate indicates that the complement of the input signal must

be used.

Upon detection of either discrete, the corresponding S-IB
engine failure will be assumed. Program modification, however,
is limited to the first detected engine failure. All program
modifications for engine failures must be initiated within the
BML in which the discrete is detected. For that first failure

the engine failure time, T is set (Eq. 4.4.3).

EO’

For the first S-IB engine failure that occurs in Time Base 1, the
Xy guidance command is frozen for a specified length of time, ATf,
which is computed by Eq. 4.4.4 as a function of the engine failure

time T Eq. 4.4.3. To accomplish the X freeze, the Xy computa-

EO’
tions are inhibited for ATf seconds, and the last computed xy is

Rev. K
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b.bh.1:.4.2 Engine Out Responses In Time Base 2

The flight program responses to S-IB engine failures in Time

Base 2 are as follows:

The time tilt computations and the accelerometer

backup parameters (ﬁl, Fl) are not adjusted.

The sin (6°) is substituted for sin (20) in the zero
test computation, Eq. 4.2.3, until T3 + 0.0 for an
outboard failure only. No zero test substitution

is made for inboard failures during TB2.

Bit 8 of MC25 is set upon detection of DI15, and
bit 9 of MC25 is set upon detection of DI14,

b.4.1.4.3 Inboard Engines Cutoff Responses

The flight program responses to S-IB inboard engines cutoff

are as follows:

The time tilt computations are not adjusted.

The accelerometer backup parameter FEO is set to 0.5.
This results in the (F/M)C being adjusted to one-half
of the nominal S-IB backup acceleration and has the

effect of adjusting F and M to one-half their nominal

* %* ¥ ¥ *

value. Because of the small time remaining in the S-IB
burn it is not necessary to adjust the accelerometer
backup parameters further at this time to account for a

previous outboard engine out.

No zero test substitution is made.

Bit 8 of MC25 is set upon detection of DI15.
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4.4.2 IGM Guidance

The Iterative Guidance Mode (IGM) is a path-adaptive guidance
scheme which steers along a nearly optimal path toward pre-
specified terminal conditions.2 The scheme is designed
specifically for powered flight in a vacuum, with multiple
distinct thrust levels (phases). The solutions of the funda-
mental equations of IGM approximate the solutions of the
calculus of variations problem of selecting a minimum fuel

trajectory to specified end conditions, given engine performance.
4.4.2.1 General Description of IGM

IGM will generate pitch and yaw steering commands by repeatedly
solving (iterating) the thrust vector steering law X = a + bt
(where X is the steering command, a and b are constants, and

t is time), which is approximately the optimum steering function

for planar motion of a point mass. . |

The guidance commands enable a nominal vehicle to attain desired
terminal conditions with nearly maximum payload. In addition,
since vehicle performance is often non-nominal, the scheme
adapts itself to perturbations (by observing the vehicle state

variables) while still maintaining terminal accuracy and also

an optimum path-adaptive trajectory. *

The IGM scheme performs two general functions: guidance com-
putations and phasing. The IGM guidance computations provide
commands which facilitate steering the vehicle to the desired
orbit using navigation variables (position, velocity, accelera-

tion), time, desired terminal conditions, and vehicle performance

2"General Formulation of the Iterative Guidance Mode,"
NASA TM X-53414, 22 March 1966.
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Tobe23 DI23: S-IB Outboard Engines Cutoff "B"
This DI indicates that the propellant in either the S~IB fuel *
tanks or LOX tanks has depleted. This DI must be checked once *

per BML from the time of issuance of the "LOX Depletion Cutoff
Enable" switch selector command until T3 4+ 0.0. This DI is used

as the backup signal for starting Time Base 3 (see Section 7.2.4).

DI23 indicates that propellant depletion has occurred when two
out of three "thrust OK" pressure switches in at least one
outboard engine indicate the main fuel injection pressure in
that engine has fallen below operating range, or that either

of the two fuel depletion sensors in the S-IB fuel tanks 1is
activated. This DI will be hardware inhibited from the "thrust
OK" switches until the "LOX Depletion Cutoff Enable" switch
selector command is issued in Time Base 2. It is hardware
inhibited from the fuel depletion sensors until the "Fuel

Depletion Cutoff Enable" switch selector command is issued.

7.4.24 DI24:  TLiftoff ™A" *
See DI7. %
*
*
*

7:4.:25 DIS1-DIS8: Spares (Not Wired)

7.5 INTERRUPTS

Twelve interrupts have been provided in the LVDC in order to

permit the interruption of the normal program to free the com-
puter for priority tasks. The LVDC must respond to the inter-
rupt upon completion of the instruction being executed when the
interrupt is received, or after interrupts are enabled follow-

ing interrupt protected logic.

I-7-21 Rev. B*



Of the twelve interrupts, nine are external and inform the LVDC

of the occurrence of an event which requires immediate action.

Three interrupts are provided for functions internal to the
LVDC. These are the simultaneous memory error (TLC) and two
interrupts whose use is determined by the implementation of the

flight program. See Table 7-3.

TABLE 7-3 INTERRUPTS

Interrupt LVDC Data .
Storage Word Bit
Register Bit Position Function
1 11 Command LVDA/RCA-110A Interrupt
2 10 S~IB Low Level Sensors Dry "A"
3 9 RCA-110A Interrupt
4 8 S~IVB Engine Out "B"
5 7 S-IB Outboard Engines
Cutoff "A"
6 6 S~IB Low Level Sengers Dry "B"
7 5 Guidance Reference Release
8b 4 Command Decoder Interrupt
"B n
8a 4 Command Decoder Interrupt
"All
9 3 Simultaneous Memory Error
10 2 Spare
11 1 I
. nternal to the LVDC
12 Slgn}

The processing of an interrupt requires that the program com-

plete all the following:

1. Establish the mechanism for the return to the main pro-

gram once the interrupt has been processed

2., Prevent the interruption of the processing of the inter-
rupt by interrupts of lower priority (A TLC interrupt will *
be allowed to interrupt the processing of any interrupt ex- *

another TLC).
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guidance command (X;) and the X gimbal angle (gx) must be

compared to a constant (& >, Eq. 8.3.11. 1If the attitude

ACTX
error exceeds the constant, loss of APS attitude control

must be assumed.

Due to pitch maneuvers, a Y attitude error test is not pro-
vided.

The Z attitude test must compare the absolute value of the
aACTZ)’ Eq. 8.3.12. If

the gimbal angle exceeds the constant, loss of attitude

Z gimbal angle (OZ) to a constant (

control must be assumed. This test must be performed once per BML
from T4 + 0 to T4 + 15.0 and once per second in the orbital mode
from T4 + 15.0 to T5 + 0.0.

If either of these tests indicate the loss of APS attitude
control has occurred, the program must set the ladder magnitude
limits for pitch and yaw, MSK6é, and for roll, MSK1l6, equal to
LML for all subsequent periods of flight that the ladder magni-
tude limit called for by the nominal timeline is less than LML;
this test must be terminated; and bit 12 of MC24 must be set.

If Bit 12 of MC24 has been set, it must be reset upon acceptance
of the Ladder magnitude DCS command. The values of o and

ACTX

Oy o7z 2T€ defined in the Event Sequence Timeline Table in Part II

and the value of LML is defined in the Presettings Table in Part II.

The ladder magnitude limits can also be modified in flight by
the Ladder Magnitude Limit DCS command. If this command is
received after the attitude control test has changed the limits,
the limits defined by the DCS command must be used. For a
further discussion of the details of this DCS command see

Section 10.4.12.

The loss of APS attitude control test must be inhibited when-
ever the DCS command to change the ladder magnitude limit is
accepted. This test must then remain inhibited throughout
the mission. Bit 3 of mode code 27 must be set whenever the
command to change the ladder magnitude limit is accepted.

This bit must never be reset.
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i

start time 60 TDSS must also be greater than T5

o I *
GRD f any of
these conditions are not met, the DCS command must not be ac- *

cepted and DCS error code 54 must be issued.

If either of the above tests is failed, the program must tele-
meter the appropriate DCS error message twice, and perform an
automatic program initiated terminate, as defined in Section
10.4.5.

10.3.4 DCS Error Message

Each time the program rejects a DCS command, an error message
must be telemetered. The DCS error message must contain the

DCS error code corresponding to the failure, the number of
consecutive verification failures, and the 14 information bits.
The general format for the DCS error message is defined in

Table 10-4. 1If a DCS error is of the nature that all the data
must be received and formatted before the error can be detected,
the telemetered error message must not contain a failure count
or command information bits. The DCS error codes are defined in
Table 10-5. DCS error messages must be telemetered twice at the

maximum LVDC telemetry rate.

