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OPERATIONAL SUPPORT PLAN ¥OR THE REAL-TIME AUXILIARY COMPUTING
FACILITY - APOLLO 5 FLIGHT ANNEX

By Larry D. Davis and Ronald D. Davis

1.0 SUMMARY AND INTRODUCTION

This note summarizes the requirements for the RTACF to support
Apollo 5 nominal and alternate missions. It then describes the processors
to be used in the RTACF %o satisfy these requirements. The note is a
central source of RTACPE operational support information for Apcilo 5 and

is intended primarily as a convenience for the Apollo 5 Operational
Support Team.

1.1 Nominsl Mission

The purpose of the Apcllc 5 mission is the functional testing of a
IM-1 spacecraft in a near—-earth-orbit enviromment to verify crew safety
items. For mission simulation purposes, launch is assumed to occur on
January 16, 1968 at 14:00 hours C.m.t., 09:00 hours e.s.t. from launch
complex 37B of the Kennedy Space Center. The major events of the mission
profile are presented in table I. (This table and the nominal mission
deseription have been taken from the Apollo 5 Spacecraft Operational Tra-
jectory, ref. 1 and 2.) For the discussion, the mission has been divided
into 12 phases:

1. Ascent-to-orbit.

2. B8-IVB/SLA/IM orbital coast.

3. S-IVB/SLA/IM separation.

4. Orbital coast to DPS-1.

5. DPS-1.

6. Orbital coast to DPS-2.

T. DPS-2/FITH/APS-1 sbort test.

8. Orbital coast to APS-2,



9. APS-2.

10. Orbital coast to RCS burns.
11. TFive RCS burns.

12, Final orbital coast.

The ascent-to-orbit phase includes the boost of the 5-IB stage and
the orbital insertion of the S-IVB stage. Orbital insertion (S-IVB thrust
termination) occurs at a radius vector magnitude of 21 k42 060 ft
(perigee altitude of approximately 87 n. mi.} and a nearly 0° inertial
flight-path angle. The velocity at insertion is sguch that the radius
vector magnitude at apogee is 21 578 806 ft, or an apogee altitude of
approximately 120 n. mi.

Approximately 35 seconds after orbital insertion, the aerodynamic
shroud is separated from the S-IVB/SLA/IM combination. Approximately
500 seconds after orbital insertion, the SLA panels are deployed. MSFN
coverage of the shroud separation is furnished by the Bermuda tracking
station; the Grand Canary Island tracking station provides coverage for
SLA panel deployment.

The LM spacecraft is separated from the S-IVB/SLA combination during
the first revolution by the IMRCS thrusters spproximately 5% minutes after
lift-off. MSFN coverage of this event is provided by a MSFN tracking
ship and the Carnarvon tracking station.

Shortly after separation, the spacecraft is oriented by the RCS so
that the IM X-axis is normal to the ecliptic plane and the bisector of
the IM +Z- and -Y-axes is directed toward the sun.

The first DPS burn is performed during the third revolution following
the two-revolution orbital coast. The "Hohmann descent" guidance technique
is used to issue attitude commands. During this burn (approximately
39 seconds), a AV of approximately 155 fps is used to raise apogee alti-
tude to approximately 180 n. mi. and perigee altitude to approximately
120 n. mi.

The DPS-2/FITH/APS-1 maneuver is performed over the United States
during the latter part of the third and first part of the fourth revolu~
tions. The "lunar landing" guidance technique is used to issue attitude
commands and thrust vector magnitude control during the major portion of
this event. The spacecraft inertial attitude is held constant during the
programed random throttling portion of DP3-2, the FITH abort test, and
APS-~1; the positive spacecraft thrust axis is in the direction of the
orbit anguwlar momentum vector. The majority of the AV (approximately



T450 fps) expended during the 12-minute DPS-2 is directed out of the

orbit plane. The approximate gpogee and perigee altitudes following this
burn are 172 n. mi. and 166 n. mi., respectively. A AV of approximately

55 fps is generated during the 5-gecond APS-1. The spacecraft orbit
following this burn is essentially unchanged from the orbit following DPS-2.

AP3--2 is performed over the United Ststes near the end of the fourth
revolution. The "IM ascent" guidance technigue is used for APS-2. Most of
the AV resulting from this T-minubte burn is directed out of the orbit
plane. At the shutdown of this burn, the spacecraft is on an orbit defined
by an apogee altitude of approximately 170 n. mi. and a perigee aliitude
of 450 n. mi. .

Approximately 2 hours after APS-2 the first of five RCS burns is per-
formed. The first of these burns is in plane and pitched up approximately
45°, It results in a AV of 325 fps. The approximate apogee and perigee
altitude following this burn are 300 n. mi. and 450 n. mi. The final
four RCS burns are performed with the AV directed out of plane. The space-
craft orbit following these burns is essentially unchanged from the orbit
following the first RCS burn.

1.2 Alternate Missions

By definition, an alternate mission is a non-nominal mission which
may be used to accomplish part of the mission objectives if an inflight
contingency prevents the execution of the nominal mission.

The Apollo 5 mission objectives require that a series of burns be
performed with both the descent and ascent engines. These mission objec-
tives further assign a priority to each of the burns. For example, the
FITH abort test has been assigned the highest priority. Other burns will
be saecrificed in order to perform this test. Also, whenever possible,
all burns will be performed under the control of the PGNCS.

Within these general guidelines a large number of possible alternate
missiong exist. Beveral factors control which of these alternate missions
will be chosen if a contingency arises. The more important of these are

1. Type of failure.

2. When failure ocecurs in mission timelines.

3. Time avallable to plan and execute zn alternate mission.

For a more detailed description of possible alternate mission, see
reference 3.
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APS-1
APS-2
CoL
DMT
DPs
DP5-1
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GER
IMU
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LGC

MSEN
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RTACF

2.0 ABBREVIATION
ascent propulsion system
first APS burn
second APS burn
contingency orbit insertlon
detailed maneuver table
descent propulsion  system
first DPS burn
second DPS burn
earth-centered, inertial
eastern standard time
fire-in—the-hole
ground elapsed time
Greenwich mean time

guidance reference release

inertial measurement unit

instrumentation unit

iM guidance computer

lunar module

Manned Space Flight Network

primary guidance and navigation control subsystem
program reader assembly

reaction control subsystenm

Real-Time Auxiliary Computing Facility



RTCC Real-Time Computer Complex
SLA spacecraft-IM adapter

TK track

™ telemetry

3.0 APPROVED RTACF SUPPCRT REQUIREMENTS

The requirements assigned to the RTACF according to the procedure
outlined in section 6 of the Operabtional Support Plan (ref. 4) have been
discussed and mutually agreed upon by the Mission Planning and Analysis
Division and the Flight Control Division., Documentation of these require-
ments is listed in the bibliography. Note that other requirements can and
probably will be added during flight control simulations.

3.31. Launch Abort Requirements

3.1.1 Mode I abort.- Given an abort state vector, determine the
zerc-1ift landing point and g.e.t. based on a tumbling S-IB/S-IVB/SLA/IM
configuration.

3.1.2 Mode IT agbort.- Given an abort stéte vector, determine the
zero-lift landing point and g.e.t. based on a tumbling S-IVB/SLA/IM (SLA
panels deployed).

