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EDD CONFIGURATION CONTROL PAGE LISTING, REVISION K 
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incorporated in this revision: FPCR 210-10 thru -14 and 
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-17, -18, -21, -22. 

I-7-21, -22. 

I-8-15, -16. 

I-10-7 thru -10, 
-31, -32, -37, -38. 

I-11-23, -24, -45 
thru -48. 

I-14-11, -12. 

I-15-17, -18, -47, 
-48. 
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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-llOA 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-llOA 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 payloa~ constraints, will be loaded into the 

LVDC. The digital command system (DCS) is the primary method for 

loading the data inio the LVDC. If the DCS targeting load fails, 

the RCA-llOA 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-llOA 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-ll0A 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-ll0A 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

ll0A. 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 

v erification 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-ll0A 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

ma tely 37 minutes prior to launch. If the 37 minute DCS load is 

unsuccessful, a backup load via the RCA-ll0A will be performed 

app r oximately 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* 

r e· iains 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-llOA 

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-llOA 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 

T{ until GRRA. 

The predicted liftoff time (T{) is loaded into the LVDC from 

the RCA-llOA after the LVDC has been commanded to Prepare to 

Launch. The LVDC PTL routine computes the difference between 

the predicted time of GRR and the nominal time of GRR (TGRRO) 

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

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-llOA 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 (T{) be trans­

mitted to the LVDC. In response to the new value of T{, the 

LVDC will calculate a new platform azimuth and transmit this to 

the RCA-llOA for platform realignment. If it is necessary to 

recycle to the beginning of Prepare to Launch Mode, a new T{ 

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

The platform may be realigned at times other than when T{ 

changes. The capability to monitor platform gimbal angles 

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

I-3-7 
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great e r th a n two binary bits (10 arcseconds) will be corrected 

automatically by executing the Azimuth Laying Fine Positioning 

program. 

liftoff. 

Corrections will be made up until 152 seconds before 

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. In addition, 

the following parameters must be provided: (1) constant accelera­

tion bias terms for X, Y, and Z axes (BXO' BYO' B20 ); (2) per-

formance factor biases along XB, YB, 

ration computations (Pbx' Phy' Pbz); 

thrust misalignment angles (vectors) 

ZB axes, for backup accele­

(3) times to begin using 

1 through 4 (TTMAl - TTMA 4 ); 

vector (C a l - Ca 4); (4) X component of 

(5) y component of 

(6) z component of 

( 7) the Time Base 4 

and 7 ' (T4M4' T4M5' 

thrust misalignment 

thrust misalignment 

thrust misalignment 

nominal start times 

T4M6 and T4M7); and 

vector (S a CSl - SaCS4); 

vector (S a SSl - Sa S S4); 

for maneuvers 4, 5, 6 * 
(8) the attitudes with * 

respect to local horizontal and the desired roll angle for maneu- * 
vers 4 and 6 (DPITl, DYAWl, DROLL!, DPIT2, DYAW2, and DROLL2). * 

Refer t o 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, ~A 

and ~B,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. 

4. 2. 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 . 

I-4-3 
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4.2.2.1 Disagreement Test 

The measured changes, 6A and 6B, for each axis must agree 

within two pulses (0.1 m/sec) (Eq. 4.2.1.1). If they agree, 

6A 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 appropriate 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 (6A in use) 0 0 

Disagreement; 6A in use 0 1 

Disagreement; 6B in use 1 0 

Unreasonable; Backups in use 1 1 

Expected velocity data changes (6A and 6B) used in the dis­

agreement test will be obtained by resolving, through the 

average gimbal angles, the total acceleration, F/M ~r 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 
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the past three values of M/F and (M/F) 51 , ... , (M/F) 54 are the 

past four values of (M/F) 5 . 

The values for (M/F) 1 , ... , (M/F) 4 , (M/F) 51 , ... , (M/F) 54 are 

all initialized to (M/F) 0 at or before T3 + T3~M· The (M/F)
5 

calculations must start at T3 + T3FM' before the initiation 

of IGM calculations. By starting the (M/F) 5 computations prior 

to IGM initiation, any performance adjustments of (M/F) 5 due 

to the presetting (M/F) 0 will be made. Once (M/F) 5 computa­

tions begin, values of M/F and (M/F) 5 calculated on succeeding 

passes replace the initial values. Four computation cycles 

are required before all initial values of M/F and (M/F) 5 are 

replaced by computed values. The initial value for M/F and 

the time to initiate (M/F) 5 computations are defined in the 

Presetting Table and the Event Sequence Timeline Table, re­

spectively, of Part II. 

2 The magnitude of (M/F) 5 must be limited to 0.25 sec /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 
C 

During Time Base O (TBO) the backup acceleration, (F /M) , must 
C 

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) must 
C 

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 a cc 1~ 1 er a t ion d a ta mu st be d e r j_ v e d h y res o 1 vi n g the pre­

dicted acceleration through the average gimbal angles for tl1e 

past and current Loost major loop (Eq. 4.2.23). The total 

acceleration and the center of gravity offsets are used to 

compute the acceleration along the XB, YB, and ZB body axes 

(Eq. 4.2.25). 

The components of the unit vector defined in Equation 4.2.25 

specify the actual thrust direction. The parameters Ca, 

SaCS, and SaSS must be initialized as defined in the Event 

Sequence Timeline of Part II and changed at predefined timeu 

in the Mission, referenced to T3. Presetting values for the 

vector and time parameters are given by the variable data 

tape. The body accelera~on and the average gimbal angles 
I 

for the current andLpas~ ~oost major loops are used to 

derive the failed accelerometer output (Eq. 4.2.26, 4.2.28, 

anct 4.2.Ju). l;apaoi1.:i.cy muse oe provicieci Lo u.i.ao Li1t~ 

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 

(BXOl) in Eq. 4.2.27 must be set equal to th,~preset constant 

acceleration bias value, from· the variable data tape (BX
O
), 

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

Eq. 4.2.31 (B
201

) must be set to zero during•the -~-IB stage 

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

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

stage operations. 

During S-IVB stage operations, the constant acceleration bias 

(BXOl) in Eq. 4.2.27 must be set to zero. The Z axis term 

(B
201

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

acceleration bias value from the variable data tape (B 20 ), 

during S-IVB stage operations. The Y ayjs term (By
0

) in 

Eq. 4.2.29 must continue utilizing the preset value from the 

variable data tape during S-IVB stage operations. 
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The minor loop attitude command x; time function (~q. 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. In these two instances, the 

tolerance requirement may be relaxed to± 0.12 degrees. 

The time tilt pitch continues until T > T At this time, the * c ar 
flight program must set bit 5 of MC25 and maintain the last computed 

pitch guidance command (x) until IGM initiation. If time tilt pitch * 
y 

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 > TSO' or alter­

natively when (XS - initial XS) > GANTRY. After yaw has been enabled, 

the yaw guidance commands (X) must be computed by interpolation be-z 
tween consecutive points in the table as a function of time (T ). If 

C 

T does not exceed the first time point in the yaw table when yaw is 
C 

enabled, the yaw guidance must be delayed until T exceeds the first 
C 

point. Capability must be provided to store 25 values of time and 

25 values of X corresponding to the stored times. The time and yaw z 
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 T > T or until T exceeds the * 
c - ar c 

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 (X) must be maintained until IGM initiation. If z 
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 

* 



4.4.1.4 Engine Out Guidance Modifications 

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

gram has provisions to detect both an outboard and an inboard 

engine failure. Engine out processing requirements are detailed 

below. DI14 (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 

are shown outside the broken line. The symbol"•" is used to 

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, TEO' is set (Eq. 4.4.3). 

For the first S-IB engine failure that occurs in Time Base 1, the 

X guidance command is frozen for a specified length of time, ~Tf, 
y 

which is computed by Eq. 4.4.4 as a function of the engine failure 

time TEO' Eq. 4.4.3. To accomplish the X freeze, the X computa­
y 

tions are inhibited for ~Tf seconds, and the last computed X is 
y 

Rev. K 
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4.4.1.4.2 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 (M 1 , F 1 ) are not adjusted. 

• The sin (6°) is 0 substituted for sin (2 ) 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 . 

4.4.1.4.3 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) being adjusted to one-half 
C 

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 Xis the steering command, a and bare constants, and 

tis 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 terminai 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 

211 General Formulation of the Iterative Guidance Mode," 
NASA TM X-53414, 22 March 1966. 

1-4-22 Rev. B* 

• 

• 

* 

• 



• 

• 

• 

7. 4. 23 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 + 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 is 

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 DT24: L'iftof'f -n An 

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

o f t h e o c currence of an event which requires immediate action. 