TABLE 10-4 DCS ERROR MESSAGE FORMAT
LVDC Bit
Position S-5 6-8 9-11 12-25
Data DCS Spares Number of DCS command
error code failures 14 info bits

10.4 DCS COMMANDS

The flight program must accept and process the following DCS

commands:

° Time base update

° Navigation update

® Generalized switch selector
® Memory Dump
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TABLE 10-5 DCS ERROR CODES

Error Code DCS Error Mes-

No. (Octal) sage Bits S-5 Description

04 000100 Orbital Mode/Data bit is invalid; data
command was received when a mode com-
mand was expected

10 001000 True complement test failed for mode
command; information bits 7-1 are not
the complement of bits 14-8

14 001100 _ Mode command invalid; the mode command
received is not defined for this mission

20 010000 Orbital Mode/Data bit is invalid; mode
command was received when expecting a
data command

24 010100 Mode command sequence bit incorrect; the
sequence bit received was 1 instead of 0

34 011100 Unable to issue generalized switch
selector function at this time, the last
requested generalized switch selector
function has not been issued

44 100100 True complement test failed for data
command; information bits 7-1 are not
the complement of bits 14-8

50 101000 The start module, sector, and address
requested by the memory dump command is
‘greater than the end module, sector,

and address; or one or more locations
requested by the memory dump command

are in a non-existing module (see Section
10:3.3).

54 101100 The time of implementation of a naviga-
tion update or TB5 start time is less
than 10 sec in the future, or 60 TDSS
is less than 15GRD'

60 110000 Data command sequence bit incorrect; the
sequence bit must begin with 1 and alter-
nate from 1 to 0 in each sequential data
command of a set

64 11010C A compressed data dump or memory dump has
been requested while another compressed
data dump or memory dump is in progress.

70 111000 An execute alternate sequence command *
has been received with a zero or un- *
defined sequence number code.

74 111100 The mode command received is defined
for this mission but is not accep-
table in the present time frame.
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] Terminate

@ ECS water control valve logic inhibit

® Execute generalized maneuver

& Return to nominal timeline

® Execute alternate sequence

@ Execute special maneuvers

° Targeting load

® Ladder magnitude limit

0 S-IVB/IU de-orbit

® Remove Inhibit on the extraction maneuver.

Tabie 10—6‘lists the current DCS mode command assignments. the
LVDC 14-bit position format, and the DCS data command require-
.ments. Some of these DCS mode commands may not be required
for every mission. The required DCS mode commands and their
acceptance times for a particular mission, and any additional
commands required for that mission only, will be deflned in
the Digital Command System commands table in the 1nd1vidual

mission requirements, Part II.

10.4.1 Time Base Update

Upon acceptance of this DCS mode command, the flight program
must increment or decrement the time in the current nominal
'switch selector sequence reference by an amount specified by

an accompanying DCS data command.

The format for the DCS data command information bits is shown
in Table 10-7. A 1 in the LVDC sign position signifies a
decrement to the time and a 0 signifies an increment. The

'magnitude of the update will be contained in LVDC Bits 1-5.
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'TABLE 1C-6 DCS MODE CCMMANDS

Octal Binary Rep. of
Rep. of LVDC Bit
LVDC Bit Position ’ ' o Data .
Position Definition Words
S-5 5-6 7-13 (General) Req'd.
10 0010000 Time base update 1
O
11 0010010 - Navigation update 35
12 0010100 @ Generalized switch selector 2
o
13 0010110 :g Memory dump 6
20 0100000 I3) Terminate 0
(=]
21 0100010 : Execute alternate sequence 5
30 0110000 w Remove Inhibit on extraction 0
° maneuver
&
32 0110100 5 Targeting load 45
33 0110110 s Execute maneuver A 5
—
34 0111000 g- Execute maneuver B 5
35 0111010 8 Execute generalized maneuver 20
36 0111100 ) Return to nominal timeline 5
41 1000010 =i Ladder magnitude limit 1
43 1000110 Compressed Data Dump 0 *
44 1001000 . S-IVB/IU de-orbit 7 *
45 1001010 Water control valve logic -
inhibit

TABLE 10-7 TIME BASE UPDATE DCS DATA COMMAND FORMAT

LVDC Bit

Position S 1 2 3 4 5 6 7 - 13 14-25

14 Infor-

mation

Bits 14 13 12 11 10 9 8 . 7 -1 Unused
— Bits

Bit Sig- MSB* LSB* 1 comple

nificance | Sign [ data | data @ata data |[data| 1 Wite B4

*MSB (most significant bit); LSB (least significant bit).
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This targeting will be contained in 45 DCS data commands. Since
only six true information bits are transmitted with each DCS

data command, five transmissions are required to form each 26-bit
LVDC word. The MSB of each LVDC word must be transmitted first,
and negative quantities must be in two's complement form. The
nine targeting quantities must be transmitted in the order VT’

Res Bms 15 Aps A, Torro® TrLyc® TLCK. The transmitted value

of the parameter )X must be negative to move the node westward.

The time parameters TGRRO and TLwc must not exceed 86400 seconds
(24 hours). 1If TGRRO is before GMT midnight and TLWC
GMT midnight, then TLWC must be referenced to GMT reset to zero
at midnight. The information bit format for the five DCS data

is after

commands required for an update quantity‘is shown in Table 10-8.
The variable TLCK is a checksum factor which is equal to the
two's complement of the sum of the other eight variables. This
factor is added to prevent the targeting load command from

changing the checksums in the LVDC.

After all the targeting data is accepted and formatted the nine
quantities must be stored in memory module 0, sector 16, loca-
tions 360 through 370, in the order received. Targeting previ-
ously stored in the above locations must not be affected until
all the targeting data is accepted and formatted. A terminate
command must not prevent an update after the forty-fifth valid

data word is received.

Acceptance times of this DCS command are discussed in Section

3.2.

10.4.12 Ladder Magnitude Limit

This DCS mode command must provide the capability to change the
ladder magnitude limit for the pitch, yaw and roll channels.
The ladder magnitude limit must be specified by an accompanying

DCS data command.

I-10-31 Rev. C



The format for the DCS data command is given by Table 10-18.
The data must represent the total ladder magnitude limit with
no sign bit required. The least significant bit represents
0.25 degrees, with a maximum possible value of 15.75 degrees.
If a magnitude in excess of 15.3 degrees is commanded, the

magnitude must be limited to 15.3 degrees.

TABLE 10-18 LADDER MAGNITUDE LIMIT DCS DATA
COMMAND FORMAT

LVDC Bit
Position S 1 2 3 4 5 6 7-13 14-25
Information
Bits 14 13 12 ! 10 9 8 7-1

Unused

Bits
Bit MSB LSB 1's Comple-
Significance Data | Data |Data | Data | Data | Data 1 ment of Bits

S-6
{

Upon acceptance of the Ladder Magnitude limit DCS command the
program must do the following:
e Reset Bit 12 of MC24 if it has been set
e Set Bit 3 of MC27 and never reset it
e¢ Inhibit the loss of APS attitude control test
¢ Set the ladder magnitude for the pitch and yaw channels
(MSK6) and for the roll channel (MSK1l6), to the value
specified by the command (Ladder Magnitude limit DCS command).
The ladder magnitude limits must remain at this value until
the nominal timeline requires that they be changed to a value
larger than that specified by this command. If the nominal time-
line then requires that these limits be changed to a value less
than that specified by this command, the commanded value must be

used.
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® If THDD is non-zero, the safing sequence will be

scheduled to start at T + T + 30.0 seconds

LS HDD
(THDD - 0.1 seconds after the hydrogen dump has
started). 1If TLDD is zero, then THDD will also
be zero. The converse of this is not necessarily

true.

° When the safing sequence is scheduled, the velocity

test must be terminated.

A detailed description of TBS start logic is given in Section
7.2.6 of Part I, and a description of the implementation of the
dump sequences is given in Notes 4, 5 and 6 to the Switch
Selector Sequencing Table in Part II.

The four quantities (60T T and DELVR) accepted by the

DSS’ "LDD? THDD
program must be stored in Memory Module 2, Sector 14, locations
374 through 377, respectively. The time parameters will be in
Real Time Clock pulses, scaled B27, and the velocity increment

will be in m/sec, scaled Bl4.

A de-orbit command, accepted before TB5 is started in response to
a previous de-orbit command, must replace that previous command.
A terminate command must not prevent this command from being imple-

mented after the seventh valid data command is received.

10.4.14 Compressed Data Dump

This DCS command must provide the capability to dump the compressed

data tables. No data words are required for this DCS command.

Upon acceptance of this DCS command, the flight program must dump
the compressed data tables in their entirety three times. Details
of the compressed data tables and their telemetry are given in
Section 11.5. Once a dump has been started, capability must be
maintained to process any DCS mode command, except for a memory
dump or another compressed data dump while compressed data is
being dumped. Upon completion of the dump, the compressed data
dump and memory dump commands must be re-enabled. Receipt of a
terminate command any time before the dump is completed must stop

the dump. *
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10.4.15 Remove Inhibit on the Extraction Maneuver

This DCS command must provide the capability to remove the pre-
programmed inhibit on Maneuver 6. If the inhibit is never
removed, the vehicle must be commanded to remain at the docking
attitude (Maneuver 5), unless otherwise changed by DCS action or
S/C control. Once the Remove Inhibit on the extraction maneuver
command is accepted, Bit 13 of mode code 27 must be set and
never reset. Capability must exist to accept this command from
T4+0.0 until T5+0.0. However, once this command has been
accepted, further commanding of this command must have no effect
on the orbital attitude timeline. If this mode command is
received after Time Base 4 ends, error code 74 must be .set and

the command rejected.