3.1.3 Mode III abort (LGC sequence).- Given a S-IVB cutoff vector

and spacecrait attitudes, perform the LGC suborbital sequence and compute
the zero-1ift landing point for the ascent stage.

Given a postburn ascent stage state vector, compute the zero-lift
landing point for the ascent stage.

3.1.% PRA L sequence.- Given a S-IVB cutoff vector and spacecraft
attitudes, perform the PRA 4 sequence and compute a zero-1lift ascent
stage landing point.

3.1.5 COI.- Given a S~-IVB cutoff vector, compute the COI maneuver
required for an acceptable orbit.

Given a S-IVB cutoff vector, the time of ignition, and time of cut-

off, compute a zero-lift landing point for tte ascent stabe resulting
from an unsuccessful COI sequence.



3.2 Nominal Mission Requirements

3.2.1 Navigetion update evaluation.~ Given a spacecraft TM state
vector, a MSFN state vector, and maneuver targets, compute information
necessary to decide whether or not a navigation update is required to
insure successful completion of planned maneuver (DPS-1, DPsS-2/APS-1,
APS-2). 1In addition, determine pseudo target if a navigation update is
not required. Assuming a nominal maneuver, these are the target conditions
that the spacecraft will actually achieve if a navigation update is not
performed.

3.2.2 RCS5 maneuver gimbal angles.-— Given a state vector, time of
ignition for finite maneuver, and desired effective local horizonal
attitudes, compute ignition gimbal angles for a RCS maneuver.

3.2.3 Cold soak attitudes.- Given a state vector, G.m.t. of 1ift-
off, and G.m.t. of spacecraft GRR, compute cold soak gimbal angles.

Given a state vector, G.m.t. of 1lift-off, G.m.t. of spacecraft GRR,

and desired g.e.t., for local horizontal attitudes, compute cold sozk gimbal
angles and local horizontal attitudes.

3.2.4 Relative motion studies.- Given two state vector (S-IVB/IM
or DPS/APS) and planned maneuvers, determine the range and range rate of
the two vehicles.

Given the ascent stage state vector, determine the present descent
state vector and define the range and range rate of the two wvehicles.

3.2.5 Radar data (PSAT).- Given a state vector and minimum elevation
angle, determine ground station acquisition and loss time and other related
tracking information.

3.2.6 Orbital lifetime.- Given a state vector, determine the orbital
lifetime in days, hours, and minutes since lift-off and, also, the life--
time from the inpubt vector time.

3.2.T7 Ground track data.— Given a state vector, determine ground
track data (g.e.t., latitude, longitude, and altitude). The interval at
which dabts is output will be specified as well as the duration of the
ground track data.

3.2.8 Navigation update.— Given a stabte vector and an update time,
determine and output in the correct octal format a LGC navigation update.

3.2.9 Public Affair Office reguirement.- Defermine orbital data as
required by the Public Affair Officer.




3.3 Alternate Mission Requirements

3.3.1 Retargeting of DPS-2 or APS-2.- Given a state vector, desired
orbital conditions, and desired maneuver characteristics, compute and
verify DEPS-2 or APS-2 targets.

3.3.2 Location of PRA sequence.- Given a state vector, the PRA
sequence planned, and the revolution of execution, determine the earliest
possible ignition time which will guarantee that the spacecraft will not
impact western hemisphere land masses. The computation will be based on
worst attitudes.

3.3.3 Effect of PRA sequence.- Given a state vector and planmned PRA
sequence, determine the resulting orbit after performing the PRA sequence.

3.4 General Requirements

3.4.1 IM instrumentation diagnostic program.— Given a group of param-
eter numbers, determine the common failure mode of these input parameters.

3.1.2 Engineering units - octal conversion.- Given numbers in engine—
ering units, convert to octal and output in the correct LGC format.
Similarily given LGC octal numbers, convert to engineering units.

3.4.3 Gimbal angles to local horizontal attitude conversion.— Given
a set of IU gimbal angles, convert to IMU gimbal angles or local horizontal
attitudes. Also given a set of IMU giubal angles, convert to local hori-
zontal attitudes.

3.4.h IU or IMU state vector to RTCC Greenwich ECI state vector.—
Given a IU or IMU state vector, convert to an RTCC ECI wector.

4.0 RTACF PROCESSORS FOR APOLLO 5

The following section provides a general description of Apollo 5

RTACF processors. A more détailed deseription of proecessors useage can be
found in reference 5.

k.1 Types of RTACF Output Available

There are two types of computer output available for the Apollio 5
processors to be used in the RTACF. The first type is a summary sheet;
the second type is an off-line printout of a computer magnetic tape written
by the processor. A tabulation of quantities printed off-line is shown
in table II. The summary sheets are output immediately after the termina-
tion of computation, and provide at least the minimum number of oubput
parameters necessary to satisfy the requirements,



There are presently thirteen different on-line summary sheets avall-
able in the RTACF. The summary sheets shown in figures 1 and 2 will be
used to output the resulis from four of the RTACF processors. These
sheets include all the required data for both the nominal guided and non-
nominal retargeting processors. XEven though the output of these processors
are somewhat similar, no single processor is capable of providing all the
data indicated on the summary sheet. However, for any processor using
the summary sheets, all of the required data for that processor will be
included.

Similarly the summary sheet shown in figure 3 will be used to output
the data from eleven of the RTACF processors. This summary sheet will
include the reguired data from the sbort computations and the PRA sequence
processors.

For this particular summary sheet, some of the processors will com-
pletely fill the format, while others will not. Thus, in order to inter-
pret this summary sheet correctly, some detail of the outputs of each of
the particular processors must be known.

The remaining ten summary sheets are formatted specifically for
particular processors. TFigures 4 through 13 show examples of each of
the summary sheets. The details of the processors associated with each
summary sheet are deseribed in the remainder of this section.

k.2 Abort Processors

There are five processors in the RTACF which are used to satisfy the
abort requirements. One of the processors is used to compute Mode T
landing points. A second processor is used to compute Mode II landing
points. Two other processors are used to compute landing points in the
Mode IIT region. The fifth processor 1s used to compute COI maneuvers.

h.2.1 Mode I abort processor.- The Mode I gbort region exists from
lift-off until g dynamic pressure of 1 psf is reached. At this level of
dynamic pressure, the nose fairing can be jettisoned and the SLA panels
can be deployed for separation of the IM. This occurs on the nominal

trajectory at a g.e.t. of approximately 2 minutes 44 seconds. No action
will be taken to initiate a Mode I ebort.

The Mode I zbort processor determines the zero-1lift landing point of
the S-IB/S-IVB/SLA/IM (SLA panels closed).

The only input reguired is the RTCC staite vector.

The output is shown in the summary sheet in figure 3.



4.2.2 Mode I1I abort processor.- At 2 minutes 44 seconds g.e.t., the
dynamic pressure reaches 1 psf. At this level of dynamic pressure, the
nose fairing can be jettisoned, and the SLA panels enclosing the LM can
be opened. This is the earliest time that a Mode IT abort can be initiated.
A Mode TT abort consists of a zero-lift enmtry of the S-IVB/SIA/IM (SLA
panels deployed): after the IM fails to separate. No action will be taken
to initiate a Mode II abort, although one could result from an attempted
Mode III. Even as a backup for a Mode III or IV abort (coI), a Mode II
is undesirable since no IM propulsion data is received.