Three interrupts are provided for functions internal to the 

LVD C. 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 
Stor':lge Word Bit 
Register Bit Position Function 

1 11 Command LVDA/RCA-llOA Interrupt 
2 10 S-IB Low Level Sensors Dry 
3 9 RCA-llOA Interrupt 
4 8 S-IVB Engine Out "B" 
5 7 S-IB Outboard Engines 

Cutoff "A,, 
6 6 S-IB Low Level Sensors Dry 

7 5 Guidance Reference Release 
8b 4 Command Decoder Interrupt 

"B" 
Ba 4 Command Decoder Interrupt 

"A" 
9 3 Simultaneous Memory Error 

10 2 Spare 
11 

Si!n} 
Internal to the LVDC 12 

Th e 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 

"A" 

II B II 

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 (0) must be 
X X 

compared to a constant (aACTX}, Eq. 8.3.11. If the attitude 

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 

Z gimbal angle (Oz) to a constant (aACTZ), Eq. 8.3.12. If 

the gimbal angle exceeds the constant, loss of attitude 

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 TS+ 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, MSK6, and for roll, MSK16, 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 aACTX and 

aACTZ are 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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start time 60 TDSS must also be greater than T5GRD. If 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. If 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 

I-10-7 Rev. C 
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Error Code 
No. (Oc t al ) 

04 

10 

14 

20 

24 

34 

44 

50 

54 

60 

64 

70 

74 

TABLE 10-5 DC S ERROR CODES 

DCS Error Mes­
sage Bits S-5 

000100 

001000 

001100 

010000 

010100 

011100 

100100 

101000 

101100 

110000 

110100 

111000 

111100 

Descrip tion 

Orbital Mode/Data bit is invalid; data 
command was received when a mode com­
mand was ~xpec.ted 

True complement test failed for mode 
command; inforrnat:ion bits 7-1 are not 
the complement of bits 14-8 

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

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

Mode connnand sequence bit incorrect; the 
sequence bit received was 1 instead of 0 

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

True complement test failed for data 
com..~and; infornation bits 7-1 are not 
the cor;i plement of bits 14-8 

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 me;nory dump command 
are in a non-existing module (see Section 
10.3.3). 

.. 
The time of impl ementation of a naviga-
tion update or TBS start time is less 
than 10 sec in the future, or 60 TDSS 
is less than 1'5GRD' 

Data command sequence bit incorr ec t; the 
sequence bit must begin with 1. and alter­
nate from 1 to O in each sequ ential data 
command of a set 

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

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

The mode command received is defined 
for this mission but is not accep­
table in the present time frame. 

1- 1 0-8 Rev. K 
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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 

• S-IVB/IU de-orbit 

• Remove Inhibit on the extraction maneuver. 

Table 10-6 lists the current DCS mode command assignments. the 

LVDC 14-bit position format, and the_ DCS data command require-

ments. Sofue 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 onl~, will be defined in 

the Digital Command System commands table in the individual 

mission requirements, Part II. 

10.4.1 Time Base Update 

Upon acceptance of this DCS mode command, thi 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 O signifies an increment. The 

magnitude of the update will be contained in LVDC Bits 1-5. 

I-10-9 Rev. J 
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TABLE 10-6 DCS MODE CCi-::•1A."-;DS 

Octal Binary Rep. of • Rep . of LVDC Bit 
LVDC Bit Position Data . 
Position - Def tnition Words 

S-5 S-6 I 7-13 (GEneral) Req'd. 
-

10 0010000 Time base update 1 
'° 11 0010010 l Navigation update 35 en 

12 0010100 co Generalized switch selector 2 
,&J 

13 0010110 ~ 

.0 
Memory dump 6 

20 0100000 u Terminate 0 
Q 

21 0100010 > Execute alternate sequence 5 ...l 

30 0110000 11-1 Remove Inhibit on extraction 0 0 maneuver 
,&J 

32 0110100 c:: Targeting load 45 Cl) 

33 e Execute maneuver A 5 0110110 r Cl) .... 
34 0111000 p,. Execute maneuver B 5 • e 
35 0111010 

0 Execute generalized maneuver 20 u 
36 0111100 C1) Return to nominal timeline 5 ' -41 1000010 ..-4 . Ladder magnitude limit 1 

' 43 1000110 Compressed Data Dump 0 * 
44 1001000 . S-IVB/ I U de-orbit 7 * 
45 1001010 Water control valve logic -

inhibit 

TABLE 10-7 TIME BASE UPDATE DCS DATA co~::-.IA.i\/D F0~-1.-\T 

LVDC Bit 
Position s 1 2 3 4 

.. 6 7 13 14-25 ~ -
14 Infor-
mation 
Bits 14 13 12 11 10 9 8 . 7 - 1 Unused 

l' Comple- l3its 
Bit Sig- MSB* LSB* ment of 
nificancc Sign d~t .:i data data data cl :1 ~a 1 bits S-6 -
*MSB (most significant bit); LSB (l east 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, 
• 

RT, ST, i, AO, A, TGRRO, TLWC, TLCK. The transmitted value . 
of the parameter A must be negative to move the node westward. 

The time parameters TGRRO and TLWC must not exceed 86400 seconds 

(24 hours), If TGRRO is before GMT midnight and TLWC is . aft~r 

GMT midnight, then TLWC must be referenced to GMT reset to zero 

at midnight. The information bit format for the five DCS data 

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. 

factor is added to prevent the targeting load command from 

changing the checksums in the LVDC . 

This 

After all the targeting data is accepted and formatted the nine 

quantities must be stored in memory module O, 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. 
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The fo rma t for the DCS data command is given by Table 10-18. 

The dat a must repre sen t 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. 

I 

TABLE 10-18 LADDER MAGNITUDE LIMIT DCS DATA 
COMMAND FORMAT 

LVDC Bit 
Position s 1 2 3 4 5 6 7-13 

Information 
Bits 14 13 12 11 10 9 8 7-1 

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

S-6 

14-25 

Unused 
.Bits 

Upon acceptance of the Ladder Magnitude limit DCS command the 

program must do the following: 

• Reset Bit 12 of MC24 if it has been set 

• Set Bit 3 of MC27 and never reset it 

• Inhibit the loss of APS attitude control test 

• Set the ladder magnitude for the pitch and yaw channels 

(MSK6) and for the roll channel (MSK16), 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 

lar ger 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 TLS + THDD + 30.0 seconds 

(THDD - 0.1 seconds after the hydrogen dump has 

started). If TLDD is zero, then THDD will also 

be zero. The converse of this is not nec~ssarily 

true. 

• When the safing sequence is scheduled, the velocity 

test must be terminated. 

A detailed d~scription of TB5 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 (60TDSS' TLDD' THDD and DELVR) accepted by the 

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. * 
I-10-37 Rev. J 



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. 

I f 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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H 
I 

...... 

...... 
I 

N 
w 

• 
Mode 
Reg. 

0 

0 

0 

0 

0 

PIO 
Tag 

441 

444 

445 

450 

455 

PCM EDD 
Tag Symbol 

1520 INT 

0522 x4 

1522 DIR 

0524 Y4 

1526 TBi 

• • 
TABLE 11-8 TELEME TRY TAGS (CONTINUED) 

LVDC DATA 

Frequency Seal-
Description (Segments) ing Units 

System interrupt indication: 01 (1-6) N/A N/A 

Octal Interrupt 
00000 INT7 
20200 INT2 
30300 INT5 
01010 INT6 
40400 INT4 
35774 INT9 

-
X4 component of radius vector R c1 (3-6) 23 m 

Discrete input register status RSML(l-5) N/A N/A 

RS 1 (6) 

-
Y4 component of radius vector R c1 (3-4) 23 m * 
Time base start: 01 (l-6) N/A N/A 
Octal Code Time Base 

0000 TBO 
0020 TBl 
or 

4000 
or 

4020 

l 
2020 TB2 
or 

0101 
3030 TB3 
5050 TBS 

-



TABLE 11-8 TE LEME TRY TAGS (C ONTIN UED) 

LVDC DATA 

Mod e PIO PCM EDD Frequency Seal-
Reg. Tag Tag Symbol Description (Segments) ing Units 

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

Octal Condition 
Code 

1000 INT4 (S-IVB Engine 
Out "B") 

0200 DIS (S-IVB Engine 
Out "A") 

0030 Low accelerometer 
H pulse counts 
I 0004 Guidance cutoff issued 

I-" 
I-" 
I 0 460 0530 T* Time-to-go to S-IVB cutoff C1 (3-4) 10 N sec 

.j::-

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

0 464 0532 T3i S-IVB 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 DI 14 
0004 DI 15 
0020 DI7 
4000 DI24 

:,::, 
(l) 

< 3030 DI23 
n 4040 DIS 

• • • 
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Bit 
No. 