Maneuver 6 must begin immediately upon acceptance of the command
to remove the inhibit from this maneuver, only if the inhibit is
removed at a time greater than or equal to the nominal start
time for this maneuver (Maneuver 6). Maneuver 6 must begin at
the nominal time if the inhibit is removed prior to the nominal
start time for this maneuver. The nominal start time for the
preprogrammed orbital maneuvers are defined in the Attitude

Timeline, Table 1-2.

If the inhibit on Maneuver 6 is removed prior to or at the nominal start time *

for Maneuver 6, then the nominal start times for Maneuvers 6, 7 and 8 must not*

*

be affected. The nominal start times for Maneuvers 7 and 8 must be delayed
by the amount of time Maneuver 6 is delayed due to the inhibit on Maneuver 6 *
being removed after the nominal start time for Maneuver 6. This provides *
the capability to make the nominal start time deltas for Maneuvers 6, 7 *
and 8 independent of when the inhibit on Maneuver 6 is removed. The nominal *
start time deltas are not maintained if ground commanded maneuvers are inter- *

spersed with these maneuvers. *
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TABLE 11-8 TELEMETRY TAGS (CONTINUED)
LVDC DATA
Mode PIO PCM EDD Frequency Scal-
Reg. Tag Tag Symbol Description (Segments) ing Units
0 441 1520 INT System interrupt indication: 01(1‘6) N/A N/A
Octal Interrupt
00000 INT7
20200 INT2
30300 INTS5
01010 INT6
40400 INT4
35774 INT9
0 444 0522 X4 X4 component of radius vector R C1(3-6) 23 m
0 445 1522 DIR Discrete input register status RSML(l—S) N/A N/A
RSl(6)
0 450 0524 Y4 YA component of radius vector R Cl(3~4) 23 m
0 455 1526 TBi Time base start: 01(1—6) N/A N/A
Octal Code Time Base
0000 | TBO
0020 TB1
or
4000
or
4020
2020 TB2
or
0101
3030 TB3
5050 TB5




TABLE 11-8 TELEMETRY TAGS (CONTINUED)

LVDC DATA

Mode PIO PCM EDD Frequency Scal-
Reg. Tag Tag Symbol Description (Segments) ing Units

The two conditions on which TB4
was initiated must be indicated
by ORing the associated codes:

Octal
Code

1000 INT4 (S-IVB Engine

Out an)

0200 DI5 (S-IVB Engine

Oout IlAH)

0030 Low accelerometer
pulse counts

0004 Guidance cutoff issued

Condition

0 460 0530 T* Time-to-go to S-IVB cutoff Cl(3—4) 10 sec

%Z=1T=1

0 461 1530 N/A HOP save of TLC interrupt 01(1—6) N/A N/A

0 464 0532 T31 S-1VB IGM time-to-go after EMRC C1(3—4) 10 sec

0 465 1532 DI Discrete input indication: 01(1—4) N/A N/A

Octal Code Discrete
0002 DI1l4
0004 DI15
0020 DI7
400Q DI24

*ADY

3030 DI23
o 4040 DIS




MODE CODE DESCRIPTION (CONTINUED)

TABLE 11-13
Mode Code 25
Bit
No. Bit Set Indication Reset Bit
25 TLC (INT9), simultaneous This bit must never be reset
after it has been set.

memory error
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TABLE 11-13 MODE CODE DESCRIPTION (CONTINUED)

Mode Code Z7

Bit

10

11

12

13

14

No.

Bit Set Indication

Powered flight™DCS inhibit
removed

Execute Alternate Sequence
DCS command accepted

Spare

Ladder magnitude limit DCS
command accepted ancd loss

of APS attitude control test
inhibited

Spares

S-IVB/IU De-orbit DCS command
acceptad

Navigation Update DCS command
accepted

Time Base Update DCS command
acceptad

Local reference maneuver in
progress

Inertial attitude hold in
progress

S/C in control (DI9 recog-
nized without guidance
reference failure)

Remove Inhibit on the
extraction maneuver

Guidance reference failure
discretes (D04/D06) are set.

Reset Bit

This bit must be reset eaéh tine
the DCS is inhibited.

This bit must be reset after the
corresponding alternate sequen:e
command has been implemented.

“his bit must be reset at T5+0.0.

This bit must be set when
the DCS command to change
the ladder magnitude limit
is accepted. This bit must
never be reset.

This bit must be reset at TBS
start. ‘ :

This bit must be reset after the
update is incorporated.

The state of this bit will ini-
tially be zero and must be

_changed each time an update is

accepted.

This bit must be reset when bit
11, 12, 16 or 17 of MC27 is
set. ; .

This bit must be reset when bit
10, 12, 16 or 17 of MC27 is
set.

This bit must be reset when con-
trol is returned to the LVDC. If
GRF occurs while this bit is set,
it must remain set even though
bit 15 of MC27 is also set.

This bit must be set upon accept-
ance of the command to remove the
Inhibit on the extraction maneuver.
This bit must never be reset.

This bit must never be reset
after it has been set.
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TABLE 11-13 MODE CODE DESCRIPTION (CONTINUED)

Mode Code 27

Bit
No.

15.

16

17

18

19

Bit Set Indication

S/C has assumed control of
the Saturn after GRF
detection (DI9 recognized
after DO4 and D06 set.)

Tracking local reference after
S/C control. (This bit remains
set until time for next pro-
grammed maneuver.)

Inertial attitude hold maneuver
after S/C control (This bit
remains set until time for next
programmed maneuver.)

Water Control Valve Logic Inhibit
DCS command not accepted (This
bit is nominally set.)

Execute Generalized Maneuver
DCS command accepted

20-~25 Spares

Reset Bit

This bit must never be reset
after it has been set.

This bit must be reset when bit
10, 11, 12 or 17 of MC27 is set.

This bit must be reset when
bit 10, 11, 12 or 16 of MC27
is set. ‘ ‘

This bit must be reset upon
acceptance of the Water
Control Valve Logic Inhibit
DCS command. This bit will
never be set after it has
been reset. I

This bit must be reset upon
acceptance of a Return to
Nominal Timeline DCS command
or Execute Special Maneuver
command or when the gener-
alized maneuver 1is initiated.
This bit must be reset at
T5+0.0.
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TABLE 11-14 COMPRESSED DATA
A Sample Table Word LVDC Bit Assignment : e
Group | Description Rate No. No. | $1234567890123456789012345 BiC Description
A Three Fine Once every 2 1 0000000001 TTTTTTTTTTTTTTTT | Bits S-9 - Identification Code
Gimbal 100 (+7.2, T - Time from GRR in 1/2 sec
Angles -0.0) per bit
seconds
2 0OO0O1DAAAAAAAAAAABBBBBBBBBIBB Bits S-2 - Identification Code
‘ D - Disagreement Bit
A - Yaw Fine Gimbal Angle
ﬁ* Reading (Channel A)
= B - Yaw Fine Gimbal Angle
L Reading (Channel B)
1
é; 3 0O10DAAAAAAAAAAABBBBBBBBBBB | Bits S-2 - Identification Code
‘D - Disagreement Bit
A - Roll Fine Gimbal Angle
Reading (Channel A)
B - Roll Fine Gimbal Angle
Reading (Channel B)
4 011 DAAAAAAAAAAABBBBBBBBBBEB Bits S-2 - Identification Code
D - Disagreement Bit
A - Pitch Fine Gimbal Angle
Reading (Channel A)
B - Pitch Fine Gimbal Angle
Reading (Channel B)
bl
)
<

>




. Expected Velocity Changes Using Past Acceleration

AV cos 0O cos O
fx yac zac
Vf = Any = 20(F/M)AT | sin ezac (4.2.1)
AV -sin O cos 0O
fz yac zac

Disagreement Test

|AA_ - AB | 2 2 bits (4.2.1.1)
X X

AAx for A channel used
AvMx = ABx for B channel used (4.2.2)

Same for Y and Z channel

Zero Test Values

‘ {ACO 20(F/M)AT sin (2°)

A, = 20 (F/M)AT sin (6°) (4.2.3)
lAvfyI:EAcO
|av, Ao (4.2.3.1) *

A

(O.SAVf - 20RTC AT) < AVM < (l.SAVf + 20RTC AT)
for AVf >0 (4.2-4)

(1.5AV, - 20RTC AT) < AV

|A

(O.SAVf + 20RTC AT)

=

for AVf <0 (4.2.5)