The Mode II abort processor determines the zero-lift landing point
of the S-IVB/SLA/IM (SLA panels deployed).

The RTCC state vector is the required input.

Data will be output in the summary sheet format shown in figure 3.

h.2.3 Mode III abort processor.- When the dynamic pressure reaches
1 psf at a g.e.t. of 2 minutes bl seconds, the nose fairing can be jet-
tisoned, and the SLA panels enclosing the IM can be opened to allow the
IM to separate from the S8-IVB. This is the earliest time that a Mode IIX
launch phase abort can be initiated. The nominal Mgde IIT region ends
when the spacecrafl has the capability to burn itself into an acceptable
orbit. (See Mode IV.) Mode III launch phase aborts are designed to per-
mit completion of the third mission phase IM minimum propulsion test.
The test consists of a series of IM and APS burns including FITH staging.
This test is performed at an inertial sttitude pitched up 10° from the
S-IVB attitude at the time of abort, and is sequenced by commands from
the IM guidance computer.

The seqguences of events for the Mode ITI agboris are given in
tables IIT and IV, Table Iil gives the 1T75-second minimum sequence. This
sequence is for a ground-commanded abort (limit line approached only)
gsituation. The 189-gecond minimum sequence in table IV is for a premature
engine shutdown gituation. In this sequence an additional 14 seconds are

required prior to S-IVB/IM separation to detect the shutdown and command
an abort.

An alternate method for achieving a minimum propulsion test is
through the use of PRA sequence I, (PRA sequences 1, 2, 3, 4%, 5, 154, 15B,
and 15C are tabulated in tables V through XII.) This method could be used
if a gpacecraft failure prevents the use of the planned LGC Mode ITI sequence.

The Mode ITI processors (LGC sequence or PRA sequence 4) will inte-
grate through either sequence and compute a z3ro-1lift landing point for a
tumbling ascent stage. The following inputs are required:
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1. RTCC state wvector.
2. Spacecraft attitudes (gimbal angles or local horizonbal attitudes).
3. Time of main engine on.

The cutput is given in summary sheet shown in figure 3.

k.2.% Mode IV - COI processor.— The Mode IV (COI) launch phase
abort region begins when the IM performance is capable of achieving a
perigee radius equal to or greater than the nominal radius at insertion
and a nominal perigee velocity by using a DPS burn of 500 seconds or less
This maximum burn duration insures that a second DPS ignition can be
achieved for a subseguent alternate mission. The Mode IV region ends
near insertion when ascent trajectory state conditions that produce an
orbit with a 75-n. mi. perigee altituwde are achieved. The COl burn is a
guided DP3 burn using basically the modified ascent guidance equations.
The separation, coast, and start sequence for this guided burn is pre-
sented in table XIII.

The Mode IV processor takes a S-IVB abort cutoff vector and com—
putes the required COI maneuver using the modified ascent equationms.

This processor can also be terminated before a guidance cutoff is
achieved in order to simulate a faliled COI maneuver.

The inputs required are:

1. RTCC state wvector.

2, Time of main engine on.

3. Time of cutoff (unsuccessful case).

The output will be in the format of the summary sheet shown in

figure 4.

4.3 Nominal Mission Processors

4.3.1 Navigation-update evaluation processor.- Prior to each guided
burn during the Apollo 5 mission it will be critical to mission success
to determine whether or not a navigational update is needed. The RTACF
has developed a processor which can provide the data necessary fto gatisfy
this requirement. This data will be determined prior to each of the
guided burns.

This processor will use a spacecraft TM state vector, a MSFN state
vector, and maneuver targets to perform the evaluation. This processor

determines the effect of the spacecraft guiding through the planned burn
with the T state vector.
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The acceleration time history computed and applied to the TM state
vector, is also applied to the MSFN state veetor. The resulting orbits,
as computed for both vectors, are output for flight controller evaluation.
Also, certain important guidance quantities are output for flight control-

Jer evaluation. Using these data, the flight controller will decide
whether or not navigation update is required.

If a navigation update is not required, then the RTACF outputs a set
of pseudo targets for the MSFN vector. These are the target conditions

that the spacecraft will actually achieve if a navigation update is not
performed.

Three inputs are required:
1. MSFN state vector.
2. TIM state vector.

3. Maneuver targets.

The output quantities will be displayed on the summary sheets shown
in figures 1 and 2,

Lk.3.2 RCS maneuver gimbal angles processor.- Given a state vector,
time of ignition for a finite maneuver, and desired effective local hori-
zontal attitudes, this processor compubtes ignition gimbal angles for a
RCS maneuver. This processor essentially computes finite maneuver gimbal
angles given a desired impulsive maneunver attitude.

Inputs required are:
1. BState vector.
2. Time of ignition.

3. Duration of burn or weight of RCS fuel to be used duriang burn.

4, Effective local horizontal attitudes.

The outputs for this processor will be displayed in the summary sheet
shown in figure 5.

4.3.3 Cold sosk attitudes processor.- Shortly after separation
from the S5-IVB, the IM is oriented to the cold scak attitude. In this
attitude the spacecraft's X-axis is normal to the ecliptic plane and the
bisector of the spacecraft's +Z and -X-axes is directed toward the sun.

This RTACF processor computes the gimbal angles requlred to align the
gpacecraft in this abttitude.
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The following inputs are required:
1. Day of launch.

2. G.m.t. of spacecraft GER.

3. G.m.t. of lift-off.

Note that if local horizontal attitudes are desired then two additional
inputs are reguired.

1. State vector.
2. g.e.t, for local horizontal attitude.

The outputs Ffor this processor will be displayed in the summary sheet
shown in figure 5.

4.3.4%. Relative motion processor.- During the nominal mission, this
RTACF processor will be used to determine the range and range rate between
the IM and the 8-IVB and also between the ascent stage and the descent
stage.

The inputs required are:

1. A state wvector for each vehicle.
2. The time period for which the data is desired.
3. The delta time between each datz point.

The outputs for this processor will be displayed in the summary
sheet shown in figure 6.

4.3.5 Predicted site acquisition table (PSAT) processor.— This
processor compubes acquisition and loss data for ground tracking stations.
Other associated data is also ouiput. The data can be generated for the
IM or the 8~IVB, and may include planned maneuvers.

The inpubts required are:
l. ©State wvector.
2, Time period for which data is required.

The output satisfying this requirement will be displayed om the PSAT
summary sheet shown in figure 7.
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4.,3.6 Orbital lifetime processor.- This processor computes a predicted
orbital lifetime using an input state vector and vehicle characteristics
such as weight and reference area.

Three inputs are required:

1. Stete vector.
2. Arvea of vehicle.
3. Year, month, and day of launch.

The output for this processor is predicted lifetime since time of
input state vector and also predicted lifetime since lift-off. This data
will be output in the summary sheet-shown in figure 8.

b,3.7 Ground track data processors.- Ground track data will be com—
puted using the SG-GEM programs. This data will reflect only maneuvers
planned in the requested time period.