25 

TABLE 11-13 illDE CODE DESCRIPTION (CONTINUED) 

Mode Code 25 

Bit Set Indication 

TLC (INT9), simultaneous 
memory error 

I-11-45 

Reset Bit 

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



Bit 
No. 

s 

1 

TABLE 11-13 MODE CODE DESCRIPTION (CO!{TlmJED) 

Mode Code 27 

Bit Set Indication 

Powered flight-DCS inhibit 
removed 

Execute Alternate Sequence 
DCS co;mnand accepted 

Reset Bit 

lhis bit must be reset each tine 
the DCS is inhibited. 

1his bit. must be reset after t:1e 
corresponding alternate sequen:e 
r.ommand has been implemented. 
This bit must be reset at T5+o. 0. 

2 Spare 

3 

4-6 

7 

8 

9 

10 

11 

12 

13 

14 

Ladder magnitude limit DCS 
command accepted anc loss 
of APS attitude control test 
inhibited 

Spares 

S-IVB/TU De-orbit DCS command 
accept~d 

Navigation Update DCS command 
accept~d 

Time Base Update DCS command 
accept~d 

Local reference maneuver in 
progress 

Inertial attitude hold in 
progress 

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

Remove Inhibit on the 
extraction maneuver 

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

I-11-46 

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

'l'his bit must be reset at TBS 
start. 

lhis bit must be reset after tte 
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 bi~ 
10, 12, 16 or 17 of NC27 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 DESCRIPTIO~ (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 004 and D06 ·set.) 

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

Inertial atti~ude hold maneuver 
after· S/C control (This bit 
remains set until time for next 
programmed maneuver,) 

Water Control Valve Logic Inhibit 
DCS command no~ accepted (This 
bit is nominally set.) 

Execute Generalized Maneuver 
DCS command accepted 

20-25 Spares 

I-11-47 

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, 

This bit must be reset upon 
acceptance of a Return to 
Nominal Timeline DCS com.uand 
or Execute Special Maneuver 
command or when the gener­
alized maneuver is initiated, 
This bit must be reset at 
r5+o. o. 
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I 

t--' 
t--' 
I 
~ 
CXl 

Group 

A 

• 

Description 

Three Fine 
Gimbal 
Angles 

Sample Table Word 
Rate No. No. 

Once every 2 1 
100 (+7 .2, 
-0 .O) 
seconds 

2 

3 

4 

TABLE 11 - 14 COMPRESSED DATA 

LVDC Bit Assignment 
s 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 

0 0 0 0 0 0 0 0 0 l TTTTTTTTTTTTTTTT 

0 0 1 D A A A A A A A A A A A B B B B B B B B B B B 

0 l O D A A A A A A A A A A A B B B B B B B B B B B 

0 l l D A A A A A A A A A A A B B B B B B B B B B B 

Bit Description 

Bits S-9 - Identification Code 
T - Time from GRR in 1/2 $CC 

per bit 

Bits S-2 - Identification Code 
D - Disagreement Bit 
A - Yaw Fine Gimbal Angle 

Reading (Channel A) 
B - Yaw Fine Gimbal Angle 

Reading (Channel 8) 

Bits S-2 - Identification Code 
D - Di$agreement Bit 
A - Roll Fine Gimbal Angle 

Reading (Channel A) 
B - Roll Fine Gimbal Angle 

Reading (Channel B) 

Bits S-2 - Identification Code 
D - Disagreement Bit 
A - Pitch Fine Gimbal Angle 

Reading (Channel A) 
B - Pitch Fine Gimbal Angle 

Reading (Channel B) 

• 
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Expected Velocity Changes Using Past Acceleration 

6Vfx cos 0 cos 0 yac zac 

6Vf = 6V fy = 20(F/M)6T sin 0 zac 

6V f z 

Disagreement Test 

lt::.A - 6B I < 2 bits 
X X 

= { 6Ax 
for A channel 

6VMx 6B for B channel 
X 

Same for Y and Z 

Zero Test Values 

J Ac O = 2 0 ( F / M) 6 T_ 

t AcO = 20(F/M)6T 

it::.vfxl.5'\co 

I 6V f).5'\co 

I 6V fz l.5'\co 

sin (2°) 

sin (6°) 

(0.56Vf - 20RTC 6T) < 6V 
- M 

( 1. 51:i V f - 20RTC 6T) < 6V 
- M 

-sin 0 cos 0 yac zac 

used 

used 

channel 

< ( 1. 56V f - + 20RTC 6T) 

for 6Vf 2:_ 0 

< (0.56Vf + 20RTC l:iT) -

for 6Vf < 0 

I-14-11 

(4.2.1) 

(4.2.1.1) 

(4.2.2) 

(4.2.3) 

(4.2.3.1) * 

(4.2.4) 

(4.2.5) 
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Velocity Accumulation 

6-V 
6VM for reasonable accelerometer readings 

(4.2.6) -{ 6-VB + BIASA for unreasonable accelerometer readings 

XM 

VM = YM = VM + 6V 

ZM 

X m . VM 
V = y = m m 

20 . 
z m 

F/M Calculations 

X 

( vmj past 
m 

V 
A y m 

= = m m 6T 

z m 

F/M = ( x! + y2 + z!) 1 i 2 
m 

Reciprocal Acceleration Filter 

(M/F)S = MFKl(M/F)l + MFK2(M/F) 2 + MFK3(M/F) 3 

+ MFK4(M/F) 4 + MFK5(M/F)Sl + MFK6(M/F) 52 

+ MFK7(M/F) 53 + MFK8(M/F) 54 

1-14-12 

(4.2.7) 

(4.2.8) 

(4.2.9) 

( 4. 2. 10) 

(4.2.11) 
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• 
Symbol 

J -
J 

J 
p 

J y 

• 

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 J
3 

and the predicted 

terminal range angle ¢T [m] 

I-15-17 Rev. B 
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Symbol 

K -

K 
p 

K 
y 

TABLE 15-2 DEFINITIONS (CONTINUED) 

Definition and Comments 

Orbital drag model constant, dependent on the mass 

and average presentation area of the vehicle [m 2 /kg] 

IGM parameter used in calculation of pitch attitude 

correction term 

Unit vector along z5 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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Symbol 

b.V 

b.V 
B 

TABLE 15-2 DEFINITIONS (CONTINUED) 

Definition and Comments 

Velocity accumulation utilized in (F/M) calculations 

[m/sec] 

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

BIASA [m/sec] 

b.Vb Velocity bias to allow for engine thrust decay 

after cutoff [m/sec] 

b.V ex 

b.V 
cy 

/1 V 
CZ 

Change in velocity along XS from velocity counter 

[m/sec] 

Change in velocity along YS from velocity counter 

[m/sec] 

Change in velocity along ZS from velocity counter 

[m/sec] 

b.Vf Expected change in velocity in the S-coordinate 

b.V gx 

/J.V 
gy 

b.V gz 

system [pulses] 

Expected change in velocity along XS due to thrust 

[pulses] 

Expected change in velocity along YS due to thrust 

[pulses] 

Expected change in velocity along ZS due to thrust 

[pulses] 

Change in velocity along XS due to gravity [m/sec] 

Change in velocity along YS due to gravity [m/sec] 

Change in velocity along ZS due to gravity [m/sec] 

I-15-47 Rev. K 
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Symbol 

6.VSAV 

6. V' 
V 

/:,. V 
X 

/:,. V 
y 

6.V 
z 

6.X 

. 
6.X' 

V 

/j_ y 

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] 

Appro~imation for 6.VV lm/secJ 

Change in velocity along XS [pulses] 

Change in velocity along YS [pulses] 

Change in velocity along ZS [pulses] 

Attitude error about roll gimbal axis [pirads] 

Change in XS in 6.T seconds due to thrust [m] 

Change in radius vector along XS axis due to 

gravitational acceleration [m] 

Component of 6.R along xv axis [ m] 

Component of 6.VV along xv axis [m/sec] 

Component of 6.V' 
V 

along xv axis [m/sec] 

Attitude error about pitch gimbal axis [pirads] 
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SECTION 1 

ASTP DATA REQUIREMENTS 

1.1 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 

First Stage 

Second Stage 

Instrument Unit 

Spacecraft 

Command Module 

Service Module 

Docking Module 

Adapter 

SA-210 

S-IB-10 

S-IVB-210 

S-IU-210 

CM-111 

SM-111 

DM-2 

SLA-18 

The nominal ASTP mission will have the following flight profile. 

1. 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 . 

II-1-1 Rev. J 



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 at~itude. 

5. 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. 