Velocity Accumulation ‘

. AVM for reasonable accelerometer readings
AV = (4.2.6) %
AVB + BIASA for unreasonable accelerometer readings
=
XM
VM = YM = VM + AV (4.2.7)
e v
e | = — (4.2.8)
. 20 '
Z
. W]
F/M Calculations
*
— :t Vm _(Vm)past
Am = Ym = ATW (4-2.9)
z
m
> o o, 1/,
F/M = X + Y° + Z ) (4.2.10)
m m m
Reciprocal Acceleration Filter
(M/F)S = MFKl(M/F):L + MFKZ(M/F)2 + MFK3(M/F)3
+ MFK4(M/F)4 + MFKS(M/F)Sl + MFKG(M/F)Sz
+ MFK7(M/F)S3 + MFI(8(M/F)$54 (4.2.11)
Rev. B
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TABLE 15-2 DEFINITIONS (CONTINUED)

Definition and Comments

Coefficient of second zonal harmonic in the expan-

sion of earth's gravitational potential

IGM parameter used in calculation of pitch attitude

correction term

Unit vector along Ys axis
IGM parameter used in calculation of yaw attitude

correction term

Estimated position-to-be-gained in first IGM phase
used in calculation of total IGM position-to-be-

gained [m]

Corrected position-to-be-gained in second IGM
phase used in calculation of total IGM position-to-

be-gained [m]

Estimated position-to-be-gained in second IGM phase

used in the calculations of J3 and the predicted

terminal range angle ¢T [m]

B




Symbol

TABLE 15-2 DEFINITIONS (CONTINUED)

Definition and Comments

Orbital drag model constant, dependent on the mass

and average presentation area of the vehicle [mz/kg]

IGM parameter used in calculation of pitch attitude

correction term

Unit vector along ZS axis

IGM parameter used in calculation of yaw attitude

correction term

Altitude constraint for determining pitch steering

angle [radians]

Altitude rate constraint for determining pitch

steering angle [radians/sec]

Altitude constraint for determining yaw steering

angle [radians]

Altitude rate constraint for determining yaw

steering angle [radians/sec]
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Av
cx

Av
cy

Av
cz

Av

Afo

AV

Asz

AV

AV
gy

AV
gz

TABLE 15-2

DEFINITIONS (CONTINUED)

Definition and Comments

Velocity accumulation utilized in (F/M) calculations

[m/sec]

Velocity change computed from (F/M)c less the term *

BIASA [m/sec]

Velocity bias to allow for engine thrust decay

after cutoff [m/sec]

Change in velocity

[m/sec]

Change in velocity

[m/sec]

Change in velocity

[m/sec]

Expected change in

system [pulses]

Expected change in

[pulses]

Expected change in

[pulses]

Expected change in

[pulses]

Change in velocity

Change in velocity

Change in velocity

along X

S

along Y

along Z

velocity

velocity

velocity

velocity

along X

along Y

along Z

I-15-47

from velocity counter

from velocity counter

from velocity counter

in the S-coordinate

along XS

along YS

along ZS

due to thrust

due to thrust

due to thrust

due to gravity [m/sec]

due to gravity [m/sec]

due to gravity [m/sec]

Rev. K




Symbol

AVSAV

AV

AV

AX

Ame

TABLE 15-2 DEFINITIONS (CONTINUED)

Definition and Comments

Vector symbol for the low order bits of the com-
puted velocity change during the past orbital
navigation pass, saved to reduce truncation error

[m/sec]
Velocity-to-be-gained vector [m/sec]

Approximation for AVV Im/sec]

Change in velocity along XS [pulses]
Change in velocity along YS [pulses]
Change in velocity along Z_. [pulses]

S

Attitude error about roll gimbal axis [pirads]

Change in X_, in AT seconds due to thrust [m]

S

Change in radius vector along XS axis due to

gravitational acceleration [m]

Component of AR along XV axis [m]

Component of AV along X, axis [m/sec]

\'

<

Component of AV% along X

v axis [m/sec]

Attitude error about pitch gimbal axis [pirads]
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SECTION 1

‘ ASTP DATA REQUIREMENTS

151 INTRODUCTION

The logic requirements for the ASTP flight program are defined
in Part I of this document. The data and requirements are
defined in Part II of this document which consists of only one

section.

The ASTP launch vehicle has the following configuration:

® Launch Vehicle SA-210
- First Stage S-IB-10
- Second Stage S-1VB-210
- Instrument Unit S-1IU-210
® Spacecraft
’ - Command Module CM-111
- Service Module SM-111
- Docking Module DM-2
- Adapter SLA-18

The nominal ASTP mission will have the following flight profile.

15 The SA-210 (ASTP) vehicle will be launched
northeasterly from KSC Launch Complex 39,
Pad B (LC-39B).

2. The S-IVB/IU/DM and CSM will be inserted into
an orbit of approximately 81 x 90 n. mi. orbit
subject to change by the targeting load DCS

command.




3% The spacecraft will initiate separation of the ‘
CSM from the S-IVB/IU/DM. At approximately 10 *
minutes after CSM separation, the CSM will *

dock with the S-IVB/IU/DM for DM Extraction.

4, DM Extraction will occur after the IU maneuvers
the vehicle in the docked configuration to the
desired Extraction attitude.

e After DM Extraction the S-IVB/IU will maneuver
to the local horizontal retrograde attitude.

6. At some desired time after DM Extraction, the
residual S-IVB propellants will be dumped through
the engine, causing the S-IVB/IU to deorbit into
the Pacific Ocean.

7. The CSM will rendezvous and dock with the Soyuz ’

space vehicle.
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TABLE 1-1 EVENT SEQUENCE TIMELINE (CONTINUED)

—

Time

Reference

EDD. Presettings Source

T1

Tl

‘Tl

Tl

Tl

Symbol (Seconds) Code Events

TRTC ' 10.0 D3 . Set the accélerometer RTCs to 6 m/sec2
downrange (2Z), vertical (X), and cross-~
range (Y).

Begin computing performance factor (PF).

sz : " 39,8 c3 - " End of second segment of engine failure
: freeze time function. (This is the
latest time that an engine failure will
result in a chi freeze.)

Tfar 140.0 " C3 Change from first segment to second
segment of tilt arrest time bias
function. Tilt arrest time will not:
be decreased for engine failures after
this time.

None 127.9 D1 Enable INT2 (S-IB Low Level Sensors Dry
"A") and INT6 (S-IB Low Level Sensors.
Dry "B") for initiation of Time Base 2.
This is keyed to the"Propellant Level
Sensors Enable" switch selector com-
mand. If either signal is recognized
after this time and downrange velocity
is greater than or equal to 500 m/sec
(bypass when GRF.has occurred), Time Base
2 must be set.

NTSTB2 132.9 D1l Nominal start time for Time Base 2 used
' in repeatable flight simulation.
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TABLE 1-1 EVENT SEQUENCE TIMELINE (CONTINUED)
Time EDD Presettings Source
= » Atan) L S
Reference Symbol (Seconds) Code Events
TC TMEFRZ 0.0 c3 End X_ freeze following an S-IB engine
out. JTMEFRZ is recalculated at the
engine out time TEO'
Tc TYAWO1 0.0 Cc3 Begin yaw guidance table.
T T 9.8 €3 Alternate time for starting pitch,yaw,and
c SO n .
roll guidance (Guidance can also be
started when vertical position (Xg) has
increased by at least GANTRY meters.)
T T 30.0 C4 Earliest time for chi freeze initiation
c T.2 ; .
if an S-IB engine failure occurs.
TC TSl 46.8 c3 Begin using second segment Time Tilt-
(Pitch program) coefficients.
T TSz 87.8 Cc3 Begin using third segment Time Tilt
£ (Pitch program) coefficients.
T T 128.8 €3 Nominal time to stop pitch and yéw Time
< at Tilt (Tilt Arrest). (This time can be
extended by an S-IB engine out.)
Note: T =T - Tl + T,, where T, is the implementation delay. This causes

the seg%ent changes to be introduced into vehicle dynamics at the

specified presetting times,

referenced to Time Base 1 start.
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TABLE 1_1

EVENT SEQUENCE TIMELINE (CONTINUED)

Time
Reference

EDD Presettings
Symbol (Seconds)

Source
Code

. Events

ET=T=TT

T3

T3

T3

T3

T3

T3

None 0

T3FMC ‘ 6.08

T3, 6.08

T3FMC+ATN2 7.1

S4IGTM 10.0

T3IGM 35.0

c3

c3

Cc3

D1

c3

Change the roll ladder magnitude limit
(MSK16) to 3.5 degrees. Pitch and yaw

- limits remain unchanged.

Start using mass flow rate, ﬁz, and backup
thrust, Fp, in computing backup.accelera-
tion, (F/M). (This is the predicted time
of S-1VB 90%Z thrust.)

Enable the accelerometer zero test and
decrease vertical and downrange accelero-
meter RTCs to 6 m/secz.

Set BIAS = BIASZ}, TEVNT=T3+T3FMC’ and
compute ATg.

Resume computing acceleration, (F/M), using
first guess, FM4, initialized at T3+0.

Start computing smoothed reciprocal accel-
eraticn, (M/F)S, using first guess, (M/F)q,
initialized at TO+0.

Begin computing performance factor.

Release inhibit on Time Base 4 and start
checking for cutoff conditions. Flight
Program response to INT4 is inhibited be-
fore this time. Start checking DI5. (After
this time, the presence of any two of the
four S-IVB cutoff indications will initiate
Time Base 4.)