The inputs are:
l. ©State wvector,
2. Time between data points.

3. Time period desired.

The output for this processor will be displayed in the ground track
sumiary sheet shown in figure 9.

4.3.8 LgC havigation update processor.- This processor takes a IM
state vector, propagates it forward to the request navigation update
time, and outputs the resulting state vector in the LGC octal format.

The inputs are:

1. State wvector.

2. G.um.t. of 1lift-off.

3. Year, month, and day of launch.
4, Navigation update time.

The outpubts required for this processor vill be displayed on the
navigation update summary sheet shown in figure 10.



1h

4.3.9 Processors for Public Affairs Officer and postflight observer.-
No special processors are planned to support these regquirements. The
data output by processors in support of other RTACF requirements will
gsatisfy these requirements.

4.4 Alterpate Mission Requirements

4. 4.1 Retargeting processors.— The RTACF has the capasbility to re-
target either the DPS-2 or APS-2. The two processors involved require
the minimum of inputs maeking possible rapid computation and verification
of retarget parameters. Each of the retargeting processors first computes,
then integrates through the planned maneuver to verify that the new targets
are wvalid.

The inputs for the DPS-2 retargeting processor are:
1. State.vector.

2. Desired time of ignition.

3. Mass of DPS fuel to be conserved,

A1l reguired data will be output in the DMT summary sheets shown in
figures 1 and 2.

The inputs for the APS-2 retargeting processors are:
1. A state wvector.
2. The desired time of ignition.

The required data for this processor will also be output in the
DMT summary sheets shown in figures 1 and 2.

h k.2 Effect of PRA sequence processor.— This processor compubtes
the effect of applying a PRA sequence maneuver to an input state vector.
The output defines the orbit the vehicle will be in the following PRA
sequence.

The inputs are:

1. ©&tate wvector.

2. PRA sequence to be applied.
3. Spacecraft attitude.

4, TInitiation time of sequence.
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The required data will be output in the PRA abort summary sheet
shown in figure 3.

h.h.3 Loecation of PRA sequence processor.- The use of certain PRA
sequences during the Apollo 5 mission could result in a land impact of
either the ascent or descent stage. Two facts contribute to this possi-
bility:

1. If a PRA sequence iz initiated, the burn will be done in an
inertial attitude~hold mode using whatever attitude the spacecraft was in
when the sequence began. Thus, certain retrograde attitudes could result
in an impacting trajectory if the burn could not be terminated by the
Flight Dynamic Officer when the predicted perigee drops below €5 n. mi.

2. If a PRA seguence 1s performed, it will, if at all possible, be
done over the United SBtates because of tracking constraints.

The RTACF processor to locate the PRA sequence uses an iterative
technique to Adetermine the earliest possible ignition time (for any pass
over the United States) which will guarantee that neither stage will
impact the western hemisphere land masses during that pass.

* This processor assumes that the spacecraft is in the worst attitude
(i.e., that attitude which results in the shortest entry range).

The inputs required are:

1. BState vector.

2. TPRA sequence to be used.

3. Worst attitude (preflight study).

4, Pass over United States that sequence is to be.performed.

The data will be output in the summary sheet shown in figure 3.

4.5 General Purpose Processors

There are presently four separate processors which can be classified
as general purpose processors. The first is really a system of processors.
These are the IM instrumentation diagnostic processors. The second pro-
cessor in this group is concerned with converting engineering units to
LGC octal units. The third of these processor; converts either IU or IMU
gimbal angles to local horizontal attitudes. The fourth processor con-
vervs IU or IMU state vectors to ECL Greenwich state vectors.
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4.5.1 IM instrumentation diagnostic processor.- This program is
capable of accepting manual inputs of parameter numbers and outputting
all availsble data on each parameter. From these ocutput data, the pro-
gram determines the failure mode common to all parameber numbers.

The total input to the program will be a group of "parameter numbers".
These groups of numbers may be from one to the. maximum number on the .
spacecraft and may be given in any order. The numbers are alphanumeric
containing two letters and four numbers (example: GC0260) .

Outputs required:

The total output from the program will be as follows:

1. Analog data.

2. Electriecal circuit interrupters 1, 2, and 3.

3., Digital data.

4. A summary report designating the common failure mode of the
group of input parameters. It will be printed at the end of the columnized
analog and/or digital data.

5. Column.

6. Signal. conditioner.

T. Signal conditioner location.

8. Circuit bresaker.

9. Other groups.

The analog data outputs are:

1. Paraméter nuuwber.

2. DPAM gate,

3. FAM sequencer.

L. ROW.



17
The digital data outpuis are:
1. Gate.
2. Bignal conditioner.

3. Signal conditioner location.

L., Circuit brezker.

4.5.2 Engineering units to octal conversion.- This processor will

take any number in engineering units and convert it to the LGC octal
number. Also, this processor will convert any LGC octal number to its
corresponding engineering number.

Inputs required are:

1. Data in engineering units or octal.

2. BScale factor,

3. Precizion of oectal word.

The outputs reguired for this processor will be displayed in the
summary sheet shown in figure 11.

4.5.3 IU/IMU gimbal angles conversion.-— This processor converts
either IU or IMU gimbal angles to local horizontal attitudes.

The inputs regquired are:

1. IU and IMU giwbal angles.

2. GRR for booster and spacecrafi.

3. g.e.t. of local horizontal attitudes.

The output for this processor will be output in the summary sheet
shown in figure 12.

4.5 % TU to IMU state vector conversion.- This processor converts
an input IU or IMU state vector to an ECI Greenwich state vector.

Inputs required are:

1. IU/IMU state vector.
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2. GRR for booster and spacecraft.
3. Spacecraft lift-off time.

Outputs for this processor will be displayed in the summary sheet
shown in figure 13.

2.0 APOLLO 5 RTACF WORK SCHEDULE

This section of the Flight Annex presents a schedule of RTACT activity
from prelaunch (T minus 6 hours) through nominal end of mission (approx-
imately T plus 13 hours). Additional radar coverage is provided through
20 hours g.e.t. This work schedule represents only those RTACF activities
which could be established before the mission. Real-time consideration
of spacecraft dispersions, contingency situations, and onboard systems
reliability may cause changes in the nominal mission and thus changes in
the RTACE work schedule.

The locations and tracking capabilities of the radar sites asvailable
for the Apollo 5 mission are summarized in table XIV.