II-1-2 - Kev. K 
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TABLE 1-1 EVENT SEQUENCE TIMELINE (CONTINUED) 

Time EDD - Preset tings Source 
Code Events 

• 
Refere~ce Symbol (Seconds) ________ _;_ _____ ;,__ __________________________________ -; 

Tl TRTC 10.0 

Tl 39. 8 • 

Tl 140.0 

Tl None 127.9 

Tl NTSTB2 132.9 

D3 

C3 

C3 

Dl 

Dl 

2 
Set the accelerometer RTCs to 6 m/sec 
downrange {Z), vertical (X), and cross­
range (Y). 

Begin computing performance factor (PF). 

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.) 

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. 

Ena~le INT2 (S-IB Lo~ Level Sensors Dry 
"A") and INT6 (S-IB Low Level Sen&oI&-
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 . h~s occurred), Time Base 
2 must be set. 

Nominal start time for Time Base 2 used 
in repeatable flight simulation. 

* 

* 
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TAB LE 1-1 EV EN T SEQUENCE TIMELINE (CONTINUED) 

m • 
.L 1.me EDD Presettings Source 

Reference Symbol (Seconds) 
Code Events 

T 
C 

T . 
C 

T 
C 

I· T 

I C 

I 
I T 

C 
i 

I 
I T 

C 

T 
C 

Note: 

• 

TMEFRZ 0.0 C3 End X freeze following an S-IB engine 
out. YTMEFRZ is recalculated at the 
engine out time TEo• 

TYAWOl 0.0 C3 Begin yaw guidance table. 

Tso 9.8 C3 Alternate time for starting pitch,yaw,and 
roll guidance (Guidance can also be 
started when vertical position (Xs) has 
increased by at least GANTRY meters.) 

30.0 C4 TT2 Earliest time for chi freeze initiation 
if S-IB engine failure an occurs . 

TSl 46.8 C3 Begin using second segment Time Tilt · 
(Pitch program) co e f f i .c i en t s . 

TS2 87.8 C3 Begin using third segment Time Tilt 
(Pitch program) coefficients. 

T 128.8 C3 Nominal time to s~op pitch and yaw Time 
ar Tilt (Tilt Arrest). (This time be can 

extended by an S-IB engine out.) 

T = T - Tl+ Td, where Td is the implementation delay. This caus·es 
tlie se~ient changes to be introduced into vehicle dynamics at the 
specified ~resetting times, referenced to Time Base 1 start . 

• • 

* 

* 

* 
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• 
Time 

Reference 
T3 

T3 

T3 

T3 

T3 

T3 

• 
TABLE 1-1 EVENT SEQUENCE TIMELINE (CONTINUED) 

EDD 
Symbol 
None 

Preset tings 
(Seconds) 

0 

6.08 

6,08 

TJFMC+~TN2 7.1 

S41GTM 10.0 

TJIGM 35.0 

Source 
Code 

C3 

C3 

C3 

Dl 

C3 

. Events 
Change the roll ladder magnitude limit 
(MSKlo) to 3.5 degrees. Pitch and yaw 
limit~ remain unchanged. 

Start using mass flow rate, ~ 2 • and backup 
thrust, F2, in computing backup . accelera­
tion, (F/M). (This is the predicted time 
of S-1VB 90% thrust.) 

Enable the accelerometer zero test and 
decrease vertical and downrange accelero­
meter RTCs to 6 m/sec2. 

Set DIAS= BIAS4, TEVNt=T3+T3FMC• and 
compute ~TE. 

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

Start computing smoothed reciprocal accel­
eraticn, (M/F)g, using first guess, (M/F)o, 
initialized at TO+O. 

Beg.ln 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 DIS. (After 
this time, the presence of any two of the 
four S-IVB cutoff indications will initiate 
Time Base 4.) 

Start IGM. 

Sta.ct • us 1-ng b. TN 3. 

Set MS04DT to 0.04/6TN3, set MS25DT to 
25*~Tt·f3• 

• 
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Time 
Reference 

T3 

T3 

TJ 

ICM 
Tirne-to­
go 

TABLE 1-1 EVENT SEQUENCE TIMELINE (CONTINUED) 

EDD 
Symbol 

TsHC 

T3pu 

TTMAl 
TTMA4 

None 

.?.c 

Preset tings 
· (seconds) 

60.53 

328.1 

Variable 

o.o 

o-. o 

25.0 

Source 
Code 

C3 

Dl · 

. C4 

C3 

- C3 

D2 

Events 

Enable SMC calculations 

Save the valu~s of M, FEo, PF, and Fb and 
store these values -as M~, Fko, PF', and F~ 

Start- using mass flow rite, M3, and 
backup thrust, F3 , in computation of back­
up acceleration, (F/M)c. Set TEVNT ... T3 + 
T3pu, compute 6Tf, and set BIAS-= BIASS~ 
(This event is keyed to the "Mixture 
Ratio Control Valve Open" switch selector 
conmand.) 

Times to change thrust misalignment 
segments in accelerometer backup computa­
tions, given by the variable data tape. 

Start compucing arc1t1c1a~ TJ and 
decrementing T31• 
Set Tli = O. 

Stop computing T1 ari~ Iii• 

Start using TJ computed from (M/F)s (end 
artificial TJ guidance). This event ·must 
occur when !c~ initially tero and recom­
puted on each BHL after T11 becomes zero, 
exceeds the presetting PcHR· 

Start x terminal steering guidance mode. 

Start using 6TN4· 

Set MS04DT to 0.04/6TN4 , set MS25DT 
to 25*6TN4• --------------------------

• • • 

* 
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VI 
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• 
T''ime 

Reference 

IGM 
Time-to-
go 

IGM 
Time-to-
go 

• 
TABLE 1-1 EVENT SEQUENCE TIMELINE. (CONTINUED) 

EDD Preset tings Source 
Symbil (Seconds) Code 

BN 1 14.4 B 

THSL+fiTb 5.O+tiTb D2 

Events• 

Start building velocity histori for 
5 - I VB CU t Off , 

Enter IGM high speed cutoff loop when 
_ the velocity-to-be-gained, (VT-Vs), 
is less than a velocity guard, VcRD· 

. (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. 

• 
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Time 
Reference 

T4 

• 

EDD 
Symbol 

None 

TABLE 1-1 

Preset tings 
(Seconds) 

0 

EVENT SEQUENCE TIMELINE (CONTINUED) 

Source 
Code Events 

Set acceleration, (F/M), to zero. 

Increase vertical and downrange accelerometer RTCs to 
50 m/sec2 (crossrange RTC ~nchanged at 6 m/sec2). 

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 INT8. 

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 DIS.) 

Begin the Z attitude test using aACTZ = 48.0 degrees 
and change aACTX = 90.0 deg. 

Start using 6TNS" 

Set MS04DT to 0.04/~TNS' and MS25DT to 25*~TNS" 
Change the zero gimbal test constant, ML6HUN, to 1.4 deg 
(all channels) . 

• • 

* 
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Time 

Reference 

TS 

TS 

EDD 
Symbol 

None 

None 

None 

None 

None 

None 

TABLE 1-1 

Preset tings 
(Seconds) 

0 

0 

31.0 

0 

0 

2905.0 

• • 
EVENT SEQUENCE TIMELINE (CONTINUED) 

Source 
Code 

·D1 

E 

E 

Dl 

Events 

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 TBS start, the vehicle attitude must be main­
tained as detailed in Section 5.5.5 of Part I. . 
Reset the platform measured velocity component, X, Y • m m and Z , to zero. 

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

Start monitoring velocity increments (~V). 

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 . 

11-1-23 Rev. J 
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Maneuver 
Number 

1 

2 

3 

*4 

*5 

*6 

*7 

8 

9 

*NOTE: 

• 

Nominal 
Maneuver Time 

Seconds 

T4+O.O 

T4+2O.O 

T4+7OO.O 

T4+241O.O 

T4+2997.O 

T4+793O.O 

T4+8359.O 

T4+9310.OO 

TS+O.O 

TABLE 1-2 ORBITAL ATTITUDE TIMELINE 

Description of Maneuver 

Maintain vehicle attitude. 

Track local horizontal - posigrade, Position I down. 

Track local reference - 177° from local horizontal, Position I 
down. 

Track local reference maneuver to position the S-IVB/CSM for 
separation. The local reference attitude angles for this 
maneuver are specified on the Variable Data Tape. 

Inertial hold of local reference. 

Track local reference maneuver to position the vehicle for 
docking module extraction posigrade with Position I up. 
This maneuver is inhibited until the inhibit is removed by 
ground command. 

Inertial hold of local reference. 

Track local horizontal, retrograde, Position I down. 

Continue TB4 maneuver in progress when TBS is started. 