Start IGM.

Start using ATNB
Set MSO4DT to 0.04/ATN3, set MS25DT to

25*%ATy5 .




TABLE 1-1 EVENT SEQUENCE TIMELINE (CONTINUED)

Time EDD Presettings Source :
Reference Symbol (Seconds) Code * Events
T3 Tsuc 60,53 C3 . Enable SMC calculations
T3 T3py 328.1 Dl - Save the values of MM, FEO, PF, and Fp and
- : ’ ‘.store-these values<§s M, FEO» PF. and Fi|
Start using mass flow rate, M3, and
.. backup thrust, Fj, in computation of back-
. up acceleration, (F/M).. Set TgyNT =T3 +
. T3py, compute ATE, and set BIAS = BIASS.
. (This event is keyed to the "Mixture
Ratio Control Valve Open" switch selector
= conmand.)
- : )
o T3 C o Tomal Variable .Cé& Times to change thrust misalignment
! T 4 segments in accelerometer backup computa-
~ L tions, given by the variable data tape. J.
T14 None 0.0 c3 Start computing artiricial t3 and
: - decrementing T34.
SEt Tli = 0. :
Stop computing T3 and T;4.
Ti14 Pc 0.0 "~ .c3 Start using t3 computed from (M/F)g (end
. ' : artificial 15 guidance). This event 'must
occur when P, initially Zero and recom-
puted on each BML after Tj;4 becomes zero,
. exceeds the presetting Peoymp-
IGM €, 25.0 D2 Start ¥ terminal steering guidance mode.
§ Time-to- Start using ATyy,- '
o
- & Set MSO04DT to 0.04/AT set MS25DT
N4>
=~ to 25*ATyN4.
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TABLE 1-1 EVENT SEQUENCE TIMELINE (CONTINUED)

Time EDD Presettings Source

Reference Symb%l (Seconds) Code _ Events®
IGM BN, 14,4 B Start building velocity history'éor
Time-to- S-IVB cutoff.
go ‘ ' ' '
IGM THSL+ATb 5.0+ATb D2 Enter IGM high speed cutoff loop when
Time-to- . : .the velocity-to-be-gained, (Vq-Vg),
go = ' is less than a velocity guard, Vggp-

- (If guidance reference failure has
occurred, do not enter the high speed
cutoff loop. If GRF occurs after
entering, continue until cutoff.)

Stop computing IGM guidance commands.
Inhibit SMC calculations.

Set up S-IVB Engine Cutoff On switch
selector.




TABLE 1-1

EVENT SEQUENCE TIMELINE (CONTINUED)

[

Time EDD Presettings Source
Reference Symbol (Seconds) Code Events
T4 None 0 Set acceleration, (F/M), to zero.

Increase vertical and downrange accelerometer RTICs to
50 m/sec2 (crossrange RTC unchanged at 6 m/sec?).

Disable accelerometer zero test.

Set ladder magnitude limit to 2.5 degrees in pitch and
yaw (MSK6). Roll remains unchanged.

Set backup thrust and mass flow rate to zero.

Reset the command decoder and the DCS error counter, reset
INT8, and release inhibit on INTS.

Enable the following DCS commands: Time Base Update,
Generalized Switch Selector, Execute Generalized Maneuver,
Return to Nominal Timeline, Terminate, Inhibit Water Con-
trol Valve Logic, Ladder Magnitude Limit, S-IVB/IU de-
orbit, and the Remove Inhibit on the Extraction Maneuver.

Stop checking for S-IVB cutoff. (Disable INT4 and DIS5.)

Begin the Z attitude test using opcTz = 48.0 degrees

and change OpcTx = 90.0 deg.

Start using ATNS'
Set MSO04DT to 0.04/ATN5, and MS25DT to 25*ATN5.

Change the zero gimbal test constant, ML6HUN, to 1.4 deg
(all channels).




TZ=T-11

* A9y

p: |

TABLE 1-1

EVENT SEQUENCE TIMELINE (CONTINUED)

Time
Reference

EDD
Symbol

Presettings
(Seconds)

Source
Code

Events

T5

T5

T5

LS

TSS
TSS

None

None

None

None

None

None

31.0

0
2905.0

‘D1

Reset Bits 1, 7 and 19 of MC27.

Inhibit the Time Base Update, Execute Generalized Maneu-
ver, Return to Nominal Timeline, Ladder Magnitude Limit,
S-IVB/IU De-orbit and the Remove Inhibit on the Extraction
Maneuver DCS commands.

Disable the loss of APS Attitude Control test.

Terminate any Class ‘4 alternate switch selector sequence
in progress, or scheduled.

Disable telemetry acquisition and loss calculations.

Stop checking DI9, (S/C Control of Saturn). If DI9 is
present at TB5 start, the vehicle attitude must be main-
tained as detailed in Section 5.5.5 of Part I.

Reset the platform measured velocity component, Xm,AYm
and Zm’ to zero.

Set the ladder magnitude limits to 15.3 degrees in pitch
and yaw (MSK6).

Start monitoring velocity increments (AV).

Initiate sequence for LOX dump stop and hydrogen dump
start, if required. (See Note 5 of Table 5-4).

Initiate sequence for safing. (See Note 6 of Table 5-4).

Enable the Execute Generalized Maneuver DCS command.
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1.3 ORBITAL ATTITUDE TIMELINE

The following table (Table 1-2) describes the nominal atti-
tude maneuver timeline from S-IVB cutoff until EOM. The

following items are defined in the timeline for each maneuver:

°® Maneuver number
° Description of the maneuver
) Nominal maneuver start time

] Maneuver type.

ITI-1-23 Rev. J
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TABLE 1-2 ORBITAL ATTITUDE TIMELINE

Nominal
Maneuver] Maneuver Time Description of Maneuver Maneuver
Number Seconds Type
1 T4+0.0 Maintain vehicle attitude. X Freeze
2 T4+20.0 Track local horizontal - posigrade, Position I down. Track local
reference
3 T4+700.0 Track local reference - 177° from local horizontal, Position I Track local
down. reference
*4 T4+2410.0 Track local reference maneuver to position the S-IVB/CSM for Track local
separation. The local reference attitude angles for this reference
maneuver are specified on the Variable Data Tape.

*5 T4+2997.0 Inertial hold of local reference. Inertial hold
of local
reference

*6 T4+7930.0 Track local reference maneuver to position the vehicle for Track local

docking module extraction posigrade with Position I up. reference
This maneuver is inhibited until the inhibit is removed by
ground command.

*7 T4+8359.0 Inertial hold of local reference. Inetrtial hold
of local
reference

8 T4+9310.00 Track local horizontal, retrograde, Position I down. Track local
reference
9 T54+0.0 Continue TB4 maneuver in progress when TB5 is started. Variable

*NOTE: The times for maneuvers 4, 5, 6, and 7 are nominal and the actual start time for these maneuvers are
on the Variable Data Tape. Furthermore, the actual start time for maneuvers 6, 7, and 8 may be
altered by removing the inhibit from the extraction maneuver late.

* %

* % ¥ ¥

* *
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TABLE 1-3

PRESETTINGS (CONTINUED)
ACCELEROMETER PROCESSING

EDD Source
Symbol Presetting Units Code Definition
F0 5764191.7 n c4 Backup force used for computing (F/M). for
first portion of BML in which liftoff occurs.
F 7409196.6 n - C4 Predicted average S-IB thrust used to
compute (F/M)c ‘
FZI 271422.55 n Cc4 Predicted averagé S-IVB buildup thrust
used to compute (F/M)c
Fz 1025021.5 n c4 Predicted average S-IVB thrust used to
' compute (F/M) before EMRC ‘
_ F3 848824171 'n Cc4 Predicted average S-IVB thrust used to-
compute (F/M)c after EMRC
Mo 0.0 kg/sec c4 Backup mass flow rate used for computing
: . (F/M). for first portion of BML in which
: liftoff occurs.
M, 3123.7173 kg/sec C4 " §-1B backup mass flow rate used to compute
: | (F/M)_
M, 250.28976 kg/sec (o7} S-IVB backup mass flow rate prior to EMRC
used to compute (F/M)c
M, 201.78261 kg/sec Cc4 S-IVB backup mass flow rate after EMRC used
to compute (F/M)c
M 588672.08 kg C4 Mass of the vchicle used for computing
0 (F/M)c in the first portion of the BML in
which“liftoff occurs, ;
M 588672.08 kg " Cc4 Mass of the vehicle at liftoff used to

compute (F/M)c




TABLE 1-3  PRESETTINGS (CONTINUED)
' ACCELEROMETER PROCESSING )

EDD , ‘ Source

Symbol Presetting Units Code Definition

M, 135149.48° kg C4 Mass of the vechicle (not including LES) at
T3+T3 used to compute (F/M)

FMC & c

sin (2°) .0348994967 Al Sin (2°) used to compute the estimated
‘thrust (F/M) misalignment uncertainty
term

sin (6°) .1045284633 ' Al'  Sin (6°) used to compute the estimated .

thrust (F/M) misalignment uncertainty
term if an S-IB engine out occurs




TABLE 1-3  PRESETTINGS (CONTINUED)
BOOST NAVIGATION

EDD . » Source
Symbol Presetting Units Code Definition
MFK1 0.32157638 . D2 (M/F)g filter coefficients for S-IVB stage
MFK2 -0.2687668 . '
MFK4 - 0.0
n MFKS . 1.6504718
o} .
1 : :
e MFK6 -0.70328021 .
w
v MFK7 0.0
MFKS ' 0.0
FMO . 12.8 ' m/seq2 _ B ‘Initial (F/M) for S-IB burn (This pre- -

- 5 ' -~ setting is valid at T1+Tgjgg and is also
used to initialize the S-IB engine out
acceleration decrease table.)