This work schedule is based on data extracted from the Apollo 5
Operational Trajectory. This work schedule reflects all accepted RTACTF
requirements applicable to the nominal mission.
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TABLE I .- MAJOR MISSION EVENIS

L location Inertial welocity vector
Geodetae Flaght-path
Lvent Rev. Time, latitude, | Longitude, Atitude, Velocity,| angle, Azimuth,
no. hr 'min:see deg deg n. mk, fps deg deg
S-IVB orb. imsertion - mainbedn cut— | 1.05 | 00:10:10.15 31.58 -61..33 88.12 25684 .550 .01g 86.21
off inert. att. - cont. venting
iEnable mssion phese six (S-IVB/ 00-10:14,15 31.59 -61.02 88.13 256849904 020 86.38
IM comst)
Terminate S-IVB vox venting 1.06 00:10:38.55 31.69 -59.16 BB.AT 25687.639 .02t 87.%0
Jettison nosecap 00:10:43.35 31 70 -58.80 88.18 25687.578 .028 871.61
Initiste pitch maneuver to align 1.07 | 00:11:28.35 3L.78 ~55.36 88.29 25606.8h2 .037 89.51
longitudinal axas with local
horizontal plane
Terminate piteh maneuver - meintein |1.08 00:12:0L.k%6 31.77 -52.60 88.ha 25686.040 Lokk 91.0h
docal attitudes
[Deploy SLA panels 1.17 00:19:58.,35 25, 8 «18,00 . 91.60 25658.9T6 137 109.11
Disabic mission phase six 1.20 | G0:22:10.15 22,58 -9.32 63.06 256h6,545 .162 112,8¢
Texminate S-IVB LH2 venting 1.28 00:30:58,75 5.59 2148 101.15 25582.010 .2k l121.21
S-TVEB/L1f begin inertial attitude 1.47 00:50:05.00 =29.01 89.21 119.73 ashs8, 104 .097 103.53
hold for separetion
Enable mission phase seven 1.48 00:50:32.49 -20.43 91.16 119.9L 25457.130 .086 102.53
(S-—IV’B/LM sepm:ation)
RCS 1gnition with S-IVE attached 1.52 00:54:27.%9 -31.63 108.38 120.61 25453, 588 ~.006 93.24
Sever restraining straps - extract 1.53 00+5%:32.49 =31.65 108,76 120.61 25454 461 -.008 93.0l
IM from SLA
RCS shutdown 00.5h.37.49 -31. 67 109.13 120.60 25456.381 -.008 92.83
RCS ignxtion 00:5h k2. kg ~31.68 109.50 120,60 25456.407 | ~.0L0 92.63
RCS shutdown - set dsp at ma<imum 0035h:47.49 ~31,T0 109.88 120.60 25458.334 -, 011 92.42
deadband - dissble missicn phase
saven
IEnable mission phase erght (ested. 00:5507.4o =3L.7h 111,38 120.58 25458, 524 ~.0158 91.59
cold sonk atte)
D15able mission phase eight — pet 1.56 00157:137.49 =3L.47 122,60 120.05 25462.084 ~.076 85.38
dep et maximum deadband
|Enable mission phase nine, (first 3.5 03:55:08.50 -31.02 82.32 119.24 25466.1.98 -.093 82,72
DPS burn)
RCS 2gnation 3.51 03+59+30.00 ~26.96 101.99 116.41 25483.941 -.183 T2.56
First DPS ignation - execute 03+59+37.50 -26.81 102.50 116.31 25L87.387 ~.182 T2.32
guidance commonds — begin thrust
buzldup
RCS shutdown 03+55-38,00 -26.80 102, 5h 116.30 25h87.617 -.182 72.30
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TABLE T ~ MAJOR MISSION EVENTS — Continued

LM laocation fnertaal velocity vector
Geodetic Flight-path
Event Rev. Tine latitude, | Longltude, Altitude, Velocity, angle, Azimuth
no. hr'min-sec deg deg n. mi. fps deg deg
Terminate thrust Pualdup 03:59+h0.20 -26.75 102,69 116.27 | 25488, 967 =18 72.23
Guadance commended shutdown = 3.52 ] 04:00115.50 -25.99 105.08 115.88 | 25628.825 =.050 Tl.12
begin DPS tailoeff
Diseble mission_phase nine - 04.00116.10 -25.98 105.L2 115.88 25630, 637 -, 0kl T1.10
dop to maximum desdband
Ensble mission phase eleven 3.8l | 0h.33.00.30 30.6k ~138.35 16h.15 | 25290,918 372 81..18
(second DP3/fith/first APS' Burn)
RCS Lgnition 3.88 | Oh:36:40.70 3L.7T -122,31 169.27 25253, 884 .26h 89.99
Second DPS ignition 3.89 | Ok:36:48.20 31.77 -121.76 169.41 25252.960 261 90.29
RCS shutdown ok-36:48.70 N.7T -121.72 169.42 25252,900 860 20,31
Terminate thrust buildup ok.36.50.90 31.77 -121.56 169.46 25252, 64), 259 90.39
Begin preprogramwed random throt- 4,03 | Oh-48:30.Th 27.32 - Ta.hT 167.73 | 25358.025 =076 101.12
tling = set throttle to 10 percent
Set throttle to 50 pexrcent oh:48:h0. Tk 27.19 - 70.78 167.67 25357. 6Tl . 071 101.40
Set throtile to 30 percent ol . LB:50. B4 27.06 - 70,10 167.62 | 25355.460 -.050 101.47
Set throtile to %0 percent ol.4g:00.Th 26,93 - 69.h3 167.5¢ 54,306 -.038 101.64
Set throttle to 20 percent oh:49:20. 74 26.79 - 68.73 167.51 25352.839 -.022 10L.71
Set throttle to maximum oh:ho.20.7h 26.65 -~ 68.0k 67,07 25352.157 -.013 101.99
Initiate fire in the hole - abort h.ok | Ok-lg:22.7h 26.63 - 67.91 167.46 | 25351.555 ~.006 101.95
test
Fettison descent stage ob:49:23,15 26,62 - 67.88 167.h5 25351.498 -,005 101,97
Pirst APS agnitisen - begin thrust 04-49:23.46 26.62 - 67.86 167.45 25351. 498 -.005 101.97
"buildup
Terninate APS thrust buildup 0k:49:23.86 26.61 - 67.83 167.45 25350, 241 =.000 101.97
Command AFS ghutdown — begin Oh:49:28.46 26.55 - 67.52 167.43 25351, 042 .006 102.01
thrust tailoff
Terminate APS tailoff - dasable ok:h9:28.76 26.54 - 67.50 167.43 25351.065 006 102,01
phase eleven -~ get dap to
maximun deadband
Enable mission phase thirteen 4 .88 {06:12:23.23 28.469 -123.0k4 168.56 25355.774 .023 85.76
(second APS burn)
RCS dgnition L.o1 |06:15-00.70 28.0k4 -111.82 168.33 | 25353.353 .oLT 91.91
Second APS ignition - begin L.g2 | 06:15:13.23 28.01 -110.92 168.31 25353.353 .01 91.91

‘thyustbuildup command
guidance execution
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PABLE I-— MAJOR MISSTON EVENTS - Concluded