Maneuver 
Type 

X Freeze 

Track local 
reference 

Track local 
reference 

Track local 
reference 

Inertial hold 
of local 
reference 

Track local 
reference 

Inertial hold 
of local 
reference 

Track local 
reference 

Variable 

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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EDD 

Symbol 

M 
0 

Presetting 

5764191. 7 

7409196.6 

271422.55 

1025021.5 

848824.71 

0.0 

3123.7173 

250.28976 

201. 78261 

588672.08 

588672.08 

• • 
TABLE 1-3 PRESETTINGS (CONTINUED) 

ACCELEROMETER PROCESSING 

Units 

n 

n 

n 

n 

n 

kg/sec 

kg/sec 

kg/sec. 

kg/sec 

kg 

kg 

Source 
Code 

C4 

C4 

C4 

C4 

C4 

C4 

C4 

C4 

C4 

C4 

C4 

Definition 

Backup force used for computing (F/M)c for 
first portion of BML in which liftoff occurs 

Predicted average S-IB thrust used to 
compute (F/M)c 

Predicted average S-IVB buildup thrust 
used to compute (F/M) 

C 

Predicted average S-IVB thrust used to 
compute (F/M)c before EMRC 

Predicted average S-IVB thrust used to • 
compute (F/M) after EMRC 

C 

Backup mass flow rate used for computing 
(F/M)c for first portion of BML in which 

• liftoff occurs. 

• S-IB backup mass flow rate used to compute 
(F/M)c 

· · S-IVB backup mass flow rate prior to EMRC 
used to compute (F/M) 

C 

S-IVB backup mass flow rate after EMRC used 
to compute (F/M) 

C 

Mass of the vehicle used for computing 
(F/M) in the first portion of the B~1L in 
whichcliftoff occurs. . 

Mass of the vehicle at liftoff used to 
compute (F/M)c 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 
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EDD 
Symbol 

sin (2°) 

• (60) .sin 

Preset t 'ing 

135149.48' 

.0348994967 

.1045284633 

TABLE . 1-3 PRESETTINGS (CONTINUED) 

ACCELEROMETER PROCESSING 

Units 

kg 

Source 
Code 

C4 

Al 

Al 

• 

Definition 

Mass of the vehicle (not including LES) at 
T3+T3FMC used to compute (F/M)c 

Sin (2°) used to compute the estimated 
thrust (F/M) misalignment uncertainty 
term 

Sin (6°) used to compute the estimated· 
thrust (F/M) misalignment uncertainty 
term if an S-IB engine out occurs 

• 

* 
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EDD 

Symbol 

MFKl 

MFi<2 

MFK3 

MFK4 

MFKS 

MFK6 

MFK7 

MFKS 

FM0 

FM2 

FM4 

(M/F) 0 

Presetting 

0.32157638 

-0.2687668 

o.o 

o. __ o 
1.6504718 

-o. 70328021 .. 

o.o 

o.o 
12.8 

23.1 

5.26 

0.190 

3.986032E+l4 

• • 
TABLE 1- 3 PRESETIINGS (CONTINUED) 

Units · 

m/sec2 • 

m/sec 2 

m/sec2 

sec2/m 

BOOST NAVIGATION 

Source 
Code 

D2 

B 

B 

B 

B 

Al 

Definition 

(M/F)s filter coeff~cients for S-IVB stage 

• I~iti:il (F/M) for S··IB burn .(This pre- • 
setting is valid at Tl+Tsieo and is also 
used to initialize the S-1B engine out 
acceleration decrease table.) 

Constant (F/M) from S-IB IECO to T3+0.0 

Initial (F/M) for S-IVB burn 

M/F at T3+T3FM used to initialize_the 
S-IVB smoothing filter at T0+0 

Product of universal gravity constant and 
mass of the earth 

* 
,,_ 
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EDD 
Symbol Presetting 

Dll 0.0 

8
12 15.0 

821 -.375 

8
22 

15.0 

C arl 20.0 

• 

TABLE .1 ~ 3 PRESETIINGS (CONTINUED) 
FIRST STAGE GUIDANCE 

Source 
Units Code Definition 

C4 - Coefficient used to calculate delta -. .. 
freeze .time (6Tl) for S-IB engine out • 
during first S- D engine failure interval 

sec C4 Coefficient used to calculate delta 
freeze time (6Tf) for S-IB engine out 
during first S-IB engine failure interval 

C4 Coefficient used ta calculate delta 
freeze time (6Tf) for S-IB engine 
~uring second S-18 en~ine failure 

out 

interval 

sec C4 .Coefficient used to calculate delta 
freeze time (6Tf) for S-IB engine out 
during second S-IB engine failure 
interval 

sec C4 Constant time bias used to modify T 
in case of an S-IR engine failure ar 
prior to Tf • ar 

• • 
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EDD 

Symbol 

MFKl 

MFi<2 

MFK3 

MFK4 

MFKS 

MFK6 

MFK7 

MFK8 

FMO 

FM2 

FM4 

(M/F) 0 

Presetting 

0.32157638 

-o. 2687668 

o.o 
o. __ o 

1.6504718 

-o. 70328021 . 

o.o 

o.o 
12.8 

23.1 

5.26 

0.190 

3.986032E+l4 

• • 
TABLE 1- 3 PRESETIINGS (CONTINUED) 

BOOST NAVIGATION 

Units · 

m/sec2 • 

m/sec2 

m/sec2 

sec2/m 

I , 

f ' 

Source 
Code 

D2 

B 

B 

B 

B 

Al 

Definition 

(M/F)s filter coeff~cients for 5-IVB stage 

• I~i ti:tl (F /M) for S·· IB burn .(This pre­
setting is valid at Tl+TslEO and is also 
used to initialize the S-IB engine out 
acceleration decrease table.) 

Constant (F/M) from S-IB IECO to T3+0.0 

Initial (F/M) for S-IVB burn 

M/F at T3+T3fM used to initialize_the 
S-IVB smoothing filter at TO+O 

Product of universal gravity constant and 
mass of the earth 

* 



TABLE .1-:.3 PRESF.TTINGS (CONTINUED) 
FIRST STAGE GUIDANr.F. . EDD Source 

Symbol Presetting Units Code Definition 

811 0.0 C4 - Coefficient used to calculate delta .. 
freeze time (6Tf) for S-IB engine out • 
during first S- B engine failure interval 

812 15.0 sec C4 Coefficient used to calculate delta 
freeze time (6Tf) for S-IB engine out_ 
during first S-IB engine failure interval 

H 
H 
I . 

I-' 
I 
w 

821 -.375 C4 Coefficient used to calculate delta .r:-
freeze time (6Tf) for S-IB engine out 
during second S-18 en~ine failure 
·interval 

8
22 

15.0 sec C4 .Coefficient used to calculate delta 
freeze time (6Tf) for S-IB engine out 
during second S-18 engine failure 
interval 

C arl 20.0 sec C4 Constant time bias used to modify Tr 
in case of an S-IR engine failure a 
prior to Tf . ar 

c..... . 

• • • 
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TABLE 1-3 PRESETIINGS (CONTINUED) 

FIRST STAGE GUIDANCE 
EDD Source 

Symbol ._Preset ting Units Code Definition 

FlO -0.417928E+0 deg 
* 

Fll +0.191600E+0 deg/sec * 
Fl2 -0.166429E-l deg/sec.2 • C3 Coefficients of first segment time tilt 

polynomial * 
F13 +0.115531E-3 deg/sec3 * 

F20 -0.834601E+0 deg * 

F21 +0.174800E+0 · deg/s~c * 

F22 -0.142616E-l deg/se·c 2 C3 • Coefficients of second segment time•tilt . po~ynomial * 
H 
H 

F23 +0.765357E-4 deg/sec3 * I 
I-' 
I 

w 
--.J 

F30 +0.744985E+l deg 
* F31 ·-0.684825E+0 deg/sec C3 Coefficients of third segment time tilt 
* 

F32 
-+0.153426E-2 deg/sec2 polynouri.al 

* 
F33 

·-0.406969E-5 deg/sec3 
* 

Td 1. 6170 sec B Time tilt bias constant 

GANTRY 161.4 m Al Three sigma altitude gain from liftoff * to 10.5 seconds flight time 
,.lj 
(I) 

< 

:;-:: 
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TABLE l ·-3 PRESETTINGS (CONTINUED) . 

NOM INAL COMPUTATION CYCLE LENGTHS 
EDD Source 

Symbol . .Preset ting 
- "II 

Units Code Definition 
. 

6T 0. 84 sec B Nominal comp cycle length from TO+O * 
Nl to Tl+O 

6TN2 1.01 B Nominal comp cycle length from Tl+O * sec 
to T3+T3IGM 

•. ( 

'· . 
6TN3 1.76 sec B Nominal comp cycle length 

to S-IVB x steering 
from T3+T3IGM 

6T 1.56 sec B Nominal comp cycle length from start of * 
H I N4 S-IVB x guidance until T4-THSL 
H 
I 

t--' 
6TNS 1.10 sec B Nominal comp cycle length _from T4+0 to * I 

w T4+BN5 00 

6TN6 1.0 sec B Nominal comp cycl_e length from T4 + BN
5 to EOM 

• • • • 



' H 
H 
I ..... 
I 

w 
\0 

• 
.. 