FM2 | 23.1 m/sec? B . Constant (F/M) from S-IB IECO to T3+0.0 "
FM4 - 5.26 m/sec? B ' Initial (F/M) for S-IVB burn - *
(M/F)o " 0.190 secz/m ‘ B M/F at T3+T3pM used to iﬁitiélize_the

o : S-IVB smoothing filter at TO+0 :

< .

g u 3.986032E+14 m3/scc2 Al Product of universal gravity constant and

= mass of the carth ]




TABLE 1-3 PRESETTINGS (CONTINUED)
FIRST STAGE GUIDANCE

EDD : Source
Symbol Presetting Units Code Definition

By 0.0 . ' C4 - -Coefficient used to calculate delta.. -
: , freeze time (AT¢) for S-IB engine out
during first S-?B engine failure interval

B12 15.0 sec C4  Cocfficient used to calculate delta
: freeze time (AT¢) for S-IB engine out
during first S-IB engine failure interval

VC-TfII

B -.375 » C4 _ Coefficient used to calculate delta

21 freeze time (AT¢) for S-IB engine out
during second S-IB engine failure
interval

B 15.0 sec C4 .Coefficient used to calculate delta

22 freeze time (ATg) for S-IB engine out
during second S-IB engine failure
interval

C 20.0 | sec | 4 Constant time bias used to modify T
arl ' in case of an S-IB engine failure
prior to T

far

*A9Y
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TABLE 1-3

PRESETTINGS (CONTINUED)
BOOST NAVIGATION

EDD ‘ Source
Symbol Presetting Units Code Definition
MFK1 0.32157638 D2 (M/F)g filter coefficients for S-IVB stage
MFK2 -0.2687668
MFK4 0.0
MFKS 1.6504718
MFK6 -0.70328021 .
MFK7 0.0
MFK8 0.0
FMO 12.8 m/seczl_ B Initial (F/M) for S--IB burn (This pre-
' . setting is valid at T1+Tg gg and is also
used to initialize the S-IB engine out
- acceleration decrease table.)
FM2 23.1 m/sec? B . Constant (F/M) from S-IB IECO to T3+0.0 %
FM4 5.26 m/sec2 B Initial (F/M) for S-IVB burn : *
(M/F)0 © 0.190 secz/m B M/F at T3+T3pMq used to iﬁitiélize-the
: S-1IVB smoothing filter at TO+0

H 3.986032CE+14 m3/sec2 Al Product of universal gravity constant and

mass of the carth )




TABLE 1-3 PRESETTINGS (CONTINUED)
FIRST STAGE GUIDANCE

EDD : Source
Symbol Presetting Units Code Definition

B,y 0.0 : ' C4 - -Coefficient used to calculate delta.. -
freeze time (AT¢) for S-IB engine out
during first S-fB engine failure interval

B12 15.0 sec C4 . Cocfficient used to calculate delta
: freeze time (ATg) for S-IB cngine out
during first S-IB engine failure interval

V€-TfII

B -.375 : C4 _ Coefficient used to calculate delta

el freeze time (AT¢) for S-IB engine out
during second S-IB engine failure
interval

B 15.0 sec C4 .Coefficient used to calculate delta

22 freeze time (AT¢) for S-IB engine out
during second S-IB engine failure
interval

C 20.0 | sec c4 Constant time bias used to modify T
= ' in case of an S-IB engine failure

prior to Tfar'

*ADY
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TABLE 1-3  PRESETTINGS (CONTINUED)
FIRST STAGE GUIDANCE
EDD _ Source
Symbol .Presetting Units Code Definition
Flo -0.417928E+0 deg
F11 +0.191600E+0 deg/sec
" ~0.166429F-1 deg/sec? - C3 Coefficients of first segment time tilt
12 . polynomial .
Fis +0.115531E-3 deg/sec3 .
Eoo -0.834601E+0 deg
Fay +0.174800E+0 - deg/sec :
E —0.142616E-1 deg/sec? C3 ‘Coefficients of second segment time’tilt
22 : - polynomial
F23 +0.765357E-4 deg/sgcs '
+0. E+1
F30 0.744985 | deg
-0. -+ - N .
Fzy 0.684825E+0 deg/sec C3 Coefficients of third segment time tilt
Fys +0.153426E-2 deg/sec? - polynomial
*=0.406969E-5 3
F33 deg/sec
Td 1.6170 sec B Time'tilt bias constant
m Al Three sigma altitude gain from 11ftoff

GANTRY 161.4

- to 10.5 seconds flight time




S ———
5 '  TABLE 1-~3 PRESETTINGS (CONTINUED)
' NOMINAL COMPUTATION CYCLE LENGTHS
EDD : : Source "
Symbol Presetting Units - Code o Definition
. | AT 0.84 . o Sec B Nominal comp cycle length from T0+0
N1 | to T1+0
AT 1.01 ' séc : B Nominal comp cycle length from T1+0
N2 .
. : ‘ . to T3+T3
' : £ X IGM
ATN3 | - 1.76 sec | B Nominal comp cycle length from T3+T3:6M
to S-IVB x steering
. ATN4 1,56 sec’ ‘B Nominal comp cycle length from start of
F . S-IVB x guidance until T4-THSL
v AT e , 1.10 : sec B - . Nominal comp cycle length from T4+0 to
- | ‘ © T4+BNg .
AT 1.0 T sec B * Nominal comp cycle length from T4 + BN5
N6 ' to EOM
e
(1)
<
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PRESETTINGS (CONTINUED)

TABLE 1-3
BOOST IGM
EDD : Source :
Symbol Presetting Units Code Definition
Vexl 4169.2826 m/sec C3 Exhaust velocity used in first phase for IGM
' ' computations
Tli 294.0 sec C3 Nominal IGM time-to-go from T3+TSIGM to
S-1VB EMRC
T10 294.0 sec C3 Nominal first phase burn time
. .."
10 517.03 sec C3 ‘Nominal value of T, used in artificial t
' calculations :
Mcr 128020.14 kg Estimated mass of S-IVB at IGM initiation
ex3 4200.7949 m/sec c3 Exhaust velocity used in second phase IGM
: . computations
T4 264.30 sec C3 Initial T, for second phase IGM
ptMR "35.0 sec Cc3 Duration of artificial T3 mode following EMRC
TSi 114.18 sec C3 Nominal IGM time-to-go from S-IVB EMRC to

T4+0
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TABLE 1-3  PRESETTINGS (CONTINUED)
BOOST IGM

EDD : : Source
Symbol Presetting Units Code Definition

ROV 1.0 Cc3 Bias constant for terminal range angle

G’l‘ -9.350 m/sec2 CS Terminal gravity for S-IVB burn

ng‘l‘ -9.350 m/sec:2 C3 Terminal X gravity component for S-IVB burn
ng.r 0.0 m/sec2 c3 Terminal Y gravity component for S-IVB burn
ng'I‘ 0.0 m/sec,2 C3 - Terminal Z gravity component for S-IVB burn
SQ1 5833.5262 " m/sec B First guess at sqrt (A% + Ai\zl) for S-IVB

' burn

SQ2 0.99997288 B First guess at sqrt _(1-(F§y)2)

AVb 6.7118 m/sec . C3 Thrust decay velocity bias for S-IVB burn
YAWLIM 45.0 deg "B - . Yaw guidance command limit

SMCG 0.03 rad/sec D2 SMC gain for Time Base 3

¥ ern 150.0 m/sec C3 . Velocity guard for the high speed loop in

. S-IVB burn

M2G ‘ "248' 3540 kg/sec C3 Predicted S-IVB mass flow rate prior to EMRC.
M3G 208.1099 kg/seg Cc3 Predicted S-IVB mass flow. ratév after EMRC.
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TABLE 1-3 PRESETTINGS (CONTINUED)
TYPICAL TARGETING LOAD DATA FOR USE BY FLIGHT SIMULATION
EDD . : Source
Symbol Presetting Units Code Definition
VT 7818.46 m/sec c3 Desired insertion velocity for S-IVB burn
RT 6528178.0 m c3 Desired insertion radius for S-IVB burn
GT 0.0 deg ' C3 Desired insertion flight path angle
i " 51.780 deg ' ¢ Inclination of parking orbit
AO 156.887 | ' deg , C3 '_ Longitude of descending node
A -0.004098 ' deg/séc C3 . Time rate of change of the descending node
' ‘ (a negative preset value moves the node
westward)
Terro #1628 | sec D3 Nominal value of T.po» reférenced to Toyr
T 71909.0 sec D3 Liftoff time of launch window closing,
LwC ' . ' referenced to T
GMT
-A 45.158 . deg .C3 . Platform Azimuth
z .
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TABLE' 1-3

PRESETTINGS (CONTINUED)

ORBITAL GUIDANCE

EDD _ Source
Symbol Presetting Units Code Definition
sle 0.0 : C2 Pitch Attitude variables for

Yaw Mancuver 1

CPMl 0.0 Noll
c
°YM1 0.0
CYM1 0.0 :
RAM1 . 0.0 | deg

Pu1 (NOTE*) 0.0 ; B Type of maneuver indicator for Maneuver 1
SP 0.0 Cc2 Pitch Attitude variables for

M2 : Y M 2
cp 1.0 : aw aneuver

M2 Roll
SYpy, 0.0
CYMz 1.0
RAy, 0.0 deg
TYPMz -1.0 ' o B Type of maneuver indicator for Maneuver 2
*NOTE: TYPMI-TYPM3 indicate whether a maneuver is an inertial reference (+1), chi freeze (0),

a local reference (-1), or an inertial hold of local reference (-2).