LM locatzon

Inertisl velocity vector

Geodetic Flight-path
Bvent Rev. Time latitude, Longitude Altitude, Valocity, engle, Azimith
no. hr:min,.sec deg deg n. mni. Ips deg
Terminate APS buildup 06:15:13.63 28.91 =110.90 166.31 25353.219 LT 9l.92
RC5 shutdown 06:15:13.73 28,91 ~110.89 168.31 25353.213 L0617 91.92
APS shutdown on APS fuel depletdion ~ | 5.00 06:22:33.17 27.36 - B80.0h 170.01 25803.00 -.1h7 g2.1
set dap to maximum desdband
Orient for first RCE test .10 08:52:24.58 -23.96 87.53 425,52 23087.172 —-.655 T7.12
First RCS burn test - deplete system | 6.46 of.52:4).016 -23.68 88.66 L2k, 53 23590.824 - 607 T6.63
B
ROS shutdown - set dap to minamunm 6.50 08-56:58.81 -18.77 10%.21 k.61 2h265,618 -.ko7 70.80
deadbard
Or:ent for second RCS test 6.98 09:46:20.00 168.09 ~ B6.39 3132.97 25059.061 hs8 110.11
Second RCS burn test 6.08 ¢9:46:39.50 17,64 - B5.27 31k.59 25054 .534 By id 110.51
RCS shutdown - set dap to minumum 6.99 | 09-47:23.859 16.62 - B2.78 316.07 25053.561 .525 1lll.22
deadband '
Third RCS burn test T.9% 11.27.39.C0 13.h6 ~100.65 320.57 25025, 394 624 113.11
RCS shutdown - set dap to minimum T.95 11:28:23.56 12.30 - 8B.21 322.52 25021.084 .67k 113.6%
deadband
Fourth RCS burn test 7.97 11:31-23.56 T.46 -~ B8.6T 331. kb 24955, 668 837 115.71
w5 shutdown ~ set dap to minimun T-97 11:31:33.70 7.19 - 88.16 331.97 24953.718 .8ut 115.76
deadband
Orient for fifth RCS test 8.72 12:52:11.00 26.96 ~175.95 308.0L 25106.192 -.331 91,38
Fifth RCS burn test §.72 22:52:18.10 26.92 -L75,48 307.92 25107 .286 -.323 91.61
RCS shutdewn - set dap to 8.73 12:52:58.59 26.72 =172.80 307, 4k 25131.819 -.271 92.67

ninimum eadband

He



35

TABLE IL.- PARAMETERS AVAILABLE FROM OFF~-LINE COMPUTER OQUTPUT

Current Greenwich mean time, day :hr :min :sec

Current ground elapsed time, hr :min :sec

Current ground elapsed time, seé

Geodetic longitude of TM and TK vectors, deg

Geodetic latituyde of TM apnd TX wvectors, deg

Altitude sbove oblate earth for ™ and TK vectors, ft and n. mi.
Radius from earth center for ™ and TK wyectors, ft

X, ¥, Z RICC ECT position qoordinates for T™M and TK vectors, ft and e.r.
i, i, 7 RTCC ECL velocity coordinates for TM and TK vectors, fps and e.r./hr
Inertial} velocity for TM and TK wvectors, fps and n. mi./hr

Geodetic flight-path angle for T™ and TX vectors, deg

Local voll angle, deg

Local pitch angle, deg

Body azimuth angle, deg

Angle of attack, deg

Angle of side slip, deg

Aerodynamic reference area, rt?

Geocentric flight-path angle for ™ and TK vectors, dég

Geocentric body azimuth for TM and TK vectors, deg

Predicted altitude of perigee and apogee of TM and TK vectors, n. mi.
Actual altitude of perigee and apogee of TM and TK vectors, n. mi.
Semimajor axis for ™ and TK vectors, n. mi.

Eccentricity for ™ and TK vectors, n. 4.

Period for T™ and TK wvectors, min

Angle of inclination, deg

True anomaly of TM and TK vectors, deg

Eccentrié anomaly, deg

Longitude of ascending node, deg

Argument of perigee, deg

Phase time, sec
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TABLE II.- PARAMETERS AVAILABLE FROM

OFF-LINE COMPUTER OUTPUT - Continued

Aerodynamic force coeificient along XB’ n.d.

Delta V along velocity vector, fps

TPotal delta V, fps

Inner gimbal angle, deg

Middle gimbal angle, deg

Outer gimbal angle, deg

Matrix to convert Ffrom RTCC ECI Greenwich to sitable member
Inertial velocity to be gained, fps

Minimun perigee altitude, n. nmi.

X, ¥, % IMU position coordinates (APS-2 target parameter)
Time of arrival - APS-2 target parameter, sec

Radius of burnout - AP3-2 target parameter, £t

Latitude and longitude of apogee and perigee, deg

Current wvehicle weight, 1Db

Propellent remaining, 1ib

Stop condition

Total acceleration, G's

Thrust during burn phases, 1b

Flow rate during burn phase, lb/hr

Remaining time required during DPS B8PS burn to achieve desired target, sec
Velocity required during DPS SPS burn to achieve desired target, fps
Time of ignition computed by algorithm, sec

X, ¥, 2 unit vector target for DP3-2

Desired thrust, 1b

Desired IM pitch rate, deg/sec

Desired IM roll rate, deg/sec

IM thrust misalignment
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TABLE IT.- PARAMETERS AVAILABLE FRCM
OFF-LINE COMPUTER OUTPUT - Concluded

Xy Y3 Z positioh coordinates for average G vector

X, ¥, Z velocity coordinates for average G vector
X, Y, Z commanded acceleration thrust wvector
Target tolerance allowed for boundary value problems

Target miminums allowed for boundary value problems
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TABLE I1I.~ SEQUENCE OF EVENTS FOR MODE III LAUNCH PHASE ABORTS
[175-second minimum sequence]

Time, seconds, g.e.t. Event
0] §-IVB shutdowm, pitch up 10°
15 SLA panels deployed {enter mission
phase 3)

25 +¥-axis RCS on (4 jets)
26 S—-IVB/IM separation
39 DPS on at 10-percent thrust level
4l DPS off '
4o DPS on at.l0-percent thrust level
51 +X~axis RCS off
75 DPS increased to 94-percent thrust level
80 DPS off, FITH staging, APS on
as APS off '

113 +X-axis RCS on (4 jets)

115 APS on

117 +X-axis RCS off

175 APS off

PABLE IV.-~ SEQUENCE OF EVENTS FOR MODE I1I LAUNCH PHASE ABORTS
[189-second minimum sequence]

Time, second, g.e.t Event
0 §-IVB shutdown, piteh up 10°
29 SLA panels deployed (enter mission
phase 3)
39 +X-axis RCS on (h jets)
Lo S-IVB/IM separation
53 DPS on at 10-percent thrust level
58 DPS off
63 DPS on at l0-percent thrust level
65 +X-axis RCS off
89 DPS increased to Slh-percent thrust
level
ok DPS off, FITH staging (APS on)
127 +X-axis RCS on (4 jets)
129 APS on
131 +X-axis RCS off
189 APS off
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TABLE V.- PRA SEQUENCE 1 -~ NOMINAL SEPARATTON

Time in sequence, seconds

Fanction

00
L3
L3
53

58
1:03

Sequence initiate

+X translation on (on straps)
IM/SLA separation

+X %ranslation off

5-second coast

+X translation on

+X translation off

TABLE VI.- PRA SEQUENCE 2 -

NC PRESSURE SEPARATION

Time in seguence, seconds

Fuanction

00

p
10

i5
20

+X translation on (on straps)
IM/STA separation ‘
+X ftranslation off

S5-gecond coast

+¥ translation on

+X translation off




TABLE VII.— PRA SEQUENCE 3 - MINIMUM REQUIREMENTS SEQUENCE
[ INCLUDES SEPARATION]