EDD 
Symbol 

V exl 

Presetting 

4169.2826 

294.Q 

294.0 

517.03 

128020.14 

4200. 7949 

264.30 

35.0 

114.18 

TABLE 1-l 

Units 

rn/sec 

sec 

sec 

-
sec 

rn/sec 

sec 

sec 

sec 

• 
PRESETIINGS (CONTINUED) 
BOOST IGM 

Source 
Code 

C3 

C3 

' C3 

C3 

C3 

C3 

C3 

C3 

Definition 

Exhaust velocity used in first phase for IGM 
computations 

Nominal IGM time-to-go from T3+T3IGM to 
S-IVB EMRC 

Nominal first phase burn time 

· Nominal value of , 1 used in artificial T 
calculations . 

Estimated mass of S-IVB at IGM initiation 

Exhaust velocity used in second phase IGM 
. computat:ions 

Initial , 3 for second phase IGM 

I . 

Duration of ·artificial T3 mode following EMRC 

Nominal IGM time-to-go from S-IVB EMRC to 
T4+O 

* 

* 

* 

* 

* 

· * 



H , 
H 
I 

I-' 
I 

-,:,. 
0 

EDD 
Symbol 

ROV 

~VgT 

~VgT 
2

VgT 

SQl 

SQ2 

l:.Vb 

YAWLIM 

SMCG 

• 

Presetting 

1.0 

-9.350 

-9.350 

o.o 

0.0 

5833.5262 

O. 9 9 9 97 2 88 

6. 7118 

45.0 

0.03 

150 .o 

248.3540 

208.1099 

TABLE 1-3 • 

Units 

m/sec2 

m/sec2 

m/sec2 

2 m/sec,. 

m/sec 

m/sec 

deg 

rad/sec 

m/sec 

kg/sec 

kg/sec 

PRESETTING$ (CONTINUEO) 
BOOST IGM 

Source 
Code 

C3 

C3 

C3 

C3 

C3 

B 

B 

. C3 

D2 

C3 

C3 

C3 

• 

Definition 

Bias constant for tenninal range angle 

TPrminal ~ravi ty for S-.IVB burn 

Tenninal X gravity component for S-IVB bum 

Tenninal Y gravity component for 5-IVB bum 

Tenninal Z gravity component for 5-IVB bum 

First guess at sqrt (6~ + 6Z~) fo·r 5-IVB 
burn 

First guess at sqrt .(l-(F5y/) 

Thrust decay velocity bias for 5-IVB bum 

Yaw guidance coil\lila.r1d limit 

SMC gain for Time Base 3 

Velocity guard for the ~igh speed l9op in 
S-:IVB bum 

Predicted S-IVB mass flow rate prior to EMRC. 

Predicted S-IVB mass flow rate. after EMRC. 

• 

* 

* 

* 

* 

* 



H 
H 
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I 
~ .... 

:;ct 
Cl) 

< 

• 
EDD 

Symbol 

VT 

Rr 
8T 

i 

>-o . 
). 

1GRRO 

1 LWC 

-A z 

• • 
TABLE :1-3 PRESETTINCS (CONTINUED) 

TYPICAL TARGETING LOAD DATA FOR USE BY FLIGHT SIMULATION 
Source 

Presetting Units Code Definition 

7818.46 m/sec C3 Desired insertion velocity .for S-IVB bum 

6528178.0 .m C3 Desired insertion radiu,s for S-IVB bun1 

o.o deg C3 Desired insertion flight path angle 

51. 780 deg C3 Inclin~tion of parking orbit 

156.887 deg C3 Longitude of descending node 

. deg/sec C3 Time rate of change of the descending node -0.004098 
(a negative preset value moves the node 
westward) 

71382.8 sec D3 Nominal value of TGRR' re~erenced to TGMT * 

71909.0 sec D3 Liftoff time of launch window closing, * 
referenced to TGMT 

45.158 deg C3 Platform Azimuth 



H 
H 
I 

I-' 
I 
~ 
N 

c.... 

TABLE· 1-3 PRESETTING$ (CONTINUED) 
ORBITAL GUIDANCE 

EDD Source 
Symbol Presetting Units Code Definition 

SPMl o.o C2 Pitch Attitude variables for 
Yaw Maneuver 1 

CPMl o.o r..011 

SYMl 0.0 
. 

CY Ml 0.0 

R\11 0.0 deg ' 

TYPMl (NOTE*) 0.0 B Type of maneuver indicator for Maneuver 1 . 
SP~t2 o.o C2 Pitch Attitude variables for 

Yaw Maneuver 2 
CPM2 1.0 Roll 
SYM2 0.0 

CYM2 1.0 

RAM2 o.o deg .. 

. 
TYPM2 -1.0 B Type of maneuver indicator for Maneuver 2 

. 

*NOTE: TYPM1-TYPM3 indicate whether a· maneuver is an inertial reference (+l), chi freeze (0), 

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

• • • 
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• 

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 1-4. 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 . 
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I ...... 
I 

VI 
0 

r , ..., 1 • =' r. 

6 ~ :., .:. v SO 1 '.:: 

6 :3 r,.• (; C O Ci l C 

53 

6 ;1 ,, C' CC C 1 C 
i 

b .0 \! 0 r, 0 0 l C 

6 ~ '-"J ( 0 0 1 C 

f. 8'1 J C C C l C 

6 8!'0 0 0 01( 

f..., f3 ;: ) ,:; :: v 1 r:. 

, , :\··. '": . 1': l C 

I::, ,'.3 .,, ~ t~ ,; G 1 C 

1 j\ . _. >:-.-,: 0 1 C 

I '. • ; • . ·, 
,· i r 

6 (, . • _., J : ~ i.. l C 

• 

TABLF 1-4 SWITCH SELECTOR SEQU ENC I NG (C ONTINUED ) 

SW TTC H S-:L -:-· ('T,q. 
CO"'lM AND 

cnoc ; - ~ r; ·_= 

LIFTOFF - STt.. RT OF TI ME BASE NO. 1 (TU 

i ~ ., 

SINGLE ~N G"INF CUTOF!= ENABLE 
I 

0101 1010 S-IB 

LOX TANK PRESS UR I Z AT ION SHUTOFF VALVES CLOSE . 0110 1010 SIVB 

LH2 CHILLD0WN PUMP ON 0011 1001 ISIVB 

"1ULTIPLE :=~GIME CUTOFF ENABLE NO. l • 0001 0001 ~-IB 

MULTIPLE ENG !NE CUT OFF ENABLE N0.2 0110 . 1111 S-IB 

TELEM1:TER C~LIBRATION ON 0101 1111 S-IR 

TEL~~2TtR CALIBR .ATION OFF 0000 1111 5-IB 

TELEMETRY CALIBRATQCl IN-FLIGHT CALIRRATE 01\J 
: 

0010 0010 IU 

TEL:. tt.f. H' Y C,H I BR ATOR IN-FLIGHT CALIBRATE IJFF 0001 0010 ru 

LAU ~~ CH VcH!CL~ '.: NG I ~ES EOS CUTOF~ ENABLE OCll COOl ru 

TELEME TRY CAL IR 0 ATOR IN-FLIGHT CALIBRATE □ N · 0010 0010 i u 

T'.:: Lf:l~F TFY C6LI P~~t.. Tnr:s. I"-1-:-FL IGHT CALIA RATE 0 r== 0001 0010 TU 

'- LI C, HT ( C)\l T '.: C L ( []MP !.JT E R SWITCH DQ I NT NOo 1 0111 lllJ ! U 

FL I G HT Cf: NT :.Z CL CO~PUTER SW ITC~ POINT 1\10. 2 0100 OOJ l i u 

• 

TI :,1:= 
FR o:.~ ~~S?: 

CH:·.J SF.C Oi!f! <: 

Tl . -~' 

100 Tl + :? • 0 

79 Tl + 6 0 C 

58 Tl + 6. l 

16 T 1 + l "· (' . --
15 Tl + 1 

. . ~ , 
._ • !. 

2 T 1 . + 2~. o 

39 Tl + 2 ?o 0 

23 Tl ~- ,.. + ~ : . ' .... 
24 Tl + 3; . 0 

V l • l + 4 : r: 0 

23 -:- 1 + 9 .: . 2 

24 Tl + C' 'j • 2 

4 3 '- 1 + 1 :.-cl O C: 

21 ., l + l ,:.~ . 2 



--- -~~ ------ -----------------------------------------

.H 
iH 

I ..... . , 
I.JI .... 