1.5 FLIGHT SEQUENCING

The flight sequencing requirements for SA-210 are established

in Table VII of the current revision of the Flight Sequence
Program ICD 68M00001, Revision D, and the approved IRN's des- ¥
cribed in Table 1l-4. The information to be obtained from the

ICD are switch selector command title, stage, address, and

time from base. No other information contained in the ICD

is to be considered a program requirement.

II-1-49 Rev, K
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I SWITCH SEL=CTOR J TIME
TR VARY COMMAND . : FRO™ BASE
GOE Y IaY SECOND
LIFTOFF - START OF TIME BASE NO. 1 (T1) | I¥ T1
6311500017 | SINGLE ENGINE CUTOFF ENABLE ' | 0101 1010fs-18 f1oofr1 +
£2v00001C | LOX TANK PRESSUR IZATION SHUTOFE VALVES CLOSE o110 1010fstve | 7o)«
53 ﬂ LH2 CHILLDOWN PUMP ON 0011 1001 bIVB 58 qT1  +
63000C1C | MULTIPLE SNGINE CUTOFF ENABLE NO.1 0001 0001 f5-18 | 16]r1 +
6£°:00001C | MULTIPLE ENGINE CUTOFF ENABLE NO.2 ' o110 1111 s-18 | 151+
683C001C | TELEMETER CALIBRATION ON - ' o101 1111 s-18 | 2} +
6aM50C010 | TELSMETER CALIBRATION OFF | E 0000 1111 fs-18 | 301+
£5700001C | TELEMETRY CALIBRATOR IN-FLIGHT CALIBRATE ON 0010 0010 Jru 231
27352016 | TELEMETRY CALIBRATOR IN-FLIGHT CALIBRATE NFF 0001 0010 Jru 24r1
pav.noric | LAUNCH VEHICLE SNGINES EDS CUTOFE ENABLE oc11 coot fru ag fr1 s
s2430001C | TELEMETRY CALIBRATOR IN-FLIGHT CALIBRATE ON 0c10 0010 fiu 231+
zo01c | TELEMETRY CALIRRATNR IN=FLIGHT CALIBRATE OFS - 0601 0010 fiu 24 F1 +
voooocin | osLtewT conTRCL CoMPUTER SWITCH POINT NOo 1 o111 1110 fu 431+
62%32.0iC | FLIGHT CANTRCL COMPUTER SWITCH POINT NO. 2 0100 0021 fiu b«
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TABLE 1-4 SWITCH SELECTOR SEQUENCING (CONT INUED)
| SWITCH SELECTOR TiME
ICD/YRN _ COMMAND ' : F20M-228%
. - | CODE STegEi RN SECONDS
68¥3CC01C | TELEMETER CALIBRATION ON AT GLO1 1111 [s-18 2fT1 o+ 11205
68%00001C | FLIGHT CONTROL COMPUTER SHiTFH POINT NO. 3 . 01C1 0col jru 22fr1 +  120.0
6£+3C0017 | U CONTROL ACCELEROMETER poM%é OFF: s 0111 olo01l JIu 10671+ 123.2
68M3CCO1C | TELEMETER CALIBRATION OFF = - = O ) _' : 0000 1111 |S-18 | 3971 +  124.8
49 TM CALIBRATEZ ON | | o 1;{ 3 0100 1010 fsTva | e2fr1 » 125.0
49 TY CALIBRATE OFF g g T 0000 o111 fstva | s3 i o+ 126.0
49 EXCESS RATE (P,Y,R) AUTO—ABORT,fNHIBIT ENABLE 0110 1111 Jru sl o+ 12741
49 EXCESS RATE [P,Y,R) AUTO-ABORT INHIBIT AND.‘ o101 1111 |1y 21 o+ 127.3
SWITCH RATE GYROS SC INDICATION A- | | | | |
4o S-18 TWO ENGINES OUT AUTO-ABORT INHIBITZENABLE 0000 1110 fru 51 1 '+ 127.5
49 S-13 TWO ENGINES OUT AUTO—ABORT’INHIBIT'. (A 0601 1110 |y 35 fr1 o+ 127.7
49 PROPFLLANT LEVEL semsods'ENABLé | . | E 26111 OL11 [5-18 104 Jr1 '+  127.9




76-1-11

*A9Y

TABLE 1-4 SWITCH SELECTOR SEQUENCING (CONTINUED)

SWITCH SELECTOR

TIv=

1£D/1EN COMMAND cegM 3ASE
cApE <TacEf CHN SEFINNS
S-18 OFOPELLANT LEVEL SENSOR ACTUATION-START OF <-18 T2 .0
TIME BASE ND. 2 (T2) |
63v00051C | EXCESS RATE (POLL) AUTO-ABORT INHIBIT ENABLE 0100 1111 1U 36012+ o 2
€370C001C | EXCESS RATE (POLL) AUTO-ABORT INHIBIT AND o111 cooljfru soft2 o+ .o
SWITCH RATE GYROS SC INDICATION 8
68420001C | INBDARD SNGINES CUTOFF 0100 0100fs-18 | 98fr2 + 300
68400001C | AUTO-ABORT SNABLE RELAYS RESET 0001 0001 }1u 16§72+ 3.4
6870CC01C | CHARGE ULLAGE IGNITION EBW FIRING UNITS o111 o100fstva | safrz 3.6
6843C001C | PREVALVES OPEN | 0110 1001 }stva | 83fr2 + 4.3
53 LH2 CHILLDOWN PUMP ON 0011 1001 |SIVB | 5812 + 4.4
6845CCC1C | LOX DEPLETION CUTOFF ENABLE 0000 0110 |s-18 | 972 + 4.5
6400001¢ | FUEL DEPLETION CUTOEF ENASLE o110 1010 fs-18 | 79fr2 5.0
68M6c001C | S-18 OUTBOARD ENGINES CUTOFF 0011 0011 [5-18 | 182 + 12.9




‘ 1.6 DIGITAL COMMAND SYSTEM (DCS) MODE COMMAND SUMMARY

Table 1-3 defines the only DCS commands which are accepted by
the SA-210 flight program and the interval during which each
command is accepted. The required program response to each

command is defined in Section 10 of Part I.
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TABLE 1-5

DCS MODE COMMAND FORMAT

Octal Binary Rep. of
Rep. of LVDC Bit
LVDC Bit Positign heeeptance
Fostpton 5-6 = Definition Times
10 0010000 Time Base Update T4+ 0-T5+0
11 0010010 Navigation Update T4+ 15-End of
‘ Mission [EOM]
12 0010100 Generalized Switch T4+ 0-EOM
Selector
13 0010110 Memory Dump Prelaunch Command
Mode T4+ 15>EOM
20 0100000 Terminate When any other DCS
command is allowed
O
| .
30 0110000 @ Remove Inhibit on T4+0 »T5+0
§ Extraction Maneuver
m
32 0110100 W Targeting Load Prelaunch Command
o
Mode
3
35 0111010 g Execute Generalized T4+ 0-T5+0
g Maneuver T..+2905.0-EOM
= SS
36 0111100 g Return to Nominal T4+ 0->T5+0
© Timeline
41 1000010 Ladder Magnitude T4+ 0-T5+0
Limit
43 1000110 Compressed Data Dump T4+15 -EOM
44 1001000 S-IVB/IU De-orbit T4+ 0->T5+0
45 1001010 Inhibit Water Control T4+ O-EOM
Valve Logic
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1.8 VARIABLE DATA TAPE DATA
Table 1-6 contains SA-210/ASTP Variable Data Tape Data for *
July 15, 1975 through July 19, 1975. This table provides *

the LVDC address, octal value, symbolic name, decimal value,

and scale factor for each of the Variable Data Tape data items.