Time in sequence, min:sec

Function

00
05

10
i

20
25

31
39
bl
1:05
112

[

136
hh
:hg -
:10
:12
:12

W NN R

w

:39
3:52
3:57

Sequence initiate

+X translation for Separation

Separation {on strass)
+X translation off
5-second coast

+X translation on

+X translation off
6~second coast

+X translation on

DPS on 10~percent thrust
+X translation off
Thrust to 100 ftercent
DPS off

32-second coast

+X translation on

DPS on 10-percent thrust
+X translation off
Thrust to 100 percent
FITH

APS off

hO-second coast

+X translation on

AFS on

+X translation off

To depletion




TABLE VIII.- PRA SEQUENCE 4 - PRA SUBORBITAL SEQUENCE
[ INCLUDES SEPARATION]

Time in sequence, min:sec

Function

00
ok
06
i6
ko
ko

5h
59
1:04
1:1h

117
J:22
1:2h

Seguence initiate

+¥ translation on
LM/SLA, separation

DPS on 10-percent thrust
Thrust to 100 percent
DeS off

5-second coast

DPS on 10-percent thrust
Thrust to 100 perecent
FITH

APS off

3-second coast

APS on

APS off

+X translation off

TABLE IX.—- PRA SEQUENCE 5 - HO

DPS FITH/APS TO DEPLETION

Time in sequence, min:sec

.Function

00
oz
1k
19
1:13
1:1k

1:0k
1:29

Sequence initlate
+X translation on
Abors stage

+X translatioﬁ off
+X franslation on
APS off

10-seccnd coast
APS on

+X translation off

To depletion
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PABLE X.— PRA SEQUENCE 15 A
[60-sec. APS]

Time in sequence, seconds Function
00 +X on (Seq. initiate command)
13 Abort stage (PYRO separation)
(DPS off)
13 APS on
1:13 APS off
1:13 +X off

TPABLE XI.- PRA SEQUENCE 15 B
(DPS-A/S-APS)

Time ‘in sequence, seconds Function
00 +¥ on (Seq. initiate command )
o7 DPS on &t 10 percent — 30 percend
throttle

11 DPS to 100 percent throttle
13 Abort stage (DPS off)
13 APS on

1:13 APS off

1:13 +X off

TABLE XII.-~ PRA SEQUENCE 15 C

DPS-No APS)
Time in sequence, seconds Function

00 +X on (Seq. initiate command)

T DPS on at 10 percent - 30 percent
throttle

1L DPS to 100 percent throttle

13 Abort stage {no APS ignition)
(DPS off)

1:13 +X off
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TABLE XTII.- SEQUENCE OF EVENTS FOR MODE IV LAUNCH PHASE ABORTS?

Time, seconds Lvent
0 8-IVB shutdown, pitch up 10°
29 SLA panels deployed (enter Mission
Phage IV)
39 +X-axis RCS on (L jets)
Ny IM/8-IVB separation
53 +¥-axis RCS off
§2.5 +X-axis RCS on (4 jets)
90 DPS on at 10 percent thrust
a3 +X-axis RCS off
116 DPS inecreased to 9h-percent thrust
X DPS off (giundance-commanded shut-
down }

fpeference a.




ov-C
DV-MA.
DV-TO

HRERBERF
TM-VEC

H-BI
LAT-BT
LONG-BI

FEKRERHRX

R-P

(CPT6-X) I-X
{CPP6-Y) I-¥
{CPT6~2) T-Z

FIDQ DETALLED MANEUVER TABLE
PROCESSOR IDENTIFICATION VECTOR INDENTIFICATTION

REXEBRXLFARE AR ELERE  PYROULE AND TARCET %850 Road 845K BRI 5 Hk

TXXKKLX R-M XXX GEPST XX XX XX P-H  XXX.X WI-BI  XODOMKL.X
D o 0.4.0. 4% 4 P-I XXX.X GETCO XX XX XX.X - XX WI-BO  XOOC0.X
X.X I-0  XXX.X DU XXX R-H  XXX.X
DT-BD oK
***********#***%* ERRRHURRRARAR BRI RHRRRRRER TRATECTORY ¥ ¥¥¥* ERAEXRAFARRRXAFEARRBRZRA BRI ER ****-ﬁ*** k¥
XXX ¥ H-A 1K.X H-P e X
XX.XX N/SE  LaT-A XXX /S LAT-P XXX N/83%
X XK E/WE LONG-A  YOOLLXX E/W LONG-P  XOOL.XX E/Wii
i B X. oo I o4 :
§ LONG-AN YIXIX B/W A XOX X
¥ FRUEEFRXLRFRALXL XL GRGHARE RS DR DT RRUERRPRRRR
* HEHRKRERET LT HERERE L REXE RS RERE R X AR R AR EF
KERERLRF R R R R AR HERRERRREREE P RRRHGHREERERERERXEFRLERREXRRUEXLXXERRAALEREEEXRLLLE R R LR 0N RR L HUERERR
TK-VEC
peseseved (ROSM-X) R-X p4.9:0.0.0.0.0. 8 HeP XXKLX HPMIN 000%. X
{ROSM-Y) R-Y 200000, il HAMAY  XOKX. X
(ROSM-Z) R-Z  JO(XXKXX. $F o . :
Xo0ooooL 3+ M "
g:}{xxxx:mc g:go gm}g{{mmx 5% B-F JOOCOXIX. R-X  JOODXOK.
O YTENTER i I-¥  0.700NooX R-Y XOOXOX.
. BOT-Y 0.XC00000X R-Z XICOULAX.
B T-Z 0 0.XC00000 T-A XX XX XX.
b R-BO XKICOOKX.
¥
B2

Pigure Ll.- RTACF Fido detailed maneuver table.



H-BTI
H-pP
H-A

R-M XX
P-I XX
H-P XX
H-A XXX

Dv-M XXX

KR RHRRX R TM_VEQ ~ ¥EXERX%H

GETBI XX XX XX.X GET-TR DT-TC
GETCO XX XX XX.X K XX XX X XX
DT-BD XX XX XX X X
ITER X XXX X XX
M-DPS XXX T-M=0 O 0 0
LON-BIL © XXX{.XX B
HP-MINI  XE.X T-HP-MINI
HA-MAYX  XXX.X XXX

Figure 2.~ Condensed RTACF Fido detailed maneuver table.
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MANEUVER

SEQUENCE INITIATE
SEQUENCE CUTOFF

:

DELTA V -X
DELTA T BEQ X XXX
DELTA T APS DEP XX XX.X

300K OR APQGEE
25K OR PERIGEE

DAY

P-H
-0
R-H

PROCESSOR IDENTIFICATION

VECTOR IDENTIFICATION

G.E.T.
HR MIN BSEC

X XX XX
X XX XXX

XXX.X A
XX B
XXX.X I

ALTITUDE
N'M!

KKK
XXX

LATITUDE
DEG MIW SEC

X XX XX
I XX XXX

LONGITUDE
DEG MIN BSEC

T XX XX
X XX XX

008 S 50090 ¢ LONG-AWN XXX E/W
XX.X WI-BO XXX
LATTTUDE LONGITUDE

DEG MIN SEC

X XX XX.X N/S
X XX XX.X N/S

Figure 3.- PRA./g&bort summary sheet.