::i::, 
!I> 
< 

• 
68"'JCC0lC 

68V0000lC 

68W..JCC 0 lC 

49 

49 

49 

49 

49 

49 

- 49 

TABLE 1-4 SWITCH SELECTOR SEQUENCING (CONTINUED) 

TELEMETER CALIBRATION ON 

FLIGHT CONTQOL COMPUTER SWITCH POlNT NO . . 3 

IU CONTROL ACCELEROMETER PdW~R OFF 

TELEMETER CALIBRATION OFF 

T~ CALTARATE ON 

T'-1 CALIBR.ATE OFF 

' 

·. , .. , • 

. :·. 
. ' 

EXCESS RATE (P,Y,R) AUTO-ABORT IN~tBlT ENABL~ 
~ . . . 

EXCESS RATE (P,Y,R) AUTO-ABORT I'JHIB!T AND 

SWITCH RATE GYROS SC INDICATION -A , . 
··-

S-IB TWO !.:NGINES OUT AUTn-ABORT INHIBJ:T ENABLE 

S-t~ TWO ENGINES OUT AUTO-ABORT INHIBIT 

PRODfLLANT LEVEL SENSO~S ENABLE 

SWITCH SELECTOR 

rnnc:-
.._ , LI ·- ·::: ""." t:. G? Cµ r,.I 

u1:i1 1111 s -r B 

0101 OCOl ru 

2 T 1 + 

22 Tl + 

0111 0101 ru 10 6 Tl + 

0000 1111 s-r~ 39 r1 + 

01001010 SIVR 

63 Tl + 

lZJ.2 

1240 8 

12 6 . 9 OQOO 0111 SIV~ 

0110 1111 ru 15 Tl + · 127.1 

OlOi 1111_ ru 

0000 1110 !U 

0001 1110 [U 

51 "1 + 

35 fl +-

0111 0111 S-IB 104 ~l + 

127.3 

127.5 

127. 7 

127 0 9 



H 
H 
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I 1 
V, 

N 

::d 
(l) 

< 

j •~ !") / J C I\J 

6 -1 • ., e,, 0 C :_;. l C 

6 9 '1 0 C001C 

68'•1':'C·JOlC 

68"10C001C 

6 8 ',: J C ~ 0 l C 

6 8 ._,JC O O 1 C 

53 

68 'ICCCCl C 

6R ')00001 C 

681-'CJ.COOlC 

• 

TA BLE 1-4 SWI TCH SELECTO R SEQUENCING (CDNTI NUl:: D) 

SW ITCH S:=Lf:(TfR 
CO~MAND 

c nn1:: C T tiGC 

S-IB oc;;oo ELLt.l'lT LEVEL SENSOR ACTUATION-START OF ,-JR 

TI '-11: BASE NO. 2 ( T 2 ) 
' 

I . ,. 

-

EXC~SS R.A.TE (POLL) AUTO-ABORT INHIBIT ENABLE 0100 1111 I U 

~XC:.:SS RATE (Pr"JLL) AUT 0-A P.OR T INHIBIT AND 0111 0001 I U 

SWiTCY R.ATf SYRIJS SC INDICATION B 

I\JB01RO <:NGINES CUTOFF · 0100 0100 S-IB 

AUTO-ABORT ~NABLE RELAYS RESET 0001 0001 I U 
·, 

CHARGE UL LAGE IGNITION ERW FIR ING UN ITS 0111 0100 S!VP, 

PREVALVES OPEN . . 0110 1001 SIVB 

LH2 CHILLDOWN PUMP ON 0011 l 001 SIVB 
, , 

LOX DEPLETION CUTOFF ENABLE 0000 0110 S-TB 
,, . 

, ' 

FUEL D-F. PL ETI ON CUTOl=F ENABLE . , . 0110 1010 S-TB 

CUTOFF 
_. ,, 

• ' 
,, 

·001 l · 0011 S-1 8 S- I B OUTBOARD ENGINES •, ... .. .. " ., 
,. 

. ' .' 
. . 

. . , . 
. , 

• • 

TI T: 
CR or-• 3~. S:: 

CI-P, SE r :-i \ J n S 

T2 . o 

34 T2 + 
..., 

C L 

50 T2 + ' • -+ 

98 T2 ... 3o0 

16 T2 + 3.4 

5'-t T2 + 3.6 

83 T2 + 4.3 

58 T2 + 4.4 * 

97 T2 + 4.5 

79 T2 + 5.0 

18 T2 + 12.0 

• 
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• 

• 

1.6 DIGITAL COMMAND SYSTEM (DCS) MODE COMMAND SUMMARY 

Table 1~5 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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Octal 
Rep. of 
LVDC Bit 
Position 

S-5 

10 

11 

12 

13 

20 

30 

32 

35 

36 

41 

43 

44 

45 

TABLE 1-5 

Binary Rep. of 
LVDC Bit 
Positicn 

S-6 

0010000 

0010010 

0010100 

0010110 

0100000 

0110000 

0110100 

0111010 

0111100 

1000010 

1000110 

1001000 

1001010 

7-13 

DCS MODE COMMAND FORMAT 

Definition 

Time Base Update 

Navigation Update 

Generalized Switch 
Selector 

Memory Dump 

Terminate 

Remove Inhibit on 
Extraction Maneuver 

Targeting Load 

Execute Generalized 
Maneuver 

Return to Nominal 
Timeline 

Ladder Magnitude 
Limit 

Compressed Data Dump 

S-IVB/IU De-orbit 

Inhibit Water Control 
Valve Logic 

II-1-72 

Acceptance 
Times 

T4+ O+T5+0 

T4+ 15-+End of 
Mission [EOM] 

T4+ 0-+EOM 

Prelaunch Command 
Mode T4+ 15+EOM 
When any other DCS 
command is allowed 

T4+0 +T5+0 

Prelaunch Command 
Mode 

T4+ O+T5+0 
Tss+2905.0+EOM 

T4+ O+T5+0 

T4+ O+T5+0 

T4+15 +EOM 

T4+ O+T5+0 

T4+ O+EOM 

Rev. K 
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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 . 
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Addrss/Oetal Val 

Ol63000606COOOO 
Oli<W l 7t5c05C76 
Ol6302000 00 CGOO 
016303736152376 
01630400000GOOO 
Ol6305 uCOOC OOOO, 
016306COCOCCCCO 
Ol6307000ll6102 
016310001062102 
0163110017521 02 . 
016312)02642102 
016313377777346 
016314377777200 
016315377776764 
Ol63lf.37777655C 
016317777206342 
016320777104416 
016321776 -172556 
016322776670416 
016323000021610 
016324000024134 
016325000023f.40 
016326000026620 
016327773711426 
016330122372236 
Ol6331GOOOOCCOO 
016332377777772 
0 l 6.3 3 36 5 3 412 114 
01633400000COOO 
016335377777772 
Jl633602265C COO 
016337027324JGO 
Ol634007575CJOO 
Jl6341101234JGO 

• 

TABLE 1-6 VAR IABLE DATA TAPE DATA 

Name Deeim Val/Seal Addrss/Oetal Val Name Deeim Val/Seal 

TDAY 1. 9500000 0210 
BXO -4.C OO OCOD-02 0 
!WO o.o 0 
BZU -1.320(.,QOD-Ol 0 
PBX o.o l 
PBY o.o l 
PBZ o.o l 
TTMAl 3. 5532000 0115 
TTMA2 l.4053200 0215 
TTMA3 2.505.3200 0215 
TTMA4 3.6053200 0215 
CAl 9.9999580-01 0 
CA2 9.9999430-0l 0 
CA3 g_9qg9220-01 0 
CA4 9.S999010-0l 0 
SACBl -2.8805300-03 0 
SACB2 -3.3834400-03 0 
SAC83 -3. 9466 000-03 0 
SACB4 -4 • 4 51~500- 0 3 0 
SASRl l.3555000-04 0 
SASB2 l.5395000-04 0 
SASB3 l.5115000-04 O 
SASN4 l. 7381000-0<t 0 
CKSMIB 
DPITl 3.2222220-01 0 
DYAWl o.o 0 
ORULLl 9.999999D-01 0 
OPITZ -3.3000000-01 0 
DYAW2 o.o 0 
OROLL2 9.9Sg9',90-0l 0 
T4~4 2.4100000 0115 
T4M5 2.9970000 0315 
T4M6 7. 9.300 00D 0315 
T4M7 8.3590COO 0315 