The SA-210/ASTP decimal data for July 15, 1975 must be incor- *
porated into the SA-210/ASTP LVDC Flight Program. This data *
when converted to octal data by the assembler may not always

exactly agree with the octal data on the Variable Data Tape;
however, the Variable Data Tape values will replace the

assembled data when the Variable Data Tape is loaded into the

LVDC. When the octal values computed by the assembler do not

agree with the corresponding values on the Variable Data Tape,

the octal value assembled for the checksum word CKSMIB must

be adjusted so that the data assembled in that sector will sum

to the value specified in Section 3.3.3 of Part I.




VARIABLE DATA TAPE DATA

TABLE 1-6

Decim Val/Scal

Name

Decim Val/Scall Addrss/Octal Val

Name

Addrss/Octal Val

COOQm=-—~NININNOOO0O00000Q0O0 COOODOADNNN
e et et md el ot el ped et

AN - el ANIO Aot ed e A YOO MAAFPFT S o e ™M™
o0 2 QOOCOONOMNMAOODDOO000 O OO OQOO0O
| | P | 11 |
Qo O QOO CARRO O oo Do
o0 QO QOO0 MAN~OOO0O0000 N O COO0O0D
QO O ONANNNTITNOMTONOO0OO0OO0 N PO OOV
OO0 W NN PO TFONN NN~ o OO COOO0O
oCc O ONNONNRCOTOMNO~NTM—-® o OO OO~ O
no N NCOONTODFNNM~AM N O Ce=mn
CLUOMOOONITNIOOGC LM TMNNMNS  NOOMOOT oM
" O 9O 2 0 @ ® 0 9 0 0 0 00 0 0 00 P 0 0 9 0 ® 0 & 0 0 ¢ 0 o o ¢
et FOAODODOMN NN PNNM F et = N

| | L
m — N
~oNeoO S O F AN et e NN
LI < COMOLCEDLTER T I~ JIFN O~
AOOUXYZMMMMI?:.J4CCCCSSSSS[AUIA.UM.MM - ¥
DOX>NECOD b eI LI LA L LI IEA XA D> X F T
LA O A b= == QOO QNN NNV OCOOA0 K=

OVONODODOANNANNITOTONYVIOVOFODOVDIOINTONOODO
OMOMOOQOOOOTOON TN mrdMIFANNMOMNSONMOOOD
NOOMONDQrdrd = A MM OAT N TV DO FTANON O (MMM
ONUVUNOOLONNANNS OOV ITNO = TN Oe="ONOMNNONO TS
QOONODVmd DN PP~ OOMNSPNAINANNmibs~O M =OMNANNM
O WO etOOONDM O~ Alm~0O0OO0O00OMMOMNSTOMNOMM~N
ONOLODIQOmt =M= 00 QODODMNDMMNOMANIMN N —
VWOMNOLODODOMNMPINMNMNNNSNSOOQOMMNOMNMNOMNMNNMASO
DANOMDDIQOOOOMNNMAONNSNMSMNODOOM~OMVOMO OO -
O MNP N OO ed NN NN W PO eed NNOT N OO M N OO
OO Q e s e e e e+ reed (N O O YO NN NN 0O N PO N 0O OO (0 NP NS
MMM OMOMAMAMMOE OO AOMAAaOMOEOEa MMM Ao Mo

VYOV OVOVVVVVVOLOVLOVOPVYVOVOVOVVVVOV VOO

et e e, e ) e e o e e e e g, e e s ] e el g ] e e v e el ed P red el e e e eed
[elololslololololololololslololelslolelololnlolols lolalolnlelalole la)

I1-1-76

Rev. K




QOO Qrirmd = VNN ODODDOOOOOMMNDTD QODOOQONINININ
ped. e e ] e el oo el
A A e e = (N N OO F o F T —_—t e
DD OO0
1| |

e L2O0O000

1
slelslelolslalololelalvlolniole o]
Ly |
OOcoQoCOooOoLIO O Qo
CODOXAN~OOO00O0 N O rOOO0O
OANNNITNOMTONOOWO N 000 NQOOD
NIRRT PN FONNNN~ N O QOO
AONNNINC IO ~NI—~0 N OO
~O NODQPCPORFNNM—M N O =—~CmMe
9(030005456999983943557 NOCTMOTTOME
9 0 0 9 0 0 2 0 0 0 0 6 0 0 0 9 @ 0 0 9 0 e 0 e 0 0 2 @ ° @ * 0 O
140100031239999Q3341111 339%092378
(|

. . m — o~

e o N OO T ol O\ () N et et ot OO )
> < << <T DOODREDNDLIE £ =L _JT N0~
AODOX>NIETITTmONOFTOLQLOUNNNNNIOm=IDITET I I
AX > NOEC D b pr A IL (LA IUA XA LTS
D NOA A Qb b b= (I L O NN N NNNNN QOO D QD b b e e

Decim Val/Scal
0D
oD
20000D-01

Name

OVOVOQOANNNAROTONVOOOTOOVNDONTONOOOD
QOO M) sk voed v =t (A OO OO O o D =0 O ST NO P OO QO
DOONOQQ = DN PP OQOMMNSONNN O MO NSO M N -~
NV DO NOM O NP\~ QOOQMOMMO M T O D rd =
HOD OO QA NP A D OO QO NN MNOMNSNO LN —
VOOMOOIDODQMPIMPM=P= OO OMNOMNQMNSNMMNSD
ONDINOLOOOOOMMNMMMMNAENDOQOM=OMOOMMNDO -~
QOed NMF N DM Qe NN NSO e T NN O et NV N0 N O el
QOO ) md vt e o ped d o e O NN NN NN OO 0O 00O T T
MOOEMMAOMEOMAOMAOMEMOMEOMAAM A naMMmnOOonm
N NeINe e oV No JNe NoNa Ne Ro Bo Ro B e Ble Ho Rl o Lo e Ro R e Ho oo Ro o N s o lo e Ko B e e}
ol o ] g gl g, gl ol o) g g e el g, el gl el ged e e v el et el g #d g e el e e el ] e

00001115555000000000000 QOO0 QONINNN
g ot e et —d o d el
22 OO N\ o el ed ed (N 00 () F T —t =N
oo elololeolelvlololslololeloleleln] 00 OMNO0O0
vt e L
o9
OC

VARIABLE DATA TAPE DATA

alajsialnlalalslalslalslalnlale] o Ccooco
DODOVAN~OQOOO0O00O 2O OOQOOD
ONNANNTNOMITONO00OLO I C OO0
N PP OO0 NN MO QOO00Q0
MNP OM O~ =0 o0 roaNOm

NOOO RO 0N T NN N .
CPOOMOOCONTNQOCIOCXMEATMINNMNT NOPOONRTO T
0 0 000 0 00 000N PR e e N e 0 e 0 900 0o
AT O~OOOMNAPCORCNMN G rimiried MOEOOD NSO

[ IR |

o -~ [aV]

~ O N P OO bt ol ot NN
LqII I asfealeafanfenlonlsallonh 2 g SEN]__gu SN K SUoRVo) o
AnUDOXY7LMMMM1234CCCCSSSSS[AGIAUV|MMM.
OX>NECOR = (AL LI YA XA DA G T T
FORDAA Q== QOO INNNNNNNNOOC O QO D = b b b

20000D0-01

Decim Val/Scal] Addrss/0ctal Val
222220-01
S
C

TABLE 1-6

Name

OOVOVDOQNANNNLOITONDLOOVOIFIOQOUOVODNTONOODD
OMQOMOOQOOOQOOTOWNT N NNMODM~ONSDOOD
OOOMNOOQrirmded e NI NMFOT Dt DO TANOMN e DONDOOO
QINONQOOQNONN M0 00T O = MO N OO N AT OMN QO WY
QOO DU PP P e O =P OO O P P (D N ot C P O el i L0
QOUOOQONOMN ORI\~ .0 OO DO OVMO M FOM 0 OM~N
~AMD OOQOOmdmd PP P 0O DOQ O NN N MO P O
VVOMOODVQOQOMM PP =P=O0GONMNOMNONSANINMNSO
D+OMOOOO0QOMNMMNMMNISNANEOODOM~OMODAO DO~
Qe NN IO et NI N OO et N OT N OOt NMF LD O
QOO0 QO e vl omd e g b smed =4 (N OO NI NI N N OO N POV OO CA N OO T P
R A L L e T L e K Lo T L T Taa Taa T o a T Vo Voo Yo Ua s Uaa Voo Yan Faa Vo s Yaa YaaYaa Yoo Vo
FoReRTo e RV RNe RN Vo I¥s JNo R0 RVo I¥o R0 JNo RV RV6 RN RV5 J¥s BVe Vo JVG BV, RVo RV RVG IV, RV Io R¥s RV RV4 IV }
et ol o g oo e et e e ] ] g e ) s e s s e e g e et g e g, e el e e, e e s g
(elojelaislolololslolslolslolelsislolololnlolololalviniviolalelolels)

Addrss/Octal Val

I11-1-77 Rev. K




VARIABLE DATA TAPE DATA
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