DEG MIN BEC

X XX XXX E/W
X XX XXX EB/W

of



GET TIME
HRS MIN BSECS

ALTITUDE

N. MI. FEET/SEC

INER VELOCITY PATH ANGLE

DEGREES

APS GUIDANCE AND RCS ON FOR INITTAL ORIENTATION

XX XX XX.xo

o, X00OL XXX

RCS ON HOLD ATTITUDE

DX X XL OOLX X0 xEX
DPS ON AT 10 PCT WITH RCS ON HOLD ATTITUDE

oo XX XML XXX LY XXX
RCS OFF DPS STILL ON AT 10 PCT HOLD ATTITUDE

WL XX XX, &BX

5.0 S SN §.9.95 I 804

po. 49 004

.

XXXXX

po. 4. 9.0.4

DPS ON AT 94 PCT CALL APS GUIDANCE AND STEER

X XX XXX
DFS OFF

X X XXX
IMPACT POLINT

OO XX XX

0000 RO

PEAAD V0 G ¢-5.5.0 5.0 4.4

OOLXXX XOE.XXX

b5, % 4 6.8

XXX

X

AXTMUTH
DEGREES

XX

L XXX

XL XX

pos g ied

.o 99 0.8

XK . XK

XXX

DEG

XX

GEOCD LAT

MIN SECS

X XX u/S
XX XX.X N/S
X XX N/S
XX XX.X N/s
T XXX /s
X XXX /s
X XXX N/S

Figure h.- COI maneuver summery table.

LONGL'TUDE SENSED VEL.

DEG 'MIN SECS FEET/SEC

X XXX E/W

X X XXX B/

XX XX XXX E/W

XY XXX OB/W

X XX XXX E/y

¥ XX XXIXE/VW

X XXX E/w

XE.X

XXX

XWX

XX

p5.5.0. 8% ¢

XXX

KX

GUID VGO

XX

XXX

XE.X

XX

b 0.6 44

XXX

XXX

Ly



GET TIME
HRS MIN 8ECS
X XX XXX
X XX XX
¥ XX XH.X
A X XXX

FEEREER

IDENTIFICATION

GET XX XX XX.X  GMT
GMTLO XXX XX XX.X  GMTGRR

R-M IX.X
P-E XX

P-T XXX.X
R-H XX

FREXRE

X XX XXX
X XX LY

¥-0 XXX.X
Y-H XXX.X

Figure 5.- Attitude conversion summary sheet.

RELATIVE RANGE
N. MT
XXX
XXX X
XXX
DHXLX

RELATIVE RANGE RATE ELEVATION

FEET/SEC

XXX
XXX
p45:0.0.: 00 4
YOO0KK . X

DEG

OX.XX
LXK
P, 0.99.0.4
XX XX

Figure 6.- Relative motion summary sheet.

AZTIMUTH
DEG
IXE.XX
XXX
XXX
XXX XX



#---************************i‘****************************************K****-}E*****'}-**********- E

E PREDICTED SIGHT ACQUISITEION TABLE %

% LV 26%/IM-01l MESSION SIVE PBSAT VECTOR ID *

HE TR R RIS IR ISR B RS ER NN RR R KT R R RR R IR R R RN BRI R RN E R REEERR KR L ERHREHHE

STATION REV ACQUISITION LOSS DURATION ACQ GMT MAX ELEV ACQ RANGE MIN RANCE
NAME BEQUIP NG. D H M 8 D H M & M B D H M 8 DEGREES N. MILES Y. MILES
XXX XX XX X X XXX xxX o XX xX.X XX, XK.
XXX ). 9.4.9.4 poes X XXX XXX XX O xx XXX X0, XK.
X posed X KX XXX XIOXXX X XXX XXX X X, XX,
XX XX 0.9 X XXX XXX X XXX X.X p.o-9.9.48 h.0.9.0.98

Figure T.- Predicted sight acquisition table.

PREDICTED LIFETIME VECTOR IDENTIFICATION

LIFRTIME FROM LIFTOFS
LIFETIME FROM VECTOR

XX DAYS XX HRS XX MINS
X DAYS XX HRS XX MIKS

AVERAGE K~FACTOR COMPUTATION

APOGEE = X300.X WM
PERIGEE = XX{.X WM
GET START = XXX XX XX
GMT START = XXX XX XX
K-FACTOR = X.XOUOOOX
GEF STOP = XXX XX XX
GMI STOP = XXX XX %X

Figure B.- RTACF orbital lifetime summary sheet.
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REV NO GET LATITUDE
HOUR MIN SEC DEG MIN

X . XX. XXX XX. XX. N/s

X X, XK. XX.X XX. XX. n/s

X XX. XX, XX.X X, XX. N/8

X XX.X XX. XX. N/s

X. XX,

LONGITUDE
DEG  MIN
X, XX,
XX. XX.
XX. XX.
XX. XX.

E/W
E/W
B/W
E/W

Figure 9.- Recovery data (ground track) summary sheet.

NAVIGATION UPDATE SUMMARY SHEET

ENGINEERING UNTS

X

Y

a2

X DOT
Y DOT
4 DOT
TIME

).8.8.0.0.8.0.0.8

X
XXX
XXX
XX
XXX
XXX
XXX

QCTAL

XX
XX
XXX
X
XXEXX
XXX
TEIX

Figure 10.- Navigation update summary sheet.

ALTTITUDE
N.M.

XXX,
XK.
XX,
X,

0S
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ENGINEERTNG UNITS/OCTAL CONVERSION
SCALE FACTOR = XX PRECISION = X
ENGINEERTNG DATA OCTAT
XXX X UNITS XXX UNITS L0 XY

Figure 11.- Engineering units/octal conversion summary sheet.

CONVERSION FROM TU GIMBAT, ANGLES TO LVLH ATTITUDES

TIME OF CONVERSION IS
6HRS 15MIN 32.3SEC (GET)

iRi) MU LVLH
GIMBAL ANGLES GIMBAT, ANGLES ATTITUDES
(DEG) (DEG) (DEG)
PITCH XK ﬁXX.XX D5:5.99 4.4
ROLL XXX LXK XXX
YAW XXX LXK XXX
Figure 12.- TU-IMU gimbzsl angles to LVLH atiitudes.
CONVERSION OF LGC OR IU VECTIORS TO RTICC ECI FORM
VECTOR INPUT IS LGC
TIME OF GRR IS XXXHRS XXMIN XX.XXSEC
TIME OF VEC IS XXXHRS ZXXMIN XX.XXSEC
INPUT INPUT OUTFUT . ' OQUTPUT
(FT-FT/SEC) (KM-M/SEC ) (FT-FT/SEC) (FR-FR/HR)
X X000 J5.8.0.9.-05:6:9.4 XOOCOCH. 580500554
Y 00T, L. X OO, D 3:89:8.8844
pA OO0, OO0 XXX OO, o XK
X-DOT XXX XXX J6.9.0.05:3:5 3.4 OO XXX X000
Y-DOT XOOEX.XEX XX XXX P 0.0.5.0.0.0.4
Z2-D0T O, XX OO XX OO XXX XXX

Figure 13.- Counversion of LGC or IU wvectors to RTCC ECT form
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