• • 
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Addrss/Oetal Val 

- . 
Ol6300U61CCCOOO 
016301765605076 
Ol63020CJCOOCOC 
016303736152376 
01630400000COOO 
Ol6305000CCCOOO 
Ol63060000CCOOO 
016307000216102 
016310001062102 
016311001752102 
016312002642102 
016313377777346 
016314377777200 
016315377776764 
016316377776550 
016317777206342 
016320777104416 
016321776 772556 
01632277667(416 
016323000021610 
016324000024134 
016325000023640 
016326000026620 
016327772675426 
01633 Cl 223722 36 
Ol6331000GGCOOO 
016332371777772 
016333653412174 
Ol63340COOOOOOO 
016335377777772 
01633602265COOO 
Ol633702761CCOO 
01634007575COCO 
016341101564000 

• 
TABLE 1-6 VARIABLE DATA TAPE DATA 

Name Deeim Val/Seal Addrss/Oetal Val 

TDAY l.<i60000D 0210 Ol63000612CCOOO 
BXO -4.CCOOCOD-02 0 Ol63Cl7t5605076 
8YO o.o 0 016302000CCCOOO 
Bl □ -1. 3200 000-01 0 016303736152376 
PBX o.o 1 Ol63040COOCCOOO 
PB¥ o.o l Ol6305CCJCCCOOO 
PBZ o.o 1 ul63GoCCDCCCOOO 
TTMAl 3.5 .532000 0115 016307000216102 
TTMA2 l.4053200 0215 016310001062102 
TTMA3 2.505320D 0215 016311001752102 
TTMA4 3.6053200 0215 ')16312002642102 
CAl g.9999580-01 0 0163133 77777346 
CA2 9.()999430-01 0 0163143 77777200 
CA3 9.9999220-0l 0 0 16315377776764 
CA4 9.9999010-01 0 Jl63lt:.37777655C 
SACS l -2.8805300-03 0 016317771206342 
SACB2 -3.3834400-03 0 01632G777l04416 
SACR.3 -3.9466000-03 0 016321776772556 
SACB4 -4. 4515 500- OJ 0 016322776670416 
SASBl l.3555000-04 O 016323000021610 
SASB2 1.5395000-04 0 016324000024134 
SASB3 l. 5 ll 5COD-04 0 Ol6325COOJ23640 
SAS84 1.7381000-04 0 016326000026620 
CKSMIB 016327771765426 
DPITl 3.2222220-01 0 016~30122372236 
DYA~l o.o 0 01633100JOOCCCO 
DROLLl 9.9999990-01 0 Jlt.332377777772 
DPIT2 -3.300000D-Ol 0 016333653412174 
DYAv.2 o.o 0 Ol633400000CCOO 
DROLL2 9. 9S99 990-0 l 0 016335377777772 
T4M4 Z.41JOCOD 0315 01633602265CGOO 
T4M5 3.0420000 0315 ul6337u3011CCOO 
T4M6 7.9300000 0315 01634007515(000 
f4M7 8.4130 000 0315 016341101774000 

• 
Name Deeim Val/Seal 

TDAY 1.c:;100000 0210 
BXO -4.CCOOOOD-02 0 
l:3YO o.o 0 
BZO -1.3200000-01 0 
PBX o.o l 
PBY o.o l 
PBZ o.o l 
TTMAl 3.5532000 0115 
TTMA2 l.4053200 021 5 
TTMA3 2.5053200 Oll5 
TTMA4 3.6053200 0215 
CAl 9 .9999580-0 l 0 
CA2 9.9999430-01 0 
CA3 9.9999220-01 0 
CA4 9.9999010-01 0 
SACBl -2.8805300-03 0 
SACB2 -3.3834400-03 0 
SACB3 -3.9466000-03 0 
SACB4 -4. 4515 500-03 0 
SASBl l.3555000-04 0 
SASB2 1.539500D-01~ 0 
SASB3 l. 5115 COD-04 J 
SASB4 1. 7381000-04 J 
CKSMIB 
DP Ill 3.2222220-Jl 0 
DYA~l ,J .o 0 
DROLL l 9.<;<;99990-Jl u 
DPIT2 -3.300 0 000-01 0 
OYA~2 o.o 0 
DROLL2 9.9~99S90-01 0 
T4M4 2.41:JOOO D 0315 
T4M5 3.G90CCOD 1)3 l 5 
T4M6 7. 9300000 0315 
T4M7 8.4470000 0315 
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00 

Addrss/Octal Val 

Ol63000614CCCOO 
016301765605076 
Ol6302000CCOGOO 
016303736152376 
01630400000COOO 
0163C50COCCCOG O, 
0163060C OOCC OCO 
0163C7000216102 
01631000106210 2 
Ol63ll0017521C2 . 
Ol63120026421C2 
016313377777346 
OH:31437777720C 
Jl6315377776764 
0163ll:37777c55C 
016317777206342 
0163207771C4416 
Jl632l776772556 
01632277b67C416 
016323000021610 
016324000024134 
016325000023640 
016326000026620 
016327771241426 
016330122372236 
Ol633100000COO C 
016332377777772 
.)16333653412174 
Ol63340COCCCCOO 
016335377777772 
ul633602265COOC 
Ol6~37030434COC 
Olb34007575CCOO 
Q_l~34110l774CCC 

• 

TABLE 1-6 VARI ABLE DATA TAPE DATA 

Name Decim Val/Seal Addrss/Octal Val 

T0AY l.9800 000 0210 01630C06160COOO 
BX O -4.CCOOCOD- 02 0 Ol63Cl7t5605C76 
BYO o.o 0 ul63C2 800uOOCCO 
BZO -l.3200COO-Ol 0 016303736152376 
PBX o. o l Ol6304CCOOGGCOO 
PBY o.o l Ol63C5COOCCCOOO 
PBZ o.o 1 0163060C COOCOOO 
TTMAl 3.5~32000 0 115 0163070 0 0216102 
TTMA2 l.4 05320 D 0215 0 163100 Cl 062102 
TTMA3 2.5 05320 0 0 215 0 1631100 1752102 
TTMA4 3.6 05320 0 0215 0163120 02642102 
CAl 9.99 9958 D-Ol 0 016313377777346 
CA2 9 . 9 999430-01 0 Ol63143777772CC 
CA3 ~.999 9 22 0-01 0 016315377776764 
CA4 9. 99 99ClD-Ol C 0163ll:3777765SC 
SACBl -2.8805300-03 0 016317777206342 
SACB2 -3.3834400-03 0 01632C7771C44l6 
SACB3 -3.946oCOD-03 0 016321776772556 
SACB4 -4.4515500-03 0 01632277667(416 
SASBl l.3555000-04 0 016323000021610 
SASB2 l.5395000-04 0 016324000024134 
SASB3 l. 5115 COO- 04 0 0163250 00 023640 
SASB4 1. 7381000-04 0 0163260C0026620 
CKSM18 016327770501426 
OPIT l 3.2222220-01 0 016330122372236 
DYAkl o.o 0 Jl63310C OCCCOOO 
DROLLl 9.<;99999 0-01 0 016332377777772 
DP1T2 -3.3COOCOO-Ol 0 016333653412174 
OY/\;-2 o.o 0 ul633400JO QCC CO 
DROLL2 9.SS99S90-Ql 0 016335377777772 
T4M4 2.4100000 ")315 ,) l633b02265CCOO 
T4M5 3.1430000 0315 u 16331030 7 74C CO 
l4M6 7.9300000 0315 01634007575( 000 
T4M7 8.4470GO D 'J 315 016.3 4 11 Cl 7 7 1-t::, C 0 

• 

Name Decim Val/Seal 

TDAY 1. 9900000 0210 
BXO -4.CCOOCOO-C2 0 
BYO o.o 0 
BZO -1.3200000-01 0 
PBX o.o l 
PBY o.o l 
PBZ o.o l 
TTMAl 3.5532000 0115 
TTMA2 1.4053200 0 215 
TTMA3 2.5 0 ~320 0 02 15 
TTMA4 3.60532()0 0 21~ 
CAl 9.9~99580- 0 1 0 
CA2 9.<; 99943 0-01 0 
CA3 9.9<) 9922 0- 0 1 0 
CA4 9.99(}9010- 0 1 0 
SACBl -2.88)5300-03 0 
SAC82 -3.3834400-03 0 
SACB3 -3.9466CO D-03 0 
SACB4 -4.4515500- GJ 0 
SASBl l.3555000-04 0 
SAS82 l.5395C00-04 0 
SASB3 l . 5 11 5 CO 0- J 4 0 
SASB4 l . 7 3 8 l CO 0- 0 4 0 
CK SM Io .J. i 

OPITl 3.2222220- 0 l 0 
DYA~l o.o 0 
OROLLl 9.ss9q99 n- 0 1 0 
OPIT2 -3.300000 D-Ol 0 
DYAW2 o.o 0 
OR OLL2 9.9~99 S9 D- Ol 0 
T4M4 2.4l OOC) D J315 
T4M5 3.l990COO 0315 
T4M6 7.9300 COO 0315 
f4M7 8.4470CO O 0 315 

• 




